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OREGON SPOTTED FROG 

Raria preeiosa Baird and Girard 1853b 

Status Summa'l' 

Rema pn;tiosa is a Priority- r Species of Special 
Concern, receiving a Total S<:o~/Tob.l Possible 
of 0.82 (82/100). During the previous evalua-

1ion, it was also designated as a species of spe­
cial concern (Jennings and Hayes 1994a} and it 
was listed as federally Threatened in 2.or4 

fUSFWS 2:014). We are aware of only two 
unverified site records for this species in Cali• 
fornia in 1he la.st 25 years. 

ld~nti.fication 

Dorsa11y, Ra.na prdiosa is a dark-brown, red­
dish, or greenish frog with black spots or 
blotches (McAllister and Leonard 1997). The 
dorsal blotching is usually irregular around the 
edges, ratherthansharplydemarcated, and has 
a small light spot in the center of the larger 
spots. The venter is usually mottled and has a 
ba.se color that cha.nges from cream white at the 
chin to orange more ventrally (Dunlap 1955, 
Stebbins 2003), The ventral coloration often 
appears to be superficial or ''pain1ed on'' (Dun-
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lap 1955, NuBsbaum et al. 1983). Like many 
California ranids, this species has a prominent 
light stripe below the eye (particu)arly so in 
juveniles) and thin dorsolatetal ridges that 

Or~gon Spotttid Frog: Rid.: Fador1 

Ranking Criteria (Maximum Score) 

i. Range siu (101 

ii Distribution trend (2S} 

iii. Population concentration/ 
migration (10) 

i.v. Endemi3m (10) 

v. Ecological tolerance {10) 

vi. Population trend (25) 

Score 
-----

10 

20 

10 

0 

7 

25 

vii. Vulnerability to climate change (10) Data 
deficient 

viii. Projected impacts (10) 10 

Total SQ)re 82 

Total Pwsjble 100 

Total Score/Total Possible 0.82. 
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Rana pretio.sa 
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dissolve into a. series of raised dots two-thirds to 
three-quarters of the way down the back. The 
call can sis ts 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. i::ascadae). Although similar, R. CIJ.St:a· 

dae spots tend to It.ave sharply defined edges, no 
light ctnters, and appear to~ on the surface of 
the skin, reminiscent of black ink being splat­
tered on the frog (Stebbins 2003). In addition, 
the undersjde of the legs are yellow tan in R. 
casi;;adae (reddish in R. pntiosa), the eyes are 
oriented dorsally when viewed from above in R. 
preriosa (oriented outwardly in R. cascadae), and 
R. pn:tiosa has full, rather than partial webbing 
between the tOEs oftht rear iegs. The Columbia 
spotted frog (R. lut.e~ventris) may also occur in 
California, and it could also be confused with R. 

pretiosa (sec the "Distribution" section). 

Ti:uonornic Re/Qi/onsnips 

Green el al (1996, 1997) dividtcl Rcin.c,. pn:ti.asa. 

into two species, R. pretiosa and R. luuive,,z.fris, 

based on morphology and allozyme variation. 
The two taxa are morphologically similar (usu­
aUy distinguishable in the field based on the 
ventral mottling in R. pretiosa; M. Hayes, pcrs. 
comm.), but preserved specimens can usually 
be differentiated with a series of head measure• 
ments ( Green et al. r997). The two species are 
also diagnosable using allozymes (Green et aL 
1996} and mitochondrial DNA cytochrome-b 
sequen<'.€ (Funk et al. 2008). 

Life History 

No data on life history of California populations 
exist and much of the data from elsewhere in 
the range occurred before the partitioning of 
Rana prt:liosa and R. luteivrntris. As California 
populations of R. pre~iosa are at the extreme 
southern edge of the spedes· range, the timing 
of hfe history events may occur earlier relatill'e 
to those reported from more northerly sites, 
although thr' high elevation of California sites 
may compensate for any potential latitudinal 
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gradient. California pDpulations 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 w1nter thaw permits (Stebbins 2003) and 
water temperatures rise to about 6°C (C. Pearl. 
pers. comm.). Rema pretiom breeds exp]osively 
soon after emergence, usu.ally over a 1-or 2-week 
period. Males often congregate in shallow water 
and begin to call (Lie.ht r969, Nussbaum el al. 
1983}. E:gg masses are deposited together in 
lal.l!e groups in vegetated margins oflarge per­
manent aquatic habitats, usually at the high­
water mark. The species can experience high 
egg mass mortality when waters recede rapidly, 
leading to stranding, desiccation, and/ or fre~­

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 Pead 2010). Artificially incubated egg 
masses hatch in as few as 72 hours to as many 
as 400 hours, depending on temperature {25"C 
and 1oec, respectively), followed by metamor­
phosis in approximately 4 months (Licht 1971). 

Males appear to have lower sunivorsbip 
than females, presumably due to the longer 
periods of time that they spend in breeding 
congregations and t1u~ resulting exposure to 
predation (Licht 1974, Chelgrcn ct al .2.008 I. 
Post-metamorphic frogs consume a widt vari• 
ety of invertebrate prey including insects, occa­
sional mollusks, and crustaceans, as well as 
smal1 vertebrates including anurans (Nuss­
baum et al. 1983, Licht 198Gb, Pearl and Hayes 
2-002, Pearl et al 20056). 

Habiiat Requiremenh 

[nformation 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 prtliosrA is highly aquatic and 
rarely found away from the water (Licht 1986a). 
It frequently uses temporary pools, ditches, and 



other sh.allow water sources, but nearby deep 
permanent water is always required and serves 
as a refuge for adult frogs during dry parts of 
the year and during drought (McAllister and 
Leonard 1997, Watson et al. 200}) - BrN"dtng 
occurs in shaJlow wa.ter with aquatic vegetation 
( Licht 1971, Watson et al. 2003) . In Oregon, <>vi• 
position sltes occurred, on average, r4.r 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. :2:009~ . At one site in Washington., the spe­

cies overwintered in shallow water, where it 
buried itself at the base of emergent plants 
(Wah;on et al. 2003) . 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 sha]fow-water breeding and over­
wintering habitats are connected to deer-water 
refuge habitat by intervening water du ring 
early spring and late fall to allow inter-habitat 
migrations (Watson et al. 2003). 

The habitat reciuirements for R. pretiosa have 
likely contributed to its declines. The diversity 
of habitat types that are used, coupled with the 
reguirement 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 im:reasin gly ran~ throughout the spe­
cies' range as landscapes are drained and con­
verted to agriculture and grazing. 

Data are limited on effects of grazins on 
this species. At one site in western Washington 
where reed canarygrass (Pka!iffl5 arun.dina.cea.) 
forms dense stands, Watson et al. (2003) sug­
gested that grazing could help open patches 
and make them suitable for R. prdiosa. 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 srazing affect frog behavior and 
habitat use. 

Di~tribution (Past and Present) 

Few localities for Rana pretiosa have be-en docu· 
mented in California., and all known localities 

appear to be extirpated. Historically, R. pntiC1sa. 
occurred in the northeastern corner of Califor. 
nia, ranging south to P]nmas and Tehama 
Counties and west to the eastern portions of 
Sikiyou, Shasta, and Tehama Counties (Slevin 
1928). Within this range. the species has been 

found in scattered localities in Modoc, Shasta, 
and Siskiyou Counties {Stebbins 1972, Jen­
nings and Hayes r994a.) , with the last docu• 
mentcd record occurring in a woodpile in 
Cedarville, Modoc County, in 1989 (Jenning:s 
and Hayes 199¥)-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 f toB. Gi,..en the very specific habitat require­
ments of R. pretiosa, the fact that no srecimen 
from the site was ever examined by a herpeto1o­
gist and no vouchers exist. it is possible that 
this is a misidentified or human-introduced 
specimen ( L. Gro(f, pers. comm.; M. Hayes, 
pers. comm.). It remains possible that isoJa.ted 
populations still persist , particularly in remote 
portions of the Warner Mountains and on pri­
vate land in Surprise Valley, Modoc Counly. 
Fairly recent surveys in the Warner Mountains, 
Modoc Pla.teau, and Pitt River drainage failed to 
locate any individuals (Jennings and Hayes 
1994a, Groff 2011). There is an unverified 
sighting of a nspotted frog" in Suqnh;e v~lley 
from November 2.008 (L. Gray, pers. comm.). 
but a fo1low-up survey at this locality revealed 
only Psuedacri.s regiUa. A more recent survey 
comprising 18 localities selected using a sre­
cies distribution model for this species did not 
detect R. pretiosa i.n California (Groff 2ou), 
although the southernmost extant locality in 
Oregon is only about 10 km from the state bor· 
der. Between 2012 and 2013, USFWS biologists 
conducted additional surveys at 12 sites within 
rhe Pit River watershed and Warner Mountains. 
Again, no evidence of R. pretiosa. was found 
(USFWS-Klamath Falls Field Office, unpub­
lished data, 2.or3} . 

Outside of California, R. pretiosa is patchily 
distributed from extreme southwestern British 
Columbia, south through Washington and 



Oreson (Green et al. 1997). This distribution is 
fragmented, and the species has undergone 
severe declines throllgh most of its range 
(McAllister et al. r993 , Green et al. r997). 
Declines are thought to have occmred dispro­
portionately in lowland areas, and over two• 
thirds of the remainjng populations occur 
along the crest and eastern slopes of the Cas­

cade Range (Pearl et al zoo9). 
It is possible that some R. pretir,sa in Califor. 

nfa, particularly those east of the Warner Moun­
tains in Modoc County, could act~al1y be R. 

lute1K11tris. There are known R. /u1ei11tntris pop­
ulations approli'.imately 16 km north of the Cali­
fornia border on the eastern slopes of the Warner 
Mountains, making the presence of R. luteiven­

tr~ in California plausible (Funk et al. 2.008: 
M. Hayes, pers. comm.). However, the species 
has not been documented in CaHfornia. 

Trends in Abundar1c:e 

No abundance data for California populations 
exist. Reports from parts of the Willamette Val­
ley, Oregon, and Puget Lowlands, Washington, 
suggest that R1J11e1 pretio!>a was common in 
those areas around the r930s. 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 
tJmc, tbC' species was apparently common in 
Warner Va1ley, Oregon. immediately north of 
Surprise Valley in California (Cope 1883). Any 
remaining popu1ations 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 potenti.al sit~, some of 
which were surveyed, but no California popu]a. 
tiuns were fo~nd (Groff 2orr). 

Nat"re oncl Degree of Threat 

At least four major factors have likely contrib­
uted to the d1;!dine of Rana preiiosa in Califor­
nia. First, the species has been strongly 
jrnpar.:te<l by tbe loss of the extensive wetland 
complexes that were once common in northern 
California. As land has been drained and modi­
fied for livestock grazing and agriculture. the 
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overall amount of available acreage that pro­
vides the precise suite of habitat types used by 
this species has declined. This loss of wetland 
habitat is further exacerbated by climate projec­
tions for northeastern California, which predict 
increasing temperatures, strongly decreasing 
precipitation, and reduced snowpack (PRBO 
io11); all of these changes will reduce perma­
nent wetlands and place increasing demands 
on the remaining aquatic habitat. Second, R. 

pn:tiosa appears to be sensitive to relati~ly low 
levels of nitrates and nitrites resulting from 
agricultural runoff (i.e., those meeting EPA 

allowan~s for drink.in@ water: Marco et al. 
1999). Thls observation is consistent with the 
precipitous declines observed in lowland 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-oITs in the dosely related R. liitei.,entris in 
norlhern Oreson (reported as R. pretiow; Kirk 
1988}. Third, the spedes appears to be sensi­
tive to introduced exotic predatots, particularly 
bullfrogs and exotic fishes. Some data indicate 
that it is likr:ly more sensitive to the presence of 
bullfrogs than other native ran id frogs. In areas 
where R. a1+rora and R. pretfosa are sympatric, 
stronger declines were observed in R. prdiosa 

than R. m~rora in areas where b-ullf rogs have 
invaded (Pearl et al 2004). Laboratory experi• 
ments also demonstrate a differential impact of 
bulifrogs on R. pntios11- relative to R. aiironi, 
likely d~e to R. preti.osa's more strongly aquatic 
life history {Pearl et al. 2004). Bullfrogs l1ave 
also been hypothesized to negatively impact 
small R. pn:tir:,5a populations via reproductive 
1nterference (Pearl et al. 2005c). In combina­
tion w1th the wdl-documentecl effects of non­
native fishes on western ran1d frogs (Adams 
1999. Lawler et al. 1999, Adams 2000, Joseph 
et al. 2ou), this suite of nonnative predators is 
likely to have a strong negative effect on R. pre­

tiosa populations. Finally, .BcJ has been found to 
be present in remaining populations of R. pn:­

tiosa (Pearl et al 2007, Hayes et al. 2,009), 
although experimentai work suggests that the 



species may be resistant (Padgett-Flohr and 
Hayes :zou) . However. given the importan~ of 
Bd in some anuran declines, further work on 
its impact on R. pn:twsa is warranted. 

Givl!n the rarity of R. preti.Jsa 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 Determir,otion 

The limited California range of R,m~ pn:tiosa 
and its apparent extirpation from the few 
known historic localities are 1he main dr1vers 
for its high score. The paucity of historical 
records in California suggests that this taxon 
may have historically been rare in 1he slate, and 
its specialized ecological requirements (large 
permanent wetla.nds, specialized sub-hahitals 
for breeding, hibernation, and growth) make it 
inherently set1sitive to declines. Together, these 
factors justify a Priority 1 designation for this 
species. 

Management Recommendations 

Ongoing management eITort:s for this species 
should be coordinated through the range-wide 
conservation strategy that the Washington 
Department of Fish and Wildlife is le.iding .ind 
the California Department of Fish and Wildlife 
is participating in ( B. Bolster, pers. comm.). 
Cushman a.nd Pea.rl (2007) recently assessed 
R,ma prcti~a 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 stale, the wetland habitat supporting the 
population should be protected from fragmen• 
tation and modification, including the intro­
duction of exotic fishes and amphibians. Cap­
tive populations of this species should also be 
established to serve as assurance colonies, 
should the last wild populations go exti1Kt. If 
continued surveys suggest that the species is 

extirpated from California, captive breeding 
and reintroduction programs could be initiared 
with Oregon animals if appropriate habitat can 
be identified and protected. Given the very high 
levels of genetic differentiation a.rui population 
structure found among extant Oregon and 
Washington populatiot1s {Blouin et al. 2010) , 

populations from th.e southern Klamath Basin 
genetic. unit are probably the best candidates for 
such a ~introduction in California. Beyond 
these two steps. effective manasement of this 
taxon in California wil] require additional 
r,esearch into the causes of ded1ne. 

Monitoring, Research, ot1d Survey Needs 

Comprehensive surveys throughout Rana pn:tio­
sa's known historic :range should be conducted 
to determine if any populations persist in the 
state. Sunreys of remaining large wetland com­
pl~es are particularly important, as are surveys 
of potential habitat on priva1e property. A recent 
species distribution model {GroIT 20n) identi­
fied and surVEycd some, but not all, of the pre­
dictl:!d localities that may support this species in 

California, and this study provides an excellent 
starting point for additional surveys. Signlficant 
habitat that has not yet been surveyed n:m.ains 
on private property, particularly east of the 
Warner Mountains (although R. lutt:ivenlris may 
replace R. pretiosa in this area}. The aforemen­
tioned recent surveys made a particular effort to 
sain access to private land, but permission was 
on)y granted in appro,cimately 15% of cases 
(Groff .2on). Future surveys should continue to 
build partnen;hips with private stakeholders and 
survey large wetland complexes on private lands. 
If any popula.tious are found, nonlethal tissue 
samples should be collected so that s~cies iden­
tification can be verified with molecular data. 

Should any populations be located, a moni­
toring program in conjunction with life history 
research should immediately be initiated with 
the goa] of quantifying population sizes and 
connectivity jif multiple adjacent populations 
.a.re found) and to allow for a better understand­
ing of habitat requirements and causes 
of decline in this species. Molecular genetic 
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studies using microsatcllitc 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 dal.aset 

(Blouin et al. 2.010). 



LOWLAND LEOPARD FROG 

Ronca yavapoiensis Platz and Frost 1984 

Status Summary 

Rana yavopaiemis is a Priority I Species of Spe­
cial Concern, receiving a Total Score/Total Pos­
sible of74% (6}/8>)· During the previous eval­
uation, it was also considered a Species of 
Special Concern (Jennings and Hayes 1994a}. 
Rana )'avapaiensis has nol been confirmed to 
occur in California since 1965 {Jennings and 
Hays r994a). 

ldentifiu,tiott 

Rana ya110paiensis is a medium-sized ranid frog 
(4.6-8.7 cn1 SVL) with prominent dorsolateral 
folds that are discontinuous and angle inward 
posteriorly (Platz and Frost 1984). The colora­
tion i:s variable, but is generally gray green, gray 
brown. or tan with irregular blotches above and 
cream orwrute on the venter. The ventral pelvic 
region is yellow, and this sometimes extends 
onto the legs. In older individuals, there is a)so 
dark moUling on the chin (Jennings and Hayes 
1994a; Stebbins 2003}. A cream-colored supral­
abial stripe is present that fades anteriody 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 leopml frog (R. berlemdieri). Thedistin· 
guishing ch.aracte1s for the tlNO species widely 
overlap, and positive identification is therefore 

tow/and Leopard Frog: Risk FA&ll)r$ 

Ranking Crikria (Maximum Score} Score 

i. Range siz.e (10) 10 

ii. DisltibUlion trend (25) 20 

iii. Population concentration/ 10 
migration {10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (ZS) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts {10) 10 

TotalScore 63 

Total Possible 85 

Total Score/Total Possible 0.74 

L01VL<>.ND LfOPAllD PROC 119 
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LOWLAND LEOPARD FROG 
Rana yavapaiensis 

2,1140,000 
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difficult. Rana berlan.dieri attains larger body 
sizes (up to n.4 cm SYL) and has proportion• 
ateJy larger eyes thm R. yavapai.:ruis. Coloration 
of the two species is similar. but R. yavap~i,nsis 

generally has more extensi1.,-e reticulation 
between the blotches on the hind less. and its 
ventral coloration is often less dusky than R. her· 

landi.:ri (S1ebbins .2003) . Ri:irrn berlanditri'~ call 
consists of a low trill often fol1owed by grunts, 
whereas R. ya1.>apai1msis calls with higher­
pitched notes that are given in rapid succession, 
often followed by lower-pitched chucks (Steb­
bins 2003, Elliott el al. 2009). Given that there 
are no known extant R. yaL'apai.ensis localities 
remaining in California and that it is similar in 
appearance to the nonnative spe<:ies R. buland­
ieri, positive identifications should be made cau­
tiously. The species are readily distinguishable 
using molecular data (Hillis and Wilcox 2.005, 

Frost et al. zoo6a). which should be used to 
confirm any potential R. yavapciiensis specimens 
from California. 

T11Konomi~ RelrJtiomhips 

Rana y,wapaiemis was recognized as a distinct 
species in the ]ropard frog complex: primari1y 
on the basis of morphology, reproductive isola­
tion, and allozyme varfation (Plat'l and PJatz 
1973, Platz 197G, Platz and Fros1 r984). TI1e 
species is morphologically similar to other spe• 
cies ofleopard frogs in the southwest. Jaeger el 
al. (:wo1) distinsuished relict leopard frogs (R. 
01.ca) from R. yavapaiensis using genetic and 
morphological data. Based on a mitochondrial 
DNA dataset, Hillis and Wilcox {2005) con­
firmed a dose relationship between these two 
species to the exclusion of other Jeopard frog 
taxa, including several geographically nea.rby 
members of the complex. 

Prost et al. (2006a) recommended placing 
this species and many other North American 
ranids in the genus Whobatr:s, although 1his 
proposal and the analyses that support it are 
controversial (Crother :..009, Frost etal. 2.009a, 
Pauly et al. 2009). We retain the tradit1onal tax­
onomy here to maintain stability and pending 
further analyses. 

Life History 

Life history characteristics of California popu­
lations of Rana yavapaie11sis- are poorly known. 

The species apparently breeds opportunisti­
cally during winrer rains (Stebbins 1972.), and 
breeding has been documented to occur from 
late December th.rough March in Cdifornia 
(Storer r92.5, Ruiba] r959). Elsewhere in the 
range, breeding has been documented from 
October to April ( Platz and Platz 197}, Collins 
and Lewis 1979, Frost and Platz 1983. Sartorius 
and Rosen ::10oo). The reproductive biology of 
R.. }'avapaiensis has only been studi~d in Ari­

zona. There, the species is known to C11.pcrience 
at least two reproductive peaks within a yea1 
( once in the fall, once in the winrer or sprins), 
amJ tadpoles may overwinter (Collins and 
Lewis 1979. Sarto1ius 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. 

R,ma )'avapaiensis undergoes marked year­
to-year fluctuations in population sLze through­
out its range (Clarkson and Ro1abaugh 1989, 
Sredl et al. 1997, Sartorius a.nd 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. 

Habitat Requirements 

Habitat requirements for Rana }'llvrlpoie11sis are 
poorly understood, particularly in California. 
The species was historically found in slow-mov­
ing water along the San Felipe Creek drainage 
and the Lawer Colorado Ri~r (Storer 1925, Steb­
bins l971.). The species has been.found predom­
inantly in marshy areas with bulrushes, cattails, 
and grasses with a willow overstory { Storer r92s, 
Jennings and Hayes 1994a, Jennings and Hayes 
1994b}, 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 1n the Imperial Valley as agrkulture 
developed in the region (Storer 1925, Klauber 
1934). as is the case currently for R. berlAAaieri 
in Imperial County. It is unknown whether R. 
yavapaii:nsis can persist in these 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) ex:amined salt toler­
ance in a.dulls and eggs from the San Felip,e 
Creek drainage and found that salinities 
observed throughout most of the drainage were 
lethal to cgBs (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 p1ac­
tic.es led to unnaturally high salt levels in some 
water bodies, is unknown. 

Dirtrib11tia11 (Past and Prnent) 

No extant populations are presently known ln 

California (Jennings and Fuller 2.004). lbe dis· 
tribution of Rana yaL!tlpaitnsis was historically 
pa.tch.y, even before recent declines. [n Califor­
nia, the species was historically present in suit­
able habitat along the Lower Coloudo River, the 
Imperial Valley, and the San Fe1ipe 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 le\'el to r700 

m (Platz and Frost 1984, Platz 1983, Jennings 
and Hayes 1994a, Jennings and Hayes 1994b, 
Stebbins 2003). The last confirmed record in 
California is from 1965 in an irrigation ditch 
east of Calexico, Imperial County IJennings 
and Hayes 1994a). 

Trends in Abundanc~ 

Severe declines have occurred throushout the 
known California nmge of Ran11- yrivapaicnsis, 

and currently there are no known extant popu­
lations. Repeated surveys sjnce 1965 have failed 
to locate this species (Vitt and Ohmart 1978, 
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Clark.son 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, pcrs. comm.). Rana yavapatensis also 
appears to be declining through parts of its 
range outside of California (Clarkson and Rora­
baugh 1989, Stebbins 2003). 

Nature arid Degree ofThrsai 

The dee.lines in Rana }'Pvapaiensis occurred 
before extensive collections were made or stud­
ies were carried out. As a consequence, threats 
to this species in California are poorly under­
stood, with few actual data suppor1ing any of 
the polential threats considered here. Possible 
threats that contributed 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 2.008), habitat alteration, including water 
availability and/or flow regimes jHayes and 
Jennings 1986), and predation by or competi­
tion with introduced bullfroBS, pred::i.ceous 
fishes, and invertebrates (Clarkson and Rora­
baugh 1989). Some recent declines in the 
closely related R, onca appear to be linked to 

encroachment of dense emergent vegetation 
into open water habitats (Bradford et al. 2004), 
and this process could plausibly also affect R. 

ya111Ip11it:l'lsis. All of these factors were occurring 
simultaneously with1n the ranBe: of R. yavapai­
e,uis along with declines, making it difficult to 
disentangle their effects (Hayes and Jennings 
1986). In addition, over 13,000 km of ditches in 
the Imperial Valley were burned and subse­
quently sprayed with oil during this time, and 
this presumab]y adversely affected these frogs 

(Twining and Hensley 1943). 
Chytr1diomycosis has been documented as 

contributing to declines in R. y,:wapaiensis pop­
\1 lations in Arizona (Dradley et al. 20oz). and 
this disease is a concern for any remaining 
California populations. An addition.al concern 
is the possibility of competition or hybridiza. 



tion with R. berlflttdieri in California. Ratta ber­

la,r.dicri was introduced into California well 
af1er R. yawpai1msis declined (Platz et a L 1990), 
so it is presumably not involved in the initial 
d~dine ofth~ speci~s. Howev!"'r, as it continu!"'s 
10 expand its ranse in southern California, R. 
berJcindieri may pose a risk to any remaining R. 
yavapaiensis populations (Rorabaugh et al. 
2002.). Hybridization has been documented 
between 0th.er species pairs of the leopard frog 
complex, including rare natural hybridization 
between R. ya.va.puiensis and the Chiricahua 
leopard frog (R. chirica1mensis) (Platz and Frost 
1984). Molecular phy!ogenic analyses suggest 
that R. &a!a,idieri is more closely related to R. 

y,wapaiensis than to R. chiricah"eMis, implying 
that natural hybridization between R. berland­

ieri and R. yavapaiensis may be possible. 
Because R. be;rumdieri is now far more common 
in California than R. yavapait:nsis, ongoing 
hybridization. should it occur, may result in 
genetic swamping of any remaining 
populations. 

Status D&t&rmil'lation 

Ra1ia y~11apaie11sis has undergone i;evere 
declines and has not been documented in Cali­
fornia in over 40 years, and there is il strong 
possibility that the species is already extirpated 
statewide. However, it rema1ns possible that the 
frog is present in scatt~red isolated localities 
that have not beEn surveyed, or that frogs have 
gone undetected despite surveys. 

lf 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, wh.ich 
are almost certainly small and/or isolated, 
would also be vulnenble to the natural fluctua­
tions in population size that ou:ur 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. 2008b, PRBO :I.OII}. 

Management Recommendaiiom 

If new surveys locate remaining populations of 
this species, the habitat supporting these frogs 
should be pro1ected while further study is car­
ried out. Without a better unden;tanding of this 
species' life history in California, establishins 
an effective management program will be dif.. 
ficult. If native California populations are not 
found, Rana yavapai1msis is a potential candi­
date for assisted reintroductions from nearby 
populations in Arizona, particularly in areas 
where introduced R. . b~rlandieri arc not present 
or have been elimim1tec;l. More generc1Hy, such 
future introductions should be attempted in 
habitats that are as pristine as possible, and are 
free of introduced a nu rans of any species. intro­
duced preclatory fishes (including mos­
quitofish), and pathogenic fungi. 

Mo11itorit1g. Research, ,md Survey Nitds 

Sur11ey efforts neecl to be renewed along the 
San Pelipe 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 devdopmcnt, even degraded agri­
cultural habitat can he utilized by Rana }'Ill/oil.· 

paiensis, and therefore should be surveyed. 
Because populations are prone to larse yearly 
fluctuations, surveys should he repeated over 
multiple years in both the wet and dry seasons. 
Surveys for larvae should also be undertaken 
s1nce tadpoles are often more reliably detected 
than adults. If any remaining populations are 
located, the habitat surrounding these areas 
should be protected, and researchers should 
begin a monitoring program to quantify and 
track population sizes. Any suspected R. yava• 

paiensis populations should be confirmed using 
a set of molecular markers, both to firmly 
establish species identity and to check for 
hybridization between R. y~impaie1isis and R. 

~nr:indieri.. Because hybridization is a concern, 
both mitochondrial and nuclear markers 
should be used, Given the difficulty in distin­
guishing the two specie£, we recommend that 
populations of presumptive R. berla.n,diui be 
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sampled for genetic material using nonlethal 
means (such as toe dips) and checked for dias­
nostic molecular markers to confirm that no 
native R. yavapafo11.si.s DNA is present_ 

Shou]d SUT\lf'ys disc::o\leT extant popu1ations 
of R. ~Lltlpa ie,uis, research into the basic life 
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history and the causes of decline in California 
will be a prerequisite to devt:loping an effective 
management progn.rn. Life history studies 

with a particular focus on habitat suitability 

should be undertaken on any popul.ations that 
are located or reestablished. 



COUCH'S SPADEFOOT 

Scaphiopr..rs couc:hii Baird 1854 

Status .Summar~ 

Scaphiopw coui:l,ii is :1 Priority 3 Spedes of Spe· 
cial Concern, receiving a Total Score/Total PO!l­
sible of 56% (62/uo). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 

r994a). 

Iden iifica ~ion 
Scaphiopw ro1-1chU is a medium-sized (5.7-9.l 
cm SVL) anuran with a black keratinized spade 
on the heel of e:i.ch hind foot and a vertically 
elliptical pupil (Stebbins 2003}. The dorsal col­
oration is variable, ranging from green or 
greenish-yellow to brownish-yellow with a pat­
tern of duker markings forming lines, spots, 
or a reticulating network (Grismer 1.ooi, S1eb­
bins 2.003~. Males are generally sreener and 
have less conspkuous dorsal patterning thrn 
females (Grismer 200:2, Stebbins :2003). The 
ventral surface is whitish (Grismer 2002). The 
call is a short j-I s) low groan that declines in 
pitch and has been described as soundjng simi-

lar to the bleating of a sheep (Elliott et al. 
2009). Within its ra.nge, s. coumti can be dis­
tinguished from :i.11 other frogs by the presence 
of a conspicuous blad:: spade on the hind feet 
and a .,,ertkally oriented pupil. Specimens that 

Cou,;h's Spach.foot: Rislc Factors 

Ranking Criteria (Maximum Scor.:} 

i. Range size (10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

Score 

to 

0 

iv. Endemism (10) 0 

v, Ecological tulerana- (10) 10 

vi. Population trend (25) IS 

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 
new]y emer~d. may be covered in a dark hard­
~ned layer of skin that soon sloughs off (May­

hew 1965). 

fo.wnomic Re{r:itirmrhips 

Scr:ipmopus cow.ch ii was initially described based 
on morphology, and its distinctiveness has not 
been questioned since this time (Baird 1854). 
lntrasE'ecific variation has only been examined 
in a small portion of the n.nge in Arizona and 
New Mexico (Chan and Zamudio 2009). little 
genetic structure was observed among the 
populations studied. 

Life History 

Scaphiopi.u couchii is xeric-adapted and prima­
rily fos:3orfal, spending the majority of its life in 
self-constructed bunows .and eme1ging only 
durins and immediately afler inLense 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 January (Mayhew 1965), suggesting that the 
activity period is limited lo t!te :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 adaptat10n has occurred in this species 
(Mayhew 19G5). Outside of California, surface 
activjty 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 O[(:urred (Mayhew 
1962) , 

Emergence behavior is elidred by the low­
frequency sound of rain falling on the desert 
soil, not from the raj n 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 usual1y occurs on this first 
night of ac.ti\lity (Woodward 1982~- Followini;: 

this. the species may forage intermittently for 
up to 2 months, although much of this time is 
also spent in &hallow (2-mcm) burrows. which 
the frogs dig to avoid desiccation ( Dimmitt and 
Ruibal r98oa). 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 summer rains {Woodward 1982.) . 
The development rate of this species is remark­
ably fast, with eggs batching in as little as one 
day and metamorph.osis occurring within 8-10 
days if sufficient food is available (Mayhew 

1965, Newman 1989, Morey and Janes 1994). 
Tadpoles are tolerant of a wide range of water 
temperatures (up 10 39-4z.5•q such as are fre­
quently encountered within the breeding pools 
(Brown 1969). This species likely do~ not 
breed every year in California and may slip 
reproduction and remain underground in sub­
optimal years (Mayhew 1962) . 

Habitat Requireme~ts 

Scaphiopus col.lchii requires soils that arc soft 
enoush to allow burrowing. The species 
appears to plefer area:,;; that contain at least 
some vegetation. although burrow1ng in com­
pletely open areas is aiso known (Mayhew 19G5, 
Mcclanahan 1967). This taxon also requires 
the presence of temporary desert rain pools 
that reta.in water for at leas1 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 yea[, 
and its fine-scaled djstribution may be linked to 
the amount of runoff that collects in locali,ed 
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. 

Di~tribution (PQst Q'1d Pre~eMi) 

Sc:aphiopi,s coud,i~ ranges throughout much 
of Texas, Mexico, south~rn Arizona, and 
southern New Mexico, from near sea level to 
1800 m (Stebbins 2003)- Scattered. loca1ized 
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populations also occur in centra I Arizona and 
southern Colorado (Stebbins 2003). In Califor­
nia. this species ranges from the Colorado 
Ri.ver west at least to the 11idnity of the Alga· 
clones Dunes, ransing as far north as Cherne• 
huevi Wash {~9 km north of Vida] Junction) 
attd south to tbe vicinity of the United States­
Mexico Border (Mayhew 1962, Tinkham 1962, 
Jennings and Hayes 1994a) . A few obscrva­
tiomil 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 tban it once was (May­
hew 1965). This spedes was not known to 
ocrnr in the state until r96:i (Mayhew 1962, 
Tinkham 1962), and no signjficant declines 
have been documented since that time. 

Trends in Abur,drmce 

No historical or current abundance data are 
ava ii able for th is laxon within California. 
Human activities have both created and 
destroyed breeding sites for the species 1s. 
Morey, pers. comm .), but no quantitative stud­
ies have documented the overall impacts of 
these activities on the species across 
Ca1ifornia. 

Nature and Degree of Tkreai 

ScP.phiopus cou.chii is likdy persisting closer to 
it~ phys1ological Limits in California than it is 
elsewhere within its range (Mayhew 1965). The 
California range is both hotter and drier than 
most of the rest of the range, and most of the 
limited rainfall occurs outside of the monsoon, 
during a time when S. c;ouchii is usually inac­
tive. The current populations in California 
likely persist due to the presence ofloca! condi• 
tions that allow for the collection of suffident 
quantities of water, such as the presence of 
basins on the eastern base of the Algodones 
Dunes and pools that form along desert washes. 
The relatively fragmented nature of the species' 
California distributfon and the physiological 
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conditions undet which it lives make it suscep­
tible to localized ex1irpations due to habitat 
modification that destror.; 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 Sonaran/Co1o­
rado Desert of California. Given that S. couchii 
may already be near its physiological tempera­
ture limits, this may have ,m enormous impact 
on its viability in the state. In addition. some 
predpita tion projections i ti dude an over a 11 
decrease of up to 45% IPRBO 2011), and 
increased variation in year-to-year p1ecipitation 
{Cayan et al. .20086), whlch could have severe 
detrimental impa.cts on this species by decreas­
ing the number of ycats in whicb enough rain­
water collects lo allow breeding. Essentially, if 
the interpretation is correct th.at the California 
population exists at the physiological limits of 
tbe 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 many area.s {R. 

Fisher, per., . comm.). Noise generated by off­
highway vehide usage has been implicated in 
eliciting emergence in this species by mimick· 
ing the sound of falling ra1n that it uses as <1n 
emergence cue (Brattstrom and Bondello 
1979). Temporary and permanent anthropo· 
genie water sources associated witb livestock 
{cattle ponds) and perhaps agriculture may 
help to pro1ride suitabie breeding habitat that is 
importan1 to the persistence of this species. 

Status De1ermi11ation 

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. 

MonQgemer:t Recommendcitirms 

The primary, immediate management goal for 
Sc:aphiopus i::o!lohii 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 th.e suitability of soil for 
burrowing, In particular, if pools are modified 
such that they d.ry 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 determine<:! by the surveys 
outlined below. In the future, the impacts of 
rrojected climate change may seriously 
threaten this species in Califumia, and proac­
tive management may be required to counter­
act this threat; such management could include 
relocating populations to cooler or more mesjc 
sites, deepening and maintaining the hydrope­
riod of natural breeding sites, and potential1y 
creating completely novel breeding pools that 
can hold water if the climate changes. 

Monitoring, Resuuc>i, and Survey Needs 

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

patchy, largely it\ remote rcsions of the state, 
and given that the species does not emerge 
every )1€:lf, care should be taken to search desert 
pool habit,1.ts even in areas where 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 w1ll 
likely be the e.asiest 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 ta.xon and its 
potential to recolonize previously extirpated 
areas are unknown and are a topic in need of 
further study, pariicularly so in Ca Ii fornia 
where populations appear to be fragmented. 
Additiona] 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 breedit\g events that can be tolerated 
a1e critical pieces of information for the long­
term management of this species, Landscape 
ecological information, including the amount 
of terrestria] habitat needed, the rela1ionship 
between popula\lon size and pool basin size, 
inundation duration and frequency, and. the 
movement frequency of animals between 
breeding sites would all be va]uabie for future 
management considerations. Additional infor­
mation Ot\ habi1at use itse]f, including the 
extent that ongoing raLlroad and water diver­
sion projects within the range subsidize or 
detract from potential habitat for this species, is 
also a cdtical research ueed that would inform 
ongoing management of this species. 

Finally, given the spotty distribution of the 
species and the potential for genetic isolation 
among sites, multi.-locus population genetic 
studies using microsatel]itcs or single nucle­
otide polymorphisms of all ed:wt 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 p10tect genetic diversity. In 
additfon, given how widespread the species Ls 
a.cross the southwestern United States, genetic 
data comparing the uniqueness of the Ca}ifor­
nia popu1ation is essential for ra.nge-wide 
management. 

COUl:H
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WESTERN SPADEFOOT 

Spe~ hammondi; (Baird 1859) 

Status Summary 

Sp,:~ hammondii is a Priority 1 Species of Spe­
cial Concern. receiving a Total Score/Total Pos­
sible of 69% (76/no). During the previous 
evaluation, it was also considered a Species of 
Special Concern under the name ScapJiiopus 
ham1rnJndii {Jennings and Hayes 1994a). 

identification 

Spadefoot toads as a group have catlike eyes 
with vertical pupils, a sing]e black spade on each 
hind foot, and indistinct para1oid glands (Steb­
bins 2003). Sp~ hammo,idii is dusky green or 
gray dorsally, often with irregular markings 
(Stebbins 2003). Tubercles on the skin are 
tipped with Or3ttge or red, and th.e irises are 
usually pale gold (Jennings and Ha)"s 1994.t, 
Stebbins 2.003). The ventral surface is white to 

light gray without markings (Stebbins 2003). 

Adults are 4-6 cm SYL (Stebbins 2003). Larvae 
on reach approximately 'J cm in TL and their 
eyes a.~ set dose together when viewed from 
above (Stebbins .2003}. This spec~s is unlilcely 
to be confused with. other sym()atric a.nurans. 

I)O FROGS AND TOADS 

Taxoriomic Relationships 

North American spadefoots have had a confus­
ing taxonomic his,ory. Studies using allwymes 
and mor()hology iWiens and Titus r991) and 
mitochondrial DNA (Garcia-Paris et al. 2003} 

support the species status of Spta hammondii, 

Wisttm Spadtfoo1: Risk Facion: 

Rankins Criteria (Maximum Score} Score 

i. Range size (10) 5 

ii. Distribution trend (25} 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to dima~ change ilO) 7 

viii. P1ojec1ed impacts (10) 7 

Total Score 76 

Totill Pos:sible 110 

Total Score/Total Possible 0.69 
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placing it sister to a dade consisting of the 
Great Basin spadefoot (5. int&rmorziana) and 
the Plains spadefoot (S. bombifrons). This 
arrangement is consistent with Kluge (r9G6) 

and Sattler (1980). Relationships within Spea 

are stHI unresolved however. and cryptic taxa 

may exist within S. harnrn cmdii (Ga.rcia•Pads et 
al. 2003) and S. inlerrnonlana (Wiens and Titus 
l99!). Ongoing ph.ylogeographic vrorlc should 
clarify the extent of intraspedfic variation in 
the species. Preli mi nary data indicate that 
some mitochondrial introgression has occuned 
between S. intermantcma a.ncl S. hu.mmondii in 
southern California. but not the Central Valley 
portions of the species· range (P. Spinks, 
unpublished data). 

Life History 

Adult Spea hammondii are terrestrial, moving 
from summer refugia to ephemeral water bod­
ies to lm:ecl in the sprin~ following warm late 
winter or spring rains (Storer 1925. Bur8ess 
1950, Stebbins 1954, Feaver 197c, Brown 1976, 
Morey 1998). Breeding aggregations can con­
sist of more than 1000 individuals (Jennings 
and Hayes 1994a). Breeding occurs over a 2-3 
week period, during which males caD be heard 
cltorusing intermittently (Brown 1976, Morey 
and Reznick 2.004). Additional bouts ofbr~d· 
ing can occur, and pools can contain cohorts of 
different ages (Morey 2005). Onset of breeding 
activity varies depending on rainfall and region. 
For ex.ample, heavy rains in 1991 resulted in 
breeding occurring only in March (San Luis 
Obispo and Riverside Counties; Morey and 
Reznick zoo4}. In the two foUowing years, 
breeding occurred between January and March 
(Morey ,md Reznick 2004). Breeding has i:i.lso 
been documented in August. and from October 
to December in San Diego County (Ervin et al. 
2005. Ervin and Cass 2007) . It is unknown 
how common eady-breed:ing b~havior is, but 
the October 2004 events may have been in 
response to ~ry dry con<litions, an<l many of 
these larvae ultimately succumbed to desicca­
tion. The previous year, 2003, set a record rain• 
less period. and the breeding in 2.004 occurred 
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after the first measurable rain in 1B1 days (Ervin 
et al 2005). 

Females lay 300-500 eggs in clusters of 
1&-.25 (Stebbins 195r, Stebbins 19&5) that usu­
ally hatch in 3-4 days (Morey 2005) . Mmey and 
Re-znick (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 r4 days 
(Morey and Reznick 2004). Males raised exper­
imentally under high food conditions developed 
sernnda.ry 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 Rei.nicl< ioo1). It is unknown how long it 
takes to reach maturity in the field, but based 
on this experimental work males prolJably 
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 1992.). 

Larvae are frequently at risk of desiccation 
due 1o pools drying before development is com­

plete. In Fresno County, 17 out of 23 vernal pools 
dried before larvae metamorphosed (Fe.aver 
1971). Across 20 populations in San Luis Obispo 
and Riverside Counties, Morey and Reznick 

(2.004) observed that 15% of ponds d1ied before 
larvae metamorphused . As pools dry, larvae 
experience increased daily variation in tempera­
ture, increased ammonia levels, inc~ased water 
hardness, and decreased depth (Morey and 
Reznick 2004~. These factors lead to crowding 
and decreased growth rate. While several cues 
are operating simultaneously, water reduction 
.ilone is sufficient to trigger accelt"rated de~lop­
men t within 24 hours (Denver 1997a, Denver 
1997b, Denver et al. 1998, Boorse and Denver 
2003) . In the field. there is a positive correlation 
between hydroperiod and mass at metamorpho­
sis (Morey and Reznick 1004}. In the lab, ani­
ma1s reared at low density were larger (4.96 g) 
at metamorphosis and metamorphosed sooner 
(77,8 days) than animals maintained at high 
density (2.9 g. 87.8 days; Morey and Reznick 



2oor). Survivorship of metamorphs was also 
higher for animals that ~re larger at metamor­
phosis, regardless oflarva1 density (Morey and 
Reznick zoor). Effi:cts of the larval rearing 
environment persisted for several months afler 
metamorphosis, but small metam.orphs 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 
Ap,ril-June presumably seeking refugia, 
although their terrestrial habitat is unknown 
(Morey 2005). Adults and juveniles retreat to 
burrows by late summer, with juveniles capable 
of digging burrows 10-20 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 seneral­
ists, consuming animals, plants, and orsanic 
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, buL it is 
unknown how common they are throushout 
the species' ranse (Morey 2005). Adults are 
generalized predators on tcr~strial arthropods 
and other prey, including beetles, moths, flies, 
and earthworms (Morey md Guinn 1992). 

HC1bitat Requirements 

Spea liam.rnondii occurs in grasslands, oak 
woodlands, coastal sage scrub, and chaparral 
vegetation in washes, floodplains, alluvial fans, 
play as, and alkali flats (Stebbins 2.003, Morey 
2005). Temporary pools are used for breeding, 
but S. ham mondii will also readily breed in arti­
ficial water bodies such. as cattle ponds (Morey 
2.005). Vernal pools used by S. Jrnmmondii for 
breeding had an average ponding duration of8r 
days (range 36-12.7, n = 9, San Luis Obispo and 
Riverside Counties) {Morey and Reznick 2.004}. 

Pools with at least some successful recruitment 
lasted on averase 3 weeks longer than larval 
development time (Morey arid Reznick 2.004). 

Pool temperature during larval development 
ranged from n°C to p~c (Morey and Reznick 
2004}. Brown (r967) found that water tempera­
tures between 9"C and 30°C were necessary for 
Larval development (eggs collected from River­
side County). 

Perennial pools con~ining introduced pred­
ators such as crayfish, fish, or bullfrogs are 
often unsuitable ror successful recruitment 

(f ennings and Hayes 1994a), However, in 
southern California, ephemeral pools utilized 
by introduced species with pred.atory .aquiltic 
stagEs, such as the African clawed frog (Xeno­

pus laevis), can still function as breeding hi:ibJ· 
lat for S. hammo,idii (confirmed by the pres­
ence of d ispersins metamorphs I, but the 
effects these introduced species have on o¥€rall 
recruitment levels arc unknown (Ervin and 
Fisher 2001, Ervin and Burkhardt 2006). 

Dis1ribution (Past and Present) 

Sprn lrnmmondii 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 
r365 m (Jennings and Hayes 19943, Ervin et al. 
2001, Stebbins 2003; S. Barry, pers. comm.). 

Jenninss and Hayes {1994a) concluded that as 
of the r990s, over 80% of historically occupied 
h.abitat in southern California and 30% of habi­
tat in northern California were no longer suit­
able due to development and hab1tatconver:sion. 
In surve~s throughout the Central Valley, 
Fisher and ShaffeT (1996) reported S. hamrnon­
i;ui as virtually extirpated from the Sacramento 
Valley and at a reduced density in populations 
of the e.1stern San Joaquin Valley. 

Tre11ds i11 Abu;idance 

Current or historical abu nd a nee data. are largely 
unavaih.ble or anecdotal, and little recent data 
is available. Recent sur~ys of Mather Airport 
(formerly MathEr Air Force Base) in Sacra­
mento County e:stirnated that breeding adults 
numbered in the few dozens. althoush this was 
based on short-duration surve-ys and limited 
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data (A. Chang, unpublished data). Morey and 
Guinn (1992) r~ported an average of 1.16 indi­
viduals/km of roadway during a relatively wet 
winter (1982-1983) and o.68 individuals/km 
during a drier winter (1984-1985) in the San 
Joaquin Valley. 

Natr,,ire ar1d Di!grl!e of Threat 

The major threat to Spea hamtnor.di-i is habitat 
loss and fragmentation due to agriculture and 
urban development. Other threats include inva­
sive species and cl irnaLe change. Da11idson et al. 
(2002) found that currently occupied sites had 
less surrounding urban development than e:ctir­
pated sites. E>:tant populations also occur at 

higher elevations than extirpated sites on aver­
age, possibly due to invasive species being more 
common at lower elevation (Fisher and Shaffer 
1996, Dav1dson et al. 2002). Spea ho.mmontiii is 
sensitive to invasive species such as crayfish, 
bullfrogs., and mosquitofish; however. many of 
these species cannot persist in the highly 
ephemeral breedins habitats S. narnrnon.dti uses 
(Jennings and Ha~s 1994a, Morey 2005). Bull­
frogs have been documented to prey on S. ham­
mandii (Morey and Guinn 199:2, Balfour and 
Ranlet 2.006), although the impact of this pre­
dation on ~rail abundance is unknown. 

Sp!':a hammondii 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 
enough to comple1e development (Morey and 
Guinn 1992, Jennings and Hayes 1994a). Mean 
annual temperatures are projected to increase 
throughout the range of S. harnrn011-dii, with 
warmer winters and summers and earlier 
spring warming expected (reviewed in PRBO 
20n). The frequency of extremely hot days is 
predicted to increase by up to 25 days per year in 
some parts of the range I Bell et al. 2004). There 
is less certainty about future precipitation pat­
terns, with estimates ranging from Httle change 
to roughly 30% decreases in rainfa11 (Snyder 
and Sloan zoo5, PRBO 2011) . Changes in km• 

perature and precipitation will likely affect ver­
nal pool hydrology (e.g .. Pyke 2005) and may 
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also affect the timing or breeding. though how 
S. h.ammondii will respond to these changes 
needs further study. The largely unsuccessful 
early breeding observed by Ervin et a.I. (;wo5) 
may be indicative of the kinds of mismatches in 

environmental cues and breeding behavior that 
this species may suffer under dimate change. 
The probability of large (>200 ha) wildfires is 
expected to change very little in the Central Val­
ley {Westerling and Bryant 2008) . In the mo~ 
northern coastal part of the range. the probabil­
ity of]uge 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. 2.008 )- 1 n the southern part of the range 
where wildfire is common, there is little consen­
sus on future fire dynamics because of the dif­
fi.c ulty in modeling Santa Ana weather events 
(Westerl1ng et al. .2004, Westerling and Bryant 
2008). The largely subterranean lifestyle of S, 
hammot1.dii may make it relatively resistant to 
the effects of fire . However, wildfires occurring 
during dispErsal may be panicularly detrimen­
tal due to direct mortality and habitat degrada­
tion and this issue requires more study. Vegeta­
tion shifts due to di mate change are expected to 
be modest in the Central Valley, where land use 
is a more i mporta.nt determinant of habitat type 
(PRBO 20n). Elsewhere in the range, chaparral 
and shrublands are expected to decrease in area. 
while grassland is expected to increase ( Lenihiln 
el al. 2008. PRBO 20II}- The impaf.t or these 
shifts may be modest as S. h~mmondii use5 all 
of these habitat types. 

Stotus Determirwticm 

Ongoing habitat loss am.I e,;tirpations thruugh­
out the ranse of Spea >wmmondii warrant Prior­
ity r Species of Special Concern status. 

Management Recammenda!ions 

Rema.ining sites shouJd be protected from 
urban and agricultural development, with 
emphasis on larger habitat blocks that allow for 
more natural met.ipopulation <lynarnics to per­
sist. The fa( t that Spe.a hammvndii 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, rnd mini­
mizing or eliminating disturbance around 
breeding habitat would help protect adults (see 
the "Monitoring, Research, and Survey Needs" 
section). Efforts to remove introduced predators 
from breeding habitat should be considered. In 
some cases, cattle grazing operations may be 
beneficial to S. hamm.ondii. Over 3 years in Sac­
ramento County, Marty (2005) found th .. t 
experimentally grazed vernal pools e'.\'.perienced 
fewer drying and refilling cycles within a sea­
son, and had a longer maximum inundation 
period {u5 days) than ungrazed treatments (65 
days) or treatments where grazing occurred sea­
sonally i65-78 days). 

Monitoring, Research, and Survey Nertds 

Research is needed into terrestrial habit.at use 
{Jennings and Hayes 1994a, Morey 2,005), 

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

information is important for determitt.ing how 
much and what kinds of terrestrial habitat to 
protect around breeding sites. For example, 
Morey and Reznick (2001) found that the qual­
ity of juvenile terrestrial habitat in terms of 
food availability compensated for stressful lar­
val conditions. Additional study on which envi­
ronmental conditions promote post-metamor­
phic survival will aid in management planning. 
It is also unknown what proportion of adults 
breed each year and how long individual adults 
spend at breeding sites (Morey 2005). Under­
ground habitat me 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 aud tile regional 
levels; additional landscape ecology and genetic 
studies would help determ1ne patterns of dif. 
ferentiation (Jennings and Hayes 1994a). 
Finally, comparative studies of this species in 
the Central Valley and southern California 
would help deter mi nc the extent of biological 
variation in life history patterns across this eco­
logical gradient. 
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SOUTHERN LONG•TOED SALAMANDER 

Ambyst-0r11a r11a,roda,tyl11111 sigillatum Ferguson 1961 

.Stows .Summary 

Amb)"$toma. macro4actylwm sigillatum is a Prior­
ity 2 Species of Special Concern, receiving a 

Total Score/Total Possible of 66% {73/uo). lt 
was not considerf'd a Species of Spf'd.al Con• 

cern during the previous evaluation (Jennings 
and Hayes 1994,a). 

lder1Ujication 

Amb}'sfoma m11crodcic~ytwm sigillatwm is a 
medium-si2:ed (4.r-8.9 cm SVL) s.a.Jamander 
with a broad head and ]argf' eyes (Stebbins 
2003). The dorsal ground coloration is bfack or 
dusky brown with a yellow don,al stripe th11.t 1s 
usually divided into blotches on the body and 
into fine spotting on the head and tail (Fergu­
son 196r. Petranka 19 98. Stebbins :2003). 

Small whitish-bluf' flecks arf' present on the 
sides of the body, and the ventral surf.ace is dark 
brown (Stebbins 2003). The larvae have Large 
bushy gills and a dorsal fin that extends to near 
the forelimbs (Petranka 1998). 
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Metamorphosed individuals of this species 
are unlikely to be confused with any other sala­
manders within its range. Other subspecies of 
A. macrodaciyJwm have similar bod-y propor­
tions but differ in the siu, extent of blotching, 

SoorJiem Long-To~d Salamander: Rfsk Fa~ots 

RankingCritf'ria (Marimum Score) Score 

i Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population concentration/migration (10) 10 

iv.End.emism (10) 3 

v, Ecological tolerance (10} 3 

vi.Population trend 125} 20 

vii. Vulnerability to climate change (10} 10 

viii. Projected impacts {10) 7 

Total Score 73 

Total Possiblf' 110 

Total Score/Tota] 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 (Taricha 

grnnulosci, T. tonm1) requires careful attention. 
Newt larvae generally have small, narrow heads 
and few gill rakers (5-7 on the anterior side of 
the third gil1 arch). wh.ereas A. macrodactylum 
larvae have broad heads and 9-13 gill rakers on 
the anterior side of the third arch (Stebbins 

2.003). 

Taxorromi, Relationships 

Amhysl-<lma macrodactvlum. sigillatwm is one of 
five currently recognized subspecies of long­
toed salamander (Petra.nka 1998, Stebbins 
2003). Atn.bystoma macrodactyhm, has been 
widely recognized as a distinct species since its 
initial description by Baird (1854}. Since this 
time, a number of different species and subspe­
cies have been described. The current five-sub­
species arrangement stabilized after the work 
of Ferguson (1961), which described A. m. 

columbia11um (eastern long-toed salamander) 
and A. m. sigillat"m, as well as the work of Rus­
seU and Anderson (1956), which described the 
geogr.iphically iso1ated A. m. croceum (Santa 
Cruz; long•toed sal,unander) from Santa Cruz; 
and Monterey Counties. Ongo1ng senetic stud­
ies indicate that several of these subspecies may 
warrant full species status (Savage .:1.008}­

Amby;,;f(Jma macrod,11:trlum sigiUtitum was 
described based on the size, color, and pattern 
of the dorsal band, as well as vomerine tooth 
counts (Ferguson t961). Although it inter· 
grades morphologica.lly with A. m. col1tmbi­

anum at the northern edge of its range (Fergu­
son 1961), ongoing genetic analyses support 
recognition of A. m. s!gil!aUJm as a distinct spe­
cies (Savage 2008). 

Life History 

Ambystoma macrodacty!um s~itlatum is a pond­
hreedi ng salamander that often has a prolonged 
laJval stage-. The life history of this taxon varies 
widely depending on elevation and climate 
([>etranka 199S) . Here we have summarized 
data for A lf'I_ ~igillatum. where possible, and 
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described the vari;1tion present across the spe• 
c:ies where the life history is highly .,,ariab1e 
and/or uncertain. 

Adults emerse from h.ibernation and 
migrate to breeding habitat after the first thaw. 
Mating begins sh.ortly after adults en1er 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 
19 85). Ensewhere in the A. macrodaayli.m 

range, primarily at low elevations where the cli­
mate is mild, breeding is not delayed by winter 
freezes, so reproduc1ion starts with the o~t of 
fall rains {Ferguson r96I, Nussbaum ct al. 
1983). As in other Ambystoma species, mating 
follows a pattern of courtship and spermato­
ph.ore deposition. Females oviposit on vegeta­
tion, rocks. sticks, or directly on the pond bot­
tom 2.-3 days following courl";hip aml mating 
(Anderson 1961, Stebbins 2003). The eggs are 
Laid singly or in clumps of up to 100 eggs 
{ Petranka 1998, Stebbins 20 03}. The pattern of 
egg deposition varies geographically in this 
species: A. m. ~•giUatum 1ends to lay eggs singly 
or in Long loose dusters in relatively deep water 
(Anderson 1967}, although this is v .. riable. 
Eggs hatch in 2 s weeks, with lonser incuba­
tion periods required at higher elevations and 
lower water t€mperatures (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 2 

years in the highest elevations in permanent 
pools (Nussbaum et al. 19 83, P illio~ and 
Fronzuto 2.005). Size at metamorph.osis varies 
widely from 2.3 to 4.8 cm SVL ( HowaTd and 
Wallace 1985) . This species is able to tolerate a 
relatively wide range of wa1er temperatures, 
with. larvae overwintering under the ice at near 
freezing temperatures but then selecting the 
warmest areas available throughout the sum­
mer (up to 24._s"C). Presumably these tempera­
tures allow for more rapid larval growth and 
devt:'lopment (Anderson 19686). 

Ambystomci m.acrodaaytum sigUlatum 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 ]ar­
vae, and small snails (Anderson 196Sa, Nuss­
baum et al. 1983). In the lab, larvae are also 
known to take frog (primarily Psi:udac:ris) tad­
poles and conspeclfic larva iAnderson 1968a, 
Nussbaum et al 19&3). 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 1.968a). 

Habitat Reqi.Jiremet1ts 

Ambysloma rnac:rooactyhm1, as a species, occurs 
in a larger vadety of habitat types than any 
other salamander in the Northwestern United 
States (Ferguson r96r. Nussbaum et al. 1983}. 
Suitable habi1ats for A. m. 5igil!aium- include 
arid grassland and sagebrush communitjes, 
dry woodlands, coniferous forests, aJpine mead­
ows, and a wide variety of intermedi.ate habitat 
types (E-erguson 1961, Petranka 1998, Pilliod 
and Fronzuto 2.005). ln some areas, this spe­

cies is abundant in disturbed agricultural areas 
(Nussbaum etal. r983). Elsewhere in the r.inge, 
landi;GLpe genetic studies indicate that popula­
tions that persist in hishly modified habitats do 
so with increased population isolation, probably 
increasing susceptibility to local extirpations 
(Goldberg and Waits ;2.010). 

At high elevations (above 2.450 m in the 
Sierra Nevada and .z100 m in the Klamath 
Mountains), where breeding occurs late and 
larval development is prolonged, some popula­
tions of A. m. sigiU~tum- require permanent 
water bodies for breeding because larvae over­
winter prior to metamruphosis {Anderson 1967; 
JC Leyse, pers. comm.), lf these overwintering 
sites are shallow (1-2 min depth), as is common 
in the Ta hoe region of the Sierra Nevada, few 
larvae seem to survive the winter (E<. Leyse, 
pers. comm., unpublisbed data). Spring-fed 
water bodie-s may increase the likelihood of suc­
cessful overwintering, though more data are 
required to 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 ~ranitc slopes for upland 
hallitat. Further study on the extent and types 
of upland habitat that this species requfres are 
needed. 

Distrib1,1tian (Pa!t and Present) 

Ambysloma macmdactyli,m sigilla!um ranges 
from southwestern Oregon (south of the 
Calapooya divide, Lane and Doug]as Counties) 
through the Trinity Alps. Warner Mountalns, 
S1erra Nevada, and adjacent areas of northwest­
ern California reaching as far south as Carson 
Pass (Ferguson 196i, Brode 1967, Bury r97oa, 
Pilliod and Fronzulo 2005). The known eleva­
tional range for thi:s taxon is from near sea level 
ta 3000 m (Stebbins 196G, Nussbaum et al. 
r983), although the distribution in California is 
restricted to the higher end of this range. The 
presence of isolated populations of the species 
A. m~roda.ctyhim in Santa Cruz and Monterey 
Counties, California (A. m. croct:um), and jn 
southeastern Oregon suggests that the species 
m.-y have been historically clistrilluted more 
broadly throughout the west. If so. the present 
day range likely reflects a range contraction as 
climate has changed over the Last several 1hou­
sand years. 

Localized, presen1-day changes in distribu­
tion appear to be ongoing in several parts of 
California. In the historicaUy fishless Klamath 
Siskiyou bioregion, A. m. sigillci!um are 44 

times more likely 10 be present in Jakes without 
fish than lakes that contain fish. Because these 
fish have been introduced during the last 150 

years, it is likely th~t some lakes where A. m. 
sigillatum does not occur represent localized 
extirpations as a result offish predation (Wel:sh 
et al. 2.006). A similar pattern occurs in the 
north central Sierra Nevada. near Lake Tahoe. 
Here, A. m. sigillatum are present in 9'.;1-3% of 
fishless sites, but only 37.5% offish-containing 
sites (Leyse 2005), In the Klamath Mountains, 
A. m. ,jgillatum was documented at 25 of 118 
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sites in surveys conducted between r999 and 
2001. Salamanders were present at only 15 of 
these sites when they were resurveyed in 2008 

(K. Pope, pers. comm.). Tlte overall geographic 
e){tent of the A. m. sigi.llatMm range appeani to 
still be intact, but it is clear that localized extir­
pations are occurring in several areas. 

Trends in Abt.mdanc,: 

Abundances of Ambj1Sloma macmduGtylum sigu­

latum. bave declined throughout .relatively large 
areas of th.e CaHfornia range. The Klamath 
Mountain surveys described allove documented 

4u6 individuals at 25 occupied sites in 1999-
2001 but only 569 individuals at the 15 occu­
pied sites in 2.008 jK. Pope, pers. comm.}, Few 
historical abundance data are available, but 
overall current abundance of larvae at lower­
e1evaLion sites appears lO be low (K Leyse. pers. 
comm.}. Population genetic estimates of popu­
lation trends susgesL that resional populations 
exchan8e few miBrants and that effective popu­
lation sizes are small {Savage et al. 2010). 

Naiure ,md Dtgue of Threat 

Trout introductions are the largest threat to 

remainins populations of Ambysloma. macrodac­

t)llum sigil!atio11. Welsh et al. (2006) found that 
the absence of introduced fish was a major pre­
dictor of A. m. sigi!latum presence even after con­
trollins for other environmental variables. Aside 

f rum 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 hiBher 
introduced fish densities h.id significantJy lower 
densities of A. macrodactylurn (Pilliod and Peter­
son 20011- The authors postulated that much of 
tl.te remain1ns fishless habitat in fish-conta.ining 
basins is too shallow for most larvae to SLiccess­
fully overwinter and that the deeper, fish ­
containing pools no longer acted as stable ~mce 

populations for the basin. This kd to a destabili-
2ation ofnormal source-sink dynamics. causing 
declines throughout the entire basin. These 
results suggest that the presence of fish al the 
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basin scale is a significant conservation risk:, 
irrespective of whether patches of fish less habi­
tat remain within the basin (Pilliod and Peterson 
2001). Where A. m. sigiUalum persist in the pres­
ence of fish, larval densities are very low both in 
deeper fish -containing pools and in adjacent 
fishless pools (IC 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 (E<. Leyse, pers. comm., though see 
Tyler etal. 1998). Declines due to the presence of 
fish have also been documented elsewhere in A 
mauoifoctylurn's range (Liss and Larson 1991, 

Liss et al. 1995, Tyler ct al. 1998). In Montana, 
introduced trout were linked to A. m. hausr:i 

extirpatioru;. Salamander recolonization follaw­
ing local trout extirpations strongly indicat.ed 
that trout were the .actual causal agent of declines 
(Funk and Dunlap 1999). 

Climate change also poses a threat for A. m. 
sigillalum. Many of the remaining pools that 
this species utilizes a re shallow. Projected 
shifts to earlier and faster snowmelt in the 
Sierra Nevada rnuld have compleli and possibly 

negative effects on. this species by changing the 
hydroloBY o( lakes and ponds (Cayan et .al. 
2008b, Franco et al. 2011, PRBO 20n). As 
many of these pools appear to be spring fed, 
any chanses to hydrol09y of the springs could 
also have severe impacts (l.eyse 2.oos). 

Dfaease and environmental contaminants 
may also pose threats for remaining populations 
of A. m.. iigillah,m. Lethal ranavirus infections of 
A. m. sigillat"'m. ~re recently detected in Lassen 
Volcanic National Park (Bunck et al. 2009) . This 
speci€s is also susc€ptible Lo iridovirus infection 
and exposure to atrazine, a commonly used her­
bicide (Forson and Storfer 2006), Bd has heen 

de-rec-red in a sinBle adult salamander at Carter 
Meadow in Lassen National Forest, although the 
load was low. t>revalence of Ila appears to be low 
for this species and no e'\lidence of die-offs or ill­
ness due to this pathogen is known (K. Pope and 
J- Piovia-Scott, unpublished data). 



Status Determination 

Ongoing serious declines in distribution and 
abundance are the primary reasDns for this Pri­
ority l status. 

Management Recommendocions 

The p1esence of relatively deep fisb]ess pools 
appears to be important to the continued per­
sistence of this s pedes, particularly at the high­
est elevations. As such, fish stocking should be 
limited in areas where Ambystoma macrodacty­
lum sigWatum occurs. Where stoc~ing does 
occur, mitigation strategies outlined by Appen­
dix K of California Department of Fish and 
Wildlife hatchery and stocking program envi­
ronmental impact report should be followed 
( ICF Jones and Stokes 2.010). 

Monitoring, Research, and Survey Needs 

Declines due to fish pr€dation have now been 
amply demonstrated, so continued monitoring 

on the effects of fish predation is less important 
than work related lo fish removal lf predaceous 
fish can be successfully re mewed from areas sup­
porting this species, occasional monitoring 

should be undertaken to detect unauthorized 
reintroductions, part:icul.aily in a1eas that ex.peri• 
ence high human impact and to document rec­
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 lo'IVl::r elevations, 
temporary fish-free pools are ilie primary source 
of successful 1ccruitment, and deeper lakes can 
therefore be maintained as fishing resources, 
whereas at the highest elevations, the species can 
only persist if permanent, fish-free habi1ats arc 
common. The type and extent of upland habitat 
utilizEd by this species is also in need of further 
study. In particular, the extent of upland hal>itat 
that populations require in order to persist has 
not been studied in this taxon. Climate change 
could also have diiTerent 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 Ba should be continued. 
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SANTA CRUZ BLACK SALAMANDER 

Aneides f1011ipu11cia1=us niger Myers and M a5I in 1948 

Status Summary 

At1eide.,i; jlCJvip!'nctat!'s nigl:r is a Priority 3 Spe­
cies of Special Cone.em, receiving :i Total Score/ 
Total Possible of 48% (53/no). This 1a:ron was 
not previously considered a Species of Special 
Concern (Jennings and Hayes 199,4a). 

ideniificaiion 

Aneidtsflr:wfpunctatus 11iger is a meclium-sized 
plethodontid salamander (5.1-9.5 crn 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 (q.o cm SVL) have brassy dorsal pig­
rnentation with white to blue-white spots 
(Lynch 1981). The 1,1entnl coloration is black or 
dark gray ( Myers and Maslin 1948). The nasola­
bial grooves and costal grooves are well defined, 
and most individuals (95%) have 17 costal 
grooves (Lynch 198r, Stebbins 2003). Alleides 

flcivipu"i:;tatus ~i,gtr has rounded toe tips, coun­
ter ta the squ.ared toe tips typical of A11dd~s. 
Its Jimbs a.re short relative to the trunk, with 

l"4.l. iALAMANDEJl.5 

3-5 costa1 grooves between adpressed limbs. 
The heads of males are luger th,m those of 
females, and are roughly triangular with prom­
inent, protruding upper jaw teeth (Stebbins 
2,003). 

Santa Cn.1z B/c,ck safama,idu: Rist raclors 

R;mking Criteri;i. (Maximum Score) Score 

i. Range size {10) 10 

ii. Distribution trend. (25) 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endernism (10) 10 

v. l:colosica) tolerance (10} 7 

vi. Population trend {25} 10 

vii. Vulnerability to di mate change (10) J 

viii. Projected imp;icts (101 3 

Total Score 53 

Total Possible 110 

Trrtal Score/Total Possible 0.48 
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At1ddes jlavipzmctalw n-igtr could be con• 
fused with the co-occuning a1boreal salaman­
der (A. iL,gubris)- Adult A lugubris are grayish 
to brownish above with yellow fiecks that are 
often concentrated on the sides, squarish toe­

tips, and a pale whitish venter (Stebbins 2-003). 

Juvenile A J niger have green pigmentation, 
while A li.g~bri5 juveniles do not. 

Taxonomic Re/Qtioriship~ 

Aneide~ fla.vipu'1Cta.tu~ nigu is recognized as a 
subspecies based on geographic isolation from 
other populations, morphological and color 
variation, and ecology (Myers and Maslin 
1948). All02yme studies by Larson (1980) and 
subsequent reanalysis by Highton (.:1.000) sug­
gested that A. f niger is a distinct lineage. More 
recent analyses of mitochondrial DNA data 
su~ported the aHozyme analyses and identified 
another patentia]ly distinct lineage of A. fla­
vipunctatus in the Mount Shasta Region {Rissler 
and Apooac.a 2007). Further genetic studies 
are ongoins and should help resolve- these ta,ro­
nom ic issues. Current work is expanding sam· 
piing throughout the range of A. J niger and 
indudes both mitochondrial and nuclear mark­
ers (S. Reilly, pen,. comm.). 

Life History 

Little is published on the life hi~tory of Anei,fo; 
jlavipunctatru rziger, and we therefore rely on 
infortnation frorn the northern subspecies, the 
specked black 5alamander (A. f. jlavipun<=latJLS) 
when data. from A. J niger are lacking (see the 
"Distribution" section). Aneide.s jlr:ivipum;tatus 
ni.ger 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-co1lected A. f flavipunctatus 
from Mendocino County stayed with clutches 
until the young hatched (N. Staub. pers. obs. in 
Staub and Wah 2005), but it is unknown 
whether A. f 11iger females also attend eggs jn 

the fie]d_ Lynch (1981) e,i:amined 112 adult 

females across the range of A. J1avip1mctatus 
(including A f nigtr 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 fomale was 63 mm SVL, with 
~n estimated clutch size of 9 (Lynch 1981). One 
record of a natural clutch of A.f tJiger eggs was 
found more than i.o cm uelowground (Van 
Denburgh 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 publishe<l on 
A. J niger. We presume that it is a generalized 
predator of small arthropods and other inverte­
brates. Ar1eiclcs ftllv~punc;la ► us jlC1vipwni;~rJl~s in 
northern coast.al California are g1meralized 
predators that eat small invertebrates, includ­
ing millipe-<les, beetles, termites, hymenopter­
ans, Aies, and collembolans (Lynch 19&5). 

Habitai Requirements 

Ane,ides Jlavipunctatus n~gu is restricted to 
rnesic forests in the fog belt of the outer Coast 
Range (Myers and Maslin 1948). While sala­
manders in the genus Ancides are sometimes 
quite arboreal, A. J 1t(ger is a ground-dweller 
( Myers and Maslin 1948). And~t!~ jl,wipuncta­
tus niger occurs in moist streamside 1nicrohabi­
tats and is frequently found in shalJow standing 
water or seeps (Myers and Maslin 1948, Lynch 
1974; S. Barry pers., comm.}. ln th~e moist 
microhabitats. A.f nigerhas bttn found under 
stones along stream edges and under boards 
near creeks (Myers and Maslin 1948). Anddts 
.fl(l.vipuriclntus n-iger also oocurs in talus forma­
tions or rock rubble {S. Reilly, pers. comm.}. 

Distribution (Past and Present) 

Aneidesjl,wipunctatus 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 fiaviputictatas 



fla11ipu11ctatus occurs from Sonoma County 
north along the coast into southwestern Oregon 
and east to Shasta County (Stebbins 2003)­

Museum specimens exist for the Santa Lucfa. 
Mountains (LACM 141882-r4r883); 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 
(198r) reported that almost all localities of A. 
fiavipwnctatus (including sites within the range 
of A- f niger) oo:u rred below Goa m elevation 
in mesic forests that do not experience sus­
uined freezes. 

Some populations of A. f 11iger have pre­
sumably been lost to development. Such lasses 
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 the historical distribution 
of this taxon. 

Trends; {n Abundance 

As for many pJethooontids, documenting abun­
dances is exceedingly difficult because A~eidc, 
jlavipunctatus 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. Anei~es fla1'ip1,uictatus nigu 
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. Wilke, pers. comm.). Range-wide sampling 
efforts over the last few years have yielded only 
a handful of specimens (.::15} at a few sites, 
includ1ng the UC Santa Cruz campus ( 5. Reilly, 
pers. comm.). This anecdotal evidence sug­
gests that declines may have occurred and are 
possibly ongoing. 

Nature and Degree of Threat 

A'1eides Jl-avipu.nctatus niger habitat is -vulnera­
ble to the effects of logging, spring capping, 

and roadbuilding. The Peninsula. Op1m Space 
Trust has acquired some of the vulnerable prop­
erty in the northern part of the range, but there 
is still some risk of further ranchland subdivi­
sion (http://www.openspacetrust.org; S. Barry, 
pen;. 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 changi:: is 
el'.pected in precipilation (reviewed in PR BO 
2ou). If conditions become significantly 
wartm,r and drier, this may affect opportuni­
ties for surface activity, although us.e of moist 
strearnside microhabitats may mi11imize 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 nigerare likely 
to be less severe than in more open habitats 
(Fried et al. .2004, Lenihan et al. .2008, Wester­
ling a.nd Bryant ~008) . The extent of grassland 
vegetation is predicted to increase, and forested 
areas a re predicted to dt:erease withln the range 
of A.f. 11iger, which may negatively affect habitat 
avail.ability (Lenihan et al. 2008). 

Stah1l Determination 

Ancidn flcivipuncrarus niger is an cnd<'mic sala­
mander with a small geographic range in an 
area with some risk of additional development. 
However, ongoing declines and population 
losses have not been well documented, result­
ing in a Priority 3 designation. 

Management Recommendo1iom 

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

Monitoring, Reseordi, and Survey Needs 

Basic ecologilal and life history information is 
almost entirely lad:i.ng for this taxon, as are 
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estimates of current population abundances. 
limiting our ability to make more sped.fie man­
agement recommendations_ Surveys of micro­
habitats such as streams and seeps in forested 
areas should be conducted, though djsturbance 
of mkrohabitat in order to find animals neE"ds 
to be balanced with concerns regarding contin­
uing decline. These surveys may be more efTec­
tive if artifidal 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 <1re needed to establish esti­
mates of abundance and to mon l tor population 
sizes over time. Upland terrestrial habitat usage 
is poorly known, and upland surveys would be 
useful for determining whether riparian buIT­
ers would be beneficial for Aneides j1,wipunc:la­
t1,1:s 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 

BQtracho5ep5 c.arnpi Marlow, Brode, and Wake 1979 

Stati,is Summory 

Batrac.hoseps earn.pi is a c>riority 3 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 50% {55/no). During the pre· 
vi01.Js eva.luati □n, it was also considered a Spe­
c.ies of Special Concern (Jennings and Hayes 

r994a). 

ldentific.otion 

Batrachostps rn-mpi is one of the largest and 
most robust members of the di"erse plethodon• 
tid genus B~tnii;hostps (to 6.1 cm SVL) (Steb­
bins 200})- The head is relatively broad, and 
the tail is short compared to other Bacraclumps 
species. The body coloration is dark brown 10 

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 on]y 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 sa.Jamander (B. robw.-

tw) and ihe largest individuals of the Tehachapi 
slender salamander (8 . .stebbimi), other nearby 
Batra hos~ps species are noticeably less robust 
and do not occur east of the Sierra crest. Hydro­
-man.kl species may appear superficially similar 

Inyo Mountain~ so/amartdu: Risk Facton 

Ranking Criteria (M.ximum Scon) Soor~ 

i Range size (10) 10 

ii. Distribution trend (25) 5 

iii. Populationrnnc.entration/ 0 
migration (10) 

iv. Endcmism (10) to 
v. Ecological tolerance (10) to 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) O 

viii. Projected imp~cts (10) lO 

Total Score 55 

Total Possible 1 IO 

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 Bo.trackostps (Stebbins 

2003). 

Taxonomic ReJacioriship5 

This species is a member of the Plethopsis sub­
genus of Batrachoseps. which also includes the 
Oregon salamander (B. wright) from north cen­
tral Oregon, and B. robi.stus from the Kern Pla­
teau and western margins of Owens Valley in 
eastern California {Wake et al. 2.002.). Plethop• 
si.s can generally be characterized as a stout, 
robust group of Batruchoseps with relatively 
broad heads. Ba~riicnoseps campi is morphologi­
cally dis ti nguishal:Jle from other Plethopsj, 
based on the presence of silvery irjdophores, 
lack of dorsal stripe, and lack of white flecks 

ventrally (Marlow et al. 1979, Wake et al. zoo2, 
Stebbins 2003). In addition, the species is 
genetically distinct at allozyme and rnltochon­
drial loci (Yanev 1978, Yanev and Wake 198r, 
Jockusch and Wake z.ooz.), 

Ufe Histof}' 

The life history of Batrachaseps campi is in need 
of further study. Its habitat differ.i somewhat 
from other closely related Balrachoseps species 
(e.g., B. robustus, B. wrighti), but information 
from these taxa is still likely to apply to B. campi 
in several respects. Surface activity occurs at 
nisht (Macey and Papenfuss 199ia} durins 
which time the species presumably fl:'!eds on a 
variety of smal1 insects. A life history study of 
thf species is likely to provide important infor. 
mation for future management. 

Habitat Requirements 

Batrnchosepi cam.pi appears to be large]y 
restricted to small patches of riparian habitat 
associated with perennial springs and lime­
stone fissures in canyons of the Inyo Moun­
tains. localities where this species has been 
found contain wet rocks and fissures in close 
proximity to perennial wilter (Hansen and 
Wake 2.005a). Sa)amanders are usually found 
under ~l rocks or in dumps of moist ferns or 
other cover (Hansen and Wake 2.005a). The 

species retreats into fissures and rock crevices 
when surface conditions a.re 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 
rrom immediate proximity to flowing water at 
high-elevation sites in areas of pinyon-juniper 
woodland (Giuliani 1996, Hansen and Wake 
2.005a}. 

Distribution (Past and PresentJ 

Batrachoups campi is known from a small 
number oflocalities on the eastern and western 
slopes of the Inyo Mountains (Jennings and 
Hayes r994a}, although additional populations 
(presumably few) may be discovered in cur• 
rcntly unsurveyed sites (Hansen and Wake 
2005a). The known elevational range of the spe• 
cles extends from 490 to 2.600 m {Macey and 
Papenfuss 1991a, Hansen and Wake 2005a), 

Trends in Abundance 

Populations may have declined or been ex1ir­
pated at a few sites due to habitat modification, 
though population abundance data are essen­
tially 1ackins (Papenfuss and Macey 1986). 
Although data are scarce, most known popula. 
tions appear to be stable. 

Nature cmd Degr.:e of Threat 

The primary threat to this taxon is habitat mod­
ification. The overall species range is ~ry smaH 
(<io ha total occupied habitat) and within that 
range consists of very small isolated patches of 
suitable habitat ( Hansen and Wake 2,005a). The 
populations in each of these patches are iso­
lated, so recolonization following extirpation is 
unlikely (Yanev and Wake 1981). Fiash floods 
have scoured the canyon bot toms at some local­
ities, destroying the riparian habitat, 1hough 
salamander populations appear to persist and 
slowly recover (Giuliani 1996 , Hansen and 
Wake 2005a). Damage to the sensitive riparian 
rnicrohabitat from the capture and contain­
ment of springs (spring capping), mining, 
water diversion, and feral burro activity has 
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occurred at other localities (Papenfuss and 
Macey 1986). Much of tne species' range is 

unprotected and is vulnerable to further 
modification. 

Status Dftuminotion 

Due to its small range size and isolated popula­
tions, this :species is inheren1ly vulnerable to 
dedine. The springs that are essential to its 
exi:.teuce are scarce within the species' range 
and a re vu] nerable to impacts from waler diver­
sion and habi1at degradation from humans, 
livestock, and feral mammals. There are few 
data on the habitat requirements of this species 
and the extent to which the isolated population 
can withstand these impacts. For all of these 
reasons, a Priori1y 3 status is justified. 

Management Recornrnendatio11s 

The primary management priority for E.:1tra­

c:h.oseps ,am.pi is to protect existing habitat. Res­
toration of degraded habitat would be helpful. 
However, given tk.c dearth of information on 
habitat requi rem en ts, il 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. Unti] that time, the 
riparian areas around desert springs should be 
protec: Led from modification. spec.i fie ally with 
respect to changes in hydrology and vegetation. 
Some populations, such as the one at Barrel 
Spring, Inyo County, California, are 1ikdy to be 
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sensitive to relatively minor changes in hydrol• 
ogy (D. Wake, pers. comm.). 

Monitoring, Rt:iearch, ond Survf!'y Needs 

While the key management priority for this 
spedes 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 rnurse of lhis work, surveyor~ would need 
to undertake basic life history research to 
gather information on population sizes (both 
census and genettcally determined effecti1Je 
population sizes}, yearly activity cycles, habitat 
occupancy, and basic c-cologica] data. Because 
habitat protection alone is likely to be sufficient 
to safeguard this species, it may be best to carry 
out this work only in areas where disturbance 
to the habitat can be minimized. 

Additional desert spring habitat near the 
known distribution needs to be searche<l during 
times wh~n surface moisture is high cnoush to 
bring salamanders to the surface, although 
minimizins damage to these rare habitats is a 
critical pr1orlty. Higher-elevation populations 
may be more dispersed across the landscape, 
and surveys should tal::e this into account. Moni· 
toring efforts n~cd to be initiated at locallties 
that have experienced habitat degradation to 
quantify the ability of Batmchoseps carnpi to tol· 
erate habitat dianges that occur as springs are 
managed for human or livestock needs. 



LESSER SLENDER SALAMANDER 

Botrochoseps minor Jockusch, Yanev and Wake 2001 

Status Summa')' 

Batrachostps minor is a Priority r Species of 
Special Concern, receiving il Total Score/Total 
Possible of71% (78/no). Thistaxon had not yet 

been described at the time of 1he previous Spe­
cies of Special Con~rn revision and was there­
fore not evaluated. 

ldeniifico~on 

Salamanders in the genus Batradwstps are gen­
erally characterized as elongate, slender pletho­
dontid salamanders wi1h extremely reduced 
limbs, elongate, worm-like bodies, and 
extremely long tails th.at are often longer than 
the SVL of the animal. Many species have been 
identified in the fast two decades, many of 
which are morphologica11y cryptic and some of 
which have extremely small ranges. Batra­

ckoseps mitwr is the smallest SpEcies of Bc.ltro­
choseps (up to 3.4 cm SVL). The coloration is 

dark blackish brown on the sides and doTSum, 
sometimes with a lighter brown or tan dorsal 
stripe alaug the back (Stebbins 2003). Dense 

white speckles are present on the ~ntral sur­
face (Jockusch et al. 2.oor). 

This species is morphologically similar to 
the more common and microsympalric blade­
bellied slender salamander iB. nigrivi:n.ttis), 
though its limbs and feet are relatively more 

Lesser Sfemkr Salt1mafld,:r: ~itk Factors 

Ranking CJiteria (Maximum Score) Score 

i. Range size (10) 

ii. Distributlon trend (25) 

iii. Population canr.rntration/migration (10) 0 

iv.Endemism (101 10 

v.Eco1ogkal tolerance (10) 

vi.Population trend (25) 

3 

25 

10 vi.i. Vulnera.bility to climate change (10} 

viii.Projected impacts (10} 10 

Total Score 78 

Tot:;il Passib1e 110 

Total Score/Total Possible 0.71 
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robust {Hansen and Wake 2005b). Subadults, 
in particular, can be difficult to tell apart in 
these species, particu1ar1y in some preserved 
specimens. Molecular identification may be 
required in some of these cases. 

Tpxonomic Relutionships 

Bairackostps mi11i>r was previously included in 
B. po.cific~s {sensu bto). Populations now 
regarded as B_ minor were recognized larsely on 
the basis of mitochondria) DNA and allozymes, 
though some morpholosical features distin­
guish this species from otht>r members of 
the B. paciftclls comp]ex (Jock us ch ct al. .2001). 
Batracho-seps minor is closely related to the San 
Simeon slender salamander (B. ir11:ognitus), 
and the garden slender safamander (B. rnrzjor) 
(Jockusch et al. :wox, Jockusch and Wake 
2002). 

Life History 

The life history of Batrackoseps minor has not 
been stud1ed. The species presumably feeds on 
very small insects and other rerrestrial inverte­
brates and exhibits similar ecological character­
istics as oth~r members of the B. pad.ficus 
comp]ex. 

The species is m1crosympatrlc throughout 
the entirety of its range with B. 1tLgri11en!ru, 
which is both more widespread and more com­
mon 1han B. minor within the range (Hansen 
and Wake .:1.005b). (tis possible the B. nigriv1m­
tris ern1ogically replaces B. minor at lower eleva­
tions (Hansen and Wake zoo5b}, though the 
extent or effects of competition betw~n these 
species has not been studied. 

Habitat Requirem,mh 

Batrach(Jseps minor is found on steep north 
and east-facing mesk slopes within its known 
range {Jockusch et al. 2001). Known localities 
have a canopy of oak, tanbark, madrone, and 
laurel with a poison oak thicket understory (S. 
Sweet, pers. comm-}. These sites remain damp 
much lonBerthan 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 (Pcut and Present) 

Batrachoseps minor is found only in north cen­
tral San Luis Obis po County. It 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 Paso Robles 
and Santa Rita drain.ages (Jockusch et al. 2001). 

Populations farther south have been assigned 
to this species based on morphology and molec­
u 1ar information (E. Jockusch, pers. comm.). 

Trends in Abrmdance 

This species was apparently once common 
within its range. Many specimens .....ere collected 
throughout the 19705 before the species was 
described, but the species subsequently became 
much more difficult to find (Jockusch et al 
.1.001; D. Wake, pers. comm.). Few specimens 

have been reported in the literature in the last 
decade, although several unreported sightings 
arc known, and populations may now be increas­
ing to some degreE (Hansen and Wake 2.005b: 
E. Jockusch, pers. comm.; D. Wake, pers. comm.; 
S. Sweet, pers. comm.). During 1971-1975. field 
crews associated wjth the Museum of Vertt>brate 
ZooJogy undertook ro field trips that collected 
265 Bu~ro.chvst:ps from sites known to support B. 

ttiinor. This collection comprised 206 B. minor 
{77% of1he total) and ~9 B. nigriventris (S. Sweet, 
pers. comm.}. In xz surveys conducted since 
2011, 27 B. minor have been found along with 60 
B. nigriventris (31% of the total; S. Sweet, pers. 
comm.), suggesting that the frequemy with 
which B. mi/I.or is detected relative to B. nigriven­
tri.s has decreased and that the tota1 number of 
Batmchoseps found is smaller today than it was 
previously. No obvious changes in habitat or 
plant cover between the early 1970s and the 
preS('nt that might eKplain these chang€s have 
been observed< S. Sweet, pers. comm.). 

Nature and Degrt:c ofTkreat 

Little informatton is available concerning any 
aspect of the biology of this species, making 
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threats difficult to cha1acterize with certainty. 
Some habitat modification resulting from land 
conversion to vineyards has occurred within 
the range, and the invasion of exotic. pl.ants has 
caused changes to the understory in some areas 
(Hansen and Wake 2.005b: 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, pe~. 
comm.) and a large amount of .appa1ently suit• 
able habitat still remains in the gen~ral region. 
The species was formerly detected in large 
numbers at wineries {Hansen and Wake 2.005b; 
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 tern• 

pcrature associated with climate change has 
the potential to render much of the current 
habitat unsuitable for this species. The marked 
declines in abundance over the last few d€c.ades 
may indicate a degree of sensitivity to habitat or 
climatic conditions or, alternatively, may simply 
represent a temporary ,md cyclical decline asi;o­
dated with mDderate-term changes in climate 
{ra1nfa1l 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 published 
data are needed. 

Status Determi,ratior1 

Batrachoscps 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 understood, leading to a Priority r 
statlL'o. 

Management Recommendatiot1~ 

Given what is currently known about this spe­
cies. little can be done in terms of manage­
ment. Few sites ha.ve been confirmed (using 
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molecular data} to support Batrachostps mi1'1or, 
and these sites should he protected from fur­
ther modific.ttion that is lilcely to be detrimen­
tal to salamander populations. Additional 
information on the range, habitat require­
ments, and environmental sensitivity of the 
species is needed to help guide foture 
management. 

Monitoring, Research, and s~r11By Needs 

Bt1trochoseps miMris poorly known biologically, 
and published accounts of even the most basic 
habitat and ecological data are largely lacking 
for the species. Additional and ongoing sur11eys 
for this taxon are needed to help determine its 
range, both geographically and ecologically. 
However, careful attention needs to be paid to 

eITective identificatfon of specimens that are 
found. Because B. min or is so similar in appear­
ance to B. nigriventris, and the two species 
occur in microsympatry, surveyors need to 
have extensive experience distinguishing dif­
ferent Batraclu>se p.~ species from each other. 
Subadult specimens of B. mirnir may require 
molecular identific.ation unless and until field­
validated morphological characters can be iden­
tified. As the status of remaining p<>pul..ations 
is unknown, a. reasonable management policy 
would. be that no Botracho~eps from the known 
or suspected range of H. minor be removed 
from the wild unless the collector has extensive 
experience identifying these specit>s, Rather, 
jndividuals should be photosraphed and non• 
destructively i;ampled, preferably by n:mov:ing 
a small portion from the end of the tail (-2 

mm) md genotyped to establish identification. 
[fa few replicate DNA sequences from both 
the nuclear and mitochondrial genomes could 
be established as reliable barcoding genes, 
DNA typing could be acc::omplish.ed quickly 
and inexpensively. Surveys should take place 
when surface conditions are appropriately 
moist to enhance the like1ihood of finding pop­
ulations of this elusive salamander. The 
chances of finding B. minor without dismrbing 
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 b,e productive. In addition, nearby areas 
should continue to be surveyed for this species, 
as its distribution could potentially be larser, 
both ecologically and geographilal1y, 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 lcnown localities occur near the 
lower elevational range of the species, and 
larger populations exist at higher elevations 
(E. Jockusch, pcrs. comm.) . Recent and 

repeated surveys in some of these areas have 
failed to detKt this species, which suggests 
elevation may not be an important factor (S. 
Sweet, pers, comm,). Nevertheltss, 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 th.e declines in detectability should 
also be pursued. In particular. screens of 
museum specimens for the presence of patho­
gtnic fungi might be fruitrul ( D. Wake, pers. 
comm.), as could study of decad al scale climate 
and rainfall patterns within the species known 
range (S. Sweet, pers. comm.), 
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RELICTUAL SLENDER SALAMANDER 

Botrodrnseps relictus Brame and Murray 1968 

SJatws Summary 

Batrachoseps rdictus is a Priority 1 Species of 
Special Conc~rn. receivins a Total Score/Total 
Possible of 60% (66/no). It was also consid• 
~red a Species of Special Concern during the 
previous evaluation (J~nnittgs. and Hayes 
1994a); however, the range of the species has 
since been greatly reduced as a con.sequence of 
taxonomic revisions. 

ldentijication 

As is typical ofits genus, Batradios~psrelictw is 
a small, dongate, wonn-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, ye11owish, or dark brown (Stebbins 2.003). 

Batrachostps relictus is one of the smallest 
members of its genus. SVLs of II12ture animals 
collected at the type locality in the lower Kern 
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 (Jockusch et al. 2012). Batrachoseps 
rt"lict~s also has relatively few trunk vert~brae, 
with a modal number of 17 from the type local­
ity (Brame and Murray 196S} and counts as 
low as 17 occurdng with low frequency in the 

ReJidual Slender Salamand•r: Rmr. f"a,t:ars 

Ranking Criterfa (Maxim1.1m Scorej Score 

l. Ranee size (10) 10 

ii. Distribution tr~nd (251 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endernism (10) 10 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 15 
vii. V1.1lneT"ability to climate chanse !JO) 7 

viii. Projected impacts 110) 7 
Tot:al Score 66 

Total Possible 110 

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

Several other species of Barrachoseps occur in 
the same region orthe southern Sierra Nevada, 
and geograpb.ic range is the best way to d.istin· 
guish animals in the field . Individuals from Lhe 
upper K~rn RiYCr Canyon (Greenhorn Moun• 
tains slender salamanders, B. altasicrrae) that 
we~ p~viously considered a part of B. rr:lii;;t!~ 
(see the "Taxonomic Relationships" secllon) 
have relatively lons,er trunks, smaller b.eads, 
shorter limbs, and smaller feet (Jockusch et al. 
2O1z), F"emale B, aLtasimue have fewer maxillary 
1eeth, and the vomerine teeth in both sexes arc 
patchily distributed, compared to being ammged 
in raws in B. rdictw ifod:usch et al. 2012). 

In the 1ower Kern River Canyon, the range 
of B. relictus overlaps wilh Kem Canyon slender 
salamanders (B. simalus) and the yellow­
blotched ensatina. ( Ensa.~ina tschsckolr.zii croua­
lor; Brame and Murray 196S) . Vnlik~ 8. rdic­
lw, B. simalw is not closely associated with 
wilter, and populations of B. rtlicll.{.$ at eleva· 
tions where B. simatus occurs are likely extir­
pated (see the "Distribution" section). fnsatina 

eschschol~ii croctcitor is a larger. more robu5t 
salamander and is easily distinguished by con­
spicuous yellow blotches on the dorsurn and a 
much larger body form (Stebbins 2003). 

Taxonomic Relationships 

The populations included in Batracho$ep5' ~lictlil 
have changed considerably since its original 
description. Brame and Murray (1968) consid­
ered several geographically disjunct populations 
as belonging to B. reliclu.s, most of which are 
110w recognized as distinct species (Yanev 1978. 
Yanev 1980, Joclmsch et al. 199S. Wake and 
Jockusch 2000, Jockusch et al. .2001). Popula­
tions in the Sierra Nevada from th.e Merced 
River to the Kem River were considered. a part of 
the rdicl1,1s group (Yanev 1980) and were split 
into four allopatric species by Jockusch et al. 
(1998). At that time, B. rdict1,1s was thought to 
range from the Tule River drainage to the lower 
Kern River Canyon, including populations in 
the Greenhorn Mountains (Jockusch et al. 1998, 

Jockusch and Wake 2002). Since then, popula­
tions rrom the upper Kern River have been 
found to be morphologically distinct from sala.­
manders at the B. relictus ty~ locality, and have 

been described. as the nev,, species B. altasierme, 
the Greenhorn Mountaim slender salamander. 
IJockusch et al. 2.012). Populations of Batra­
choseps on Breckenridge Mountain were discov­

ered in 1979. Jennings and Hayes (1994a) desig­
nated this putative taxon as a Species of Special 
Concern. Re~nt morphometric analyses have 
shown that populations from Breckenridge 
Mountain are most similar to B. n=lictus from Lhe 
type locality, and are now included as B. n·.JicWJ.s 
(Jockusch et al. 2012). Given the description of 
the new taxon B. aUasierroe, the dassifica1ion of 
Breckenridge Mountain populations as B- rdic­
tlfs. and the presumed extirpation of the type 
locality (see the "Distributionu section), extant 
B. nuctus only occur on Breckenridge Mountain 
under the current taxonomic arran~ment. 

While we follow the recommendations of 
Jockusch et al. (2.or2) to recognize Balr~hoseps 
from Breckenridge Mountain as B. relictus, it is 
important to note that their pbylogenetic analy­
ses of mitochondrial DNA show these popula­
tions as nested within 8. simatus, the Kern 
Canyon slender salamander. JocklJsch ct al. 
(2012) argued that allozyme data and unpub­
lisb.ed nuclear data recovered a different pat­
tern that corroborated the distinctiveness of B. 

~lictus, and that the mitochondrial DNA re6Ults 
were potentially explained by inlrogression 
from B. simat1o1-s into B. rdiGtll.i. This interpreta­
tion appears to be reasonable. However, given 
the complexity of this group, it remains possi­
ble that additional work may lead to further 
taxonomic revisions. 

Life History 

Very little is known about the natural history of 
B'"tri.1c1,c,seps ,-dictii.s, and much of 1he ecological 
literature published under trus name refers to 
what is now classified as B. altasierrae. Batra­
cnosep1 rdictu5 on Breckenridge Mountain 
(1700-2000 m elevation) have been found sur­
face active under cover objects from May to early 



October (f oclusch et a.1. 2.or2). At lower eleva-
1ions in the Kem River Canyon, animals have 

been collected between January and May, sug­
gesting that surface activity is passible over most 
of the year and varies with elevat1on. Association 
with aquatic microhabitats likely facilitates 
extended periods of surface activity {see the 
"Habit.at Requirements" section). Like other 
plcthodontid salamanders, B. rdiaus is a direct 
tleveloper that lays terrestrial eggs. Females have 

been found with yolked ova or eggs in May and 
June (Jockusch et al. 2012). A communal nest 

with roughly I'-5 e~ and 20 adults was discov­
ered beneath a rock1na seep during June 1979 at 
the high-elevation site on Breckenridge Moun· 
ta.in ( R. Hansen, pers. obs., in ]ockusch et al. 
2012.; observation incorrectly ascribed to B. 5~ma • 

tw.s in SLebbins 1985). Diet has not been studied 
in B, n:lictus. Presumably they use their prujectile 
tongues to catch small invertebrates, as do other 
Batrackostrp~ spede!S (Hansen and Wake 2.005c). 

HC1b{tr1i Requirements 

Individuals from the type locality in the lower 
Kern River Canyon have been found associated 
with perennial springs, seeps, and small c:reeks 
in oak woodland below 750 m (Hilton 1948. 
Brame and Murray 1968). This close associa­
tion with water was described as "semiaquaticQ 

by Brame and Murray (1968). Animals have 
been found under cov~r objects with water 

beneath them and observed in the water (Hilton 
1948, Jockus(h et al. 2012). On Breckenridge 
Mountajn the dominant vegetation type at 
extant localities is pine-fir forest (Jockusch et 
al. 2012). East of Squirrel Meadow at 2000 m 
elevation, Batrachoseps n:liaus 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, hut 1wo 
adults were found 45 m upslope from seep habi­
tat at the Sguirrel Meadow site (Jodc:usch et al. 
~or2). At Lucas Creek, the lower-elevation 
extant locality on Breckenridge Mountain 
(1665 m). all B. rdictu..s to date have b~n found 
under cover objects along a 750 m stretch of 
stream ()o<:kusch et al. 20I2). 

Distribution (Past ,md Present) 

The type locality is in the 1ower Kern River 
Canyon, 150 yards above the junction of state 
Highway I78 and the road turnoff to Democrat 
Hot Springs and Resort (Brame and Murray 
1968). Despite repeated, careful searches, Bal­
rachoseps relictus have not been seen at the type 
Joc.ahty since 1970 (Jockusch et al. 2012; incor· 
rectly reported as 1971 elsewhere). Extirpation 
of the type locality may have been caused by the 
degradation of the sensiLive seep and spring 
habitat due to the construction of Highway 178 
( Hansen 1988), With the presumed extirpation 
of the type 1oca1ity, B. re.licli,.s is now thought to 
be restricted to two localities on Breckenridge 
Mountain, and has the smallest known range 
for any described spedes of Batnuhoseps. Popu­
lations north of the Kern River including the 
Greenhorn Mountains are no longer consid· 
ered a part of B. n:licius (see the ~Taxonomic 
Relationships'' section). The known elevation 

range is from 480 min the Lower Kern Canyon 
River up to 2000 m on Breckenridge Mo\1ntain 
(Jockusch et al. 2012). 

Trc:nd~ in Abund,mct 

Declines are suspected at one extant site, the 
area east of Squirrel M~adow on Breckenridge 
Mountain. The locality was first dfacovered in 
1979 but later degraded hy construction of a 
logging road through BR!rachoups relict1's habi­
tat. Salamanders were not seen at this site for 
two decades. with. declines presumed to be due 
to habitat degradation from rnad construction. 
wildfire, and timber harvest (Jockusch et al. 
2012). More recent surveys of the site h.ave 
found that populations appear to be rebound­
ing to some degree !Jockusch et al. 2012). 

Whether such variation in abundance over time 
is typical. due to detection difficulty, or actl.Ll! 

anthropogenic declines is unknown. 

Nature and Degn-e of Threat 

The major threat to Balrachoseps relictus is habi­
tat degradation, particularly of sensiti~ spring 
and seep habitat. C1imate change is expected 10 

increase temperatures in the Sierra Nevada, 
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although changes in precipitation and fire 
regime are highly uncertain and large rcglonal 
variation is expecti!il across the mountain chain 
and at different elevations (reviewed in PRBO 
2011). If conditions become warmer and drier, 
this would presumably negatively affect II. rtlic­
tJ..1S populations, although mkrohabitat charac­
teristics arr likely key to determining surface 
activity and population stability. Luge reduc­
tions in snowpac.k are predicted for the Sierra 
Nevada. (reviewed in PRBO 20n), which may 
decrease the availability of streamsJde habitat 
for 8. re!ictus. 

Status De1ermination 

The extremely limited geographic range of B111-

rachoseps re:Jichis. the small number of known 
extant populations, and apparent extirpation of 
the type locality contribute to a Priority r Spe­
cies of Special Concern designation for the 
spedes. 

Mcmageme:nt Rtcommendotions 

Protectinii the two remaining localities from 
habitat degradation is critical to the persistence 
of Batrachosepi rdictus. Given the extremely 
sensitive and restric.ted range of the species. 
any habitat modification should be avoided 
where th.e species still occurs. Road construc­
tion should be avoided, and rood 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 tbe species to the type locality may be 
appropriate. However, the lack of senetic infor-

mation from this site (no genetic samples exist} 
and the overall state of flux in the classification 
of southern Si~rra Nevada Batraclioseps 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 th.at livestock 
grazing should be eliminated from areas where 
the species still occurs, at least until field eco· 
logical studies indkate that grazing is compat­
ible with the salamander's habitat 
reguirements. 

Monitoring, Research, and S11rvey Needs 

Basic life h.istory and population biology infor 
mation is severely lacking for this spec.ies, :md 
represents a critical research need. A key sur­
vey need is to aLtempt to locate additional popu­
lations, particularly at mid-deva.tions on Breck­
enridge Mountain, which are largely unexplored 
{Jockusch et al. 2012.). High,priority sites for 
suryeys include streamside and seep habitats 
on the north face of the mountain. Monitming 
should continue at the lower Kern River Can­
yon localities to confirm extirpation. Popula­
tions at the higher-elevation Breckenridge 
Mountain Locality went undetected for many 
years, and it rem.1ins possible that animals 
could be red is covered al the type locality. If so, 
the collection of genetic samples would be 
inva]uab]e to support or refine the current tax­
onomy of the species, and to help determint 
patterns of connectivi1y amons remaining 
populations. 



CAU FORNIA GIANT SALAMANDER 

Dicamplodon ensaius (Eschscholtz 1833) 

Status Surnm1:uy 

Diccunptodon r::nsatus is .i Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possiblf! of 66% (56/ 85). This species w;is not 
previously considered a Species of Spedal Con­
cern (fennings and Hayes 1994a) . 

lden:i.fica~on 

Dii;i:imp~odon cnsah1-s is a large (6.3-17.3 cm 
SVL) robust salamander with a very large he;iid 
and stout limbs. The dorsal coloration is a cop­
pery tan to dark brown irregular marbled pat• 
tern on a tan to light reddish brown back­
ground. The venter is paler and usually 
unmarked, although mubling often extends 
onto the <:hin, 1hroat, and under 1he legs. The 
marbling coloration is often brighter in young 
metamorphs compared to adults. The tail is lat­
eraHy compressed, the skin is smoothJ and 
post-metamorphic juveni]es and adults lack 
tubercles on their feet (Stebbins 2003). 

Larvae a.re of the stream type, w1th short 
bushy gills a.nd a tail fin tha.t begins at the inser-

tion of the hind limbs and extends posteriorly to 
the tail tip. Larval dorsal coloration is light 
brown, and ventral colo1ation is white to yellow-­
ish white (Nussbaum 1976) . There is also a pale 

Ca(ifomill Giant Sulamund,r: Risk Fw;ton 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Di3tribution trend (25) 10 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ekological talerance (10) 10 

vi. Population trend (25} Da,a 
deficien1 

vii, Vulnerability to climate change (10) 3 

viii. Projected impacts (10) J 

Total Score 56 

Total Possible BS 

Total Score{Total Possible 0.66 
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eye stripe behind each. eye, and the snout is 
depressed (Petranka c998). The toe tips oflar­
vae are black and cornified (Petranka 1998.). 

In California, D. ensatus is largely indistin­
s uishable from the more widely distributed 
coast.al giant salamander (D. ti:ncbrosus) based. 
on morphology alone. However, both geo­
graphic range and genetic markers distinguish 
these two species. 

Taxonomic; Relationships 

Good (c989) split California Dicamptodon into 
two species, D. ter,.ebros1,4s in the north. and D. 
cnsatus in the south, 011. the basis of allozyme 

data. A 4.7 km hybrid zone exists between the 
two species approximately 10 km north of 
Gualala in Mendocino County (Good 1989). 
Otherwise. the two species are allopatric:. 

Life History 

Adult Dicamptod.011- £1'\saeus are terrestrial and 
return to streams to breed during the fall rainy 
season (Kessel a.nd Kessel 1943a) and 1n the 
spring (Stebbins 2003). One D. ensatu.s nest of 
approl!imately 70 eggs was found under a sub­
merged wooden plank in a rapidly flowing 
stream in the Santa Cruz Mountains, San 
Mateo County, dnring June (Henry and Tutitty 

1940). Female D. trnebrosus guarcl nests 
through hatchins (Nussbaum et al. 1983), and 
an adult female D. ensat~s was found near the 
Santa Cruz Mountains nest (Henry and Twitty 
r940), suggesting that both species may guard 
their eggs. Eggs in early developmental sta~s 
a.re pure white and approximately 5.5 mm in 
diameter ( Petranlca 19 98). The larval stage 
lasts approximately 18 months. with larvae 
growing 8-12 mm in TL per mon1h 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 194]il, Kessel and Kessel 
1943b, Ke-ssel and Kessel 1944). The prevalence 
of paedomorphosis in 1his species is unknown, 
althoush it can be quite commor1 in D. 
tenebrosus, A paedomorphic population of D. 
1msatus has b~n reported from caves on the UC 

Santa Cruz campus (B. Sinervo, unpublish.ed 
data). 

Bury (1972) reported gut contents of 12 

adults from Del Norte, Humboldt, and Marin 
Counties (i.e., a mix of D. ensati.is and D. tene­
brosus) . Eight oul of 12 specimens contained 
one or .more vertebrates. including California 
slender salamanders (B~trochostps atte~uatu.s), 
lizuds, mice, shrews, and voles. Other prey 
included large invertebrates such as land snails 
and smaller invertebrates such as beetles and 
crickets {Bury 197-2). Cannibalism has been 
documented in adults {Anderson 1960 J. No 
diet data from larvae a.re available for this spe­
cies, though they are presumed 10 ha'N: similar 
diets ta larval D. tembroslis { Petranka 19 98), 
which primarily consume aquatic insects and 
other invertebrates ( Parker 1994) . 

Habitat Req'-'iremer1ts 

Dicamptodon ,m.sllt~s occurs in mesic coastal 
forests (oak woodland and coniferous forest; 
Petranka 1998), a.nd 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 
a.nd metamorphs, a It hough adults a re occasion­
ally found. surface active or under cover objects 
in -wet conditions (Petranlca 1998). One unu­
sua] record exis1s of an adult D. enmtus in a tree 
vole {Arborim~s pomo} nest 2.4 m orT the 
ground, the only account of arboreality in this 
species {D. Hamilton and W. Roberts, unpub• 
lished data in Forsman and Swingle zoo7). 

Breeding and larval development occurs in 
cold permanent and semipermanent streams 
( Petranka r9 98). L:!rvai habitat use is poorly 
studied. 1n one stream, small larvae were found 
in slow-mo.ring water near the banks during 
heavy flows, and as Hows decreased they moved 
into the ma.in stream channel where larger lar­
vae occurred (Kessel and Kessel 1943a, Kessel 
and Kessel 1943b). 

DirlribJJtion (Past and Present) 

Dicamptodon u1..satus is endemic 10 California, 
occupying a small range from sea level ta 



900 m in elevation along the coas.t in two iso­
lated areas nt"ar San Francisco Bay (St!"'bbins 
2003). North of the Bay, they occur in the outer 
Coast Ranges from near the southern border of 
Mendocino County south through Marin 
County, and the inner Coast Ranges in Napa, 
Sonoma, Lake, and Solano Counties (Good 
1989). South of the Ba.y, they occur in the Santa 
Cruz Mountains in San Mateo, Santa Clara, and 
Santa Cruz Counties (Good 1989; N. Waters, 
()ers. comm.). Dicamptodori e;is-atus has not 
been recorded in the East Bay (Stebbins 2003). 

Nu~sbaum {1976) mentioned an unconfirmed 
sight record from the Santa Lucia Mountains in 
Monterey County. Multipte surveys by several 
researchers over the decades nave .attempted lo 

verify 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 :i.005; S. Barry, pcrs. comm.) 

Trcnd5 in Ab11Mdan,~ 

Given the paucity of information, this spedes is 
cu.rrently 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, losging, 
or water diversions I Bury 2.005). 

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 Josses 
in this ~gion due to past de"elopment is poorly 
understood (N. Waters, pers. comm., S. Barry, 
JM!IS. comm.). Coast Range populations in the 
north are likdy subject to negative effects from 
timber harvest and development, though this 
area is less urbanized th a.n the so1.1t hern part of 
th.e range. Disturbances such as dear-cutting 
and road construction can lead to lower abun­
dances in Ditam-ptodori iwebrosU5 (Corn and 
Bury 1989, Welsh and Ollivier r998). Other 
threats include frasmentation of riparian habi-

tat, water diversions for municipal and agricul­
tural use, and road mortality (N. Waters, pers. 
comm.). 

Climate change may negatively impa<t D. 

ensati.is, although uncertainty in climate projec­
tions coupled with limited ecologkal informa­
tion makes assessing risk difficult. Mean annual 
temperature is expected to increase while pro­
jected changes in precipitation are )i~ly modest, 
leading to warmer and possibly drier conditions 
in northwestern and central California (reviewed 
in PRBO 201r). At the same time, upwelling is 
apected to 1ntensify I Snyder et al. 2.003, Lebassi 
et al. 2009). This may increase fog development 
and contribute to cooler, moister conditions 
along the coast, potentially amelioralins effects 
of warmins or drying within the range of D. 
c:mC.1t1is. The frequem:y and exlent 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 !!I 
al. 2004, Lenihan et a.L 2.008. Westerlins and 
Bryant 2ooS). How fire regime will change in 
the northern part of the range is less well under­
stmxl (reviewed in PRBO 2011). Effects of wild­
fire on D. ensatus are unknown, though mortal­
ity and habitat degradation due to lire has been 
documented in other stream-hreedin8 amphibi­
ans (e.g .. Gamradt and Katz 1997, Pillioc1 et al. 
2003). In northwestern California, vegetation 
communities are expected to shift from moist 
conifer to drier mixed evergreen forest, wi1h 
reductions in Douglas fo and redwood forest in 
partkular (Lenihan et al. 2.008, PRBO zo11). 

which may impact the availability of D. 1ms-atus 

habitat. 

Siatus Determinotion 

Dicamptodor, ensati.s is an endemic, ecologi­
cally spedaJized salamander with a small geo­
graph.k 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 
popu]ation losses have occurred, resulting in a 
Priority 3 designation for this species. 



Management Recammendatior1~ 

We knQW little aboui the basic biology of this 
species, which makes it difficult to formulate 
management recommendations beyond mini­
mizing disturbances to existing habitat_ Habi­
tat protection may be particularly important for 
small headwater streams where siltation and 
other stream disturbances are known to 
severely impact other Dicamptodon. species. 
Construction and use of roads i;hould be dimi­
nated or minimized within D. eruatus habit.at, 
particularly during the breeding season. Ripar­
ian buffer vegetation should bf! rl:'tained in 
areas that are developed or harvested, thouBh 
ef!icacy of buffers and optimal buffer widths 
for this taxon are unknown. 

Monitoririg, Reseorch, and Survey Needs 

Distribution. abundance. habitat requirements. 
and life history of Dicamptodon ensa~us .ill need 
further study. Most research to date has focused 
on the more wid~spread D. tentbrosU-'i to the 
north and was conducred 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. eJLSa!us. Studies are :.lso 
needed that examine the efficacy of streamside 

buffers in amelioratins the effects of distur­
bance on stream habitats. Such studies should 
be ref>licated hoth north and south of San Fran­
d:srn Bay, given that these are completely iso­
lated population segments living in different 
n,1bitats. Distributional surveys a.re particularly 
needed in the Inner Coast Range portion of the 
northern range IN, Waters. pers. comm.). 

While 1a.rvae are easy to find by searching 
aquatic habitats, transformed D. msatus are 
infrequently encountered using typical amphib­
ian survey techniques. For ex:amf>le, only 1:2. 

individuals were captured in 18,032. trap nights 
over 3 years of pitfall trapping along 840 m of 
drift fence in suitable habita1 at Point Reyes 
National Seashore (G. Fellers and D. Pratt. 
unpublished data, in fellers et al. 2010). In the 
same study, no Dicamp!.Ddon. were detected 
under 8..i, coverboa.rds during nearly 2000 cov­
erboard checks. However, culvert removal using 
heavy equipment uncovered aggregations of 
:.2.0 adults at the same study sites, sugsesting 
that terrestrial sampling mily severely underes­
bmate abundance (Fellers et al. :.i.010). Another 
account from Santa Cruz County reported sev­
eral adults and eggs gettjng 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. 

C,\LI FORN lh GI.-.NT S,U.AMANIHR 165 



SOUTHERN TORRENT SALAMANDER 

Rkyacoiritort variegatus Stebbins and Lowe 1951 

Status Summary 

Rh)'Qcotrilon vari~tus is a Priority 1 Species of 
Special Concern. receiving a Total Score/Total 
Possible of75% (83/rro). Previously it was also 
considered a Species of Special Concern, 
although at a lower priority level. Additional 
research on ecology and phytogeography since 

Jennings and Hayes {1994a) supports this 
change in status. 

lde11tifico1ion 

RhyacotritM variegatus is a small to mediurn­
si:zed salamander {S cm SYL) (Welsh and Lind 

1992, Tait and Diller 2006}. with a small 
head and a short. 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}. 
Rkyacotriton has large bulging eyes, with eye 
diameter roughly equal to the distance between 
the anterior edge of the eye and the tip of 
the snout (Stebbins 2003}. The dorsal ground 
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color is brownish to olive, and the venter is yel• 

low to yellowish green with. a sharp, abrupt 
demarcation between the dorsal and ventral 
coloration (Petranka 1998). California R. varie­
gatus are heavily speckled with small darlc spots 

Soutlmn Tommt SAIQmandet: RiJk f"ac101s 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (2S) 20 

iii. Population concentration/ 10 
migration (10} 

iv. Endemism (10} 3 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10} 10 

viii. Projecred impacts (11)) 10 

Total Scnre 83 

Total l'ossible 110 

Total Sane/Total Possible 0.7S 
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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 is 
cream to yellow, and the body is sprinkled with 
darl:: speckling above and below except on the 
tail fin. The eyes are prominent and dorsally 
positioned (Petranka 1998). 

Taxonomic Re}Rtionships 

Rhyacotriton mrit:galu.s has been recognized as a 

species since 1992. based on protein variation 
(Good and Wake 1992). Miller et al. (2006) 
identified three mitochondr1al DNA clades 
within R. !-flriegai~. The California dade/south­
ern Ore eon clade splLt occurs at the Smith River 
in California, a common biogeographic bound­
ary. Miller et al. (ioo6) con.eluded that the Cali­
fornia c:.1ade constitutes an evolutionarily signifi­
cant unit (sensu Moritz; 1994), The Californi.i 
da.de is endemic Lo the state with a -50% smaller 
range than the species as a whole, and the south• 
em Oregon dade animals in California have an 
e:,ct[emely small range. Although Mi.ller et al. 
{:2006) recognized these dades as potential 
management units, we consider them as a sin­
gle taxon here pending additional resea[ch on 
their geographic ranges and genetic distinctive­
ness using additional molecular markers. 

Life History 

B~eding may occur throughout much of the 
year. Males produce spe[m year-round, with 
peak production from February through April 
(Humboldt County; Ta1t and Diller 2006). 
Ca1ifornia females have been found carrying 
spermatophores from February through June 
(Stebbins and Lowe r951. Tait and Dilln 2006), 

and females from an Oregon population h.id 
doacal spermatophores as late as October 
(Nussbaum and Tait 1977). 

Females produce smaller dutches than 
most similarly sized stream-breeding salaman· 
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ders (Petranka 1998), with gravid females car­
rying from 4 lo 16 ovarian eggs (Nussbaum and 
Tait 1977, Good and Wake 1992, Tait and Diller 
2006). Karraker (r999} found a nest with n 
cream-colored eggi; deposited singly beneath a 
small boulder in a first-order stream channel in 
Humboldt County. 

Developmental times are slow, with oviposi­
tion to sex:ual maturity taking approximately 
4.5 years jNussbaum and Tait 1977, Tait and 
Diller 2006}. Time from oviposition lo hatch­
ing is roughly 8 months (Karraker 1999), with 
time from oviposition to absorption of yolk 
probably closer to a year (Tait and Dilkr 2006). 
Peak oviposition is in Augusl and September in 
California, with peak h.atching occurring in the 
spring (Humboldt County; Tait and Diller 
2006). Larval dl:!Velopmcnt from hatching to 
metamorphosis 1akes 2-2.5 years (Nussbaum 
and Tait r977, Tait and Diller :i.006). After 
metamorphosis, an additional r-1.5 years of 
growth is required before sexual maturity is 
attained (Nussbaum and Tait 1977, Tait and 
Diller .2.006) . 

The extended reproductive period and over­
wintering of larvae result ln overlapping size 
cohorts in streams {Welsh and Lind 1992., Tait 
and Di11er :1.006). Hatchlings are 14-16 mm 
SVL (Tait and Diller 2.ooG), and size at meta­
morphosis is a.round ]5 mm SVL (Nussbaum 
and Tait .r977, Good and Wake 1992, Tait and 
Diller z 006). 1 n Humboldt County, larval 
growth rates were recorded as z.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). Lirvae and .adults we1ghed mote 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, low-er than those known for 
any other aqua.tic salamander (Stebbins and 
Lowe 1951, Stebbins r955. Brattstrom 1963). 
The average critical thermal max1mum for 
adults and larvae are also lower than reported 
for other salamanders (larvae: 26-7~C; adults: 



27.9QC; Bury 2008b). Welsh and Lind (1996) 
observed signs of stress in adults at r7.2°C. 
Thermal tolerances of eggs are unknown (Bury 
20086). 

Very few data are available on movement or 
diet in this species. One mark-recapture study at 
a s1ngle headw.1.ter stJeam/seep site in Hum­
boldt County found extreme] y low levels of move -
ment, with approximately r m/year of movement 
for adults and 1 m/year for larvae on average 
(Welsh and Lind 1991,). However, unrecaptured 
animals may have moved longer distances (20% 
of originally marked animc:tls were recaptured). 
The diet of Rnyaro~riton varkgatus appears to be 
generalized. on aquatic and semiaquatic inverte­
brates. with amphipods and collembolans the 
most abundant prey (Bury and Martin 1967) . 

Habitat Requirements 

RhyacMritot1 uariega.tus occurs within a rela­
tively narrow range of ernlogical conditions that 
are typical of late-seral forests. These condi­
tions include cold, dear, flowing permanent 
seeps and headwater to low-order slreams with 
coarse, rocky substrates in rnesic to moist for­
ests (Wdsh and Lind r988, Welsh 1990, Welsh 

and Lincl 1991, Welsh and Lind 1996, Vesely 
and McComb 2002, Welsh et al. 2005, Ashton 
et al. 2006, Welsh and Huclgson 20n). Key 
habitat requirements are 1he maintenance of 
cold water temperatures (6.5-15"C) and pres­
ence of Loo5C substra1es composed of sravel and 
cobble (Diller and Wallace 1996, Welsh and 
Lind 1996, Stoddard and Hayes 2005, Welsh et 
al. :..005. Bury 2008b, Welsh and Hodgson 
2008). ln the Mattole Watershed, R. Vllriegatw 
occurred primarily in undisturbed headwater 
channels and was never detected in streams 
where canopy closure was less than 9r% or 
water temperatures were warmer than 13.5°C 
{Welsh and Hodgson 2011). Rhyucotriton varfo·. 

gatus is extremely desiccation in1olerant (Ray 
1958), although it will occasionally venture 
away from the stream channel and use riparian 
and forest habilak in the wet season {Ve~ly and 
McComb :1.002; Vesely and McComb, pers. 
obs., in Welsh and Lind 1996). 

Rhft1Ct>triuin \.lal'icgt1tus- 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-gradient streams, particularly in areas 
with timber harvesting, This may be due to 
stream network processes that flush fine sedi­
ments out of high-gradient ~aches (Corn and 
Bury 1989, Diller and Wallace 1996. Stoddard 
and Hayes 2.005, Ashton et al. 2 o 06). l n a 
te\'iew of seven studies of R. variega.tus hab1tat 
associations, Welsh and Hodgson (2008) found 
that the species occurred at sites where fine 
sediment ranged from 2% lo 40%, and zeru 
detections occurred when more than 65% of 
the coarse substrate was embedded with fine 
sediment. 

Oisiribu#on (Prlsi t1nd Present) 

Rkvacotriton varitgatus occurs patchily at e:leva, 
tions below 1469 m throughout the Pacific 
Coast Ranges or Oregon and California, from 
the Li1tle Nestucca River and Grand<: Ronde 
Valley in Oregon to near Alder Creek in Mendo­
cino County in California (Good and Wake 
1992). Populations also occur in the Cascade 
Range in Oregon (Good and Wake r992, 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 sigillau .. m) in the California State Univer­
sity, Chico collection_ 

Suitable rnicrohabitat is patchily distributed 
in California, and R. variegalus is only found in 
suitable sites about half of the time. Random 
stratified sampling of 117 sites throtJghout the 
geographic range in California found that 45% 
of sites contained suitable microhabitat, but 
only 62% of those sites were occupied (Welsh 
and Lind r992}. SampHng of 38 different sites 
in the same region selected for the US Forest 
Service "Old-growth Wildlife Project" found 
suitable microhabitat in 79% of sites, with R. 
variega.tw present in 47% of s\<itable sites 
(Welsh and Lind 199~)- Systematic stratified 
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sampling of 53 mixed conifer-hardwood s1ands 
on public la.nds in northern California found R. 
variegatljs at 62% of sites (Welsh and Lind 

1996). 
Some of the variation in distribution cm be 

explained by forest age and timber harvest his­
tories, with R. 11ariegal!'s more often found in 
oJdcr, unharvested stands- Welslt (i990} 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
to1i 1/ariegatLjs was found in 70% of old-growth 
stands, 50% of mature stands, and u% of 
young stands. Recent surveys of the Mattole 
Watershed in northern California (Humboldt 
and Mendocino Counties) found R. wiriegotus 
mostly in late-seral headwater tributaries, habi­
tats that are now rare in the watershed (Welsh 
et al. 2005, Welsh and Hodgson 2011). How­
ever, occupancy rates were higher in young for­
ests along the coast where temperatures are 
mediated by the maritime climat~: R. variega­

tu.s wc1.s found in 48% of 30 m sampling reach.es 
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 j85-96.5% gone; ref­
erences in USFWS 1997). l n addition to habitat 
modification, several investigators have hypoth­
esized that Dicamptodon predation may re:!itrict 
Rhyacotritor, distribution to small headwater 
streams (e.g., Stebbins 1955, Nussbaum 1969, 
Welsh and Lind 1996, Welsh and Ollivier 
1998) . Howe"Yer, Rundio and Olson (2oor) 
found that R. variegatus lanae were unpalatable 
to D. ter,ebrosus larvae, surviving 90% of 
encounters in experimental trials. 

Trends in Abunda,,ce 

Estimates of abundance are not available for 
time periods before timber harvesting hec:ame 
a prominent factor in landscape management, 
but the hishest documented abundances over 
the 1ast several deodes have been in late-sera] 
sites, supporting the idea that abundances are 
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reduced in response to disturbances such as 
timber narvest and road building. Rhyacotriton 
vari~gatus can b~ locally abundant, with densi· 
ties af up ta 22 salamanders/m~ recorded in 
:suitable streamside habitat at an old-growtn site 
in Six Rivers National Forest, Humboldt County 
(Welsh and Lind 1992). However, most sites in 
that study yielded r-5 captures/10 m~ (Welsh 
and Lind r992). By sampling across the range 
of R. Llllrfrgatus in California. and across stands 
of different a.ges, Welsh ancl Lind {1996) docu­
mented a much lower mean density of o.68 
salamanders/mi. In young stands in coastal 
northern California (< 80 years old), Diller and 
Wallace (1996) found lnat densities were 0.18-

5.5 salamanders/m~. Welsh et al. (zooo) reana­
lyzed W!'!lsh 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. 
Rhyacotrtton vari.cg/'J:iUJ was found at the rate of 
07"J. salamanders/nour 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 logsed habitat 
(Corn and Bury r989). 

Nature and Dfgree of Tfireat 

Major threats to tltis species include timber 
hnvesting, road build1ng, rural development, 
marijuana cultivation. and dimate chan8e, 
Rhyacotritcm. varitgatus is sensitive to tlte 
impacts of timber harvesting and roadbuilding 
due to direct impacts of h.eavy equipment and 
indirect effects on temperature, humldity, 
and sediment load (Wels]i et al. :2.000, Welsh 
and Hodgson 2008). Several researchers have 
argued that declines and el<tirpations wi\l con­
tinue due to timber harvesting and related land 
management practices (e.g., Welsh et al. :woo, 
Ashton et ai. 2006, Olson et al. .2007, Welsh 
and Hod8son 2.008). While R. variegat1-1s can 
persist in some harvested areas, particularly in 
coastal forests where the effects of logging may 
be ameliorated by the milder climate (e.g., 



Welsh r990, Diller and Wal1ace 1996; S. Barry, 
unpublished data), it occurs in more sites and 
with higher density in older stands. 

Habitat Joss and degradation due to rural 
residential development and milrijuana cultiva­
l1on is a growing concern for this spedes in Cali­
fornia. Every new house built in forested lands 
requires a source of water, whkh is often pro­
vided by diverting 6eadwater streams. In some 
case:., .R. variega!us has been obsened to occur 
above but not below such diversions (M. van 
Hat1em, pers. comm.). This threat is Hkely 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 \lill:!ll as poten­
tial negative impacts due to grading, roadl>uild­
ing, and the application of herbicides and pesti­
cides (e.g .. Thompson et al. 2014), 

Rhyacotriton variegatus has slow deveJop­
mental times and low vagility, leading to poten­
tially high susceptibility to rapidly changing 
environmental conditions. Expected dimat€ 
changes within its ran~ over the next roo 
years indude increased temperatures, changes 
in hydrolosy, changes in fire regime, and vege­
tation shifts. Mean annual temperatures are 
expected to increase throughout the range of R. 
vari~gaJ.tlS in Californfa (reviewed in PRBO 
Zou). The frequency of extremely hot <lays is 
projected to increase, with roughly 9 add it ion al 
days O'\'er 32.2"C (Bell et al. 2004). Such tem­
peratures exceed the critical thermal maxima 
for aduits and larvae of R. vpri~gatus, although 
water temperatures, microhabitat structur€, 
and behavioral thermoregula.tion 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 €ta!. 2.009). Coastal populations may 
therefore continue to provide more favorable 
climatic conditions than areas farther inland. 
Potential changes in precipitatjon are less clear, 
with some models predicting modest increases. 

othen; modest decreases, and others reductions 
in rainfall of up to 28% (reviewed in PRBO 

2.011). 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. ].Oo8b). The timing of 
spring snowmelt has shifted later in the spring 
in this region over the last 50 years (Stewart et 
al. 2005L 1hough the timing offuture shifls is 
unknown. Reductions in water availability due 
to reduced snowpack and possibly reduced pre­
cipitalion wm affect the timing and magnitude 
of stream flows. This may negatively affect 
habitat quality and availability for all life stages 
of this highly aquatic salamander. How fire 
regime will be affected by climate change in 
notthwestern Ca]ifomia 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. 2.008}, while inoeases in area burned 
have been predicted for the southern coast of 
northwestern California (~nihan N al. 2008). 

Westerling et al. (2.011) projected a 100% 

increase in area burned in northwestern Ca.li­
forn ia under some scenarios. How fire affects 
R. variegritus needs further study, although 
direct mortality and habita1 degrad.i.tion due to 
fire have been documented in oth<'."r stream­
breeding amphibians (e.g .. Gamradt and Kats 
r997, Pilliod et al. 2003). Vegetation communi­
ties are expected to shirt from moist conifer to 
drier mh:ed evergreen forest, with reductions 
in Douglas fir and redwood forest in particular 
( Lenihan et al. ;i.o 08, PRilO zou). It is unclear 
what effect these shins may ha'1e on R. varitgti • 
tus because stream conditions and forest age 
seem to be more important1ndicators ofhabitat 
quality than forest type. 

Sti:it1.Js Determination 

Rhyacotriton variegat~ is a Priority I Species of 
Special Concern due to its high degree of habi­
tat specificity resulting in a patchy distribution 
in isolated habitat islands, hign 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 1imber harvesting (Good and Wake 1992, 

WeJsh and Lind 1996). 

Management Re~ommendations 

Rh)Uwtriton 11ariegatus populations would ben­
efit from forest management activities that 
maint.iin cold water temperatures and low sedi­
mentation levels such as decreasing the use 
and building of roads, decreasing 1imber har­
vest, and Leaving riparian vegetation intact in 
harvested areas. Suitable microhabitats should 
be surveyecl for R. variegat~s presence during 
the wet season when salamanders are more 
likely to be detected before such areas are dis­
turbed (Tait and Diller 200G, Olson et aL 
2007). Monitoring activities themselves can 
damage sensitive microhabitats (L. Diller, pcr.s. 
comm.), and personnel should be well trained 
in techniques to minimize such ne9ative 
effects. Occupied microhabitats in particular 
should be protected from direct impacts of 
heavy equipment. In areas where timber har­
vest occurs, vegetation should be left intact 
around R. variegatus habitat. particularly to 
maintain canopy cover, though the width and 
configuration of s11Ch buffers ls au important 
research need detailed below, In the absence of 
more detailed research, Olson et al. (2007) rec­
ommend using relatively wide buffers on the 
order of 40-150 m Lo maintain obligate ripar­
ian species. In addition to buffers alone 
streams, habitat should b€ left intact around 
seeps ("leave islands"; reviewed in Olson et al. 
2007). Marijuana cultivation appears to p,oS€ a 
growing threat to maintenance of high-quality 
habitat for this species. Enforcement and regu­
lation of marijuana cuhivation is an ongoing 
issue in California and we sugsest that 
the environmental impact of such activities 
be considered. Uttle is known about use 
of upland habitats, but protection of large 
channel networks and associated seeps and 
springs to maintain aquatic and upland con­
nectiYity would likely help maintain popula­
tions of R. variegatus (Welsh and Lind 1992, 
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Vesely and McComb 2002, Olson et al. 2007, 

Welsh 20n). 

Moniioring, Re~orch, and Survey Needs 

Several studies have been conducted to deter­
mine the presence/absence of Rhyawlriton 
11ariega!u.s across the landscape. and such sur­
veys should continue. A critica] research need 
is studies that monitor population abundance 
over time, particularly under different timber 
harvesting regimes. Given the long life span 
and slow development time of this species, 
such long-term studies rnight provide insights 
that shorter, single-season ana1yses would 
miss. When possible. population estimates in 
manaced forests should be compared to R. vari­
egatus abundance in nearby undisturbed 
mature forest stands {Le., reference popula­
tions) to assess the impacts of disturbance 
(Welsh 20n). Additional studies on movement 
ecoiosy and dispersal beyond localized move­
ments would aid in designing management 
strategies 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 betweeu waterways, or both (Welsh 
and Lind 1992, Olson ct al. 2.007, Welsh 2.onl. 

E,cperi ments that test the efficacy of buffer 
strips for maintaining favorable habitat condi­
tions in harvested areas would also be valuable. 
Buffer str1ps from 6 to over 90 m wide have 
been proposed for maintaining riparian fauna 
under a range of manasement scenarios 
(reviewed in Olson et al. 2-007). Stoddard and 
Hayes (2.005) recommended buffer strips 
>46 m wide for Rhyacotriton. Similarly, ripar­
ian buffer strips 40 m wide around first 
through third-order streams in Oregon sup­
ported similar salamander abundance (includ­
ing R. 11ari:egatu.s) as unharvested stands (Ves­
ely and McComb 2002). We1sh and Hodgson 
(200&) recommend stream temperatures <15°C 
to maintain populations. The relatiomhip 
between the size and aspect of a s ubbasin, the 
a mount of the suuounding area harvested, the 



resulting maximum sttea.m temperature, and 
how much buffer would be required to arnelio­
rare any critical biologkal tf'mperature thresh­
olds are important research needs I Welsh et al. 
2005) . Tc:mper.iture is not the only factor that 
can be influenced by management activities 
however, and other indicators of habitat quality 
such as embeddedness should be measured as 
well (Olson etal 2.007). 

Bee.a.use R. var'iega.fusis patchily dis1ributed, 
monitoring studies should first identify areas 
with suitable habitat. In surveys fur R. i;aricga­

t~ in Douglas fir/hardwood forests in the 
Klamath region, Welsh and Lind (1992, 1996) 
defined minim um essent lal m icrohabitat for R. 
i;ar~aiws as an area of at least 10 m~ of flowing 
water (e.g., a patch of spring seep or first· or 
second-order streams) at least 75 m away from a 

forest edge. Within these sires, aquatic searches 
seemed most effective at detecting R. vari-tga­

e~s. as they are rarely encountered using tech· 
niques such as terrestrial pitfall trapping ie.g., 

Welsh 1990). Sampling should be done in the 
spring when R. variegatu.s are most abundant 
(Welsh and Lind 1992., Ashton et al. 2.006, Tait 
and Di1ler 2.006}. 

Landscape senetic studies that quantify levels 
of connectivily within and across stream systems 
would help to better de1imit local management 
units as well as important dispersal corridors for 
this species. Studies similar to recent analyses on 
another western stream salamander, the Idaho 
gi.mt salamander (Dicamp.l-Odo11 aterrimw-J {Mul­

len el al. 2010), would be particularly instructive 
as a way to eKamine the relationship between 
stream connectivity and salamander gc-nc- flow. 
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RED-BELLIED NEWT 

Taricho ri111Jlaris (Twitty 1935) 

Status St1mmary 

Taricha- rivularis is a Priority 2 Species of Spe­
cial Concern, receiving a Total Score/Total Pos­
sible of 81% (69/85). During the previous 
evaluat1on, T. ri11ularis was determined to not 

merit Species of Special Concern status (Jen­
nings and Hayes 1994a). Tar,cha ri11ularis 
ranked high enough to warrant status in the 
current evaluation, although very little infor­
mation is available on popu.btion distribution 
or abu.ndance trends. 

ldentificatj on 

All species in the genus Taricha are stocky, 

medium-to•large newts with sranular skin, 
dark dorsal c.oloration, and indistinct or absent 

costal grooves (Petranka 1998, Stebbins 2003). 

Taricha rivu~s has bright, tomato red ventral 
coloration and reaches up to 8 cm SVL (Steb­
bins :2003). In all members of the genus 
Thricha, breeding males seasonalJy acquire 
smooth. skin and an enlarged tail fin (Petranka 

1998). Larvae h.av, a stream-type-like morphol-
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ogy where the tail fin does not extend all the 
way to the shou)de":rs (Stebbins 2003). The 
range of T. ri1nuaris overlaps wilh lhe range of 
the rough.skinned newt {T. gr11"ulo~i;i), and the 

Ranking Criteria {Maximum Score) 

L R~nge size {10) 

ii. Distribution trend (25) 

iii. Population concentration/ 
migration (10) 

iv. Endemism (10) 

v. Ecological toler.mC.f:! (10) 

vi. Popu.lation trend (25) 

Score 

10 

15 

10 

10 

10 

Data 
deficient 

vii. Vulnerability to di mate change {10) 7 

viii. Projected im~cts (10) 7 

Total Score 69 

Total Possible 85 

Tot.al Score/Total Possible .81 
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southeastern edge of its range overlaps with the 
Coast Range newt (T. torosa). These species can 
be distinguished based on seY€ral morphologi­
cal and color characteristics. In addition to dis­
tinctive red ventral coloration, T. rivularis has 
dark brown eyes, compared to the yellow or sil­
very irises in the other species (Twitty 1935). 

Taxonomic Relationships 

Taricha rivuJaris was de.scribed on the basis of 
the dear morphological differences existing 
between it and other Ca1ifomia T11richa {Twitty 
1935), and its species status has never been 
questioned. Gene Aow among populations was 
previously thought to be very low because ani­
mals return to the same stream areas for breed­
ing an<l show very strong homing behavior 
(Hedgecock and Ayala 1974, Hedgecock 1978; 
see the "Life History" section)- KL1Chta and Tan 
(2006a) found low levels of allozyme and m ito­
chondrial DNA divergence among four popula• 
tfons in the north and south of the range, which 
may suggest that gene flow is higher than pre· 
viuusly thought. Although T. rivularis shows a 
hish degree of philopatry, long-distance move­
ments are well documented, and this may 
ex(llain the observed low levels of divergence 

{Kuchta and Tan zoo6a). 

Life History 

Breeding coincides with the receding of streams 
after heavy winter rains (TwiLty 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, Pac:ker 1960, Twitty 1966, Steb­
bins 1985). Males typically breed annually, 
whereas most females breed every 2.-3 years 
(Twitty r96I, lwitty et al. r964). Adults have 
been observed returning to the same ~TS m seg­
ment of creek to breed across multiple yean; 
(Twitty 1959, Packer 1962., Packer 1963, Twitty 
et al. 1967a). Adults tend to use a small ~ach of 
stream during the breeding season. although 
movements of a couple hundred meters within 
a season have been observed ( Pa<:ker r9 62). 
Adults are also capable of moving several kilorn-

eters a.cross years and have eXL"eilent homing 
abilities (Twitty 1959, Packer 1962, Twitty et al. 
1964, Twitty et al. 1967a) . After breeding, 
adults leave streams but usually remain in the 
same drainage (Twitty et al. 19676). Fall-rainfall 
trigcers movement, but heavy rainfall can 
inhibit overland move me nl ( Packer 1960, Grant 
et al. 1968}, and sustained rainfall. increased 
stream volume, or increased sediment load can 
stimulate animals 10 temporarily leave breeding 
streams (Packer 1960). Little is known about 
terrestrial habitat use by metamorphs. Under­
ground l"etreats are used from May to October, 
and adults forage on the surface before and as 
they migrate lo streams (Twitty 19 66, Licht and 
Brown 1967, Marks and Doyle 2005). 

Eggs an, attached in a single layer to the bot­
tom of stones or submerged vcgctation in fast­
flowing water (Twitty 1935, Twitty 1942). The 
average size of an egg mass is ro esgs {range 
6-16) (Twitty r935, Riemer 1958. Twitty 1964), 
and as many as 70 egg masses have been 
obsenred attachE!d lo a single stone (Twitty r935, 
Twitty 194.i.}. The incubation period in the lab 
is 16-34 days, with faster development times at 

warmer temperatures {Licht and Brown 1967). 
Lanrae hatch at a minimum of IO mm TL (Rie­

mer 1958, Twitty 1964) in mid to late April and 
metamotph.ose in fate August iLichtand Brown 
1967) at 45· ·55 mm TL (Stebbins 195c). 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. I967b) . Juveniles a.re not captured 
in terrestrial habitats wh.en adults are abun­
dant, suggesting that they n~main under­
ground, or at least in a distinct, unknown 
microhabitat. for several years (Twitty el aL 
1967a). It takes approximately 5 years to reach 
sexual maturity (Licht and Brown 1967). 
Hedgernck (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 u years later (Twitty 1966). 

Insects and o1her small 1nvertebrates pre­
sumably make up the bulk of the diet of larvae 
and adults. In one study, adult stomach con­
tents contained exclusively terrestrial organ­
isms (mostly insects). and adults apparently do 
not feed while in the water during the breeding 
season (Packer 1961, Licht and Brown 1967). 

HobitrJt Requirement,; 

T1Jr~ck.:1 rivularis is found in redwood forests 
along 1he coast, although other forest types such 
as Douglas fir, tan oak, and madrone are also 

used (Marks and Doyle 2005). Aquatic breeding 
habitats are moderate to fast-flowing mountain 
streams with rocky bottoms {Twltty 1935, Steb­
bins 1951) . In the M~ttole Watershed (north.em 
Mendocino and southern Humboldt Counties), 
T. rivu!utis was reported to use both steep head­

water and 2-4% gradient step-pool reaches, but 
was most abundant in lower-gradient plane-bed 
channels (Welsh and Hodgron zou) . Other fea­
tures of occupied stream habitats w,ere water 
temperatures ranglng between 15°C and 26·c, a 
mix. of coarse streambed substrates, and inter­

mediate levels of canopy closure (Welsh and 
Hodgson 20n). Unlike other members of the 
genus, T. riv14Jaris rarely breed in ponds or other 
standing water habitats (Riemer 1958, Stebbins 
1985} and seem to avoid streams used uy T. torosa 
(Twitty 1942, Twitty 1955). Taricha rivu!wi.s will 
breed in the same streams as T. granulo.m uut 
tend to use faster-flowing reaches (Twitty 1942). 

Distribution (Post- and Presem) 

Tarich~ rivu!aris is endemic to California and 
has the smallest geographic distribution among 
its congeners {Stebbins 2003). The species 
occurs in coo.st.al 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 "\lineyard 
and other agricultural development in Sonoma 
and Mendodno Counties, although systematic 
surveys are not available i 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-r99os documented 
T. rivularis presence in 35% of sampled streams 
(Welsh et al. 2.005), with T rivul(lris restricted 
lo the forested southern portions of the water­
shed (Welsh and Hodgson 2orr). 

Trends in Abtmdat1ce 

Few abundance data are available for this spe­
cies. Hedgecock (r978) used Twitty·s { r96 r, 
r966) census data to estimate that -60,000 

breeding a.dults occurred along a -:2.5 km 
stretch of creek in Sonoma County. In the Mat­
tole Watershed, 300 m strdches of randomly 
selected stream reaches (n = 83 stream reaches) 
yielded 24 meta.morphs and 104 aquatic larvae 
(Welsh and Hodgson 20n). 

Natur!l and Degree ofThreat 

The paucity of distribution and abundance data 
makes it difficult to determine the status of 
most T.iricha rivul.iri~ populations. However, 
the species has a small range in an area that 
has experienced high levels of habitat conver­
sion to vineyards and subdivis.ions, rendering 
them vulnerable to habitat loss and fragmenta­
tion (Marks and Doyle 2005) . Thridia r!vularis 
may also be experiencing increasing mortality 
from vehicular traffic ( Marks and Doyle .2005), 

especially during breeding migrations. 
Climate chanBe poses potential risks to T. 

riv1duris through increased temperatures, 
changes in hydrology, changes in fire regime, 
and vegetation shifts. Mean annual tempera­
tures are expected to increase throughout north­
western California (reviewed Ln PRBO 2ou}: 

however, ma.:ximum temperature tolerances of 
T. riv~laris a rE unknown. Taricha rivul.:1ris popu­
lations on the coast may be less affected by tem­
perature increases because upwellitlS is 
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expected to intensify, potentially leading to 
increased fog development and cooler, moister 
conditions (Snyder et al. 2003, Leba.ssi et al. 

2009). Potential changes in precipitation are 
less dear, with some models predicting little 
change and others reductions in rainfall of up to 
2.8% (reviewed in PRBO 20n). lf conditions 
become warmer and drier, especially in inland 
sites. this may restrict terrestri.at habitat ust" and 
overland dispersal. Changes in precipitation 
may aITect stream hydrology, although how T. 

rivu/aris will respond to such changes is 
unknown. Haw fire r€g.ime wi11 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), Increases in area 
burned have been predk.Led for the southern 
coast of northwestern California and inland 
areas (Lenihan et al. .2008). Westerling et al. 
(20II} projected a 100% increase in area burned 
in northwestern California under some scenar­
ios. How fire impacts T. rivulcnis needs more 
study, although direct morta)ily and habitat deg• 
rad.at-ion due to fire has been documented in 
other stream-breeding amphibians in simil:-ir 
habit.1ts (e.g., Gamradt and Kats 1997, Pilliod et 
al. 2003}. Vegctatlon commut\ities are expe(ted 
to shift from moist conifer to drier mixed ever• 
sreen forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan et al. 
2008, PRBO wII}, Tr:ir~a rw"laris may not be 
severely negatively affected by such shifts, as 

they use multiple forest types. 

St11~us Determination 

T.aricha 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 z Species of Special Con­
cern status for this endemic sa~amander. 

Management Recommendotiom 

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 habi1ats. Distur­
bances such as timber harvest, rnadbuil.ding and 
uSE, housing development, agricultural develop­
ment, and water di..,ersions should be minimized 
or eliminated in Taricha rivuJar~ habitat. Occu­
pied habitat should be proLected, with a focus on 
protecting the entire stream network (Olson etal 
20Cl"J, Welsh zon). Retaining streamside buffers 
on managed lands at\ help mitigate the effects 
oflogging and roadbuilding, but more research is 
needed to determine buffer prescriptions, par­
ticularly how to protect stream network processes 
{Olson et al. .2007). The ecoiogical effects of 
buffer protections may vary across ha.hit.al types, 
and Mrrower buffers may be effective in more 
mesic. coast.al habitat compared to more 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 drainases (Olson et al .2007). Given the 
long-range moVl:"ments documented in thi.s spe­
cies, lar~ terrestrial habitat patches may be nec­
essary to maintain connectivity among popula­
tions. Any efforts to translocate individuals 
should also t:-ike the strong evidence for adult 
homing behavior into account, as animals are 
likely to try and return to tlieir original streams. 
Construction of new mads should be minimized 
or aYOided in areas where protecting T. riviuarisis 

a high conservation priority. To reduce the sedi­
mentation impacts of runoff from roads. forest 
roads should be disronnecred from stream sys­
tems (e.g .. through the use of dit(b-relief cul­
"W! rts), V se of heavy egl,l ipme nt should be avoided 
or restricted on forest roads when larvae are 
present in nearby aquatic habitat. Road manage­

ment strategies should be applied to all forest 
roads, not just those used for timber harvest. In 
areas th.at are known to suffer high road mottal­
it}', migration barriers and under-mad tunnels 
may 1educe vehicula1 death (e.g., see review in 
Schmidt and Zumbach 2008 ). although research 
is needed into the design and efficacy of such 
interventions. 



Maniioring, Reseon-h, ,md Surviy Needs 

Surveys to determine the cunent distribution 
of occupied breeding ha.bitats are a first step to 
documenting potential extirpations. Resurveys 
of Twitty's field sites along Pepperwood Creek, 
a tributary along the Wheatfield For:k: of the 
Gualala River in northwestern Sonoma County, 
wou]d be us~ful for as~ssing whether popula­
tion abundance has changed, as this is one of 
the few areas where demographic data have 
been collected (e.g .. Twitty 196r, Twitty 1966~. 
However, Locating the original sites has pro...en 
difficult, and they may occur on private lands 
that are largely inaccessible {S. Kuchta, pers. 
comm.}. Basic ecological research inlo habitat 
preferences (both t~rrestrial and aquatic~ are 
needed as well as demographic data on all lifo 
stages (Petranka 1998. Marks and Doyle 2.005). 

Additional research is needed on dispersal, 

using both field and genetic techniques. Experi­
ments that moved individuals to different 
streams found that mimals traveled overland to 
return ID their native streams, moving as mw:h 

as 8 km through terrestrial habitat (Twitty 1959, 
Twitty et al. 1966). Jf suc.h terrestrial move­
ments are typical of naturally dispersing ani­
mals, then layge 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 lo Taricka due to their 1oxic skin secre­
tions. th.is should be examined for eggs, Larvae, 
and breeding adults. In other California newts, 
recent experimental research has shown that 
larval T. torosa ar~ highly susceptible to preda­
tion by Ambvstoma (Ryan et al. 2.009), and tet­
rodotoxins have not been isolated from larvae or 
eggs of T granulosa (Fuhrman 1967). 
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COAST RANGE NEWT, SOUTHERN POPULATIONS 

Taricha toros11 (Rathke 1833) 

Status Summary 

Populations of Taneka torosa from the Salinas 
River in Monterey County south constitute a 
Priority 2 Species of Special Con~rn. receiving 
a Total Score/Total Possible of 66% (73/no}. 
During the previous evaluation. these popula­
tions were also considered Species of Special 
Concern (fenninBs and Ha.yes 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). T~ricka forosa 
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 la.rge fin, and ha.ve two 
dark, irregular longitudinal stripes running 

down the back (Stebbins 2003). 

r8o SAtAMA"ll DERS 

T"ricka ~orosa is the only newt in southern 
California but may be confused with other 
Tarickii species in northern California, and 
with the Sierra newt (T . .siti:rrat), where the two 
ov~rlap in Tulare County. All of the characters 
for distinguishing among Tarid,a can be 

Co11" R11ng.: Ntwt, Southtrn Populoiioiu: Ri.i;k Fa,iim 

Ranking Criteria (Maximum Seo~) Score 

i. Range si2e (10) 

ii. Distribution trend (2S~ 

10 

15 
iii. Population concentration/ 10 

migration (10) 

iv. Endemism (10) 10 

v, Ecological tolerance (10) 3 

vi. Population trend (ZS) 15 

vii. Vulnerability to dim.ate change (10) 7 

viii. Projected impacl3 (10) l 

Total Score 71 

Tota] Posslble 110 

Tota] Score/Tota] Possible 0.66 
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variable, and in some individuals differentiat­
ing the species can be difficult. Tarid-m tonm1. 
resembles T. gran.u!osa but can be distinguished 
based on the extensive light ventral co1oration 
that rem:hes the underside of the eyes, eyes that 
extend beyond the margin of the head when 
viewed from above, and palatal teeth in the roof 
of the mouth forming a Y shape (Stebbins 
2003). In T. grm1-uJosi1, the dark dorsal oolora­
tion extends beneath the eyes, the eyes are more 
closely inset and do not eJi:tend to the marg( n of 

the head when viewed from above, and the teeth 
in the roofof the mouth are in a V-shaped con­
figuration ( Stebbins 2003). Tari.cha rivular~ 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 1.003). 

Taricha sierra, Lends Lo be darker brown dor­
sally than T. tc>r-0sa and has a burnt or reddish 
ventral colorat1on (Stebbins 2003). Taric.ha sier­
rot also has more of the lighter ventral colora­
tion on its snout and upper eyelids than T. torosc.1 
(Twitty 1942, Riemer 1958), and these differ­
ences in co1or pattern are intermediate in hybrid 
populations {Kuchta zoo7). 

Taxonomic R~IC1ti011ships 

Previously, two a.Jlopatric subspecies were recog­
nized: Tarir.:ha: torosa sierrae in the Slerra N<!Vada 
and T t_ torosa in the Coast R:i.nge [Riemer 
1958). Phylogeographic work has shown that 
populations in the southern Sierra are T. L iorosa 
(Tan and Wake 1995}, and further molecular 
work has supported elevation to spedes status 
for both subspecies (Kuchta and Tan wo6b, 
Kuchta wo7) . There is a contact zone betw~n 
the two species around the Kaweah River in 
Tulare County. Kuchta and Tan (2006b} con­
cluded 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 Hi,tory 

Terrestrial adults migrate to aquatic hreeding 
habitats such as ponds, streams, and reservoirs 
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from December to early Ma-y. and timing varies 
by locality, weather, and habitat conditions 

(Storer r925, Twitty 1942, Riemer r958, Gam­
radt and Kats 1997). Southern populations 
migrate in March and April (Storer 1925, Brame 
r968, Kats et al. 199:a) and tend to breed in quiet 
stream pools (Gamradtand Kat:, 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 rncks 
or lo 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 J-6 egg masses at 
a time, but it is unknown if they breed every 
year or skip years like T. rivu.1.aris (Ritter 1897, 
Twitty 1961, Twitty et a]. 19 64, Brame 1968). 
Adu]ts typicaHy leave breeding habitats in early 

lo midsummer (Kats et al. r994). 
Eggs hatch af1er 4-6 weeks (Kats et al. 

1994}, and larvae develop for several months, 
typically metamorphosing in summer or fall 
{Kuchta 1.005). Overwintering has been docu­
mented in larvae from Los Angeles (Storer 
1925) and Riverside (Carroll et al. zoos) Coun­
ties, bu.t given a lack o[ other reports, this 

behavior is likely uncommon (Kuchta 2.005). 

Average size at metamorphosis for a Berkeley, 
Alameda County, population was 47 mm TL, 
although this probably varies widely depending 
on local oonditions (Ritter r897}, Larvae from a 
vernal pool in Sonoma County metamorphosed 
in late fuly and early August at .an average size 
of 43.8 mm TL {Kuchta .:..005). Metamorphosis 
in permanent water habitats, as are commonly 
used in the southern part of the range. has not 
been studied. 

Taricha torosa appears lo show similar 
breeding site fidelity, homing ability, and lon­
gevity as other TlJricha, although relatively 
fewer data are available from T. lor(ISA. Watters 
and Kats (:2.006) 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. Thirty-nine percent of 
animals originally tagged were recaptured in 
subsequent years, some as long as rr years later, 



yielding minimum 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 
juvenj)es up to 3.~ km from 1heir natal ponds. 
Once adults leave breeding sites, they use mesic 
microhabitats for aestivation durins the dry 
summer (Stebbins 1951, Trenham 1998) . 

Larvae presumably eat sm3ll invertebrates, 
detritus, and possibly cannibalize conspecifics 
( Ritter 1897, l(uchta 2005). Aquatic adults will 
cannibalize eggs and larvae {Ritter 1897, Kats 
et al. 1992., Hanson et al. 1994). Terrestrial 
adults are generalist predators consuming a 
variety of invertebrate prey and the occasiorial 
small vertebrate (Ritter 1897, Hanson et al. 
r994, Kerby and Kats r998) . 

Hab1'tat Requhmcms 

Northern populations occur in mesic foresra in 
hilly or mountainous terrain, while southern 
populations occut in drier hahitats 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.). Taricha 

torosa in southern California are also limited by 
the .wailability of rocky canyons wi1h clear, co.ld 
water (S. Barry. pers. comm.; R. Fisher, pers. 
comm.). In the Santa Monka 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 19 97) . Rif· 
Aes were rarely used for oviposition (Gamradt 
and Ka1s r997). 

Distribution (Past and Present) 

Tt.richa tor<1sti rang~ from central Mendocino 
County south through the Coast Ranges to San 
Diego County, a.nd also occurs in the southern 
Sierra Nevada north to Tula.re County, from sea 
1evel to 1280 m (Stebbins 1959, Tan and Wake 
199 5). Species of Special Concern status 
extends only to those populations found in 

Monterey Courity and farther south. excluding 
the southern Sierra Nevada isolate. Our map 
only shows these populations, though we note 
that it jncJudes 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. 
toros-(1 are highly fragmented and occur in the 
Santa Monica, San Gabriel, and Santa Ana 

Mountains (Stebbins 2003). Within San Diego 
County, populations farthest south are geo· 
graphically isolated from the rest of the range. 
Jennings and Hayes (r994a) reported these 
populi!.tions as extirpated; however, since then 
San Die90 populations jn the Cuyamaca Moun­
tains have been reported to persist in smaJI 
isolated pockets oft 5-20 breeding adults in the 
Boulder, Ceder, and Conejos Creek systems 
(E. Ervin, pers. comm. in Kuchta 2005). Sur• 
veys in the t99os of the foothills and moun­
tains around the Central Valley found Taricha 

species (T. torosa and T. grar.ulosa) absent from 
more than half of historically occupied counties 
( Fisher and Shaffe11996) . Jennings and Hayes 
(r994a) estimated that a third of localities in 

southern California have been extirpated. Sur­
veys from 2000 to 2002 in the Santa Monica 
Mouritains and Simi Hills in southern Califor­

nia found T. torosa present in 43% (15/35) of 
streams ( Riley et al. 2.00 5). Tarich(I totosa 

tended to be absent from urban streams. and 
Riley et al. (2005} hypothesized that this was 
due to effects on habitat quality from artificial 
flow regimes, increased presence of introduced 
species, and possibly also collection pressure. 

Trends in Abundance 

Historically, Taricha torosa was noted as com­
mon along the Pacific slope {Klauber r92.8. 
Bogert 1930, J<lauber 1930. Dixon r967, 
Br~ttstrom 1988), 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 Mont~rey County 



numbered in the thousands in the early 1990s 
but have not been systematically resamplf'd 
more recently jB. Shaffer and W. Koenig, 
unpublished data). Sou1hern populations in the 
Santa Ynez Mountains of Santa Barbara County 
may have always been sma1l (Jennings and 
Hayes r994a). Population size estimates are 
not available, but EJOpulations in the south that 
used to be in the hundreds are now in the tens 
(R. Fisher, pers. comm.; E. Ervin, pers. comm., 
in Kuchta .2005), with populations 1n San 
Diego County potentially on the brink of extir· 
pation (S. Kuchta, pcrs. comm.}. 

N1nure and Degree of Tl-lrun. 

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 hal.,it.at degradation, especially in 
Los Angeles, Oransc, Riverside, and San Dieso 
Counties (Jennings and Hayes 1994a), and T. 
torosa is absent from previously occupied 
streams in heavily urbanized watersheds (Riley 
ct al. 2.005). Wildfire also contributes to habitat 
degradation. Surveys before and after a chapar· 
ral wildfire along a perennial Santa Monica 
Mountain stream in Los Angel€s County docu­
mented a roughly 50% reduction in the avilila­
bility of preferred pool and run habifa.t due to 
erosion (Gamradt and Kats 1997}. As a result, 
egg mass density was reduced by two-thirds 
compared to prefire 11':vels (Gamradt and Kats 
1997). Terrestrial adults were observed to pro· 
duce foamy skin secretions while walking 
through a prescribed bum area of chamise 
habitat in Monterey County {Stromberg 1997) . 

Nesatlve effects of introduced predators on 
T torosa have been documented. In the Santa 
Monica Mountains in Los Angeles County, 
introduced crayfish (Prowmbarus clarkii) and 
mosquitofish (Gambusia a}Jinis) are predators 
on T uirosa and may be oontributi ng to dec.l ines 
(Gamradt and Kats 1996) . Stream surveys did 
not <lete(t either 1nvasive species in the 198os­
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 ~colonized a 
reach following floods that removed crayfish, 
supporting the hypothesis that crayfish exclude 
newts from breeding habitat. In fidd and lab 
trta1s. survivorship of eggs and larvae was less 
than 30% in the presence of crayfish. Mos­
qu1tofisn did not affect egg survivorship but did 

predale heavily on larvae. Only 46% of larvae 
surv1ved in the presence of mosquitofish (Gam­
radt and Kats 1996). Crayfish also a~gr<?ssively 
attack and chase adult T tomsa out oftht water 
(Garnradt et at. 1997}. Native California tiger 
salamanders (Ambr5toma californium!) will 
prey on T. torosa larvae where the two co-oo:ur 
around the Central Valley. However, recruiL­
ment is e-ren lower in the presence of hybrids 
between native A . californienst; and introduced 
barred tiger sabmanders (Ambys!orna tigrinum 

mavorti11,m.) (Ryan el al. 2009) . 

Bi:! has been documented in 7% (6/90) of 
T. torosa sampled from Santa Clara County 
{Padgett-Flohr and Longcore ~007}, but the 
role of Bd in T. torosa decllnes is unknown. The 
ro]e of UV radiation in declines is also 

unknown. Anzalone elal. (1998) reared esss fo 
field enclosures in the Santa Monica Moun­
tains and found that esss eJ(posed to UV radia­
tion had 40% survivorship compared to 80% 
survivorship of eggs when UV was shielded 
out. Ho~ver, given that eggs a.re often attached 
under rocks and to vesetation, UV is unlik<?ly to 
be responsible for large-scale declines in the 
field (Pa]en and Schindler ~010). 

Under climate change, mean annual tem­
peratures are projected to increase throughout 
the southern range of T. toro5Cl, with warmer 
winters and summers and earlier spring warm• 
ing ex.pected (reviewed in PRBO 2.011). 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 2.on). Warmer and 
potentially drier conditions may affect availabil­
ity of intermittent and ephemeral waterways 
used for breedins, 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. tomsri may 
respond to these changes is unknown. The 

pr-obability and extent oflarge (>200 ha) fires is 
expected to increase in the northern part of the 
special concern ran~ (fried et ill. 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 
in modeling Santa Ana weather events (Wester­
ling et al. 2004, Westerling and Bryant 2008). 

(ncreases in fire are likely to negatively impact 
T. torosa, largely through habitat degradation 
but possibly also through direct mortality. Pre· 

dieted vegetation shifts due to climate change 
include decreases in chaparra]. shrubland, and 
woodland, and increases in grassland area 
(Lenihan et al. 2008, PRBO 2011) . Taricha 
torosa uses all of these habitat 1ypes, and the 
effects of shifts in their relative abundance and 
distribution are unknown. 

S1:aius Deittrmini11:ion 

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

Mcimrgement Recommendcitions 

Disturb.1nces such as roadbuilding and road 
-use, ho-using development, and water diver­
sions should be minimized or eliminated in 
TClricfrn toro.sa habitat. Known breeding habitat 

sho-uld 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 sludy. Measures to pre­
vent invasion or remove existing nonnative 
predators ate high-priority activities to stabilize 
populations of this newt. Road mortality- is a 
clear issue in some a~as, particularly south of 
the Santa Monica Mountains. Road signage has 
been used lo try to reduce road mortality in 
Monterey County, although its effectiveness is 
not known. Migration barriers and under-road 
tunnel~ may reduce vehicular death in key 
areas, though research is needed into the 
design and efficacy of such interventions 
(Schmidt and Zumbach 2.008). 

Mo11itori11g, Research, ar1d 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 1hese should be 
undertaken fur ooth 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 fo11owing removal. Gc-nctic analyses at the 
landscape le~I could be very informative with 
respect to both metap,opulation dynamics and 
habitat corridor use and should be conducted in 
both relative.ly 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 



CALIFORNIA LEGLESS LIZARD 

S1otu5 Summary 

AnnielJa puJckm is a Priority .2 Species of Spe­
cial Concern, receiving a Total Score/Total Pm;­
sible of 55% (61/no). Durius the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 

1994a). 

Identification 

.'~nnielia pul.cJ,.ra is a medium-sized (11.1-17.8 
cm SVL}, elongate, legless lizard that is snake­
like in body form . This species possesses sev­
eral characteristics that are related to ~n un~r­
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 :2.003). The dor­
sal coloration is generally metallic light E.ilver or 
golden with a black middorsal line down the 
length of the body and black lateral stripes. 
AMiella pukkta t¥pically 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 ta Gauda.lupe, Santa 
Barbara Count¥ (Stebbins 2.co3). This species is 
unlikel¥ to be confused with other lizard species 

California leg/m lizard: Aisk F'ac,orJ 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population conr.entration/ 0 
migration (10) 

iv. Endemism (10} 7 

v. Ecologicill inlcran~ (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to dima~ change (101 7 

viii. Projected impacts (101 10 

Tot;i.l Score 61 

Total Possible 110 

Total Score/Total Possible 0.55 
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:in CaUfornia because it is our only legless fo:ard . 
Though A . pulchra hears a superficial resem­
b]ance to some snake species, the presence of 
moveable eyelids effectively distinguishes it. 

Tal'anamic Relationships 

Herc we treat all California animals as a single 
species, AnnieUa p,dchra. 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 al 1977, Rainey 198~, Pearse and Pog­
son 2000, Parham and Papenfuss 2009, Pap­

enfuss and Parham 2013). A recent gene1ic 
study by Parham .and Paptmfuss (2.009) identi­
fied five major lineages within California and 
documented more extensive genetk clivetsity 
within the species than previously reported. 
Papenfuss and Parham (2011} subsequently 
proposed that these clades be elevated to spe­
cies status based on genetic information and 
some additional data on morphology. This revi­
sion occurred as we were fin~hing onr evalu.a­
tion of special concern status, and we retain the 
traditional arrangement here to allow the her· 
petological community time to evaluate this 
proposed change in. taxonomy. 

Life History 

Breeding occurs between early spring and July 
in these hve-bearjng lizards. Oviduct.al eggs 
have been observed between July ancl October, 
and 1-4 young are born after a 4-monlh gesta­
tion period (Miller l944, Goldberg and Miller 
1985). Juveniles grow- rapidly (2 .5-4.4 mm 
SVL/month) and reach sexual maturity afler 
about 2 years at -9 cm SVL for males and after 
about 3 years at-12 cm SVL for females (Miller 
1944, Goldberg and MHler 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}. 

Annidla pulchra is rarely seen .active on the 
surface, but they do use the soil/litter interface 
for feeding and mating (Miller 1944). Daily 
a<:tivity patterns peak in the morning and 
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evening, though animals have been observed 

active at night (Miller 1944, Stebbins 195 4, 
Gorman 1957, Bury and Balgooyen 1976, 
Kuhnz 2000). Coastal and southern popula­
tions are likely active year-round, while inland 
populations (e.g., Sierra Nevada foothi11s) may 
enter a period of dormancy during cold months 
(Banta and Morafka 1968, Zeiner el al. 1988). 

Little is known about movement ec:olosy. 
These fossorial lizards have been found at soil 
depths from a few to 50 cm below the surface 
(Miller 1944, Hunt 1984, Kuhnz 2.000), Ani­
mals have been observed burrowing to a depth 
of 46 cm in the laboratory (Kuhn-z 2.000). ]n 
one short-term study j-2 months), 10 lizards 
were recaptured within IO m or their original 
capture points (Millet 1944) . A two-year P[T 
tagging study documented an average home 
range size 0£?1 m• (Kuhnz 2000). 

An,iiello. pulchru prefers lower temperatllres 
than most other California lizards (~21-28°C 
in lab trials, Bury and Balgooyen 1976; critical 
thermal maximum 34°C, Brattstrom 1965}, 
which is consistent with a non-basking fosso­
rial lifestyle, Surface activity by this species is 
likely 1imited by both ambient and substrate 
temperature (Miller 1944). 

Little is "known about the feeding ecology of 
this species. A11nielJa p11-lcJm1 is a genera1ist sit­
and-wait insecti11ore (Coe and Kunkel 1906, 
Miller 1944) that eats Larval insects {e.g., micro· 
lepidopterans and beetles), adult beetles, t€r­
mites, and spiders (L. Hunt. per:s. comm. in 
Je1mings and Hayes 1994a). 

HQbitllt Rtquiremenis 

At a regional scale, Annit:llu p~lchrn occurs in 
sparsely vegetated habitat types including 
coastal sancl dunes, chaparral, pine-oak wood· 
land, desert scrub, open srassland, and ripa.r.ian 
areas (Stebbins 2003; S. Sweet, pe~. 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 
1968). Soils that are not used include gravel­
sized substrates and those with greater 1han 



approximately 10% day content, resulting in 
absence of this species from serpen1ine and 
shale bedrock (S. Sweet. pers. comm.). 

At a Monterey County coastal sand dune 
site, A p1.1lchra used non-compacted, organic­
rich soil preferentially and were most abundant 
in undisturbed soil types, although they were 
also found in slightly cemented day-/silt-rich 
sands ( Kuhnz et al. zoo5J. Plant community 
structure also contributed to microhabitat suit­
ability, with A. p11lchr.i more common around 
nafoJe shrubs such as silver bush lupine, mock 
heather, and ye1low lupine and less common 
around nonnative grasses, forbs. and iceplant 
(Kuhnz et al. 2005). In 1he Mojave Desert, A. 
pulch.ra can be found in leaf liner under juniper 
trees LJ~nipfr~s} (J. Parham and T. Papenfuss, 
pers. ohs.). Soil moisture l:TI.3)' also be a limiting 
factor for this species (Burt 1931, Miller 1944, 
Bury and Balgooycn 1976). Kuhn-z et al. (2005) 

found more lizards in the !ow areas betw~en 
dunes than jn other areas, which may be due to 
water retention. 

Distribution (Post ond Prr.set1t) 

Most of the range of A,iniella pulcltra occurs in 
California, from Contra Costa County south 
throush. the Coast Ranges, in parts of the San 
Joaquin Valley, the western edge or the Sierra 
Nevada Mountains, the western edge of the 
Mojave Desert, and northern Baja California 

{Hunt 1983, fcunings rnd Hayes 1994a). 
Although most commonly found with in roo 
km of the coast, A. pulchra. ranges in elevation 
from sea leYel to about r8oo m (Hunt 1983). 

Based on the assumption that A. pulchrn 

cannot persist in habitat wh.ere soil has been 
disturbed (e.g., plowing, bulldozing), Jennings 
and Hayes (1994a) estimated that -.20% of his• 
torical habitat is no longer suitable. Parham 
and Papenfuss (2009) noted that several locali­
ties 1hey sampled around Bakersfield in the 
early :2000s 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 wen, still extant in th.e .2000s in Fon­
tana, San Bernardino County, in residential 
areas that were formerly the Delhi Dunes 
(S. Barry, pers. comm.). Annii:lla 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 guestion. 

Trends in Abundanci 

Very few population size estimates are available 
for this cryptic species. Armie:l!a pukhra can be 
loca1ly abundant, with the highest documented 
density of 1 .67 /m• o(curri ng under a single yel­
low lupine bush in coastal dune habitat at Moss 
Landing, Monterey CoW1ty (Kuhnz et al. .2005). 

Given the high degree of development within 
its coastal range, we suspect that some popula­
tions are dedining. In puticular, the bl..ck 
form on the Monterey Peninsula may be at 
great risk given the substantial development 
pressure in tne region. 

Nature: 41ncJ Degree ofThr-er;ii 

Tht greattst threats to Annii:llu pulchra ;ire 
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 nabitat suitability for this species. 
While some disturbance may be tolerated, 
development that covers large areas (>8 ha} can 
potentially cause local extinctions of A. p~khra 

(S. Sweet, pers. comm.). Invasive plants may 
also h.ave a negative impact on habitat suitabil­
ity and abundam:e ( Kuhn;;: et al. zoo5). Over 
the next 100 years, mean annual temperature is 
expected to increase throughout the range of 
A_ pulchra (reviewed in PRBO 2011)- There is 
greater uncertainty in how predpita1ion wm 
change, with some models predicting decreases 
i.n prKipitation 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 2.005, PRBO 20n). Warmer and 
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drier condi1ions might Ii rnit activity to deeper 
soil depths, although the population impacts of 
su.ch a shift are unknown. Alterations in vege­
tation communities due to dimate change may 
pose a larger th~at to this species, as increases 

in grassland habitat ,ne predicted through 
much of jts range with concomitant decreases 
in preferred open habitat types such as coastal 
scrub. particularly in southern California 

(Lenihan et al. 2.008, PRBO 2011}, The fre­
quency and size of fires in the Coast Ranges is 
expected to increase up to 50% by the end of 
the century (Fried et al. 2004, Lenihan et al. 
200 8, Westerling and Bryant 2008). Fire 
dynamks are more d ifficull to predict in south­
ern California, partly due to the role of Santa 
Ana winds (reviewed in PRBO .2.on. Franco et 
al. 2.011). How fire affects A. pulchra is 
unknown. Direct mortality effects may be 
small due to its subterranean lifestyle, a]though 
indirect negative effects may occur through 
habitat sh.ifts ,mcl changes in soil chemistry. 

Status Determination 

A'1n.iella pL4lchra is a near-endemic. ecologically 
specialized lizartl with much of its range occur­
ring in heavily populated and impacted coastal 
areas. Little data is available on 1he abundance 
of this cryptic species, par1icuiarly in non-dune 
habitats, which limits our ability to quantify 
population trends or document extirpations. 

Ma11eigcmirni Recommendatio11s 

Protection of dune areas both along the coast 
and 1n the Coast Range is critical. In occupied 
areas, disturbances such as development, agri­
cul1ure, and off-highway vehicle use should be 
reduced or eliminated. Activihes that compact 
soil. in particular, should be avoided. Given that 
Am1-ieU1.1 pu.lchra appears to persist in some 
developed areas provided that sandy soils attd 
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, 
Ambystomu macrodactylum croce~m} may allov,r 

lizards to coexist with some development. The 
spread of nonnative plant species into remain­
ing habitat should be minimized. Eradication 
of invasjve plants and restoration of native veg­
~tation may help increase A. pulchra dtmsity 
a.nd should be explored. 

Moniiori11g, Res6arch, and S1m1e:y Needs 

With a few e:tceptions (e.g .. Miller 1944. Kuhni 
et al. 2005), Little is known about Att-n.~tlla. pul­
dira abundance across its range. Studies of 
basic ecology are n~d.ed in other parts of the 
range and in other habitat types. Minimally, 
suHcys 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 condillons this species can persist 
in human-disturbed habitats would be valua­
ble, particularly with respect to soil characteris­
tics and fragmentation that occurs a~ a conse­
quence of urbanization and agricultural land 
use. Anniella pu.lchra co-occms with Argentine 
ants ( Linepi~hemrJ humilt:} a Jons the coast, but it 
i.s unknown whether this introduced species 
has any substantial impacts on A. pulchra. 

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
oprnent of monitoring efforts. In a comparison 
of survey ledrniques in dune habitat in 
Monterey County, Kuhnz et al. (2005) con­
cluded that time-constrained searches were the 
most reliable method for detecting A. pulchra 

presence across a ranse 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 a}. (zoo5) 
noted that all survey methods ~re poor at 
detecting lizards at low densities of ~1/100 m', 
and even time-constrained searches greatly 
underestimated density compared to depletion 
raking (raking of substrate until one or fewer 
indi,dduals were found per 40 hours of search 



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

Additional genetic ilnalyses 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. Partkularly in conjunction with 
intensive time-constrained surveys, genetic 
data can be used to measure habitat-specific 
~ne flow, current popuJatfon size, and chan~s 
in population si~. Wt". recommend that appro­
priate genetic markers be developed and that 
tissues be collected and deposited in appropri­
ate repositories for such analyses. 
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COASTAL WHIPTAIL 

Aspidoscelis tign·s stejnegeri {Van Denourgh 189-4) 

Slotus Summary 

Aspidosrdis tigris ste.Jnegeri is a Priority 2 Species 
of Special Coru::ern, receiving a Total Score/Total 

Possible of 54% (59/no). It was ncrt considered a 
Species of Special Concern during the previous 
«!Valuation (Jennings and Hayes 1994a). 

ld~ntificatio11 

Aspidosu/js tigris stejriege6 is a member of the 
A. tigrLS species complex, a group of 8-13 spe­
cies that are all similar in appearance ( Grismer 
2002, Reeder et al. 2002, Stebbins 2003). This 
ts a large (6-12.7 cm SVL), extremely active, 
diurrui] lizard 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
or:1.tion is whitish to cream with scattered black 
spotting which sometimes forms longitudinal 
lines between the scale rows (Stf?bbins 2,003). 

The dorsal scales are granular, whi1e the ven· 

tral scales are relatively lar9e. rectangular plates 
(Lemm 2006). The scales on the head are also 

enlarged dorsally and ventrally, formin9 plates 
in front of the gular fold {Lemm 2006). In the 
San Diego area, juveniles develop a distincti\le 

Coosw/ WfliplDil: R~ raclon 

Ranking Criteria (Maximum Score) Sccre 

i. Ran~ size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism 110) 3 

v. llc:ologkal Loleraru:e (10} 1 

vi. Population trend {251 10 

vii. Vulnerabili.ty to climate change (10) 3 

viii. Projected impacts (10) 10 

TDt.3.l Score 59 

Total Possible 110 

Total Score/Tata! Possible 0.54 
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spotted pattern (Stebbins 2003; R. Fisher, pers. 
comm.). 

Within its range, A. t. 5tejr.egeri is only likely 
to be confused with its congener, the orange­
throated whiptail (A. hyperythra). Both lizards 
have simil;ir body shapes and scalation, though 
A. kyperylhro is usually smaller (5-7.:am svq 
and is marked with well-defined light stripes 
and an intervening dark sround color (Stebbins 
2003), In addHion, the males of A. hyperythra 
develop a conspkuous bright orange coloration 
on the throat and underside of the body md 
juveniles have bright blue on the tail (Stebbins 
2003, Lemm 2006) . 

Taxonomic Rtlationskjps 

No modem studies of phylogenetics, phyloge­
ography, or species boundaries exist withi.n th.e 
Aspi.d.oscelis tigrisspecies complex, although the 
validity of this subspecies has not been ques-
1ioned. Reed.er et al. (2002) presented a phylo­
genetic analysis of whiptail lizards of the genus 
Cnemtdophorus (sensu Jato) and showed that 
the genus, as historically defined, was not 
monophyletic. To remedy this, th~y moved 
North Amerkan whiptails to the genus Aspido­
scelis, an arrangement that [s now widely 
accepted. 

Some confusion surrounds the application 
of the name A. t. s~j,,egeri 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. multiscuta.tt.1 (previously, C,iemidopn<l­
rus tigris mwlliscutatus). However, others have 
treated A. t. slejn.cgeri as a junior synonym of A. 
t. ,nu!tiscu~at(I and refer both the insular 
endemic and the coastal southern California 
forms to this latter name. Thus, some literature 
referring to the A. l~is subspecies in southern 
California uses A. t. mi.ltiscutata. This has 
sometimes led authors to consider the two 
nc1.mes to refer to two separate biological tall'..I 
that both occur in southern Californi.a (Maslin 
and Secoy 1986) . To clarify, there is only a sin­
gle member of the A . tigris complex in coastal 
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southern California, and its currently accepted 
name is A. t. stejnegeri. 

Life Hiscory 

The life history of Aspido~cdi.§ tigris slejneg,ri is 
poorly studied, particularly within its Califor­
nia range, although it is probahly similar to 
other subspecies with1n the A. 1igris species 
complex._ This is a diurnally active, wary lizard, 
which rarely stops moving during 1ts activity 
period. Aspidructlis tigris slejnegeri is a general­
ist predator that actively searches for insects, 
spiders, scorpions, and other small arthropods, 
including larvae (Grismer i.002, Lemm 2006) . 

Some suhspecies in the complex ilte known to 
prey upon small lizards, though this has not 
been documented in A. i. slej'1t:geri to our 
knowledge. Aspidosc:elis tigris stejl'legeri 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
ber, althoush juveniles can remain active into 
November ( Grismer 2002). When active, A. t. 

slej11egeri moves with a distinctive gait, taking a 
step, halting briefly, then moving again in rapid 
succession. 

Reproduction takes place in spring and 
summer. Grismer (2002) documented gravid 

females and courtship behavior in mid-July in 
Baja California. Courtship may occur earlier in 
the California populations (Lemm 2006~. 

although few data e_xist. Hatchlings begin to 
appear in late July and August in Baja Califor­
nia; again, this may occur earlier in Cahfomia 
(Grismer 2002., umm 2.006). 

Habitat Requirements 

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



and/or gravel-bottomed habitats and brushy 
areas associated with washes-habitats that 
have largely been destroyed by development in 
southern CaHfornia (J. Grinnell, pers. comm. 
reported in Van Denburgh 1922). The species 
continues to persist outside of these preferred 
habitats, partkularly in open chaparral and 
coastal sage with a gravelly substrate (Grismer 
2002. Cooper and Matthewson .2008~. 

although possibly at reduced densities. Aspidos­
ccUs tigris stejn cgcri requires large blocks 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 :2.008). 

Distribution (Pujt and Present) 

Aspidosceli.s figris si.:jnegeri was formerly present 
in California from the southern slopes of the 
Transverse Ranges south to the United States­
Mexico border and east to th.e Peninsular RanBeS 
(Yan Dcnbnrgh 1922) . In Mexico, it ranges far­
ther south between the coast and the western 
slopes of the Peninsular Rang~, eventually intN­
gradingwith the reddish whiptail (A. l rubida) in 
the Vizcaino region of the central Baja California 
peninsu)a. [n California the species occurs from 
sea level to about 1500 m (Lemm 2006}. 

The species is apparently extirpated, or 
nearly so, from large areas of the Los Angeles 
basin and the San Diego region due to habitat 
loss. By I9:;t2., lhe species was already sc.tn::e in 
the vicinity of Pasadena, reportedly as a result 
of habitat loss due to development (J. Grinnell. 
pers. romm. reported in Van Denburgh 1922). 

Further declines have occurred throughout the 
Los Angeles basin and in coastal San Diego 
County (Stebbins 2003; R. Fisher, pers. 
comm.). Much of the inland range is still intact. 
though increasing wildfires may pose a threat 
(Rochester et al. .:wio). 

Trends in Abundance 

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

CoopeI 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 ]ower Santa Ana 
canyon, San Bernardino County, California. in 
1905. This area is now heavily modified and 
does not provide ideal h.abJtat for this taxon. By 
192.2, the lizard was reportedly "rare~ in the 
vicinity of Pasadena because of habitat frag­
mentation and loss (T. Grinnell, pets. 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. Atsatl (1913) reported 
that it was frequently encountered throughout 
several areas of the San Jacinto Mountains, Riv­
erside County, Ca]ifornia. Because habitat frag­
mentation and loss have continued to occur 
throughout its ranse. jt is reasonable to assume 
that declines are continuing. 

Na tun and Degree of Threat 

The primary threat facing Aspidoscelis tigris ste­
jriegeri 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 increa:sing frequency ;md 
intensity of wildfires in southern California 
may conYert large portions of its remaining 
habitat to suboptimal grassland, causing fur­
ther declines in range and/or abundance 
(Lemm 1.006, Rochester et al. 20!0, R. Fisher, 
pers. comm.). Projections from several climate 
models suggest that the frequency and inten• 
sity of wildfires in southern Ca]ifornia could 
increase. although these results appear to be 
strongly dependent on the model that is 
employed (Cayan et aL 2.008b, Franco et al. 
2011, PRBO zou). If this occurs, additional 
habitat destruction is likely to occur, negatively 
impacting this species. 

COASTAL WH IPTA l L I 95 



Status- Determination 

Documented and ongoing declines in the dis­
tribution of this species. coupled with ongoing 
suspected declines in abu.ndance, are the pri­
mary contributors to this status. Aspidoscdi.s 

tigris !tejnegui also has a relatively small range 
in California. Projected impacts from wildfire 
(whii::.h may increase with future climate 
change) coupled with the above impacts justify 
a Priority 2, status. 

Management Recommendations 

Conservation of remaining habitat is essential 
for the long-term protection of this species. 
Habitat protection efforts should focus on 
maintaining large, unfra.gmented blocks, and 
this species should be induded 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 neerl. Until these 
data become available, additiona) fragmenta­
tion and degradation should be pr~ented in 
habitat patches that currently support this 
taxon, and corridors of suitable habitatthat con-

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

Monitoring, Re5earc>i, and Survey Needs 

Additional data on this taxon's home range size. 
habitat requirements, and movement ecology 
are required to determine the minjmum patch. 
sizes and maximum amount of fragmentation 
that can support viable populations. As for many 
active, wide-ranging spedes, the effects of road 
traffic on rnorti:llity would be valuable informil­
lion for future management efforts. Abundance 
surveys should be conducted in remaining pop­
ulations of Aspidosi::elis tigri.s su:jrrngeri. Informa­
tion on.-bundance 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 
effecti,re population sizes of remaining popula­
tions would be valuable. 



SAN DIEGO BANDED GECKO 

Coleo~yx voriegotus abbotti Klauber 19-45 

S~ah1s Summi;i,y 

Cokonyx variegatus abboHi is a Priority 3 Spe· 
cies ofSpeda) Concern, receMng a Total Score/ 
Total Possible of 54% (59/no)- lt was not con­
sidered for Species of Special Concern status 
during the previous evaluation (Jennings and 
Hayes 1994,a), 

ldentiftr:ation 

Coteon}'X vur~atus CJbboti~ is a small (maxi­
mum 5.8 cm SVL} lizard with slender padless 
toes, moveable eyelids, vertical pupils, and soft 
sl::in covered in fine gr.nular scales (Klaube-r 
19-45-, Grismer .2002, Stebbins 2003). The dor­
sal ground coloration is variable a.nd ranges 
from pale yellow to srayish pink. A series of ' 
contrasting duker-brown or tan lateral cross­
bands extend down the length of 1he body and 
are approximately the same width or narrower 
than the interYening areas of sround colora­
tion. Areas between bands oc:casionally contain 
spots of the darker coloration. The head is dark 
and usually unmarked or only lightly mottled 

with a narrow Jight nuchal CITscent extending 
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 a.dults, but the 
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Ranking Criteria (Maximum Scor~) Score 

i. RanW; size (10) 10 

ii. Distribution trend (25) 1S 
iii. Population concentration/ 0 

migration (10} 

iv. Endemism (10} 3 

v. Ecologieiil tole1ance (10) 7 

vi. Population trend (2S) 10 

vii. Vulnerabi.Jity to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 59 

Tot,1.l Possible llO 

Total Score/Total Possible O.S4 
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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 oo.nded gecko 
(C. v. variega~us} fa parapatric with C. v. abbotti 
along the Peninsular Ranges of Southern Cali­
fornia and adjacent Baja California. Mexico. 
The two tax:a are best distinguished based on 
color pattern, locality, and si2e. Alth.ough color 
and pattern in both subspecies are variable, C. 

v. 11ariega.t11s generally lacks the nuchal collar, 
often has wider and less we 11-defi ned dark 
bands, bas extensive spotting on the head, and 
attains larger overall body sizes {up lo 7.1 cm) 
(Klauber 1945, Grismer z.002,, Stebbins 2.003. 
Lemm 2006) . Th.e two subspecies intergrade 
across narrow contact zones in Baja California 
and probably also in southern California, with 
C. v. a!tbo-Ui 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. 11. abbotti- are 
genetically more similar to C. v. variega.tus 
(D. Leavitt, unpublished data; see the ~Taxo­
nomic Rel:itionships" and uoistribution" sec­
tions). The barefoot banded gecko (C. swit~i) 
also has a superficially similar appearance but 
is more rarely enco~mtered. In California, it has 
only been found in a 11.a1rrow area of the Peuin­
sular Range. Other geckos in southern Califor­
nia have expanded toe pads and immovable 
eyelids and are often extreme habitat spedalists 
(Stebbins .2003}. 

Taxonomic Relalionships 

Cokony;r 11l.lrii:gzd1-1s l.lbbotti is a dose relative of 
C. v. variegatus. lts initial description was based 
primarily on coloration, pattern, and scalation 
(Klauber 1945). Sequence data from seven 
nuclear DNA markers confirm the distinctive­
ness of C. v. ahhotti but also restrict the known 

in Baja Callfornia and possibly also in Southern 
California (D. Leavitt, unpub]ished data). 

Life History 

The life h.istory of Coleonyx 11Priegat"5 ahbotti iE 
poorly studied, although it is likely similar to 
that of the better-studied C. 11. variegatus in many 
respects. Coleonyx i,ari~atus abboui is active 
from March until September or October ( Lemm 
1006). lt is nocturnal, emerging from rock <:rev­
kes and burrows wua.lly within 2 hours fo]low. 

ing sunset. Like other geckos, it is a predator, 
presumably taking a variety of small inverte­
brates, although the diet has not been studied in 
detail (Kingsbury 1989, Grismer 2.002). 

Reproduction takes place in late spring. 
Females lay one or two eggs at a time (Lemm 
2006). 0th.er subspecies of C. variega.tus are 
known to Jay up to three clutches per year 
between May and September (Stebbins 2003), 

and this may also occur in C. v, abboiti. luve­
niles have been found as late as September 
(Lemm 2006). 

Habitat Requiremerrts 

Coleoriyx IXlrir.gatus abbotti is restricted to rocky 
coastal sage and chaparral habitat, usually in 
areas between r50 and 900 m in elevation 
{Lemm 2006). Klauber (1945) noted that the 
subspecies seems to pref er areas with granite 
outcrops, though it is not restricted to them and 
has been found in dry rocky riverbeds. Most 
specimens ~ve 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 (Xuntusui h,m­

sh1Jwi) (Klauber 1945). Extensive pitfall trap· 
ping data indicate that C. 11. l.lhbotti is absent 
from areas with a higb intensity of artificial 
night lighting (Perry and Fisher 2..006: R. 
Fisher, unpublished data). 

range (see the "Distribution" section}. The two Distribution (Pust l.lnd Present) 

taxa are not genetically isolated but have an Ongoing genetic analyses of the CokoM-yx 11ari-
abrupt genetic and morphological contact zone cgatus complex are revising our understanding 

SAN DIFGO 11_.,NDED GECKO 199 



of C. v. abbotti's distribution, and thus our cur­
rent concept of i1s range may change as these 
studies are completed. Historically, all Cofoony:1.:­
rangi.ng from the United States-Mexico border 
north along coastal and cismontane Southern 
Califurnia were considered C. v. ii:bbotti. How­
ever. senetic data indicate that the range is 
more limited and primarily restricted to San 
Dieso County, with. populations farther north 
belonging to C. v. vuriEgatus (D. Leavitt, unpub­
lished data). The extent of the potential inter­
grade zone between the two subspeciei; is not 
yet well understood. [n Mexico, C. v. abbotti 
ranges from the border south along coasto1.I and 
cismontane Baja California to the vicinity of 
Catavifla, then eKtends east across the penin­
sula and south, eventually 1ntergrading with 
the Peninsular banded gecko {C. v. prni"s1-4la­
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 ]ighting drove the declines 
is not well studied_ Development ancl agricul­
tural impacts have also extirpated seckos from 
some areas ( R. Fisher, pers. comm.). 

Trend~ ;,, Abundance 

Few quantitative data on historical or current 
abundances are available, although Colwny:r 

variegatus abootli is less frequently encountered 
than C. v_ 11a,i.egatu~ farther east (Lemm 2006). 

This was apparently also the ca.se historically. 
Klauber (1945) specifically noted that C. v. 
abbotti was less common throughout its range 
th.an C. v. variegatw. Bogert { 1930) also reported 
that the geckos were nne in Los Angeles 
County, although genetic data sue:gest tllese 
might actually have been C. v. viiriegi.tus. Pitfall 
surveys indicate that the subspecies is found at 
a sma11 nu m~r of sites within southern Cali­
fornia (7 out of 21 survey areas, 15 individuals 
in total} compared to lizard species occupying 
similar habitats (Case and Fisher 2001). How­
ever, these surveys were not designed to specifi-
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cally target Coleo1.yx, and no historic.al baseline 
data exist with which to compare current 
abundances. 

Naturi and D1:gret of Threat 

The primary threat facing Colt1>1tyx varitgo.t1.1s 
abbotti is apparently habitat loss due to agricul­
tural and urban de~lopment, induding deaths 
from auLomobile traffic. Some data forth.er sug­
gest that artificial night lighting is correlated 
with declines, although no cau.gal link has been 
established. Climate change within its limited 
range is expe-cted to increase th.e frequency and 
intensity of wild.fires, which could degrade 
some currently suitable habjtat. Finally, C. v. 
abbotli is encountered relati~ly rarely even in 
suitable habitat, which poses significant chal­
lenges in monitoring population trends and the 
impacts of habitat disturbance. 

Status Determination 

Caltony~ variega t1-15 abboHi has a restricted 
range in California that falls within an area that 
is currently experienc.ing a large a.mount of 
development. Some data suggest th.it the sub­
species has disappeared along lhe coast in a 
substantial fraction of its range. This, coupled 
wjth 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 Recommendations 

The most impor~nl management priority for 
Coleanyx variegiJtus abbolti is to protect rema-in­
ing habitat. Our current understanding ofhabi­
tat requirements and th.is ta_xon's sensitivity to 
habitat degradation is unfortunately we.:ik, and 
there is a strong need for additional study 
before a thorough and informed management 
strategy can be developed. 

M(Jnitoririg, Research, and Sun,ey Needs 

The re1ative rarity with which this subspecies is 
encountered makes the detection of past and 
ongoing declines difficult. A comparison of sur 
vey protoco1s for this subspecies, including 



time-constrained searc:hes md pitfall trapping 
should be initiated. A soal of this comparison 
should be to develop a survey pwtocol that is 
capable of detectins changing abundances. A 
mark-recapture study would help determine 
whe1her the apparently low popuJation densities 
currently observed reflect detectability or true 
population numbers. This should include a. 
power analysis to clarify the trapping intensity 
needed in order 10 detect changes of varying 
magnitude. Surveys shou.ld 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 unders1anding of habit.at 
preferences, seasona.Hty, a.nd life history in this 
taxon. 

Additional genetic surveys should also be 
undertaken to further clarify the range limits 
and genetic differentiation among members 
of th.c Colronyx varic:gatus complex, In parhcu­
lar, contact zones between different subspe­
cies should be further studied in order to 
develop a dear understmding 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 potentialJy help identify habi­
tat cmridors. Information from genetics, mor­
phology. and survey data. should be integrated 
to develop a. more comprehensive understand­
ing of differentiation betv.'een this subspecies 
and other members of the C. V(Zriego.tiis 

complex. 

iAN DIEGO HANDED GECKO 2.01 



PANAMINT ALLIGATOR LIZARD 

E(gcufo ponamintina (Stebbins 1958) 

Statu:s Summti'l' 

E!garia panamiltHna 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 design.ated as a Species 
of Special Concern (Jennings and Hayes 

r994a). 

ldeniification 

Elgaria pana.mi"tin.a is a. large (9.2-15.2. cm 
SVL), slender, elongate li-zard with a light yel­
low-brown or beise dorsum and a series of con• 
tr.asting brown crossbands extending from the 

neck down the length of the body and tail (Steb­
bins 1958, Banta et al. 199 6, Stebbins 2003). 

The ventral surface is light gray or cream, with 
snull dusky markings forming continuous or 
broken longitudinal Jines th.at run down the 
center of each scale row (Jennings and Hayes 
1994il, Stebbins ;;1003). The iris is pale yellow 
I Stebbins 2003). The contrast between the dark 
crossbands and lighter dorsal coloration is usu­
ally more pronounced in juveniles than in 

.202 LIZARDS 

a.dults. The tail, wh~ intact, is up to twice the 
length of the body, although shorter broken/ 
regeneraled tails are common {Slebbins 20031. 

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

Panamim. Alligator Liznn:J: Risk Factor. 

Ranking Criteria (Maximum Score) Score 

i. Ranee si2e (10) 10 

ii. Distribution trend (25) 0 

iii. Population concentration/ 0 
mi9ration 110) 

iv. Endemism (10) 10 

v. Ecnlogit.1.l tolerana- (10} 10 

vi. Population trend (25} 5 

vii. Vulnerability to climate change (10) 3 

Yiii. Projected impacts (101 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 ( E. cocr­

lllea) and the southern alligator lizard ( E, mul~i­

cll rinata). 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, 
middorsal stripe in E. coerulea and are much 
narrower in E. m.1.1.!ticarinata (Stebbins 2.003). 

Taxonomic Relationships 

Different studies have recovered discordant 
phylogenetic placements of ElgClrii;i panamifl• 

tina. Good (r988) recovered a sister relation­
ship between E. pcwamintina and the Madrnm 
alligator lizard j E. kingii) from Arizona. using a 
dataset composed of 34 allozyme loci . More 
recent studies find that E. pax.amintina is 
nested within E. multicClrina.tci, a placement 
that was supported by both mitochondrial 
sequence data {Feldman and Spicer 2006) and 
nuclear sequence data (D. Leavitt et al., unpub­
lished dala). 

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

amintina and no evidence for recent or ongoing 
gene fl.ow between this species and other 
E/garia in western North America.. The discord­
ance of the allozym€ and nuclear sequence 
data, and therefore the monophyly of E. mu!ti­

carinata with respect to E. pam1mintina, awaits 
further investigation. 

Life History 

The life history of f . panamintina is poorly 
understood . The species spends a large amount 
of time in rock piles and deep vegetatioll or 
brush, so it is not commonly Q\Jserved (Steb­
bins 1958, Macey and Papenfuss 199rb). We 
presume that many aspects of E. pa11am.intina's 

life history are similar to that follnd in the 
better-studied E. multicarin.ala, particularly 
glven the recent molecular evidence of their 
very close relationsh1p. 

Elgaria pan11mi11tina emerges from hiberna­
tion in late winter or spring, with higher-eleva­
tit;Jn poplllations becoming active la1er in the 
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year. The species is generally diurnal in the 
spring through midsummer, when it may 
switch to nocturnal activity or aestivation, pre• 
sumably as a response to increasing daytime 
temperatures (Stebbins r958 , Banta 1963, 
Dixon 1975, Stebbins 2003}. Reproductfon has 
not been documented in the wild, although 
captive animals have been observed copulating 
in mid-May (Banta and Leviton 1961). Eigaria 

multicarinata enters reproductive condition at 
this time of year as well (Goldberg 1972), so 

we assume that reproduction occurs in m1d­
spring, although the precise timing likely 
depends on elevation_ Goldberg and Beaman 
(2.003) examined sperm formation in museum 
specimens and concluded that reproduction 
takes place during the spring. Like E. multic:ari­

nata (and unlike E. coerulco.), E. pa11amincina is 
oviparous. El.gflria multicarinata typically lays 
eggs in early summer, and we assume that E. 

pariamintina does as well (Goldberg 1972). The 
timing of reproductive events in E. mu!ticart­

nata varies among areas, with some popula­
tions producing only one dutch a year and oth­
ers up to three (Burrage 1965. Goldberg 1972). 
No data on the number of clutches produced 
per year or incubation times exist for E. pan­

amittti"a, although Goldberg and Beaman 
{2003) report a clutch size of four eggs from a 
single museum specimen. 

Dietary dala are lacking. We presume th.lt 
E. panamintina is likely a generalist predator 
like E. m1-1ltiwrinala. The b.tter feeds on a wide 
variety of insects and other small artbropods, 
includins spiders. centipedes. and scorpions, as 
well as on sma11 vertebrates, induding mice, 
birds, and lizards (including conspecifics) 
(Cunningham 1956} . Observations in (il.ptivity 
found no obvious differences in feeding behav­
lQr between E. pafiamintin~, E. mu!licarfoatci, 

and E. kingii, and we tentatively assume that 
feeding behavior is also similar in the wild 
(Stebbins 1958). 

Elgaria species have a lower therm.!l toler­
ance than most sympatric liz.ard:s, which may 
allow them tQ maintain higher activity levels in 
the shaded moist habitats in which they are 



most commonly found (Cunningham r956, 
Stebbins 1958). Predabon on Ii. panam.in.tinci 
has not been recorded, though we assume that 
they are preyed upon by co-distributed lizard­
eating snakes (e.g., coachwbips jMasticophis] 
and patch-no~d snakes [Salvadora]I and birds 
(e.g. , rapturs and roadrunners [Goococc~x)). 

Habitat Requirements 

Elgaria pan.aminlina are most frequently found 
in rocky canyons in the immediate \licinity of 
permanent springs. and seeps that are patchily 
distributed across their limited range (Stebbins 
1958, Macey and Papenfuss 1991b) . The spe.::ies 
usually occurs in or adjacent to narrow strips of 
riparian vegeta1ion immediately below springs 
and in deep leaf litter and rock piles along the 
margins of riparian habitat ( Stebbins 19 58, 
Macey a.nd Papenfuss 1991b, Jennings and 
Hayes r994a). Etgaria pan.intiintina w~s initfal1y 
thought to be restricted to these areas, but pit­
fall trapping surveys ha'III!: documented their 
presence iu arid areas well away from water 
(Banta 1963). Few quantitative data are available 
on the relative frequency of arid versus mesic 
habitat use. and it Af'ems likely that populations 
require permanent water for persistence. 

Distribution (Pass and Present) 

Elgaria panamintina oc(urs in relatively n,mote 
regions of the Gre~1 Basin in California. Given 
the difficulty of accessing much of its potential 
habitat and the Hmited work on the species to 

date, jt may occur more widely than has so for 
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 19916. 
Banta et al. 1996. La Berteaux aud Garlin~r 
1998)_ The known elevational rnnge extends 
from 760 to 2290 m (Dixon 1975, Macey and 
Papenfuss r991b, Stebbins 2003). 

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

Pleistocene. This general drying lus presuma­
bly isolated the r~maining populations around 
the few remaining water sources {Stebbins 
1958, Good 1988). 

Trends in Abundance 

No data are available regarding current or his­
torical abundance. although habitat degrada­
tion due to mitting, liwstoc_k grazing, and off­
highway veh:ide use has l:ikely resulted in 
population declines (Jennings and Hayes 
1994a). Given the very sensitive nature of the 
remaining islands of mesic habitat in 1he 
region, surveys of both population size and 
connectivity via arid habitat occupancy are 
needed to provide baseline information on cur­
rent status. 

Nature and Dt:gree: of Threat 

The primary threat to this species is habitat 
loss or alteration in i1s 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 
hydro]ogy cause springs to dry up or become 
less regular in their flow regimes. 

Statu$ Determination 

Elgarici piinamil"ltinc;i is a California endemic 
with a very smaU range. It primarily occurn in, 
and is likely dependent upon, uncommon, 
small patches of mesic habitat that are scattered 
widely throughout its ran~. Each habitat patch 
is sensitive to several potential disturbances, 
and iflocal extirpations occur, natural recoloni­
z.ation seems unlikely. Nearly aU known Locali• 
ties occur on unprotected land and are subject 
to further alteration (Jennings and Hayes 
r994a). These factors all contribute to a Priority 
3 designation. 

Mcmagemerri Recommend4l~ion> 

Terrestrial habitat surrounding permanent 
springs and seeps shou)d be protected from 
water diversion and destruction or alteration of 
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riparian 11egetation. There may well be conflicts 
with Livestock and large feral mammals since 
these animals may trample or otherwise dis­
turb the vegetation and leaf litter surrounding 
desert springs. Elgaria panamintina ruay also 
occur at additional springs outside of its cur· 
rently known range; therefore, riparian areas 
throughout the area should be preserved to the 
extent possible, even if E. panamintitia has not 
yet specifically been documented at them. 

Monitoring, Research, and Survey Needs 

Surveys should be conducted at additional 
springs surrounding the known dislribution of 

Elg"rta pananmin.tina. These surveys should 
involve pitfall trapping and/or drift fence arrays, 
in order to increase detection probabilities. A 
thorough understanding af E. panamin.lina.'s 

habitat requirements would be invaluable in 
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determining what habitat modifications can be 
ma.de 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 dispersa) among 
springs and as upland habitat. Both drift fence 
surveys of this habitat and landscape genetic 
an~ lyses of known spring populations may con­
tribute to greater understanding of habitat uge 
in this species. The lack of bask lire history 
information on £. panamin.tina 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 cmcial for any kind of 
active management and is largely lacking at the 
present time. 



COPE'S LEOPARD LIZARD 

Gambelia copeii (Yarrow 1882) 

Stc,tus Summary 

Gamh~lia cope.ti 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 4596 (~8/85). It was not desig­
nated as a Species of Special Concern during 
the previous evaluation (f ennings and Hayes 

i99-4a) . 

ldentiftcatio11 

Ga.mbelia copiii is a large (maximum 14 cm 
SVL) lizard, with a robust head and limbs, 
granular body scales, and a long cylindrical tail 
(Grismer 2002, Stebbins .2.003, Lemm .2.006, 

Mahrdt et al. 2010). The dorsal colon.tion is 
variable across the range. changins from dad:: 
brown in the north to light golden brown or tan 
in the south (Grismer 20oz, Mahrdt et al. 
2010). California populations of G. r:opeii form 
the northern edge of the species' overall range 
and are dark aboff with pairs of large, dark 
paraver1ebral 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 
2003. Mahrdt et al 2010). In many individuals. 
a. lighter cream-colored transverse bu separates 
each pair of these spots along the trunk 

Cop,,'s ~r,pard LJwrd: Risk Fodon 

Ranking Criteria {Maximum Seo~) Score 

i. lbnge size (10) 10 

ii. Distribution 1rend (25) 15 

iii. Population concentration/ 0 
m.igntiOD (10) 

iv. Eo~mism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (101 3 

viii. Projected impacts (10) 10 

Total Score 18 

Tol..1.l Possible 8'> 

To1al Score/Total Possibl~ 0.45 
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(Mahrdt et al. zo10). Fleckini;i is generally 
present Otl the sides, and females in breeding 
condition develop bright orange or red spots on 
the sides and underside of the tail (Stebbins 
2003). In addition, thcTI' 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
e,,,er, it is found immediately adjacent to the 
ri'lnge of the more wide1y distributed long­
nosed leopard lizard (G. wislizuiii), within 
which G. copeii appeilrs to be phy1ogenetkally 
nested (McGuire et al 2.007). Gambdio IJ}islizt­

~jj po()ul.ations that are adjacent to G, coptii are 
generally paler, with dorsal coloration ranging 
from oil-white to tan and many moderately 
sized spots asymmetrically scattered along the 
dorsal surface (McGuire 1996, Grismer 200:l). 

The spotting in G. wisli:miii does not fade ante­
riorly, and .sm.al1 spot.s generally occur on the 
head (McGuire 1996. Stebbins 2003. M.ahrdt et 
aL 2oro). 

Taxonomic Refationship:s 

Though it was described over a century ago, 
Gambelia copeii was not widely recognized as a 
distinct species until recently, Motpholosically 
and genetically, G. wpi:ii is similar to G. wisliu• 
nii, which led many authors either to consider 
the two as conspecifics or to recognize them at 
the subspecific level. McGuire (r996) prO'l'ided 
a comprehensive systematic analysis of the Cro• 

taphytidae (the family in which Gambelia is 
included) and argued for the recognition of G. 
copeii as a distinct species, based in large pa1t 
on the presence of a narrow zone of sympatry 
between the two species in Baja California, 
Mexico. Fo]lowins McGuire's monographic 
review, the species became widely accepted. 

Phylogenetically, G. copeii appears to form a 
monophyletk group that is nested within G. 
wis!i.zenii ( McGuire et al. 2007), although this 
result is based on an analy:iis of mitochondrial 
data alone and requires further verification. 

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

measured. 

Life History 

Little is known about the natural history of 
Gam!ltJia copeii, and the Limited 1nformation 
that is available comes from populations that 

occur farther south in Baja California, Mexico. 
We assume that the California populations are 
simihr in most aspects of their life history to 
po()ula.tions from the northern regions of Baja 
California. 

Ga.mbelia copeii emerges from hibernation 
as early as mid-March in northern Baja Califor­
nia, with adults remaining active at least until 
September (Grisme1 :i.002). The b1eeding sea­
son begins in March or April and fasts at least 
until July {Fitch 1970, McGuirto 1996, Grismer 
2001., Goldberg et al. .20Io). Grismer (200:i.) 

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 mucb Later in the north. Gravid females 
have been documented in both March and 
June, providing some evidence that G. copeii 
may produce multiple dutches in optimal years 
{Fitch 1970. Goldberg et al :i.010), In a sample 
of IO museum specimens, the mean dutch size 
was 5 and did not appear to dep~nd on female 
body size (Goldb~rg et al. 2.010) . 

Gam.bdia copdi is primarily an ambush 
predator that preys upon other lizards, includ­
ing whipt;i ii lizards (Aspidoscelis), zebra-tailed 
lizards (Ccillisaurns), and side-blotched lizards 
(Uta), as well as arth rD()Ods < McGuire 1996, 
Grismer 2002,). 

HabitM Reql-lirements 
Gambelia copei.i occurs across a wide latitudinal 
gradient and tolerates a variety of ecological 
conditions throughout its range. Little pub­
lished info1mation exists for California popula­
tions, although the S()eCies 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 varjety of habitat types, although 
this likely reflects habitat availability through­
out the Baja California peninsula rather than 
specialization of California populations. 

In north.em Baja California, G. i;;i:,peii occurs 
on mesas and foothills in scattered patches of 
chaparral and 1nh.nd 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). 

G,m·t-beLia. c:opeii apparently prefers relatively 
open habit::at throughout the dtversity of plant 
communities in which it is found. 

Distribution (Post and Present) 

In Cal ifomia, Gamhe-lia copeji is restricted to an 
approximately 70 kmi area centered around 
Campo .and Potrero V.alleys in extreme south­
ern San Diego County (Mahrdt et al. 2010; C. 
Mahrdt, pers. comm.). However, recent field 
surveys h.ave failed to reconfirm this species at 
severa1 sites in both Polrero 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 uf Ca]ifornia, G. cope ii oci.:urs from 
the California border throughout much of the 
Baja California peninsu)a south at least as far 
as Todoti Santos (Grismer 2002). Few data exist 
on changes in dislr.ibution, although agricul­
tural expansion and development in northern 
Baja California are likely to cause declines (R. 
Fisher, pers. comm.). 

Trends in Abundonc,: 

Few dat.a exist regarding historical or present 
abundance in Calirornia. Unpublished pitfall 
trapping data collected over a 2-year period indi­
cate that the species oa:urs at very low densities. 
Between Match r970 and Dectrnber 1971. pitfa.11 
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 :i. single capture of 

Gamhdia (C. Maludt. unpublished data). A sec­
ond individual was captured near this site 3 years 
later (C. Mahrdt, unpublished data). 

Ne1~urs ond Degree of Threat 

Th.e principal threat facing Gcimbdia copdi is 
habiLat 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 
(ptirnarily arthropods and smaller lizards) 
remains avai1able. However, the species occurs 
at the extreme northern limit of its range in 
California, so even minor ch.anges in environ­
mental conditions could have large impacts 
here. Development, including habitat degrada­
tion and fragmentation. and dirnate-change­
assodated increases in wildfire frequency and 
intensity have the potential to cause these 
changes. Invasion of el{otk gr.as.sts may also 
lead to further habitat degradation by reducing 
the availability of open habitat that this species 
prefers. 

Siows Determina#on 

Garnbelw. copdi has :i.n extremely small range 
in Cahfornia, which mab::s it inherently sensi­
tive to any declines. Ongoing habitat loss and 
potential impacts from climate change may 
negatively impact the spedes, 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. 

Mcinagemi:nt Rer;ornmendations 

Within its very limited California range, 

remaining largf! blocks of habitat require pro· 
tec.tion from further development to prevent 
future declines, In the absence of information 
to the contrary. we assume that Brazing. wood 
clearing, and activities that might negatively 
im~ct the density of prey (including the pres• 
ence of feral or pet cats) are all threats to Gom 
belia copei.i.. Frequent high-iutettsity wildfire 
should also he prevented, to the extent possible, 
within the species range. 



Mor,itoring. R,mum:h, rmd Survey Nei:df 

As no population density data are avai1able. 
presence/absence surveys followed by mark­
recapture monitorins programs sb.ollld be 
undertaken throughout the species' range in 
California to establish baseline information. 
Loss ofhabitat across the United States-Mexico 
border has the potential to isolate the California 
populations. To begin studying the potential for 
this to occur, fie]d studies of migration rates 
and patterns through disturbed and frag­
mented habiLats should be conducted with the 

aim of identifying and protecting remaining 
habitat corridors, as well as chamcLerizing this 
taxon's sensitivity to vanous sources of habitat 
d isturbanc.e. Such information will also be use­
ful for developing models of the effects of 
future climate change scenarios on Gambelia 

copei.i. Additional genetic data from nuclear 
markers should help confirm the spec.i€s status 
of this taxon as well as quantify whether, and to 
what ex:lent. hybridi:za.tion occurs between it 
and G. wislizenii. 
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GILA MONSTER 

Hrlod,rma suspectum Cope 1869 

PHOTOS: (mp) Gila monster documented 2.9 May 1991 in IM Kinpton Mount.airui, San 
Bernardino CounLy. California. Courtesy of Beth Behm- (bottom) Gila monster documented 
7 May 2015 in lhe M<::e:quite Mount~ins, San Bern3rd.ino County, C3hlmnia. Courtesy of Bumt 
Scurlocl:. 
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Swtus Summary 

Helod.erma sr.4spectum is a Species of Special 
Concern, though we refrain from assigning it a 
priority status due to lack of information. The 
species received a Total Score/Total Possible of 
60% (30/50} and was data deficimt for sMPeral 
metrics. During th!'! prl'!vious evaluation, i.t was 
also considered a Species of Special Concern 
(Jennings and Hayes. 1994-l), 

/dentijicatio" 

Among California lizards, Hcloderma s11spec­
tum is virtually unmistakable. Hdodumu sus­
pectum is a large (22.8-35.5 cm SVL) stocky 
lizard with a dark ground color and distinctive 
pinkish., orange, or yellow patterning over the 
trunk and tail that rorms bands or a reticulat­
ing network. This species possesses distinctive 
bead-like scales and large, strongly curved 
daws (Bogert and Martin del Campo 1956, 
Bede .2005). The ventral coloration is similar to 
the rest of the body, with alternating blade and 
yellowish or pinkish bands thal may form a 

reticulated pattern ( Bogert and Martin del 
Campo 1956). Within its range, this species 
could only possibly be confused with the chuck-

Ranking Criteria (Maxlmum Score} Score 

i. Range size (10) 10 

ii. Distribution trend (25) Data 
deficient 

iii. Population concentration/ D 
migration (10) 

iv. Endernism (10) 0 

v. Ecological tolermce (10) 10 

vi, Population trend (25) Data 
deficient 

vii. Vulnerability to dimate change (10) 10 

viii. Pro1ected impacts (10) Data 

wa Ila ( Sauromal~s a ter), which sometimes 
develops a pinkish or yellowish coloration on 
top of a dark ground color but lacks the banded 
or reticulate patterning and docs not have large, 
b~ad-like scales. 

Taxor1omic Relationships 

Hdoderma suspecli. m is one of two extant mem­
bers of the family Helodermatidae. It is a dose 
relative of the Mc,cican beaded lizard (H. horri­
diim). The description of this species is gener­
a11y att1ibuted to Cope (1869), although it was 
actually depicted in print earlier by Baird (18~9) 
using the name H. horridllm. Cope's (1&69) 
description is a one-paragraph secondhand 
summary; a far more complete description of 
the taxon is given by Bogert :md Martin de! 

Campo (1956) in their monographic treatment 
of the family Hclodcrmatidae. The recognition 
of two species in th.e genus has not been ques­
tioned since the initial description. More recent 
molecular r~ults confirm the distinctiven~s 
of the two ta:<a (Douglas et al. 2010). 

Two subspecies of H. s1,1spect1,1m have been 
described based on the pattern of reticulation 
(or lade ther!'!Of) i.n coloration. Heloderma sus­

pedum s11.spectum has a reticulated color pat· 
tern, wh.ereas H. ~. ci11ctum has a banded pat­
tern that largely lacks reticulations among th.e 
bands. A recent genetic survey of intraspecific 
variation found little evidence supporting tbese 
groupings. Additional data are m~eded to more 
fully examine intraspecific variation within 
this species (D01Jg]as et al. 2010). A11 speci­
mens known from California match the H. s. 
cinct~m color pattern, with the single exception 
of an individual photographed near Piute 
Springs, San Bernardino County (see the 
"D,stribution" section) (Lovich and Beaman 
2007). 

Life History 

deficient The life history of Heloderma suspectum has not 

Total Score 30 

Total Possibk 50 

Total Score/Total Possible 0.60 
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been studied in California. Here we use data 
from other parts of the range (primarily Utah.) 
and cautiously assume that the life history in 
California is similar. 



Heloderma Sl-'Spechun overwinters in bur­
rows on rocky slopes adjacent to lower-elevation 
arroyos and bajadas ( Beck 199 o, Beck 2005). In 
California, it likely emerges in April or early 
May. The species SfM!nds nearly all of its 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 
200 5). H ctodcrmi:i s,upec~u.m is venomous. 
although it is not known to use venom in sub­
duing prey ( Beck i.oo sl. Rathe1 the venom 
probably serves as a predator avoidance mecha­
nism (Beck 2005). 

In California. the dail}' activity pattern is not 
welt 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 (A1izona), ma.les leave 

their burrows and undertake relatively long 
( ~1 .6 km) walks to visit other burrows in search 
offemales (Bed: 2.005)- \Vhen males encounter 
each other during this period of activity, pro• 
longed maJe-male combat may ensue. This 
behavior entails males entwining one ,mother 
and attempting to pin one another to the 
ground (Beck 2005). The time required for 
eggs to hatch is poorly characterized. although 
young appear in the spring, which suggests 
that they O',lerwinter in the burrow before dis­
persing. Elsewhere in the range, se:xual matu­
rity develops 1n 2.-3 years, and adults are prob­
ably long-lived {> 20 years) (Jennings 1984, 
Beck 2005). This species appears to be highly 
susceptible to water loss, which partially 
e,cplains its relatively sedentary activity pat­
terns (Bed: :2005). 

Habitat Requirements 

Heloderma suspect urn occupies a relatively wide 
variety of desert habitats throughout its r.inge. 

In California. it is known primarily from a few 
desert mountain ranges in the eastern Mojave 
Desert. It inhabits rocky slopes, arroyos, baja-

das, and washes, and is presumably Limited on 
a larger scale by the availability of summer 
rainfall in the California deserts. Areas that are 
known to support this species receive a moder­
ate amount of their total annual rainfa 11 during 
the summer months (2.4% of the total), which 
is similar to th.e pat~rn in adjacent a.reas of Ari­
zona that also support this species (39% of 
total; Lovich and Beaman :wo7). On a more 
local scale, distribution may be controll~ by 
the availability of relatively deep burrows, the 
presence of food, and avai1ability of riparian or 
xeroriparian habitat (Lovich and Beaman 
.2.007). Preferences for certain burrow condi­
tions apparently exist but are poorly understood 
(Beck 2.005). Individuals frequently return to 
specific burrows while leaving others, appar­
ently suitable ones, unoccupied (Beck 200,~. 
Adult Gila monsters are kn(l',l,j'n to return Lo the 
same burrows year after year, showing remark­
able horning ability and apparent knowledge of 
the location of many dHTerent 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, alth.ough many records are asso, 
ciated with large and relative high mountain 
ranges as wdl as wi1h riparian areas (Lovich 
and Beaman 2.007) 

Distribution (Past and Pment) 

Hdodr:rrna 51-15pi!ch . .1m ranges from extreme 
southwestern Utah. through southern Nevada. 
southwestern Arizona, and south to Sinaloa, 
Mex1co. In California, the species 1s known 
from 30 records in the Kingston, Providence, 
Clark, Piute, and Chocolate Mountain ranges 
(Bradley and Deacon 1966, De Lisle 1979, Ford 
1981, Bicket 1982.. De lisle 1983. Ford 1983. 
Lovich and Beaman 2007, Ruppert 2010a, Rup• 
pert 2010b, Lovich and Haxel 2.on). Lovich and 
Be.i.man (2.007) reviewed 26 records in Califor­
nia_ Four additional records a.re now known. 
On 29 May 1993, a single adult H. s1-1s~ctum 

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 snow an animai with the banded 
pattern typical of other animals found in Cali­
fornia (we indude the dearest 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 
2otob). The most recent record that we are 
aware of from California was documented on 7 
May 2.015 in the Mesquite Mountains of Cali­
fornia. A single adu1t 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) , Lovie h and Haxel 
(20n) report an additional credible sighting 
from Black Mountain in the southern Choco­
late Mountains that occurred on 30 April r974 
as well as a second record from the same vicin­
lty that is less we]I substantiated but may be 
c1edible. ln addition, old 1ecords from the vicin­
ity of B]ythe. th.e Lower Colorado River in Impe­
rial County, Chuckwalla Valley, and the Mojave 
River are in the Jiterature but are less well sub­
stantiated th.m the more recent records (Wood­
son 1949, Funk 1966, Tinkham 1971, Lovlch 
and Beaman 2007}. The species m.ay also occur 
in a few additional desert mountain ranges in 
Ca1ifornia where records have not yel 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 
Heloder11u1 habitat. Other large and potentially 
suitable mountain ranges in the area include 
the Whipple Mountains, Turtle Mountains, 
Chemehuevi Mountains, and the Chuckwalla. 
Mountairis (Brown and Carmony l991, Lovich 
and Beaman 2007) . 

Trends in Abundam;:i: 

No data. exist on the current or historica I abun­
dance of this taxon in California.. Elsewhe1e in 
the range, the species exists in low densities 

(maximum recorded is -10 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. 

Nature ond Degree of Threat 

The principal threats facing Hdode.rma s-1.1.speG­

t~m 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. 

S1atus Determination 

The almost complete lack of information an 
this taxon in the sta.te, 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 aboLLt the ma~nitude 
of threat in this species, we tt!frain from assign­
ing it a priority at this time. 

Mar1agernent Recarnmendr:,iians 

Management recommendations are extremely 
difficult to formulate other than to protect habi­
tat known to support this species from modifi­
cation. Activities that might collapse or other· 
wise destroy burrows. including intense 
livestock grazing and mining activities, should 
be avoided in areas suspected of harboring 
Hdodi:rmcz s~spectum populations. Sightings 
of this infrequently encountered species 
should be submitt~d to the California Natural 
Diversity Database or other natural history 
databases (e.g., the LACM RASCals project, 

http ://www. nhm.ors/site/ activities-programs 
/cit1zen•science/rascals). 

Monitoring, Research, cmd Surw:y Needs 

It may be impossible to study this species in the 
field in Ca1ifornia because it is so rarely encoun­
tered. However, opportunities to do so should 
be pursued. Telemetric data, in particular, 



would be difficult to gatht:r because this spe­
cies is encountered so infrequently, l>ut "WOu]d 
aha be an important step in enabling the col­
lc-<:tion of additioruil information about Califor­
nia populations. We recommend modeling 
the climate envelope (apable of supporting 
Helodcrma suspecti.im 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 e1,en.ts probably have the best 

chance at identifying additional populations. A 
key prior1ty for future sightings of this species 
is to collect nonlethal genetic samples that can 
then be compared to those collected from else­
where in the range. These tissues will he1p to 
clarify intraspecific varfation in the species 
and, if enough samples can eventuaHy be col­
lected, have the potential to supply information. 
about distinctiveness and isolation or popula­
tions inhabit1ng different mountain ranEles in. 
the state. 
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COAST HORNED LIZARD 

PhrynosomQ b/QirwilHi Gray 1839 

Sia!us Summary 

Phrynosoma blainvWii is a Priority 2 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 49% (54/uo~. During the previous 
evaluation, it was also considered a Species of 
Special Concern under the name P. curoMtl'm 
(see the ''Taxonomic Relationships'' section) 
(Jennings and Hayes 19943). 

!denti_fitaeiorr 

Pkrytt1>soma htainvUtii has the typical oval, flat­
tened body form of a. horned lizard and reaches 
a maximum SVL of 11.4 cm (Stebbins 2003). It 
has. row oflarge horns behind the head, with 
th.e two central horns usually longer th.an the 
rest and separated at their base. Two rows of 
large pointed fringe scales run down each side 
of the body. Large pointed scales also occur on 
the thro.1t jn two or three rows on each side. 
The dorsum of the body and t.il have randomly 

scattered Large, pointed, keeled sea.Les. 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). 

Ranking Criteria (Maximum Scorel Score 

i. Range size (10) 0 

ii. Distribution trend (25) 20 

iii. Population rnncentr.ition/ 0 
migration (10) 

iv. Endemism (10) 7 

v. Ecological toleranc~ (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to dimat.e change (10) 3 

viii. Projected impacts <t0) 7 

Total Score 54 

Total Possible 110 

Total Score/Total Possible 0.49 
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Phryl'IOSOm.11. biai1111Wii may~ confused with 
the desert horned lizard (P. platyrhin.os} where 
the ranges of the two species meet in a small 
region of the southern and eastern part of the 
range of P. blain.villi.i in California. Phrynosoma 

plu~yrfiino5 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. 

Ta:t0nomic Relat/or,ships 

Phrynosoma blain.vil!ii is a member of a species 
complex that ~s had a tumultuous taxonomic 
history, with several species and subspecies 
recognized by different researchers over time 
fKlauber 1936. Reeve r952. 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 rna:,t homed liz. 
ard if. c. Jroniale) and Lhe San Diego coast 
horned lizard (P. c. bla:invillii). Recent studies 
on morphological, ecological, and genetic. varia­
tion among populations support the recogni­
tion of only a single taxon in California, P. 
blai,wi!Cii, leading to a r~ised species.level tax­
onomy t!tat restricts the species name P. coro-

11,atum to populations in Baja California Sur, 
Mexico {Montanucci 2004, Leache et al. 2009). 
Three clades have been identified in California 
based on mitochondrial DNA: northern Baja 
California, southern California. and northern 
California (Leach~ et al. .2009; see "Distribu­
tion~ trend). However, two nucle:ir loci did not 
distinsuish among the clades in California, 
and ecological and morphological data show 
substantial overlap among the clades {Monta­
nucci 2004, Leache et al. 1.009). Therefore, we 
do not recognize any of these dades as cons er• 
vation units at this time. 

Life Hi:.klrv 

Phrynosomo. blai,wi!lii adults are typically active 
in California from february to November, with 
peak activity betw~ n April and July ( Banta ancl 
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Mor.afka r9G8, Hager and Brattstrom r997, 
Fisher et al. 200.2, Alberts et aL .2004, Gen;on 
20n} . Hatchlings are active from mid to late 
summer into No~mber (Banta and Mora£1:a 
1968, Hager r996, Hager and Brattstrom 1997, 

Fisher et al. z.ooz. Alberts et al. 2.004). Diurnal 
activity swJtches 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. Goldberg (t983) looked at reproduc• 
tive condition in 164 specimens collected 
mostl}' 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 u-r2 eggs {Steb• 
bins I954, Howard 1974, Pianka and Parker 
1975, Goldberg 19&3). Goldberg (1983} reported 
that a single remale appeared to be yolking a 
second dutch, suggesting the possibility for 
multiple c1tLtches per year in this species, 
though how common this may be is unknown. 
[n 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 1975) . Montanucd 
(1968) observed mating in the field as Late as 
May in Merced County. Howard (1974) 
observed .25 mm SVL hatchHngs in late fuly 
and early August in northern Baja California. 
These animals had attained sizes averaging 4~ 
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 aud 
Parker (1975) reported minimum female SVL 
at maturity as 7} mm in Baja California and 
southern California. Goldberg (1983) reported 
that the smallest mature males were 62 mm 
SVL, a.nd the smallest females were 73 mm 
SVL in southern California. 



Annual adult survival estimates from ndio­
tracked animals in Rjverside County were 

roughly twice as high for males as females: 
males 62% 195%, CI 42-81%1 and females 
34 % (95%, Cl 15-53%) (ei;timates c.tssume ani­
mals of unknown fate are dead; Alberts et al. 
20 04). Most deaths were due to predation (31% 
bfrds. 23% snakes). followed by rood mortality 
(15%), with the rest due to unknown causes 
(Alberts et al. 2004}. Average home range size 
varied from 1.9 to 4.0 ha a.uoss 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 13-3°C to J9-4°C (mean 34.5°C), and 
hatchlings had a narrower range of tempera­
tures rans1ng from 21.I°C to 41.1°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.J"C (Alberts 
et al. 2004). Gerson (wu} reported capturing 
lizards when surface temperatures were up 
to 6fC in a Merced County population. 
Pianka and Parker (J975) reported a mean field 
active body temperature for 15 animals of 
36.7•c. The critical thermal minima and 

maxima are -3°C and 46.7"C, respectivdy 
(Brattstrom 19 65). 

Anis can make up 90% of prey itemi; and 
45% of prey volume in stomach contents (n ~ 

214; Pianka and Parker 1975), although many 
other insect prey are also consumed depending 
on avaifability (Stebbins 1954, Miller an.d Steb­
bins 1964, Alberts et al. 2004). About half of 
the prey found in scat was Pogonomyrme;,; ants 
(P. nigosu5 and P. californicus) (Riverside 
County; Alberts et al 2004}. Other ant prey 
and non-ant insects were taken as well. In 
Men::ed 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 Threatn section for effects of 
nonnative ants. 

Habitat Requirement5 

Phry.nosoma bloinvillii is found in a vadety of 
habitat types, inc1uding sage scrub, dunes, allu­
vial scrub, annual grassland, chaparral, oak 
woodland, ripa.rian woodland, Joshua tree 

woodland, coniferous forest, and saltbush 
scrub (Grinnell and Grinnell 1907, Klauber 
1939. Stebbins 1954. Banta and Morafka 1968. 
Montanucci 1968, Tollestrup 1981, Hager and 
Brattstrom 1997~. However, microhabitat pref­
erences are much narrower. Phrynosmna blain.­
viliii needs loose, fine soils for burrow1ng, open 
areas for thermoregulation, and shrub cover for 
refugia (Jennings and Hayes 1994a). In undis­
turbed sage scrub hi!bitat in Riverside County, 
animals pref erred leafy plant species with rela­
tively dense fo1iage for cOYer, overwintering, 
and aestivation (Alberts et al. 2004). [n the 
absence of shrubs, P. blciiMvillii may rely instead 
upon California kansaroo rat (Dipodomys ca.li­
for~icus) burrows for refugia (Shedd et al. 
2.on). In a mark-recapture study in San Ber­
nardina and Riverside Counlies, Hager and 
Brattstrom (1997) observed P. blain.villii in 
the open 64% of the time, in the shade of veg­
etation 14 % of the time, next to vegetation 7% 
of the time, and in rodent burrows 5% of th€ 
time. 

[>itfall trapping at 21 sites in 4 counhes in 
southern California revealed that within sites, 
P. blainvHlii abundance was positively correlated 
with the presence of organic soils and chaparral 
vegetation and negatively associated with non· 
native Argentine ant (Linepichema kwmilc) pres­
ence (Fisher et al. 200.2}. At a larger scale. the 
abundilnce 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 a.bundance, P. blain.L"illii presence was 
positive]y associated with sandy soils and 
chaparral vegetation and negatively associated 
with. Argentine a.nt presence. 

0;1trib"tion {Pu5t and Present) 

Phrynosomi:i blain.vil!ii occurs from northern Baja 
Ca1ifornia north alons 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 (Leachc et al. .2009). The 
sou1hern and nonhern California clades (see the 
UTaxonomic Relationships" section) roughly cor­
respond in range to the previously ~rngnized 
subspecies Phr1mo.soma coronatum blainvillii iind 
P. c. f ron~lt:, respectively. The northern Baja. 
California dade extends from Ensenada, Mexico, 
north into San Dlego County. The southern Cali­
fornia dade s1isht1y 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 

Ranses. 
Historically, this sped es 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. lhe San Joaquin Val1ey. 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 
19 8 8<:). 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 Ha.yes (1994a) estimated that P. 
blai.nvilW has disappeared from 35% of its his­
torical range in northern California and from 
45% of its historical ran Be in southern Califor­
nia. Remaining populations in the northern 
end of its range in the Coast Range and in the 
Sierra Nevada foothHls from Butte County to 
Fresno County are highly disjunct (Jennings 
and Hayes 1994a; J. Shedd, pers. comm.) . 

Trends in Abundance 

Declines in the early deca.des of the twentieth 
century were partly due to collecting for the 
curio trade in the Los Angeles basin. Jennings 
{1987) estimated that at least n5,ooo Phryr.o-
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soma bJainviJIH 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 19n, Van 
Denburgh 19 zz) . A.griculture and development 
bas led to declines in more recent decades (see 
the "Nature and Degree of Threat'' section). 

It is very difficult to estimate population 
sizes for horned Hzards because their cryptic 
coloration and behavior make them difficult to 
detect. In sage scrub habitat in Riverside 
County, P. bfoinvillii density was estimated as 
3-4 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. :,.004) . ln Merced County, Ger­
son (2.011) captured 145 individuals (adults and 
juveniles! on :2.4 ha of transect over an 8-month 
period, roughly 60 liza.rd:;/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 experil'!m:e<l control­
led bums a11d grazing and supported a mix of 
native and introduced plants (Alberts et al. 
:2004, Gerson 201t). 

Nature a,id Degree of Thruit 

Major threats to Phrynosoma blai,wiJ!ii include 
urbanization, agriculture, off-highway vehicle:;, 
flood control structures, energy development, 
and nonnative Argentine ants (Grinnell and 
Grinnell 1907, Montanucci 1968. Jennings 
1987, Jennings and Hayes 1994a; f. 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. bla~nviUii that had appar­
ently died from geUing its horns stuck in an 
ernsion contml blanket. Iutmduce<l Argentine 
ants ha\'€ displaced native ant prey over parts of 
central a.nd southern California and appear to 
be spri:ading largely as a commensal with 
human development {Ward r987, Holway 1995, 
Holway r998). In choice tests, liurds preferred 



n.:i.tive ants to Argentine ants, and Argentine 
ants were not detected in field-collected scat, 
suggesting that tltcy are not commonly ta.ken as 
prey (Suarez et aL :woo), En the laboratory, 
growth rates were lower for animals raised 
experimen1..ally on Argentine ant diets relative 
to native diets (Suarez and Case 2002). How­
ever, lizards will shin their diets to include 
more non-ant prey in Argentine ant-invaded 
areas (Suarez et al. 2000). 

The effects of wildfire on P. blainvittii are 
complex and only beginning lo be stmlietl. [n 
southern California, capture rates increased by 
a.bout 30% in chaparral habitat a few y-ears post­
fire compared to unburned reference p]ots 
{Rochester et al. 2.010}. No changes were 
detected in coastal sage scrub habitat, though 
botlt habitat types lost substantial ~getative 
cover. Tlte positive response to fire jn chaparral 
was likely due to the creation of open habitat 
and the fact that an1 prey communities 
appeared to be unaffected (Rochester et al. 
2010). Howi;>VC'r, the proportion of plots occu­
pied in chaparral habitat decreas~ in response 
to fire. possibly due to direct mortality effects of 
Rre. Population increases in burned areas were 
hypothesized to be due to recolonization from 
unburned refugia. If so, then the timing and 
distribution of fire across the landscape would 
affect how lizards are able to respond and 
whether the net effect of fire on popula~ions is 
positive or negative. Additionally. monitoring 
for this study detected very few P. blair..villii in 
srassland habitats. Because repeated or high­
intensity fi~s can lead to conversion of shrub­
land to grassland, this also represents a poten­
tial threat. 

Under climate chanse, the probability of 
large (::>200 ha) fires and area. burned is 
expected to increase in the northern coastal 
part of the range and the Siemm foothills, and 
be Jargely unchanged in the Central Valley 
(Fried et al. 2004, Lenihan et al. .:i.oo8 . Wester· 
ling and Bryant 200S). In the southern part of 
the range where wildfire is common, the~ is 
little consensus on future fire dynamics because 
of the difficulty in modeling Santa Ana weather 

events {Westerling et al. 2004, WesterJ1ng and 
Bryant 2008). Land use in the Central Valley is 
predominantly agricultural; thus, habitat avail­
ability is Likely to remain low in thfa area. Else­
wltere in the range, large decreases are expected 
in shrnbland with concomitant increases in 
grassland (Lenihan et al. 2008, PRBO 20n). 

Ssatus Detsrminaliofl 

Documented extirpations and declines i.n this 
species, coupled with a moderate ecological 
sensitivity, justify a Pr1ority 2 Species of Sped al 
Concern status. 

Management Recomme11datiot1s 

Protecting remaining populations from further 
habitat loss and disturbance is tltc most impor­
tant management strategy for this species. The 
presence/absence and abundance of Phryno­
soma blain.villii appears to be determined by 
local, rather than reg1onal-scale factors , so 
management straLegies should focus on pro­
tecting local populations (Fisltcr ~t al. :2.002). 

Bee.a.use they tend to rely on crypsis rather than 
speed for protection, they may be particular1y 
sensitive to land uses that increase the likeli­
hood of anima]s being crushed or kilted, 
including off-highway vehide use and grazing. 
Preventing the spread of Argentine ants into P. 
hluinvillii habitat is difficult but also important 
for the pcrsist<:nce 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 
horned. Lizards jn deveJoped areas. 

Monitoring, Researcl,, ,.md Sur111:y Needs 

faisting populations should be monitored to 
determine trends in population abundance. An 
important research question is the extent to 
whiclt :small habitat fragments, on the order af 
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 ofhuma.n commensal predators, includ­
ing r.i.ccoons, skunks, ravens, and domestic cats 
should be studied, with control measures 
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implemented as feasible. Continued work on 
the effects of A.rgentine ants, including foJ!ow­
up studies on shifts in lizard di~ after their 
long-1erm establishment, would provide 
valua\:ile 1nformation on wnether Phryrzosorni:i 
blcuiivi.Uii can adjust to this widespread invasive 
ant. More research is needed on the effects of 
introduced plants, which may increase cover. 
afft~ct na1ive ant prey, and influence thermoreg­
ulation and locomotion (Germano et al. 2001, 

Alberts et al 2004, Newbold 2005, Rieder et al. 
2010). Grazing and fire can have positive 
effecLs by maintaining open habitat and nega­
tive effects by facilitating the spread of inva-
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sives or througn direct mortality (Kimball and 
Schiffman 2003, Alberts et al. 2004, HilleRis­
Lambers et al. 2010). The effects of cattle graz­
ing on P. blainviUii need more study. Cattle and 
other gra-zers may help maintain open habitats 
that are favorable to P. blaiMviltu but also may 
degrade habitat through soil compaction. The 
net effect of grazing and fire as management 
strategies requires more study and likdy needs 
to be de-.crmined at the site scale. The effects of 
wildfire on P. blaittviUii should continue to be 
stud1ed, particularly given the uncertainty con· 
cer.ning future fire dynamks 1n the soutnern 

part of tne range. 



FLAT-TAILE.D HORNED LIZARD 

Phr,,,,osoma meal/ii (Hallowell 1852) 

StQtus Sunm,ary 

Phrynoson,a mcaUii is a Priority 2 Species of 
Special Concern, receiving a Total Score(fotal 
Possible of~?% 163/110}. During the previous 
evaluation, it was also considered a Spe-cies 
of Special Concern (Jennings and Hayes 

i994a). 

lder1tiji,tJiio11 

Like other horned lizards, Phry1Tosoma mcaUii 
has a round body and is donioventrally flattened. 
It is readily distinguished from oth~r horned 
lizards by a dark middorsal stripe (Smith 1946). 
The two largest h.orns behind the head a~ long 
and thin, the ~il a broad and flat, and two rows 
of fa.teral spines run ~n each side of the body. 
The limbs are long and thin relative to o1her 
horned lizards. The dor:rnm is cryptically 
colored, ranging from pale cream to a lightru~ty 
brown, and the Vl;!ntral surface is white and 
unmarked. Adult9 can 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. 

Phrynosoma mcaLW co-occurs in narrow 
sympatry with the desert horned lizard (P. ~ri­

t}'rhimis) along the Salton Trough in California 
( Stebbins 2.003). The two species are easily dis­
tinguished because P. p~tyrhinos has a single 

Flat, T11iled 1-fornsd Li:umJ: Risk Fuctcm 

Ra.nb::ing Criteria (Maximum Scoce} Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Bndemism (10) 3 

v. Ecologic.al tolerance (10) 10 

vi. Population trend {25) 10 

vii. Vu]nerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 63 

Total PossibJe 110 

Total Score/Total Possible 0.S7 
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row oflateral spines, shorter horns on the head, 
and lacks a dark middorsal stripe (Smith r946, 
Stebbins 2003}. Morphologically intermediate 
animals thought to be hybrids have been 
observed near Ocotil!o, California (Stebbins 
2003}, and near Yum.a, Atizonc1 (Young i.010}. 

Taxonomic Re{Qtionsliips 

Mulcahy et al. (2006) conducted a phylogeo­
graphic study of Phryrnm,ma mcalli~ and P. pla­
tyrhinos. They identified management units for 
P. mc:a/lH on either side of the Colorado River. 
Populations west of the Jmperial Valley were 
historically connected but are now fragmented 
by human development. The Coachella Valley 
population, in particular, appeaTs 10 be highly 
isolated (Mukah.y et al. 2006). 

Life Hi5f.O,Y 

Priry11-0so1na mcaJUi is generally most acti~ in 
the summer and inactive during the winter, 
although lhere is some fle1dbi1ity in their wiuter 
dormancy behavior. Adult activity in the 
Coachella Valley in Riverside County peaked 
from June 10 August, with little or no activity 
observed from November to February (Barrows 
and Allen 1009), At sites in San Diego and 
Imperial Counties, adults entered hibernation 
burrows from early October to late December, 
and smal1er animals entered dormancy later 
1han larger animals (Grant and Doherty 2,006). 

The aYerage onset of winter dormancy occurred 
in mid.November in Cmperial County and Lasted 
for an a"\lerage of 89 days (range 14-138 days), 
with most animals emerging in mid-February 
(Muth and Fisher r99:i). Radiotelemetry studies 
have shown that not all individuals enter this 
distinct period of dormancy (Muth and Fisher 
1992, Wone and Beau(hamp :ioo3, Grant and 
Doherty 2006). Juveniles h.1.ve been observed 
surface-active on warm days in December, sug­
gesting that winter dormancy behavior may be 
more Ae1dble in juveniles compared to adults 
(Grant and Doh.erty 2006). Burrows at sites in 
Imperial and San Diego Counti~s were 6 cm 
deep on average (range 2-17; Muth and Fisher 
1992, Grant and Doherty 2006), Summer bur• 

rows in Yuma, Arizona, were 25-30 <:m deep 
and 70-80 cm long (Young and Young zoo o ). 

Daily activity patterns shift seasonally ( May­
hew 1968, Wone and Beauchamp 2003), A1 
Ocotmo Wells St.ate Vehicular Recreation Area 
([mperial and Sm Diego Counties), P. m~id!ii 
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 :00 a.m. (Wone a.nd Beauchamp 
2003). When substrate temperatures exceeded 
49°C, liurds 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. jn 
Riverside County during July. In outdoor enclo­
sures, Heath (1965) observed shade-seeking 
behavior when body temperatures averaged 
4o"C iind emer~nce from shade when mec:1n 
body temperatures were 34.9~c. Brattstrom 
(1965) recorded hzards at temperatures rang• 
iag from 29.3°C to 41.o•c. 

Breeding activity has been observed in the 
field from early May through 1he end of August 
(Setser :ioo4, Bilrrows and Allen 2009, Young 
2010). Adults emerge from winter dormancy in 
reproductive condition, with testes at maid· 
mum size in males and enlarged yolked folJi­
cles present in females (Howard 1974). Eggs 
are Jaid in burrows dug by the lizards (Setser 
2004) and can be d~posited from 14 to 90 cm 
deep, depending on soil moisture (Setser 1004, 

Young 2010). Clutch sizes range from 2 to 10 

eggs, with the average typically around 5 (Nor­
ris r949, Stebbins r954, Howard 1974, Pianka 
and Parm r975, Setser 2.004. Young 2,010). 

Under good conditions, P. mcallii c.1.n breed 
early in the season, young can attain adult size 
rapidly and breed in their First year. and two 
clutches per season a.re possible {Howard 1974, 

Turner and Medica 1982, Muth and Fisher 
r99z, Barrows and A1len 2009, Young .1010) . 

In multiple-dutch years, th.e first cohort 
emerges in late July or early August at 35-37 
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mm SVL (Howard 1974, Turner and Medka 
r982, Muth and Fisher 1992). These hat<hlings 
may be capable of reproducing in their first 
spring because they can reach near adult sizes 
before entering winter dormancy (Howard 
1974. Mulh and Fisher 1992). The second 
cohort emerges in late August or early Septem­
ber (Howard 1974. Turner and Medka 1982)­

Ho"Wever, these animals are only -38. mm SVL 
in October and may not reach sexual maturity 
until another season of growth has occurred 
(Howard r974, Muth and Fisher 1992). Work­
ing in Yuma, Arizona, Young (2010) obscn-cd 
that hatchhnss 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 1o dry years (Wone and Beau. 
champ 2003, Setser 2004, Young 1.010). Radio• 
telemetry studies al the Owtillo Wells State 
Vehicular Recreation Area found average male 
home range sizes ofI.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 J"idelity, with rew lizards shifting their range 
centers outside of the home range used in the 
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 lo ro.5 ha 
(males) and 1.9 ha (females} in a very wet year 
(Young and Young 2000). In wet years at the 
Yuma, Arizona, site, ma.:c:imum mean daily 
movements were 2.00-700 m, compared to only 
50-roo m in drier years (Young .2010). 

Survivorship has been measured in a few 
populations using radiotelemetry and mark­
recapture methods. At Orntillo Wells State 
Vehicul.n Recreatfon Area, adult yearly survi­
vorship was estimated as approximately 50% 

over a. ,2.year study period (Setser 2004). This 
high survivorship rate was attributed lo the 
scarcity of ground squirrel predators, with only 
5-8% of radio•tagged lizards lost to predation 
(Setser 2004), Similarly, adult survivorship 
over 2 years in 1mperial County was approxi• 
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mately 50%, with half of known mortalities due 
to ground squirrel predation (Muth and Fisher 

r992.). In contrast, 39% (zr/)4) of radfo-tagged 
P. mcallii succumbed to predation at the Yuma, 
Arizona, site in 1 year, with most deaths attrib­
utable to ground squirrels (Young .2010). Pre­
dation rates were only 10% in another year at 
this site iYoung 20m )- Survivorship of hatch­
lings over their first year was greater than 50% 
across multiple cohorts in Coachella Valley 
( Barrows and A Hen zoo 9), Survivorship 
declined in subsequent years to less than 20% 

for .i-year-olds and less th,m 5% for 3-year-oWs 
(Barrows and Allen 2009). Such low survivor­
ship beyond the first year suggests that early 
maturity and mulliple dutches rnay be key to 
positive growth. of populations in the Coachella 
Valley (Barrows and A11en 2009). 

Phrynosoma mcal!ii 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 1975, Turner and Medica 1982., 

Young 2oro}- ]n 106 specimens examined by 

Pianka and Park~r (1975), 97% of prey items 
were ants. While at least II species of ants have 
been identified frorn scats, ants from the gen• 
era Pogonomyrmex and Messor are most com­
monly taken (Turner and Medica 1982). Near 
Yuma, Arizona. ants (mostly genus Pogono­
myrmex) constituted 99% of prey items, with a 

few beetles taken as well (Young zoro). 

Habiwi Rcquircme:nJi 

In California, PhryMso1m1 mc11llii occu~ in sev. 

eral Sonoran Desert hal,itat types, including 
sandy areas (flats, htlls, and valleys}, salt flats, 
badlands, and gravelly areas (Stebl,ins 2003. 
Turner and Medica 1982). While they may pre­
fer areas with a layer of fine, wind.blown sand, 
P. mwllii. 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 Recreahon Area, a site where sandy 
habitats are highly disturbed by off-highway 
vehicle use, P. mcaliii abundance was highest in 



sparsely vegetate<! gravel and mud hills in less• 
disturbed areas (Beauchamp et al. 1998) . 

In the Coachella Valley, P. mcallii were 2.-6 

times more abundant on stabilized sand fields 
than on active dunes ( Barrows and Allen 2009) 

and were not observed in epheme1al sand fidds 
or stable dune habttats (Barrows and Allen 
2010). 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. mcaJlii from ephemeral 
sand fields, habitats that still support P, plfl­
tyrhinos populations (Barrows and Allen 2010). 

Lizards selected moderately compacted sands 
in both stabilized sand fields and adive clunes, 
and this habitat feature may be important for 
maintaining Lhe integrlt}I of burrows while still 
being loose enough for digging (Barrows and 
Allen 2009). 

Distribution (Past and Preunt) 

Phrynomrna mcr:illii is a desert animal with th.e 
smallest range of any Phryl'losoma species that 
occurs in the United States (Stebbins 2003). It 

is found from the Coachella Valley in Riverside 
County south into extreme northeast Baja Ca.Ii. 
fornia and northwest Sonora, Mexico, and east 
to the extreme southwest corner of Arizona 
(Stebbins 2003). The species typically occurs 
below i.30 m elevation, but has been found as 
high a.s 520 m (FTHl [CC 2003. Rorabaugh 
and Young 2009, Turner et al 1980). The cur­
rently occupied range is patchily distributed 
within the histori.cal range. 1n California, these 
areas are 1he 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 Interage11cy 
Coordinating Committee estimated that nearly 
half of the entire range of P. mc~llii has been 
altered by human activities, with 39-43% of the 
historical habil:lt in the V nite<I States converted 
to agriculture, urban areas, or other uses 
(reviewed in FTHL ICC 2003}. The historical 
range of P. mc,dh~ Jn CalifornJa has been esti-

mated at 700,000-900,000 ha, mostly in 
Imperial County but indu ding parts of eastern 
San Diego and central Riverside Counties 
(reviewed in FTHL ICC .2003). Of this histori· 
cal range, the Flat-tailed Homed Lizard lntera· 
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 
(200SJ used niche models to estimate that 
83-92% or 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 suit.able habitat, 2.600 

ha of potential habitat remain in the va.Hey, of 
which only 1400 ha is currently occupied (Bar­
rows et.al. 2.008). 

Trends it1 Ab1.mdonce 
Phrynosoma mcallii has long been regarded as a 

relatively ra1e species (e.g. , Klauber 19~9). Den· 
sity is very difficult to estimate for this cryptic 
species, and earlier estimates were based on 
scat countins methods that are no longer 
thought to be reliable (see the "Monitoring, 
Research, and Survey Needs~ section). Despite 
these difficulties, drarnatk declines ha~ been 
documented in some areas (Turner and Medica 
1982). 

Populations of P. mcalJii appear to naturally 
fiuct uate in abundance, and tlie drivers of these 
dynamics are beginning to be explored. In the 
Coachella Valley, the population declined by 
about 50% per year during .200.2-.2005, result­
ing in an overall decline of 90% (Barrows and 
A11en 200 9 ). However, in 1he following .2 years, 
P. mcallii abundance rebounded to half of the 
2.002 levels {Barrows and Allen 2.009). Unlike 
some other desert species, abundance was not 
correlated with year-to-year variation in rainfall 
(Barrows and Allen 2.010). Instead, increased 
rainfall was nesatively correlated with the 
abundance of ant prey ;ind positively associated 
with increased soit compaction ( Barrows and 
Allen 2009}. Other studies have also found 
associations between P. mmUii abundance and 
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ant abundance (e.g., Turner and Medica 198z, 
Rorabaugh et al. 1987). 

Mark-recapture studies have generated 
minimum density estimates of approximately 
u/ha at Ocotillo Wells State Vehicular Recrea­
tion Area {Setser 2004) to 6.1/ha in [mperial 
County (Turner and Medica r9.!h). Increas­
ingly sophisticated statistical methods for esti­
mating abundance have been employed to com­
pensat~ for the low abundance and cryptic 
nature of P. mrnWi. Grant and Doherty (2007) 

working in Imperial County est1mated densi­
ties from 0.41 to 1.55 lizards/ha at different 
siles, 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 Phrynosorna mcallii pop­
ulations in California, with fnture threats atttic­
ipated due to renewable energy development. 
Phrynasoma mcaUii arc 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. 

Phrynosomu mi:11Uii is negativdy impacted 
by fragmentation, and edge effects can €:<tend 
several hundred meters into undisturbed habi­
tat {Young and Young 2005, Barrows el al. 
2006). Based on surveys of lizard tracks, Bar­
rows et al. {2006) found that P. mi:all!ii in the 
Thousand Palms Oasis Preserve in Coache1la 
Valley, Riverside County, experienced negative 
roge efkcts along the desertjsuburban bound­
ary of the preserve. Phr)!MSoma mcal!ii 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 predator.; such as shrikes and ke:s­
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 eITect on native harvester ant abun­
dance and nonnati~ ants were not detected, so 

the edge effect is probably not due to impacts 
on prey availability ( Barrows et al. 2006). In 
another study in Yuma, Ari:rnna, 90% of 
shrike-killed P. mcallii were within 10 m of a 
road {Young 2010). Nonnative ants and plants 
may also pose a threat to P. mc11!1ii (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 threat.en popula­
tions inside of the Ocoti1lo Wells State Vehicu­
lar Recreation Area {J. Weigand, pets. comm.). 
Such development may lead to habitat 
degradation and loss, as well as increased 
fragmentation, 

Off-highway vehkle use has long been sus­
pected of negatively impacting P, mcal!ii popu• 
lati011s through direct effects such as mortality 
and 1ndirect effects on habitat quality. Within 
protected Management Areas (sec the "Man­

agement Recommendations" section), off­
highway vehicle use is restricted to designated 
areas (Grant and Doherty 2009), Outside of 
these protected areas. approximately 100,000 

ha of remaining habilat may be subject to off­
highway vehicle activjty, an area encompassing 
mot€ than a quarter of remaining habilat in 
California (Grant and Doherty 2009). Grant 
and Doherty (2009) e>:perimenta1ly tested the 
hypothesis that off.highway vehicles crush dor­
mant P. mcailii by controlled rides over radio­
tagged animals in burrows. None of the ani­
mals in their study died or were injured, 
suggesting that direct effects on ilnimals in 
burrows may be w€ak. Direct mortality of 
surface-active P. meed/ii due to off-highway 
vehicle activity has bet!n reported anecdotally 
from some sites {e.g., Turner and M edica 1982, 

Muth and Fisher 1992) . McGrann et aL (2006) 
found that lizard body mass, but not density, 
was higher on sites with low off-highway vehi­
cle impact compare<! to high-impact areas, The 
density of ant mounds (Le_, prey) was also 



higher in low-impact sit.es, supporting the pos­
sibiljty of indirect effects of off.highway vchide 
use on P. mcaUii (Mc.Gra.nn et al. 2006). 

Aside from increases in temperature, the~ is 
little consensus as to how climate change will 
affect the Sonoran Desert region of California 
where P. mca!Ji~ occurs:. Mean annual tempera­
tures are expected to increase, with 22 additional 
extremely hot days per year (where temperatures 
exceed the long-term 95th percentile) and 10 

fl!'M:'r days below o"C predicted {Bell etal. 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 modesl 
increases in mean annucll rainfall up to 45% 
decreases (reviewed in PRBO 2011). This uncer­
tainty jn how precipitation will change makes it 
difficult lo predict how P. m,al!ii will be affected. 
The effi:ct of rainfall timing and magnitude on 
P. mcallii populaLions is likely complex, as 
drought reduces juvenile growth rate and adult 
movement, but wet years reduce prey abundance 
{see the nLife History" section). Haw fire dynam­
ics will change in this ari.a is also highly uncer­
tain (Westerling and Bryant 2008), Little change 
is expected in vegetation communities (Lenihan 
et al. 200B, Stralberg el al. :wo9). 

Status Determination 

The specialized diet of Phryn.osoma mcaUU, its 
low reproductive rates, and small geographic 
range in a highly fragmented region of Califor­
nia contribute to a Priority 2 Sped~ of Special 
Concern status. 

At the federal level, efforts to secure range­
wide protection for P. mcullii have been under­
way for several years, with the species first ickn­
tified as a candidate for listins under the federal 
Endangered Species Act in 1982 (reviewed 
in USFWS :2.ona}. In 1989, this lizard was 
rejected for listing under the California Endan­
gered Spedes Act. Following these efforts, sev­
eral state and federal agencies comprising the 
Flat-tailed Horned Lizard lnteragency Coordi­
nating Committee signed a voluntary conserva­
tion agreement, which resulted in the protec-

lion of management and research areas and a 
plan for monitoring the species (Foreman 
1997). In 2003, the range-wide management 
strategy w.as. updated, provid1ng reviews of biol· 
ogy. threats, and management recommenda­
tions for P. mca{lii (FTHL ICC 2003). In 2011, 

P. mcaltii was again denied federal pro1cction 
under the Endangered Spedes Act (USFWS 
2ona). In broad terms, the USFWS concluded 
that the threats to P. m,alW that initiated con­
sideration for listing have been largely 
addressed by management efforts {USFWS 
2011a)- However. P_ mcaltii populations con­
tinue to face a variety of threats throughout 
their range in California. 

Mcmagement Recomme11da1frms 

The main management actions that can sup­
port Pfiry11osoma mcallii populations are those 
that limit habitat disturbance and destruction. 
Development that leads to habitat conversion or 
fragmentation should be avoided or limited in 
P. mcallii habitat. Renewable energy projects 
should consider potential nEgative impacts on 
P. mc11Uii. Limiting off-hif!:hway 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 baniers to population connectivity, The use 
of pestidd€s in or near P. mcallii l1abitat 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 Stales­
Mexico border. Assisted migration may be 
important for ensuring gene Aow across obsta­
cles such as fences along the United States­
Mexico border. Restoration of degraded habitats 
could include activitie5 such as manipulating 
soil properties, remO"Ying or controlling nonna­
tive pl.ants, and repl.mting of native plant spe 
cies that provide food for harvester ants and 
open habitat for P. mccillii. 

FLAT•TAILED HORNED U'l"kll .!"3l 



The Flat-tailed Horned Lizard Interagency 
Coordinating Committee has implemented a 
management sirategy for P. mcallii (FTHL ICC 
2.003). Jn California, this str11tegy 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 speciei; including 
the Borrego Badlands, West Mesa. East Mesa. 
and Orntillo 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 {FTHL 
ICC 2003}. 

Monitoring, Research, rmd Surve)I Net.ds 

Monitoring Phrym•soma m.c11Uii is difflcult 
becau:sl:! this species is cryptic, population 
abundance fluctuates, and densi1ies are often 
low. This results in low detection probabilities 
overall and a high desree of varfation in detec­
tion probability with respect to different observ­
ers, habitats, substrates, and seasons. Pnryno­
som a mcaliii is cryptically colored and also 
exhibits cryptic behavior, tending to freeze 
and/or bury itself in the sand instead of fleeing 
(Bryant 1911). Young (2mo) observed that 
radio-ta9ged individuals in Arizona were 
almost always motionless when approached, 
but tracks showed that the animals ran 1-2 m 
to reach the caver of twigs or ~getation, then 
froze to avoid detection. Over 25% of the time, 
fleeing inJividua]s also shuffled into the sand 
(Young 2010). Such crypsis results in a strong 
effuct of observer ex:perience 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
ability of seeing lizards if they are present} inta 
mark-recaphue estimates of population almn-
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dance (e.g., Grant and Doherty 2007, Royle :md 
Young 2,008). Detection proba.bilities ranged 
from o.oG to 0.1~ (Young .20!0) to as high as 
o.p, on sandy plots intensively searched by 
experienced observers (Young and Royle 2005). 

Range-wide monHoring by members of the 
FTHL ICC from 2005 to 2012 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 difficLilt, unless 
declines are severe. As an alternative, Young 
(2010) recommended monitoring presence/ 
absence over large areas using scat surveys. 

Scat counts were commonly used into the 
199 os to estimate abunda nee, but their rel iabil• 
ity for measuring density has subsequently 
been questioned (e.g., Muth and Fisher 1992, 

Beauchamp ct al. 1998). However, scats have 
been shown lo be a good indicator of p_ mcallii 
presence, at least in areas where con~ners are 
absent (Young aJ'.ld Royle 2005}. If scats are 
present on a 0.75 ha plot, there is a >99% prob­
ability of an observer detecting them within an 
hour (Young and Royle 2.005). Young (2010} 

proposed that such scat surveys could be useful 
for delineating occupied habitat across large 
.1reas and that monitorinB changes in silJ:! occu• 
pancy over time might be a more viable moni­
toring strategy than trying to estimate 
abundance. 

In addition ta improved monitaring strate­
gies, other research needs include determining 
the effects of introduced species, the design 
and efficacy of road-crnssing structures, and 
landscape genetic studies of population con­
necti,•ity, An additional important research 
problem is to identify and monitor processes 
tha1 reduce the abundance of ant prey and/or 
affect sand compaction {Barrows and Allen 
2.009). Monitoring for the spread of Argentine 



ants, which have been shown to negatively 
impact P. blrii11vi!Ui. may also be wuranted, 
especially along suburban-desert boundaries. 
Argentine ants have invaded the Coachella Val­
ley but to date are not known to have moved 
into P. mcallii habitat (Barrows et al. 2006). 

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 a re suspected to negatively impact 
horned lizards by reducing the availability of 
open habitat and seed-producing plants and by 
impacting Locomotion {Germano et al. 2001, 

Newbold .2005, Barrows et al. 2.009, Ril!der 
et al. 2010). lntroducoo plants sucb as tall-

growing or Sahara mustard (Brassica 

tet1miefonii) now occur in P. m.caUii habitat, and 
the effects of these species require further 
study (J. Shedd, pers . comm., Barrows 2012). 

Barrier fences tltat prevent lizard access to 
roads have hf.en successful in Yuma, Arizona 
(e.g., Gardner et a.1. 2004), and may be benefi­
cial in targeted areas in California. However, 
more research is needed into crossing structure 
design and siting to prevent further fragmenta­
tion of populations. Finally, a dearer under­
standing of the extent of habitat fragmentation 
(using botb genetic a.nd mark-recapture meth­
ods) and haw it affects population viability is an 
1mportant research need . 
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COLORADO DESERT FRINGE-TOED LIZARD 

Urria rJQtata Baird 1858 

Stai:u5 Summary 

Uma 1t0latc.i is a Priority z Species of Special 
Concern, receiving a Total Srore{Total Possible 
of58% (64/110). During the previous eva)ua­
tion, it was also cons1dered a Species of Specia] 
C.Oncern (Jennings and Hayes 1994a). 

Identification 

Um" notata is a medium-g.jzed lizard (7.0-12..2 

cm SVL) with a moderately flattened body, a 
countrrsunk lower jaw, keeled labial scales, pro­
jecting row of poinlt!d scales on the toes, eyelids, 
and ear openings that form a fringe (Cope 1894, 
Heifetz r94J, Stebbins 1954, Stebbins 2003). 
1he 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 l941)_ The dark dorsal co1oration fades 
to reddfah brown on the head and legs {Van Den­
burgh 192:2). The undersurface is white. with 
prominent dark ~ntrolateral spots or bars on 

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 1954). 

Ranking Cri1eri~ [Muimum Score) Score 

i. Ranse size {10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ O 
migration (10) 

iv. Endemism (10) 0 

v. Ecologica) tolerance (10) 7 

vi. Population trend (ZS) 15 

vii. Vulnerability to dimatechange (10) 7 

viii. Projected impacts (IO> 10 

Total Score 64 

Total Poosible 110 

Total Score/TQtal Possible 0.58 
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Orange coloration may also be present around 
the eye. 

Uma ,rntuta cm easily be confused with :its 
congeners in California, 1he Coachella Valley 
fringe-toed lizard ( U. inorriata) and the Mojave 
fringe-toed lizard (U. scoparia). although none 
of these species have overlapping ranges. Uma 
irl{)rnata. lacks the large and prominent blotches 
on the ventral surface, although small black 
spots may be present (Stebbins 2003) . Uma sw­
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 2003). The sympa.tric zebra-tailed ]iza.rd 
(Callisa1mlS drnconoid,s) also has black bars on 
the tail, although these form bands that encir­
cle the tail rather than being present only on 

1he underside. Callisaurus also lacks fringes on 
both 1he toes and the ear openings and has an 
overall slimmer body shape (Stebbins 2003}. 

Ta1<onomic Refoi;onships 

The taxonomy of the fringe-toed lizards has 
b~n confusing since their original description 
a.nd remains somewhat controversial. Uma 

110tata was initially described from a single pre­
served juvenile specimen in poor condition 
( Baird 185S). The initial description of morphol­
ogy was inadequate to diagnose the taxon and 
provided details on colon1.tion specific to the 
poorly preserved specimen ("light pea green, 
spotted with darker green"} c1nd an inaccurate 
type locality ("Mojave Deserr). An expanded 
description was later provided by Cope (r894, 
18956), which helped clarify the dis ti nctivenegs 
of the ta:wn. Heifetz (c941J provided a thorough 
morphological analysis of the genus and con­
cluded 1h.at U. n.ot~ta should be treated as a spe­
cies separate from the other two California spe­
cies ( U. iriorna!o and U. scopiiria). However, 
these three species are closely related and their 
treatment in the literature h.as shifted between 
subspecies {of U. notata) and full species (Steb­
bins 1954, Norris £958, Mayhew 1964a, May­
hew 1964b, Adest 1977, Zalusky et al. 1980). 

In addition, some authors recognize two 
subspecies within U. nolata. Uma notata rllfop-

un.ctata (Cope 18956} ranges through Arizona 
and northwestern main.land Mexico, while U. 

n. notala is present only in California. Analr,;es 
of rni1ochondrial data susgest that these two 
subspecies do not form a monophyletic group. 
Rather. U. n. nC1lata is sister Lo U. inomiztt.1 to 
the exclusion of U. n. rufopunctcita jWilgen­
busc.h and De Queiroz 2000, Trepanier and 
Murphy 2001). Trepanier and Murphy (2001) 

noted that the mitochondrial DNA implied 
either that U. incm1ata should be considered 
part of U. no~ia or that U. n. n.otata. should be 
elevated to a full species and that U. 11. rufop· 

uni;tci.ta contains two species (one of which is 
cryptic and had not previously been recog­

uized}- They p~fetred this latter arrangement, 
although this has not been formally presented 
to date. Herc, we treat U. nota~a a.s a. full 
species, separate from U. 11., rllfop,mcttwJ. Fur-
1het senetic analyses using multiple independ­
ent sequence markers are n~eded to clarify 
these species boundaries, as well as the phylo­
genetic relationships among species and 
subspecie-s. 

Lif~ History 

To the e><tent that it has heen studied, the life 
history of U. notat" is essentially identical to 
that of U. swparia.. This species Sp€dalizes on 
fine windblown sand habitats and possesses 
several behavioral. morphological. and physio­
logical adaptations allowing it to do so (see 
account for U. scoparici.) . This species has a 
yearly activity cycle that is similar ta V, sco­
paria, becoming surface-active as early as Feb­
ruary, b~eding between Apri] and July, with 
egg layin1;1 in May-July and youns appearing in 
September (Stebbins 1954, Grismer 2002, 

Stebbins .200}}- The two species also exhib1t 
similar daily activity patterns and behavior. 
They are known to differ in tne pattern and 
cadence of ~pushups" used in territorial dis­
plays, which may have served as a behavioral 
isolating mechanism (Carpenter 1963). Uma 

r1-0~ci.ta. has a seneralized die1 composed 
of leaves, nowers, seeds, and a variety of 
small arthropods that is similar to the diet of 



U. Jcoparia {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 ID those of Uma 

scoparia and are described in that species' 
a{count. 

Ditfribution (Peat ond Pre.tent) 

Umo. ,wtatll r.mges from the southeastern corner 
of California north and west to the Sallon Sea 
and the northeastern corner of San Diego 
County. Outside of California, it ranges farther 
south into Baja Ca1ifornia, Mexico, to a latitude 
roughly parallel with the mouth of the Colorado 
River (Jennings and Hayes 1994a, Grismer 
2002). The s~cies· known elevational range 
extends from 74 m below to 180 m above sea level 
(Jennings and. Hayes 19943, Stebbins 2003), 

Few distributional declines have been docu­
mented, although we presume that they have 
occurred tn some areas that have lieen heavily 
impacted by off.high.way vehicular use, as well 
as in areas that have experienced heavy develop­
ment (see the •Trends in Abundance" section). 
In particular, agricultural de11elopment has 
eliminated habita1 in ex1ensive areas around the 
Salton Sea (Jennings and Hayes 1994a). 

Trends i'n Abuf'!dan,e 

Few data regarding historical Urn a notata pop­
ulation densities exist, although survey data 
strongly suggest that onsoing declines are 
occurring in areas that ei.:perience off.highway 

vehicle use. Luckenbach and Bury (1983) con­
ducted surveyg 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
h.ighway vehicle-impacted plots was signifi­
cantly lower than nonimpacted areas. 

Notur4l and De:gru of ThreQt 

Uma notata is experiencing many of the same 
threats as U. :;cop1Zria. Habitat loss due to off. 
highway vehicle damage and habitat destruc-

tion due to human activities is the greatest 
immediate concern. Luckenbach and Bury 
(1983) demonstrated major decreases in abun­
dance from off-highway vehide use due to 
direct mortality md decreasing vegetation den­
sity and quality. Off-highway vehicle use in 
Um.a. habitat also causes increased rates of tail 
loss and nearing loss, neither of which are fatal 
but both of which decrease individual fitness 
(Brattstrom and Bondello 1983, Luckenbach 
and Bury 1983). Clima.te ch.ange models for 
this region predict relatively sharp increases in 
mean temperature of up to :l.

6 C. The impact of 
such increases on U. noi,:iia 1s not known but 
should be a high priority for foture research . 
Other threats include increasing predation 
assodated with human commensals and the 
more general problems associated with reduced 
population size and fragmentation. See tlte U. 
scoparia account for additional discussion. 

Sft1tl/s Determination 

Uma notaw specializes on a habitat which is 
uncommon, patchy, and undergo1ng signifi­
canL degradation, and this is the primary justi­
fication for this Priority z designatfon. Several 
populations of this species appear to be stable, 
and some of the habitat occurs on pro\ccted 
land: thus, a nigher-priority designation is not 
rnnently justified. 

Management Recommendations 

The primary management need for Uma noti:ita 

is habita1 protection. Protecting sand dune habi· 
tat &om the impact of off-highway vehicle use 
alone will significantly increase the probability 
of long-term survival of this species in Califor­
nia. Habitat conversion for housing, agricul­
ture, and solar/wind eneri,::y may all have 
strongly detrimental effects on U. ,10tata, and 
the limited distribution of the species requires 
that impacn; be reviewed on a project-by-project 
basis. Over the longer term, jncreasing tem­
perature and potentially decreased precipitation 
due to climate ch.ange (PRBO 2.ou} could also 
lead to habitat loss, which may require the 
development of additionill management actions. 

COLORADO DE5EIIT FRI NCiE·TOED LIZARD :z37 



Given their strong association with windblown 
sand habitats, all species of Uma m.ay be subject 
to local extirpations with limited opportunities 
for na1ura1 recolonjzation, and human­
mediated gene flow may be necessary to main­
tain such populations. 

Monitoring, Rruu1rch, a11d Survey Needs 

The monitoring needs for Uma rzotata are 
essentially identical to those of U. sc.oparia. 

O\'era.ll, less of U. notata's range occurs on pro­
tected land, so these monitoring efforts (a.nd 
accompanying habitat protection) are needed 
more urgently for this taxon than for U. sco­

paria. The impact that habitat mod ifi.cation may 
have on U. n<J~a~a. populations is an area in need 
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of additional study. Two genetic needs are criti• 
cal. Firs1, the species boundaries of Uma, 

including the distinctiveness of the subspecies 
of U. n. rufopunctata and the resolution of the 
number and identity of species contained 
within the genus, require a multi-1ocus nuclear 
dataset to complement initial work using mito· 
chondrial DNA (Tr~panier and Murphy 2001). 

Second. landscape genetic analyses quantif}'ing 
the extent of past and current gene flow among 
isolared or semi-isolated populations ar~ needed 
to better understand how to manage landscapes 
and have the leas1 possible impact on meta.pop­
ulation dynamics and future population 
viability. 



MOJAVE FRINGE-TOED LIZARD 

Uma scoparia Cope 1894 

Status S1Ammory 

Umo scopeJria is a Priority 3 Species of Special 
Concern, receiving a Total Score/Total POS6ible 
of 55% (61/no). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Jdentijicatioi, 

Um'3 scop~riii is a medium-sized lizard (7.0-
n.4 cm SVL) with a moderately flattened body, 
a countersunk lower jaw, keded labial scales, a 
projec1ing row of poin1ed scales on the toes, 
eyelids, and ear openings that form a fringe 
(Cope 1894, Stebbins 1954). The dorsa.l ground 
coloration is black and is heavily covered, with a 
pattern of white or tan ocelli with blackigh to 

~ddish centers th.it do not form lines o-ver the 
shoulders (Cope 1894, Heifetz 194r, Jennings 
and Hayes 1994a, Stebbins 2.003). 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 

S1ebbins 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 ba~ along 
the underside of the tail (Heifetz 1941). The 

Mojalli! f"rince-Toed LJzard: Risk f"acton 

Ranking Criltria. <M311:irnurn Saire) Score 

i. Range si2e (10) 10 

ii. Distribution trend {25) 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (lOj 7 

v. lkologica.l tol!!!rance (10) 7 

vi. Population trend (25) 10 

-vii. Vulnerability to di mate change (10} 7 

viii. Projectecl impacts (10) 10 

Total Score 61 

Tot.al Possible 110 

Total Score/Total Possible O.S5 

MOJAVE IIUKG~•TOED LIZAi:Il 2.39 



118"O'0'W 

• Museum Ratxird 

• CNDDB, BIOS, or Conlributor 

MOJAVE FRINGE-TOED LIZARD 
Uma scoparia 

- RMgt:1 

<:) USDA Ecoreglon 

PHOTO ON PR Ev, 0 US PACE: Mojave fringc-toN li:z:aro, San Bernardino County, California. Courtesy of wkc Mahltt. 



throat 1s marked with naITow crescent-shaped 
black bars (Cope 1895b, Heifet:z 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 

2.003). 

This species could be confused with its con· 
geners, the Coachdla ValJey fringe-toed lizard 
j U. inor11ci:ta) and the Colorado Desert fringe­
toed lizard ( U. notata). Um.a trt.0rt1.att1 has 
greatly reduced, or lacks altogether, the con­
spicuous black spots on the sides of the belly 
and has ocelli that tend to form lines over the 
shoulders. Um.a l"lota~a usually has diagonal 
lines on the throat rather than crescent-shaped 
lines and has ocelli that tend to form lines aver 
the shoulders (Stebbins :2.003). These three 
species do not overlap in range, although U. 
scoparia is broadly sympatric with the zebra­
tailed lizard (C. dracon<iid~s), with which it also 
might be confused. Calli.saurus drriconoidt.s 

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 ofLhe tail rather than only being on 
the tail underside (Stebbins 2003}. 

Tcixor,omfc RelCltionships 

Um.a uoparia was initially described on the 
basis of femoral pore counts and several scala­
tion characters (Cope 1894, Cope 1895b). It was 
later placed in synonymy with U. rwtatci: when 
several of Cope's diagnostic characters were 

reinterpreted as representing individual varia­
tion rather than species differences {Camp 
1916b, Van Denburgh r9.2z). The ta~on was 
later resurrected to full species status based on 
a larger series of specimens that identified 
diagnostic morphological differences among 
the taxa (Heifeti 1941). Severa] different 
authors have noted external morphological. 
osteological, and genetk similarity among 
members of the genus and have variously 
treated U. scoparia as a full species or subspe­
cies of U. t1.0tata (Stebbins 1954, Norris 1958, 
Mayhew 1964a, Mayhew 1964b, Adest 1977, 
Zalusky e1 al. 1980). Carpenter (1963} showed 

that the pattern of push-up behavior used in 
terri1orfa.l displays was distind in U. scoparia, 

compared to U. inorriat(.I and U. nolata, and 
suggested that 1his may serve as m isolating 
mechanism, 

Phylogenetic analyses of mitochondria.I data 
suggested that U. scoparia is monophy]etic 
jT1epanier and Murphy 2.001, Murphy et al. 

2006) and forms a clade with the other Mojave 
and Sonoran Desert taxa ( U. J'.nor11.ata and U. 

nutata} (Wi]genbusch and De Quciroz zooo), 
Mitochondrial data also suggest that some hap• 
lotype diversity occurs within the U. scopuria 
(Murphy et al. 2006). althoush divergences are 
low and iidditional, multigene nuclear data arc 
needed to clarify intraspecific varia.Lion. 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. 
2.006). 

Life History 

Uma scoparia 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 ofllfc history 
information from these other species when it is 

not available for U, scop(.lria. Species in the 
genus Um.a a11 possess a number of morpho­
logical, behavioral. and physiological adapta­
tions that :illaw them to persist in a.rid habitats. 
Specifically, a countersunk lower jaw, nasal 
valves, and fringes on the eyes and ear open­
ings allow U. scopi"Jrta 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 (Stebbin:s 1943, Stebbins 1948). 
Enlarged fringes on the toes have been exp~ri­
mentally shown to increase both maximum 
velocity and acceleration on lfoe sand, particu• 
larly on steeply sloped landscapes such as are 
often found in sand dunes (Carothers r986). 
The flattened 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 usand­
swi mmi ng ~ behavior (Stebbins 1944}. Uma 

scoparia employs this behavior both to escape 
from preda10rs and to take refuge from 
extremely hot surface conditions (typically 
when surface temperature eu:eeds 43"C: Norris 
1958), Urna m.1priri11 possesses both acute 
vision and hearing, which aid in predator avoid­

ance and p~ capture (Stebbins r944). 
Adult U. scoparia overwinter in the sa.nd 

betw~n November and February, then become 
surface-active throughout the day as tempera­
tures allow. The spedes maintains a mean 
body temperature of 36-37.fC , often becoming 
inactive during the hottest part of the day dur­
ing midsummer j Mayhew 19G4b, Miller and 
Stebbins 1964}. Breeding occurs throughout 
the spring a.nd summer hetwecn April and July, 
and females lay dutches of r-5 eggs {usually 2 

or 3): more th:monedutch may be produced in 
optimal years (Stebbins 1954, Mayhew J966, 
Fromer et al 1983. Stebbins 2003). Young 
begin to appear on the surface in September 
(Miller and Stebbins r964}. 

Uma scopa,ia has a generalized diet that 
includes a variety of l>eetles, ants, wasps, flies, 
and other small arthropods, as well as plant 
leaves and seeds jStel>bins 1944). At Dale Dry 
Like, San Bernardino County, the diet of adult 
U. scoparia consisted of a.pprox:imatdy 60% 
plant material jmainly in the form of small 
seeds~ and 40% small arthropods (Minnich 
and Shoemaker 1972). The juvenile diet, con­
versely, was composed of over 90% arthropods 
(Minnich and Shoemaker r972). In low rainfall 
years, adults may be forced 1o switch to a diet 
composed mostly of arthropods due to lack of 
vegetation, and this may be suboptimal (Bar­
roW5 2006). The quality of available food is 
probably dependent on the local rainfall, which 
varies widely from year lo year throughout the 
species' range. Barrows (2.006) found that a 
regression model induding rainfall a.nd diet 
explained 9:;t% of the variation 1n U. inornuta 

density and that population sizes could 

approach zero during multiyear droughts and 
then quickly rebound when average rainfall 
resumed . 

Habitat Requirern1mts 

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 dia.meter 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 tbis impedes sand swimming a.nd 
burying behavior (Stebbins 1944, Norris r958, 
Fromer et al. 1983). Within appropriate habitat, 
individuals select areas with the finest sand 
available (often the downwind side of vegeta· 
tion and slopes) ( Stebbins 1944, Norris l9 58), 
Some vegetation is prooably required for food 
and shade (Miller and Steboim 1964). The spe­
cies is not present in areas where the sand 
becomes too firmly packed to allow for sand 
swimming, and washes and desert flats are 
generally unsuitable (Miller and Stebbins 
1964). No evidence exists that Umo. will enter 
these areas to migrate between adjacent areas 
of sui tahle habitat, although additional study of 
this question would be valuable. 

Uma scoparia may require rela.t111ely large 
habitat patches for long-1erm persistence. Pop­
ulation modeling in the ecologically similar 
U. itt-ornat'2 suggests that plot sizes smaller 
th.an mo-zoo ha are unlikely to allow long­
term persistence of isolated populations (Chen 
et al. 2.006). 

Distributio11 (Past and Present) 

Um.a scoparia is patchily distributed through­
out much or 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.z, 

Norris 195B. Miller and Stebbins 1964, Pough 



l974, Jennings and Hayes c994a, Stebbins 
2003). Horris (1958) reports a record from lnyo 
County. which has often been repeated in the 
literature. However, the stated locality "one and 
one-half miles southeast of Saratosa Springs» 
places this record in San Bernardino County, 
and we know of no other confirmed records 
frorn Inyo County. This species is nearly 
endemic to California, el<tending into Arizona 
in one small area near Parker, Yuma County 
(Pough 1974). A single report of possible Uma 

tracks reported from the Eureka Sand Dunes, 
Inyo County, California, would extend the 
known range -175 km 10 the northwest and 
requires verification (Bolster et al. 2000). The 
knov.'n 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 Lak<'s, San Bernardino 
County, and at Lovejoy Buttes and Piute Butte, 
Los Angel€s County (Murphy et al 2006). 

Additional extirpations may have occurred at 
Rogers Dry Lake, Kem County, California, and 
Saddleback Butte, Los Angeles County, Califor­

nia (CBD 2006). 

Tnnds in Abundance 

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

Nature and Degne of Threat 

The most important threats facing Uma sco­

pari4 are habitat loss and fragmentation due to 
human activities and off-h1ghway 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. inumaw sugges1s that these lizards are 
highly sensitive to stahilizalion of their sand 
habitat (Turner et al. 19 84). Habitat fragmenta• 
tion is also an important threat. E\len where 
patches of intact habitat remain, fragmentation 
and small patch sizes have been shown to be 
associated w:ith declines and ex1irpations in U. 

iN.ornala (Barrows and Allen 2007). ln addi­
tion, surveys for the ecologically similar U. 
nolala that compared lizard abundances in 
areas that experienc(;d off-highway vehlcle use 
to areas that do not, follnd much higher densi­
ties in the less-impacted habita1 (Luckenbach 
and Bury 1983). GIT-highway vehicles impact 
this species through direct mortality. destruc­
tion of vegetation (which i.s correlated with liz.­
ard abundance), and increased ratl!ll of tail loss 
(Luckenba(h and Bllt'Y 1983, Ouren et al. 
2007). Further, U. scopariii has sensitive hear­
ing that is easily damaged by even moderate 
and short duration off.highway vehicle activity 
(Branstrom and Bondello 1983). Hearing 
loss likely harms this lizard's efficiency at cap• 
turing prey and its ability to avoid predation 
(Brattstrom and Bondello 1983). lncreasins 
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. 
:woo). 

Uma swparia is Likely seru:iti~ to the effects 
of climate change. Climate change models for 
this region predict relatively sharp increases in 
mean temperature of up to 2"C (PRBO 20111. 

The impact of such increases on U. 5coparia 
and on critical plant species is not known but 
could be Large and should be a high priority for 
future n-search. The distribution of U. iJwrnata 

is associated with an east-to-west drought gra­
dient in the Coachella Valley (Barrows and 
Allen 2.007). Uke 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. 2.010). 
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Because Urn.CJ specializes on relatively isolated 
patches of habitat, it is probably unabJe to track 
available habitat with changing climatic condi­
tions. Climate change modeling studies on 
01he1 Uma species ( U. inarnatii; the Coahui]a 
fringe-toed lizard. U. exsut; and the Ch.ih.ua­
huan fringe-toed lizard, U. pamplt.pgas) predict 
significant habitat loss under a relatively wide 

ranse of climate change scenarios ( Balles1eros­
Barrera et al 2007, Banows et al. 2010) and 
these results ue also likely to apply to U. 

sc.oparia. 

Status Determinatiofl 

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

On 10 April 2006, the Center for Biological 
Diversity and Sylvia Papadakos-Morafka peti­
tioned the US Department of the Interior to lis1 
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 presented and 
initiated a u-month statU5 review for the taxon 
(USFWS 2008}. Th.is review condude<l that the 
Amargosa River populations of U. s-c.opar~a do 
not constitute a distinct population segment 
and are therefore ineligible for listing under the 
US Endangered Species Act (USFWS .ion). 

Munagtmtnt Rec.ommer1datiom 

Effective management of this taxon over the 
~hort term can likely be accomplished by pro­
tecting habitat from development md degrada.­
t ion from off-highway vehic1es and other 
human impacts. Over longer time periods, di· 
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 precipit.ilion changes. lf restoration occurs 
in aieas where extirpation has occurred or if 
development activities further isolale occupied 
habitat piltches, human•assisted translocation, 
potentially in association with capth1e breeding 
programs, may be a key strategy for this 
species. 

Mo,,itoring, R,m:ardi (md Survey Needs 

Two key research efforts for Uma scaparia 
should focus on the effects of human activities 
(including off-highway vehicles, solar and wind 
energy deYelopment, and roads) and the genetic. 
effects of both natura1 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-highwt1y vehicle use compared 
to more pristine. adjacent areas. In particular, 
these efforts should focus on comparing the 
effect of varying intensity of anthropogl'.'nic dis­
turbance on populations, with the aim of estab­
lishins what intensity of off-highway vehicle 
use can be tolerated. These efforts should also 
attempt to disentangle the effects of habitat 
destruction, noise pollution, and direct mortal­
ity on populations, since each can in principle 
be managed independently. For example. if oIT­
highway vehicle use prinwrily .affects these liz­
ards through reductions in vegetation, habit.at 
restoration coupled with restricting off-highway 
vehicles to certain trails or corridors could con­
stitute a reasonable management strategy. 
Alternatively, noise pollution effects may 
requirt" eJiminating off-highway vehicle access. 
in areas where the lizards are present. Because 
population sizes naturally fluc1uate with rain­
fall in this species {Barrows 2006}. and 1n 

some cases can approa.ch zero before rebound­
ing, monitodng this species is inherently diffi­
cult, and multiyear surveys spanning several 
drought and non-drought years are essential. 
The frequency oflizard detection an<l the accu­
racy of population size estimates can be 



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

Genetic studies are critical at two distinct 
levels of resolution that require different data­
sel.s and analytical approaches. S~cies bound­
aries across Uma and large-scale phylogeo­
graphic patterns within U. scopt1-ria remain 
poorly resolved (see also the species account for 
U. notata}, and both are critical for effective 
management. For species boundary work, the 
resolution of the number and identity of species 
contained with1n the genus requiies a mu]ti­
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 qumbfy the 
intraspecHic d1versity present within the spe­
cies. Ai a finer scale, landscape and population 
genetic studies are also badly needed to estab· 
lish na1ural levels of gene flow, including move­
ment across seeminslr 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 
SNP-hased studies can help clarify the amount 
of migration (if any) between adjacent popula­
tions and effective population sizes of existing 
local populations. 
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SANDSTONE NIGHT LIZARD 

Xa11tusio grocilis Grismer and Galvan 1986 

Skliws: Summary 

Xllntusia gracilis is a Priority 3 Species of Spe­
cial Concern, receiving a Total Score/Total Pos­

sib]e of 38% (42/no). During the previous 
evaluation, it was also designated as a Species 
of Special Concern [.i.s Xa11tusia he11shawi groci­
Us; Jcnnini,:s and Hayes 1994a). 

lderrfijicotion 

Xat1tusia gracilu is a medium-sized (5-1-7 cm 
SVL) lizard with soft skin and granular scales on 
the dorsal surface, enlarged plates on the Yentral 
surface, and a prominent gular fold {Grismer 
and Galvan r986, Lovich and Grismer 2.001, 

Stebbins 2003, Lovich ~009b}. The dorsal col­
oration is pale 1an/brown, with mar1y round 
dark-brown spots, while the -ventral surface is 
clean white or white, with a very small amotmt 
of black speck.ling on the front limbs and 1hroat 
(Grismer and Galvan 1986). The head is flat­
tened, a.nd the eyes ha.ve vertically oriented 
pupils (Stebbins .2003~. The overall body shape 
is re1atively slender compared to il8 dC>Sf'st (and 
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most similar) relative the granite night lizard 
(X. he-nshawi~ (Grismer and Galvan 1986). 

Within its range, X. gradUs is only likely to 
be confused with its sister species X. Ju:nshawi. 

Sand5-innt Night lizard: Risk Factori 

Ranking CriLeria (Maximum Seen} Seen 

i. Rani,:e size {10) 10 

ii. Distribution trend (2S) 5 

iii. Population c.onc.entrationj 0 
migration (101 

iv. Endemism (10} 10 

v. Ecologica1 tole1ance (10) 10 

vi. Population trend (25) 0 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 0 

Total Score 42 

Total Possible 110 

Total Score/Tobi Possible 0.3& 
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The two species do not overlap in range but 
occur within F km of each other. Xanlusia heri­
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 19,%). Xunlusia grocilis 
also has a.n enlarged temporal scale (about half 
the size of the postparietalJ com()-1.red to X. hm­
shawi (typically less tban one-quart€r the size 
of the postparietal; Grismer an<l Galvan 1986). 
The peninsular leaf-Loed gecko (Pk.yllodi..ctylus 
noctkotus) also occurs in the vicinity of X. graci­
lis. but t~ is lizard lacks the dark-brown dots al 
spots and has prominent, expanded toe tips. 

Taxonomic Relationships 

Xanhuia gracilis was initially described as a 
subspecies of X. herul:awi on the basis of color, 
scalation, allozyme variation, and behavior 
(Grismer and Galvan r986). The la.xon was 
elevated to species status because it is diagnos­
able, geographically isolated, and forms a. 

monophyletic clade nEsted within X. ~mha.wi 

for a single mitochondrial locus (Lovich 2001}. 

This arrangement is now widely accepted. 

Life History 

The life history of Xantwsia gracili-.s is poorly 
studied, particularly so in wild populations. 
Given the species' overall similarity in most 
respects to X. hrnshawi, we expect that life his­
tory information from X. he'1Sl,.awi is a reason­

ably good predictor for X. gmcilis f Lee 1975). 
lfow-ever, the two taxa live in distinct habitats 
and show some behavioral differences in cap­
tivity. so some lif~ history differences probably 
exist in the wild. Xaj'1.(1,1sia gmcil~ is Likely active 

from spring through fan (Lemm 2006)- In cap­
tivity, it has been shown to be more strongly 
nocturnal than X. he11shawi, more frequently 
found on the sandy substrate on the bottom of 
the enclosure and does not seem to be limited 
to rock faces (Lee 1975, Grismer and Galvan 
r986). Based on what is known about X. h,ti.­

shawi, we expect that X. gracifo has a low meta­
bolic rate and is qulte sedentary, feeding prima­
rily ants, beetles, and spiders (Brattstrom 195<-, 

Le:E 1975, Mautz 1979). In captivity, X. gradUs 
are also known to feed on the eggs of Phylfodac­
tylus nocticolus, a behavior that captive X. hen­
skawi 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 
(Brattstrom 1951, Lee 1975), and this may also 
be the case for X. gra.cilis. lndivjdnals probably 
do not become reproductively mature until 
2.5-3.5 years of age and are Hkely long-Lived, 
although field data are lacking (Lee r975) . 

Hobittlt Reql)irements 

Xantwsia grcic.:Jis fo1es in eroding sandstone and 
mudstone habitat where it utilizes crevices, 
rodent burrows, and the undersides of exfolia­
ting rock flakes as shelter (Grismer and Galvan 
1986). At night. it emerges from its shelters 
and can be found moving about on the surface 
(Grism€r and Galvan 1986). This species ts less 
dependent on exfoliating rock habitat than X. 

henskawi {Grismer and Galvan 1986). 

Distribution (Past and Present) 

Xantu.sia gracilis is restricted to one small area, 
approximately 3.9 km' in total area, on the 
southeastern flank of the Santa Rosa Moun­
tains, entirely within Anza Borrego Desert 
State Park (Grismer and Galvan 1986). The 
known elevational 1ange extends from approxi­
mately 240 to 305 m. Within this small region 
the species is patchily distributed, common in 
some areas and app,arently absent in others 
( Grismer arid Galvan 19 &6). Xantwsia .lrenshawi 
occurs approximately 3-2 km to the north and 
west, and no xantusiid Lizards are known from 
the intervening area_ No historical distribution 
d;i.ta are availdble for th:is taxon, although we 
have no reason to think that the djstribution 

has declined recently. 

Tm1ds in Ab1Jt1donce 

No data on historical or current abundance 
have been published, although some have sug­
gested that habitat quality has declined due to 
collection activity ( R. Lovich. pers. comm.). 



The extent and severity of such impact has not 
been quantified (R. Fisher, pers.comm.). Some 
amount of illegai coHection occurs for this spe­
cies, which may be driving sma11 declines (M. 
Jorgensen, pets. comm.). 

Nature and Degree oJThreat 

X11nlww gnu:ilis Live8 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). [t is also likely long-lived and late 
maturing with a low reproductive potential, 
and populations are likely to be slow to recover 
from dedines. Some amount of illegal collect­
ing occurs, which could be contributing to such 
declines, particu 1arly in areas that are most eas­
ily accessible by road. 

Status Detennination 

The extremely localized range and relative fragil­
ity of Xantusia gmcilis' habitat are signlficant risk 
factors. The species' Hfe history also predisposes 
it to decline in the face of any increased adult 
mortality. Although daiA are almost entirely lack­
ing, X. gr,:;ieilis appears to be relatively stable at 
the present time; thus, we designate it as a Prior­
ity J Species of SE'ecia} Concern. 

Mun11gcmet1t Rei;ommendatiom 

Limiting access and minimizing disturbance to 
Xantusia gracili5' habitat is currently the most 
important component of effective conservation. 
This management strategy should be reviewed 
as needed depending on the results of the s.ir­
veys outlined below, All coHecting should be 
restricted or eliminated unless it is absolutely 

necessary for scientific purposes that further 
conservation of this species. 

Monitoring, Re~an:h, and Surllef Needs 

As published historical or current abundances 
of Xantll-sia gracili-5 are lacking, publication of 
any existing data is a priority. Formal monitor­
ing should be initiated to establish and publish 
baseline population data. These surveys should 
be performed at night, and it is essential not to 
disturb the fragile micrnhabitat (e.g., moving 
rocks or rock flakes, excavating rodent burrows). 
Aside from estimating population sire, these 
surveys should also quantify and document any 
observed habitat disturbance. Year-to-year Auc­
tuations in popu]ation size oa:ur in other :xan­

tusiid lizards jLee 1975) and are to be expected 
in X. gracilis as well. Establishing a ]ong-term 
monitoring program is a critical objective. Addi­
tional surveys to establish the precise limits of 
the range of X. gmcili.s will help determine best 
practices for manasing its fragile habitat in the 
heavily used Anza-Borrego Desett State Park 

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

Finally, multi-locus microsatellite or SNP 
data should be collected to provide genetic esti­
mates of effective population size, and poten­
tially levels of gene flaw, even for this restricted 
species. A key issue for this species is to sample 
individuals without invasive tissue-removal 
technigues, and it would probably be best to 
work out such prot0<:ols on X. henshawi before 
applying them to X. grocilis. 
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SIERRA NIGHT LIZARD 

Xontusio vigiJis sierrae Be2y 1967 

Siotus Summary 

Xantusia vigilis sierrat: is a Priority 3 Species of 
Special Concern, receiving a Total Score(Total 
Possible of 47% (52./no). During the previous 
evaluation, it waii also considered a Species 
of Special Concern (Jenning5 and Hayes 
19943 )-

!dentification 

Xa11tusia vigiJis sierrae is a small {4-5,1 cm 
SVL). somewhat flattened lizard with sranular 
dorsal scales, enlarged square ventral scales, 
soft slcin, and a prominent gular fold {Bezy 
1967, Stebbins :ioo3). 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 
()attern of interconnected dark markings that 
fo[m a network, whic:h may give the ani:m.il a. 

mottled appearance (Bezy 1967, Stebbins 
2003). Th.e ventral surface js light bluish pink 
and generally unmarked (Bezy 1967). A promi­
nent light strjpe ex:tends from the rear of the 
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eye posteriorly to the neck or just beyond the 
neck (Be:z:y 1967). 

Within its range, X- v_ siar1U is unlikely to 
be confused with other species, although it is 
similar in appearance to the Yucca night lizard 

Siim, Night Uw,d: Risk Firclors 

Ranking Criteri~ {Maximum Score) Score 

i. Range size {10) 10 

ii. Distribution trend (25) 0 

iii. Population concentration/ 0 
migration {JO) 

iv. Endemism {10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend{25) 5 

vii. Vulnerability to climate c.hange (10) 10 

vi.ii. Projecred impacts (10) 7 

Total Score 52 

Tot~] Poosible 110 

Total Score/Total Possible 0.47 
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(X. v. vigilis}, which occurs nearby. Xantusia 
vigilis l'igilis has fairly dis ti net dark spots on the 
dorsal surface that do not form a network, 
though they form narrow longitudinal stripes 
in some populations (Stebbins 2003). Severa] 
aspects of the sr.alation also differentiate these 
two subspcci.f:s (Bezy 1967). 

TuxQm)mic RelCJtiomhip~ 

Xal'lt~sia vigilis sierrae is a member of the X. 
vigilis species complex. It was initially recog­
nized on the basis of habitat type, coloration, 
sca1ation, and femoral pore count (Bczy 1967). 
Since its initial recognition, genetic analyses 
have shown tha1 X. v. sierrae forms a mono­
phyletk group embedded within X. vigilis for 
mitochondrial and nuclear DNA sequence data 
(Sinclair et al. 2004, Leavitt et at 2007). Alloz­
yme data aJso suggest that it is djstinct, but a 
dose relative of X. v. 11igj/is (Bezy and Sites 

1987). One population of X. v. vigil is that occurs 
within Go km of X. v. sierrae is suspected to 
contain intergrades. based on femoral pore 
counts {Bezy 1967). although geographically 
more proximate populations (~20 km apart} 
show no evidence of this intermediate condi­
tion (Leavitt et al. ;,,007). Sinclair et al {ioo4} 
considered X. v. sierrae a qcandidate species" 
whose status required further testing with 
additional data. Some recent taxonomic lists 
have elevated it to species status without addi­
tional justification {de Queiroz and Reeder 
200&, Collins and Taggart ;;,.009). The weight 
of current evidence suggests that species status 
is probably warranted, and a population genetic 
ana]ysis of X. v. si~rme and nearby X. v. vigiHs 
populations is needed help darif y this issue. In 
particular. sudt a study could gua.ntif y wheth.er. 
and to what extent, migration and intergrada­
tion occur along the eastern edge of the taxon's 
range. 

lift Hislory 

The 1i fe history of Xantusia vigitis 5imae has not 
been studied. However, among xantusiid 
species that have been examined, life history 
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features at€ largely conserved across southwest­
ern United States, and we assume that the 
Life history of X. v. vigUis may be a good predic­
tor for X. v. sierrae in many respects. Xcmtusia 
vigilis sierra& is primarily a rock-dwelling spe· 
cies, whereas X. v. vigWs is more of a habitat 
setteralist with Som€ preference fot fallen 
vegetation. Some aspNts of the Life history 
may therefore be more similar to other rock­
specialist night lizards (e.g., X. herisnawi or X. 
gracitis). 

Based on infurmation from other species, X. 

v. 5forrnc is probably a generalist predator that 
consumes a variety of small invertehrate prey 
(Brattstrom 195-2, Stebbins 2003, Bezy 2009}. 

Its diet is probably dom1nated by ants and other 
insects that occur within crevices (Brattstrom 
1952-, Bezy 2-009). Xa11~w.,1;iu vigilis s.1errue is 
probably long-lived and takes 2.~-H years 10 
reach sexual maturity iLee r975), eventually 
producing I or 2 live young/yea1 (Brattstrom 
r951). Thi.s species likely has a low metabolic 
rate relative 10 other lizards and grow-s slowly 
(Mautz 1979~. Daily activity cycles are 
unknown. Some rock-dwell1ng night lizards 
are largely diurnal and/or crepuscular (X. hen­
shawi; Mautz and Case 1974), while others 
appear to be nocturnal (X. gradli.s; Grismer and 

Galavan 1986). 

Hcibitut Requirements 

Xaniusia vigills sicrrae is known primarily from 

exfoliating granite outcrops ( Bezy c9 67), 
though it can also be round under tree bark that 
has fallen on the gro-und or is loosely attached 
to trees (D. Leavitt. pers. comm.). Within its 
rocky habitat type, this species is more fre­
quently found under large horizon1al cap rocks 
than the more numerous, vertic:a1ly oriented 
smaller flakes (Be:zy 1967). Xantusia vigiljs 

siem1e; 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 1967). 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 w1th 
interspersed shrubs and woody vegetation 
(Bezy 1967). 

Distribution (Past and Present} 

Xantusia vigi!is sierrae is known only from 
rocky hillsides on the western edge of tne 
Greenhorn Mountains near Granite Station, 
Kern County, California (Bezy 1967, Stebbins 
2003). The known elevational range extends 
from 450 to 500 m (Bezy 1967}. No significant 
changes in distribution are known, although 
the development of sm~ll ranches may impact 
populations in the area . 

Trends in Abimdcmce 

No hislorical or current abundance data are 
available for this taxon, alth.ough these lizards 
do not currently appear to be rare (D. Leavitt, 
pers. comm.). Moderate habitat degradation 
from previous col lee ting efforts as ~II as mod• 
erate amounts of landscape modification may 
be causing declines ( R. Fisher, pers . comm.), 
although th1s has not been confirmed. 

Naj1Jre 011d Degru ofThre<Jt 

Tne primary threat facing Xa.ntfl.Sia a,igili.5 sic:r­

rae is its exceedingly small range that on:u Ilion 
unprotected I.and. Development in tbe region is 
taking place and could have catastrophic effects 
on the existing populations, as could any frag­
mentation of the habitat t~t isolates granite 
outcrops in which tnis lizard lives. The rock cap 
md crevice habitat that this species prefers is 
also susceptible to degradation by humans 
(Jennings and Hayes 1994a, Stebbim 2003; 

D. Leavitt, pers. comm.). 

Status Determination 

Xf.lnt~sia vigilis sitrriu: is a narrowly d1stributed 
habitat specia1ist that is endemic to a small 
region of the Sierra Nevada. However, no di5tri­
butional declines have been documented. and 

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

Managemttnt Rei;ommtnda#ons 

To protect this species. habitat loss and degra· 
dation need ta 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. Ho using development 
in tne fOJm af ranchettes and other rural devel­
opment projects sh.ould be closely managed 
to avoid impacting Xan.tida vigilis sierrae 
populations, including provisions for habitat 
corridors to prevent fragmentation. It 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
itoring needs a.re requir<'d 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 somewh.at broader than this. 
Further study of habitat use and preferences in 
Xi:iH-tusia vigiti.5 si.erroc is essential to establish 
an efTective management program. 

A long-term popu1ation 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. 
critic.;,.) data on natural population fluctuations 
and m early warning of declines in their initial 
stages. 

Finally, genetic analyses using mu 1tiple 
nudear markers are needed to address two 
important conservation issues. First, additional 
work at the phylogeographk/species boundary 
le~l is needed to determine whether X. v. sicr­
roe is best considered a species or subspecies 
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within the X. vigilis complex. An important 
aspect of this work should b4: to examine popu­
latioTis in dose prox:imity to X. v. vigUis to deter­
mine the degree and extent of admixture 
between these taxa. Second, landscape genetic 
work across its limited range is needed to qua n· 
tify the degree of popubtion isolation and sub­
structure among habitat patches, migration 

2._54 UZARD, 

corridors that arc most hca..,ily used by the liz­
ards, and effective population sizes of popula­
tioTis iTI ccologkally di-verse habitat patches. 
Ideally, tissue samples in the form of small tail 
dips should be collected each year from study 
populations to allow for genetic as well as 
demographic estimation of population size 
fluduations ov€t time. 



CALIFORNIA GLOSSY SNAKE 

Arizona elega11s accidentafis Blanchard 1924 

Status .Summarr 

Arizmia elegcms occide"talis is a Priority r Spe­
cies of Special Concern, receiving a Total Score/ 
Total Possible of 67'X, (74/110). lt was not 
on the list of candidates considered for Species 
of Special Concern design;;ation during the 
previous evaluation (Jennings and Hayes 

i994a). 

ldentific;aiion 

Arizona eltgans occidentalis is a medium-sized 
colu.brid (64-99 cm SVL) with tan or brown 
dorsal coloration. lt has dark-brown blotches 
edged in black ru.nnjng 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 
oO:en lighter middorsally and dark:ens 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 (Kl:i.uber 1946). Scales :i.re unkeeled. 
smooth and glossy, .and only one pa.it of pre-

fron1als are present (Stebbins 2003). A da.rk 
stripe runs from the <:orner of the mouth to the 
eye on each sjd.e of the face, and a third stripe 
connects the eyes across the posterior edge of 
the prefrontals (Blanchard 1924). An additional 

Rankins Criteria (M.a:icimum Score} Sc.are 

i. Range si:z:e (10) 5 

ii. Distribution hrnd (25} 25 

iii Population concentration/ 0 
migration (10) 

iv. Ecdemism (101 3 

v. Ecological tolerance {10) 3 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 3 

viii. Project~d impacts (10) 10 

Total Score 7-4 

Total Possible 110 

Total Score/Total P08.'lible 0.67 

CALIFORNIA GLOSSY SHAKli :l5J 
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dark spot is usually present below each eye 
(Klauber 1946). 

In California, this taxon could be confused 
with other subspecie:s of A. clegPns, with the 
gopher snake (Pituopkis coJenijtr}, or the night 
snakes (Hypsiglena spp.). This subspecies is 
generally darker than other subspecies of A. 
dega.t15 in Ca.lifornia, though intergrades are 
common along the desert slopes of the coastal 
mountains (Klauber 1946). Generally, A. e. 
occidtntalis is best distinguished from other 
subspecies based on range, Pitiwphis ca~cnlfer 

has kee]ed scales and (usually) two pairs of pre­
frontals, while H'lpsigltma is smaller (up to 66 
cm), has. strongly e1liptica1 pupils, and an 
extensive dark blotch on the neck (Stebbins 
.2003). 

Taxonom;c Reftuionships 

Arizona elegat\S occiden talis was initially 
described on the basis of scale counts and dor­
sal blotching and included all snakes in thi.<; 
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 (tile Mojave glossy snake, A. e. c.andida, 

and the desert glossy snake, A. t:. eburnata), 

which differ from A . c. occidc~taJis primarily in 
body color. Intraspecific !or intrageneric) varia­
tion has not yet been assessed genetically, 
although at the generic level. A,izo,rn: appears 
to be a re1ative1y distant sister taxon to the long­
nosed snake (RJ,j11ochdl1.1s lecontei} (Pyron and 
Burbrink 2,009) . 

Life Hisio,y 

Arizona degtmS is a nocturnal snake that is gen• 
era.Hy active from late February until Novem­
ber, depending on local weather conditions 
(Xfauber 1946, Grismer 2,002). In California, 
A. £. 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 1946, Rodriguez-Robles 
et al. 1999a) . In a sample of 107 prey speci­
mens. 50% were lizards (primarily Saloporus 
and Uta) and 44% were mammals (primarily 
small rodents) . Larger specimens are a1so 
known to take small birds and other snakes 
(Rodriguez-Robles et al. r999a). 

Arizo,ia degat1s retreats to burrows during 
the day, using either existing mammal bur• 
rows, excavations under rocks, or creating bur• 
rows for itself jKlauber 1946, Degenhardt et al. 
1996). This species can he nocturnally active at 
relatively low temperatures (as low as 14"C, 
though typically 19-2.o•C; Cowles and Bogert 
1944)-

Reproduction is poorly studied in the wild, 
but museum specimens indicate that ovulation 
begins in June, and spermiogenesis occurs in 
late summer {Goldberg 2.000). In A. r..kgans 
from New Mexico, ovulation also begins in 
June with oviposition occurring in JlLly 
(Aldridge 1979). Clutch size is poorly docu­
mented in this subspecies, though two indi­
viduals contained lhree and seven eggs, respec· 
tively (Reynolds 1943, Klauber 1946}. Across A , 
dcgaru, clutch size varies widely from 3 to 23 
eggs. with a mean of 8,5 (Fitch 1970). Recent 
ha1chlings are typically found in September (S. 
Sweet, pe1s. comm.) , 

Habhot Requin::ments 

Arizom~ degans is found in a wide variety of 
habitat types, including open desert, grass· 
lands, shrnblands, chaparral, and woodlands. 
However, only a subset of these habitat types 
occurs within A . ~- occidentalis' range, prima­
rily grasslands, fields , coastal sage scrub, and 
chaparral (Klauber 1946). No studies of habitat 
requirements exist , although this subspecies 
appears to prefer open microhabitats. The 
majority of records occur in relatively open 
patches in a surrounding matrix of denser veg­
etation {Klauber 1946) . This subspecies can be 
patchy within its range, with certain areas con­
sistently produdng more records than others 
that have seemingly identical habitat (Kla.uber 
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1946). Arizona. ek.gans appears to prefer areas 
where the soil is loose, whkh allows for bur­
rowing !Grismer 2002, Stebbins 2.003). 

Unpublished survey data indicate that A. e. occi­
dcntalis may prefer sandy soil habitats such as 
coastal sand dLmes, alluvial creek: beds, and 
ancient dunes on the marine terraces (R. 
Fisher. pers. comm.). 

Distribution (Past and Present) 

Range-wide, Arizona clegaru occurs throughout 
much of south we.stern North America, extend­
ing east as far as central Te~s. Oklahoma. and 
Kansas, and south to central Mexico. K!auber 
(1946} restricted A. e. ocdde,uali.s to the central 
San Joaquin Valley south to the Tehachapi 
Mountains and along the base of the Coast 
Range mounl.ain.s farther south to San Quin­
tin, Baja California. Tnis subspecies is known 
to occur from sea level to -1800 m (Lemm 
2006), 

Arizo»a elegans ocddentalis has apparently 
declined throughout much of its range. Jn San 
Diego County, survey data are available for Tor­
rey Pines State Reserve, l?oint Loma, and the 
Tijuana Estuary. The subspeci€s was formerly 
present in these areas but now appears to be 
extirpated (Wells I998, Case and Fisher 2001, 

Fish.er 2004}. Extensive agricultural develop­
ment and habHat modification throughout the 
San Joaquin Valley and urban development 
within the Los Angeles basin ha\•e likely led to 
declines and/or extirpations in these areas as 
wt!ll ( Stebbins 2003; R. Fisher, pers. comm.). 

Trends in Abundance 

Few abundance data exist for this subspedes. 
However, extensive early surveys of snakes in 
Sa.n Diego County failed to find the species, 
suggesting that they were uncommon (Klauber 
1924). Bogert (1930) was aware of only two 
records for Los Angeles County. Klauber {1946} 

observed that A rizoriA t:ltga ras occiden.tp.lis 
existed in lower densities, relative to the total 
snake population, than either A. e. candida or 
A. c. cburn11ta, and that A. e. occiden.iafis was 
pat(hi1y distributed. l'itfall 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 tuon (C. Rochester, pers. 
comm.). Presently. the subspecies is found less 
cornmon]y than it once was throughout the San 
Diego region (Case and Fisher 2oor, Lemm 
2006). Both low densities and patchiness could 
make this taxon particularly susceptible to 
cledines a.ml may explain why the species has 
seeming]y disappeared from some areas, while 
several other colubrid snakes remain present. 
Development continues within the species' 
range and thus ongoing dedines in abundance 
are Jilc.ely. 

Natl4re cmd Degre~ of Threat 

The greatest threat to this subspecies is habitat 
modlfication due to agrkultura], commerci.al, 
and residential development. However, the spe­
cific mechanisms that cause d.ecli.ti.es are not well 
understood. Abundant prey and small habitat 
blocks that appear suitable remain in some de...el­
oped areas, although the species may be sensitive 
to the light pollution arising from this develop­
ment (Perry and Fisher 2006, Perry et al. 2.008). 

This species' response to wildfire is not well 
understood, hut inc.reasing frequency and inten· 
sity of wildfires due to climate change may plau­
sibly ]ead 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
lires that are small in scale and intensity may 
have a beneficial impact by temporarily clearing 
pate.hes 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 :ind convert 
large habitat patches to grassbnd for longer peri­
ods of time. This process would Jikely have a det• 
rimental impact on this species. 

Stcitus Determination 

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



coupled with documented declines within th1s 
species range and p1ojec1ed impacts from 
ongoing development, contribute to a Priority 1 

designation for this subspecies. 

Management Recammer1dations 

Habitat protection is currently 1he most impm­
tant management priority for Arizona flt:gans 

occid,ntalis. The studies outlined below will 
help to characterize habitat usage, home range 
size, distribution, and abundance. Once these 
data become available, a more specific manage­
ment program can be developed that targets 
specific remaining populations and protects 
appropriately sized habitat blocks for the spe­
cies' home range size and mo~ment patterns. 

Monitciring, Researd1, and Surin:y Nud~ 

This is a poorly studied com!)onent of Califor­
nia's herpetofauna. Two immediate research 
priorities exist for this ta:ron. First, ecological 
studies need to be initiated to enhance our cur­
rently poor underntanding of the Hfe history and 
existing population sizes in this subspecies. 
Without this basic information, designing a 
coherent management stratesy 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 sua:.ess. If :reasonably high cap­
ture rates can be obtained, individually mark mg 
snakes for mark-rec.apt me population size esh• 
mates should also be performed . Radiote]eme­
try studies may be a fruitful means for deter­
mining home range size and more thoroughly 
characterizing habitat usage, particularly given 
the indicatfons that this species might have 
specific microh.abitat preferences. Second, a 
species-wide phylogeognphic study should be 
performed in order to elucidate intraspecific 
variation and identify appropriate units for con­
servation. Phylogenetic and phylogeographk 
studies of other wide-ranging snakes have fre­
quently led to chan~s in the understanding of 
species boundaries and di..-ersity, including the 
genetic diversity that exists within a species and 
its concordance with. morph.ological subspecies 
boundaries. Finer-scale landscape ecological 
studies, particularly in concert with ra.diotelem­
etry on the same landscapes, would also provide 
important inrormation for conservation strate­
gies. These important data are entirely lacking 
for this taxon at presen1. 



RED DIAMOND RATTLESNAKE 

Crof0/u5 rube, Cope 1892 

Status S11mmury 

Croto!us rubtr is a Priority 3 Species of Special 
Concern, receiving a Total Score[fotal Possible 

of 44% (48/no~. During the previous evalua­
tion, it was also considered a Species of Special 

Concern (Jennings and Hayes r9943-). 

ldent(fic:fl~ion 

Crotalus ruber is a large (165 cm TL), heavy• 
bodied, tan, brick-red., reddish- or pinkish-brown 
rattlesnake (Stebbins 2003). As is typical of pit 
vipers, C. mber has a large triangular head, a thin 
neck, and a heit-sensing pit on each side of the 
head bet~en the eyl".'S and nostrils. An a~rage 
of 35 light-edged or indistinct diamonds run 
down the back (Ernst and Ernst 2003). The tilil is 
ringed with alternating bands of blade: and white 
or gray, ending in a rattle. Two light stripes occur 
on the side!l of the h.ead, and the venter is light 

colored and unmarlc:l!d (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-

snake (C. atrox). Adults can be djstinguishf'd 
by colora.t.ion and behavior, with C. rubtr much 
redder and less aggressive than C. atro:i,;. Jn 
California, the ranges of these two species 
barely meet (Stebbins 2003). 

Red Diamond RaUIHnab: Risk Focc,m 

Ranking Criteria (Maximum Scocc} Score 

i. Range size {10) 10 

ii. Distribution trend (25) lS 

iii. Population concenttaticm/ 0 
migration (10) 

iv. Endemism (10] 0 

v. Ecological tolerance (10) 3 

vi. Population trend {25) 10 

vii. Yulnerabiliry to dimilte change (10) 3 

viii. Proiectedimpacts (10) 7 

Total Score 48 

Total Possible 110 

Total Score/Total Possible 0.44 
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T,mmomic Relationships 

Based on analyses of morphology and mito­
chondrial DNA, Murphy et al. (1995) proposed 
synonymizing Croti:zlws ru~er with an island 
species, the Cedros Island diamond rattlesnake 
(C. ~xsiil Garman 1884). Because C. txsul was 
named first, Murphy et al. {1995) suggested 
changing the name of C. rubt:r. Ho~er, th.is 
has been opposed in favor of stability of the 
nomenclature (Smith. et al. 1998, ICZN :..ooo) . 
Here, we use C. r'4-bu to refer to all California 
animals. 

Lift History 

Crotalus ruber is generally most active between 
Maren and June (Ernst and Ernst 2.003). In one 
study from San Diego County. snakes typically 
emerged from overwintering locations in 1ate 
February, but some individuals were inactive 
until mid-Apri1 (Hrown et aJ. 2008) . Most 
movement occurred in late spring and sum­
mer, dens were populated in November, and no 
movement was recorded in December or f anu­
ary (Brown et al. 2008). In Riverside County, 
desert animals were active from early March to 
late November (Grefnberg 2002.) . 

During the cold winter months, C. ru&er 

spends most of its time underground in dens 
located in rock crevices, animal burrows, or 
under shrubs or cacti. Several individuals may 
ai:i;gregare in these dens. but dennins beha't'ior 
is variable across sites (Klauber r956, Ernst and 
Ernst 200J). In one study in San Diego County. 
7 out of II radio-tracked snakes overwintered in 
communal dens located in rock crevices of 
granit.e boulders with up to 7 other individuals 
(Brown ct aL :..008). Most snakes reused den 
sites over multiple years and moved -300 rn 
away from den sites during the active period 
the fo)lowing year (Brown et al. 2008) . Jn con­
trast, in sites where large rocks were rare, ani­
mals were observed to overwinter singly under 
prickly pears (Opunti.a sp.), did not show con­
sistent site fidelity to overwintering sites, and 
moved farther from overwintering sites after 
emergen<:e (Greenberg 2002, Dugan et al. 
ioo8). 

262. ~l.lAKES 

Home range area is also variable in this spe­
cies, and male home ranges are larger than 
those of females (Tracey :..ooo, Greenberg 
2.002 , Brown ct al. 2008). The few available 
radiotelemetry studies suggest that home 
ranges may be larger in the desert than in 
coastal habitats. 1n a reserve in Sa.n Diego 
County, aver.i.ge home range sizes were 2.8 ha 
for males (n = 51 and 0.9 ha for females (ll = 6; 

Brown et al. 2,008}. At another relati-vdy coastal 
site in Chino Hills State Park in southwestern 
San Bernardino County, Dugan et al (2.008) 

found that male home range size varied from 
0.3 to 4.5 ha (Ii= 7). In contrast, average home 
range si2.es for desert animals from Riverside 

County were 25.7 ha for males {n- 5) and 5.9 ha 
for females (K = 4; Greenberg and Mcclintock 
2008). 

Courtship and mating have been obscr\led 
in the field in California from February to May 
{ Brown et al. 2008. D ui:i;an et al. 2.008). l n San 
Diego County, Brown et al. (ioo8) witnessed 
females mating from April to Ma-y (sometimes 
witn den mates}, and births occurred in Sep­
tember. Goldberg (1999) examined the rcpro­
ductiv~ 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 Jater in the year, Goldberg 
(1999) speculated that sperm production con­
tinued through tlte early fall. Sperm was found 
in the "\las deferens for a11 animals (co1lected 
February through. August), suggt!sting the use 
of sperm stored overwinter for spring mating 

(GoJdberB I999), Females contained enlarged 
ovarian follicles (> 10 mm) frorn March through 
September. Females may repmd uce eve:ry other 
year, given that only7 ofr5 females showed evi­
dence of reproductive activity (Goldberg 19 99 ). 

An a..,er.age of eight young {range 3-20, n = 

40; Klauber 1956) are live-born after a gestation 
period of 141-173 days (n = 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). I( lauber {r956) examined 2.49 speci­
mens from San Diego County to estimate 
growth cur¥es and found that young ilre 30 cm 
TL at birth on averase and roushly double in 
length during their first year. Estimates for size 
at rcproduct1VC' maturity range from 60 to 75 
cm TL (Klauber 1956, Wright and Wright 1957. 

Goldberg r999). 
Crolalus ruber mostly feeds on small mam­

mals but will also eat lizards, birds, and other 
snakes (Tevis 1943. Klauber 1956, Cunning­
ham 1959b, Patten and Bania 1980). Dugan 
and Hayes (2012) compiled range-wide dietary 
data from museum specimens. live animals, 
road kllls, existing literature, and other obser­
vations. Roughly 92% of all prey items were 
mammals, with lizards {8%) and bictls (1%) 
taken less frequently. Prey items were found in 
snakes collected year-round, suggesting thaL C. 
rubu occasionally feeds during the winter 
(Dugan and Hayes 2.012.}. 

Habitat ReqrJirements 

Crotalll5 ruber 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 (Klaubcr 1956, Jennings and 
Hayes 1994a, Tracey 2000, Dugan et al. 2.008~. 

Klauber (1956) noted th.it 44 % {30/68) of.mi­
mals were found near heavy shrub and chapar­
ral, and 21% (14/68) were found near rocks and 
boulders in road surveys. On a reserve in San 
Diego County, snakes were found in associa­
tion with rock outcrops 57% of the time and in 
shrubby vegetated haMta.ts without rocks 28% 
of the time (Brown et a.I. 2008). There are sev­
eral accounts of C. rnber dimGing in Gushes 
and trees up to 2 m off the sround (Klauber 
1956 and pers. comm. therein) and C n.ber has 
also been observed swimming in reservoirs 
(Ktauber 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 J ,5 m tall and avoided 
human development (Tracey 2000}. For ani-

mals that were radio-tracked in fragmented 
habitats, none were observed to cross a devel­
oped edge or road over a 2-year period. For 
example. one adult male in a naturally vege­
tated fragment actively avoided a mad edge, and 
turning movements away from this edge were 
detectable up to 50 m from the road {Tracey 
et at 2005). 

Dug.m 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 habita1s. The 
preferred habitat was cactus patches of prickly 
pear (Opurltia sp.} followed by chaparral, and 
none of the tracked snakes used oak wood]:md . 
Several individuals spent most of their time 
within a single cactus patch during the ytat 
(Dugan etal. 2008). 

Distribution (Past arid Present) 

Crotalu~ rubc:r has a small range in California, 
occupying the southwestern corner of the state. 
It occurs in southeaslern Los Angeles and 
Orange Counties, the Morongo area of south­
western San Bernardino County, western Riv­
erside County, San Diego County, and extreme 
southwestern Imperial County (Klauber 1956). 

Crot11Jus mher occurs in areas with rainfall 
ranging from 8 to 80 cm/ytar, usually in areas 
below 1200 min elevation {Klauber 1956). The 
geographic range of C. ruher extends out onto 
the desert floor from the eastern slope of the 
Pen1nsular Ranges (Klauber 1956). Outside of 
California its range extends south through Baja 
California and several nearshore islands {Kl.au• 
Ger 1956). 

Much. of the ranee in California is in dose 
proximity to areas of high human density. Jen• 
nings and Hayes (1994a) estimated that C. 

ru.ber was extirpated from roughly 2.0% of his­
torical sites and attdbuted extirpations to habi­
tat loss from urbanization and agriculture. 
Coastal populations are the most reduced, par· 
ticularly tn southern San Diego County (S. 
Barry. pers. comm.). Case and Fisher (.2001) 
conducted pitfall trapping surveys in southern 
California and did not capture or ohserve 
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animals at s~eral localities where Klauber 
(r939 and unpublished data} had previously 
noted them as common. Halama et al. (2008) 

noted tha1 many native habitat localities where 
makes W€re collected in the 1990s in wes1em 
Ri~rside Coun1y have now been developed. 

Trends in Abundance 

While population estimates are not available, 
popub.tion declines arc suspected due to habi­
tat loss and fragmentation. Current declines of 
e,,;isting populations may be occurring particu­
larly in the Momngo Va11ey in the northern end 
of the range due to development (S. Barry, pers. 
comm.). ln one San Diego County site, mini­
mum density was estimated as 0.63 Crot.ilu~ 
rub~r per 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;. 

Naturt ond Degree of Tfin:ot 

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. C]ima.te change may 
affect C. ru~r through changes in fire regime 
and vegetation :shifts. However, both increases 
and decreases in fire l1ave 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 2008). How C. ru&er 

may respond to changes in fire regime is 
unknown. Climate change is predic1ed to 
decrease 1he availability of chaparral and shrub­
land by up to 44%, while grassland is predicted 
lo increase by up to 390% in southern Califor­
nia (Lenihan et al. 2008, PRBO 2011). Though 
C. ruber has been documented in grassy are:is, 
large losses 1n shrub habitat may negatively 
affect this species. 

Statu1 Dtttrminatir:m 

Cru~11lu5 ruber has a small range in California 
that ind udes areas of high human population 

density and development, resuliing in a Prior• 
ity 3 Spedes of Special Concern designation. 

Management Re~ommendaiions 

Remaining populations of Crnta!us rubfr in 
California often occur in habitats that arc frag­
mented by roads and urban development. Exist­
ing large habitat fragments should be identified 
and protected. For example, a proposed Habit.at 
Comcrvation Nan 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 suitabiHty models that 
toughly 100,000 ha of predicted highly suita­
ble habitat jn the area would still be unpro­
tected and at risk of developmenl. IL may be 
possible 1o reduce road mortality with wildlife 
tunnels and associated drift fences installed 
beneath high-traffic roads. 

Monitoring, Rr:seorch, tmd Sur11t:y Needs 

Additional research into Crotalw ruber ecolosy 
and population dynamics in developed and 
frasmcnted landscapes would be useful for 
developing management strategies, particularly 
with regard to maintaining connectivity among 
populations. Crei!.ting habitat buffers around 
large remaining fragments and habitat corri• 
dors between fragments may help populations 
persist in these landscapes, but more research 
on habiiat use and corridor placement is needed. 
Radiotelemetry data to date suggest high site 
fidelity among adul1s, at least in some coastal 
populations within years. Juveniles may show 
different dispersal behavior and benefit more 
frum 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 10 be >soo g in one study: Brown 
et al. 2008), making it difficult to study mov~ 
ment in small individuals. ln these cases, land· 
scape genetic data could provide important data 
to complement more detailed telemetry studies. 
The role of hibernacula in population viilbility 



and movemC'.nt patterns is also an important 
research need, particularly for juW!niles. 

Monitoring JS 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-

fuUy document presence and absence of this 
species in southITn California (e.g., Case and 
Fisher 2.001). and pitfall arrays that specifically 
compare habitats with different levels of human 
disturbance would provide valuab]e monitoring 
information. 
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REGAL RING•NECKEO SNAKE 

Diadophis punceatus regalis Baird ilnd Girard 1853a 

Staius Summary 

Diadophis pum:tatl-L.'l regal& is a Species of Spe• 
cial Concern, althoush we refrain from assign­
ing it a priority st.itus at this time due to Ii mired 
information. This taxon received a Total Soore/ 
Total Possible of 68% (27/40) and was not pre­
viously considered a Species of Special Concern 
(Jennings and Hayes 1994a). 

Jde1?t(fication 

Diadophi.s puncu.tus regalis is the largest of the 
ring•necked snakes, reaching up to 85.7 cm TL, 
while most subspedes are less than 50 cm TL 
(Ernst and Ernst 2003). A slender snake with 
smooth scales. D. p. regulis is light gray. olive 
gray. or olive abO\le with orange or ~d \lentral 
coloration. The v~ntcr is speckled with irregu­
lar b1ack spots. An orange or red neckband is 
generally present behind the heid, though it 
can be faint or absent in some populations of 

this subspecies, particularly jn New Mexico 
and Utah (Ernst and Ernst 2003, Stebbins 
ioo3) . Recent specimens from California and 
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Nevada have lacked neck rings (Emmerich and 
Cunningham 2003, Wood ilnd Richmond 
:i.003). 

Ran Icing Critl!ria {Maximum Score) 

i. Ranee size (10) 

ii. Distributiun t~nd (25) 

Score 

10 

Data 
deficient 

iii. Population concentration/ 
migration (10) 

Data 
deficient 

iv. llndem'ism {10) 

v. Ecological tolerana! (10} 

vi. Population trend (25) 

vii. Yu lnerability to climate change (10) 

viii. Projected impacts (10) 

Total Score 

Total Possible 

fotal Score/Total Possible 

0 

10 

Data 
deficient 

7 

Data 
deficient 

27 

40 

0.68 
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REGAL RING-NECKED SNAKE 
Disdophis punctatus regalis 

- Range 

USDA Ecoregion 

PHOTO ON PRElwl OUS PACE: Regal ring-'""chd snake, Sanl~ Cruz County, Arizona_ Courle8y ofJack5f.ln Shedd. 



Taxonomic Relationships 

'Twelve subspecies of D. punctatus have 1radi­
tionally been recognized, largely on the basis of 
morphology (Ernst and Ernst 2003). Diadophfr 

puncta~u.. 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 Spi(er 2006, Fontanella. et al. 
2008), and a tnonomic revision is Ukely in the 
near future. Feldman and Spicer (2006) sam• 
pied mitochondrial DNA from 39 animals 
throughout the range of D. puncta!us in Califor­
nia. Diadopkis punctalus regaii.s was recovered 
as sister to a dade containing all other Cali for• 
nia samples, although only two D. p. rcga!is 
individuals were included in the analysis (one 
from California and one from Ariwm). Fonta­
nella et al. (2008) concluctt!<I a more compre­
hensive phylogeographk analysis of D. p1mcM-

1us, 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. 1"&g11lis 
as a part of a Great Basin dade. Fontanella et al. 
(2008) oonduded that species-level diversity is 
currently underestimated, warranting a ful! 

taxonomic review requiring further sampling 
(particularly throughout Me~ico) and the addi­
tion of nuc1ear markers. 

Life History 

Very little natural history information is available 
for Diadopkis p1.1m:1at1.1s regal/5, especia1fy 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. regal.is are ecologically distinct from 
other California D. punctatus populations based 

on their much lal"ller size and unique restriction 
to desert spring habita1s. Un1ess stated explicitly, 
life history infotm.i.tion here is from other i;ub­
species of D. punctatus and caution should be 
used in generali'ling to D. p. reguli'.s. 

Diadop/tis p~11cta~f.ls is most active in the 
spring and early fall, and is primarily nocturnal 
(Ernst ,md Ernst 2,003). Ma]es ,1ggregate for 

mating in the spring and fall {Noble and 
Clausen 1936, Dundee and Miller 1968). 
Females are thougnt to reprodurx annually and 
may produce more than one dutch per year 
( Ernst and Ernst 2.003 )- Oviposition occurs 
from May to September but ig concentrated in 
June and July. and hatching occurs from July to 
September (Ernst and Ernst .2003). Clutches 
from multiple females may be ]aid together in 
commund nest sites (Blanchard r942, Gilhen 
1970}. Diadoph.is p~nctatus eggs are 16-44 mm 
long (mean 25 mm, n = 108) and hatchlings are 
7.6-18.8 cm Tl tmean r.2.4 cm, n. - 1.20; Ernst 
and Ernst .2003). Diadoph1s p1mctMus regaUs 
eggs and hatchlings are likely at I he 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 II.3 mm) that hatched after 52 days of 
incubation (Vitt 1975). The neonates were 
16.9-18.8 cm long (mean 18 cm). Geh]bach 
(196~) reported one female D. p. regaHs carry­
ing r8 eggs_ Estimates for size at maturity for 

D. p1111ctat11~ range from 17.8 to 18 cm (Wright 
and Wright 1957. Myers 1965), but given that 
ha.tchling D. p. regali:; can be this large, they 
likely mature at a larger size. Development 
timei; to maturity in D. p1.mc~r+t~ can take 1-3 

years depending on locality (Fitch 1975. Degen­
hardt et al. [996). 

Di.arfophi~ pr.m.ctatu,; can often be found in 
aggregations under cover objects (Ernst and 
Ernst 2003}, and some populations make 
spring ancl fall migrations to and from hiber­
nacu la. Diadophis pu11ctaiu.s re.galis from the 
Rocky Mountains in Utah at 1580 m elevation 
showed communal denning and repeated use 
of the same hibernacula in multiple yec1rs 
(Parker and Brown 1974)- It is unknown 
whether California populations of D. p. regalis 
also show this behavior. Field-active body tem­
peratures across several populations of D. p1,.1,11c• 

tat1-1s range from 2.09 C to 34.4•c (Clarke 1958, 
Erattstrom 1965, Etch 1975, Mitchell 1994). 

Di!ld-Ophis putictat1-1s regQlis is a mild]y ven· 
omous rear-fanged colubrid snake, using 
enlarged posterior teeth to deliver venom to 



prey such as makes and lizards (Gehlbach 

1974, Anton 1994, Hill and Mackessy zooo, 
O'Donnell etal. 2007). ]n addition to subduing 
prey. copious salivation h<1.s b~n observed a.s a 
defensive response in D. p. regaUs (B1anchard 
1942). While D. pu11ctatus is a generalized 
predalor. southweslern populations, including 
D. p. regrilis, nave a diet composed of propor­
tionately more reptiles jGehlbac.h r974) than 
other populations, which tend to consume a 

greater fraction of amphibians and earthworms 
(Ernst and Ernst 2003), 

Habitat Requirements 

1n California, Diadophis punctatus rega!i.s 
appears to be restricted to riparian areas sur­
rounding desert springs. Snakes have been 
found in Death Valley in Inyo County in h!!'avy 
riparian vegetation within s m of surface water 
(Emmerich and Cunningham 2003) and at 
Pachalka Sprin@, Clark Mountain. San Ber­
nardino County, near the spring head (Wood 
and Richmond 2003). Outside of California, D. 
p. rt:g(l(is have been found in evergreen wood­
land, deciduous woodland, desert grassland, 
oak-junipH, and succulent desert habitats such 
as sotol-agave and juniper-agave (Gehlbach 

1974). 

Distrii:1ution (Post ond Pres,mt) 

In California, tbe documented range of Diad<i­
phis pwu:tutus regaJis is extremely small. It is 
known from only a few isolated populations in 
the Clarie., Grapevine, Mute, and Providence 
Mountains in th.e 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 2003). The Great Ba.sin 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. Muth of the Great Basin dade is 

restricted to patches of suitable mesic environ• 
men ts surrounded by Less hospitable iceric habi­
tats ( Fonta ne\la et al. 2008). 

TrEnds in Abundemce 

No population estimates are avail.able for Cali­
fornia populations_ Declines may have occurred 
near Port Piute in the Mute Mountain Range 
jR. Ftsher, pers. comm.). 

Nature ,md Degree of Threat 

The small and patch.y distribution of Diadophis 
punctatus rtgaJ.s in California makes il at risk of 
extir?ation. Its dependence on rare desert 
spring habitats is an additional risk factor, par­
ticularly because these sprin B habitats are 
thniatened by overexploitation of groundwater 
resources. Because of their reliance on me sic 
habitats in an arid matrix, D. p. regaJis may also 
lie sensitive to climate changes that affect the 
timing and amount of predpjtation. While 
there is a large degree of uncertainty in how 
rainfall patterns will change within its range. 
most studies predict decreases in mean annual 
rainfall of up to 40% (reviewed in PRBO 2011). 

In addition to decreases in mean annual rain­
fall, the number of extremely hot days where 
temperatures e:1;tee<l the long-term 95th per· 
centile is expected to increase by roughly 30 

days a year ( Bell et al. 2004). If conditions 
bc>come warmer and drier, this could negatively 
impact D. p. ngulis habitat. 

Status Determination 

Di~dophis p1,mc;tatus regalis has an extremely 
small range in California and is dependent 
upon a rare habitat type that is sensitive to 
human use of groundwater in the de~rt. How• 
ever, e.xtirpations have not been well docu­
mented, and we have virtually no information 
a.bout the number or status of popula­
tions oc<:llrring in California. Because of this. 
we choose not to define a priority at this time. 

Mime1gement Rer::ommend(ltioris 

Protectiug desert springs and associated mesic 
habitat patches is a key requirement for the 



continued existence of this species. Minimiz­
ing u~ of water from desert spring sites will 
help maintain habitat for Diadophis pun.ctciti.s 
rcgalis. It is difficult to make further manage­
ment recommendations given the lack of infor­
mation on 1his talt(m's ecology in California or 
similar habitats. 

Monitoring, 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 activi1y period also 
make increased surveys an important priority 
for this taxon. Increased genetic. sampling 
would help determine patterns of connectivity 
between fragmented southwestern popula­
tions, and we strongly encour.tge all field sur­
veys to take nonlethal tissue samples of any 
specimens th.at are encountered. Given that no 
population study has ~en conducted within 
California and the unique habitat requirements 
of the taxon, additional work quantifying the 
basic e,::,:ology and life history of Diadophis punc­
~atus rtg:alis is badly needed. 



SAN JOAQUIN COACHWHIP 

Mr:J-seicopkisflagelfum ruddocki Brattstrom and Warren 1953 

Siaius Summary 

Mi1nicopn.is flagt!lwm rudaocki is a Priority 2 

Species of Specia1 Concern, receiving ;i Total 
Score/Total Possible of53% (58/110). It was pre­
viously considered a Species of Special Concern 
!Jennings and Hayes 1994a). 

Identification 

Mastiwpn~flagellwm is a large (91-260 cm TL) 
slender colubrid snake with smooth scales and 
a large head and eyes (Stebbins 2003). The s~­
cies is distributNf across the south.em 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 n.1.ddod:i was 170 cm TL. Coloration is 
highly variable within M. flagellum. The sub­
species M.f ruddocki has a tan, olh1e-brown, or 
yellowish-brown dorsal color and lacks the dark 
head and neck bands 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, S1ebbins 2003). 
The scales on the tail are often described 
as having a "braidedu appearance (Stebbins 
2003). 

Ranking Metric (Maximum Score) Score 

i R;mge size (10) 5 

ii. Distribution trend (25) 20 

iii. Population con~ntrationf 0 
migiation (10) 

iv. EI1Clemism (101 10 

v. Ecological tolerance (10) 3 

vi. Population trend (2S) 10 

vii. Vulnerability Lo climate change (10) 3 

viii. Projected impads (10) 7 

Total Score ss 
Total Possible 110 

Total Score/Tot.ii Pos~ible 0.53 
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Toxonomi,; Re/Q~iotiships 

Bratlstrom and Warren (r953) described Mast• 
icophis flagellum ruddocki as .a subspecies based 
on morphological characters including dorsal 
colora1ion, the lack of dark neckbands, and a 

relatively low number or subcaudal scales. 
Analysis of mitochondrial DNA from Califor­
nia populations supported the uniqueness of 
M.f ruddoc:ki, rnrroborating the marphologkal 
data (Mitrovich 2006). 

Life Hiitory 

Very little is known about the life history of 
Masticophis flagellum ruddocki. In general, M. 
jl.e1ge!!um is an extremely active diurna.l snake 
that prefers warm temperatures (Brattstrom 
1965, Hammerson 1977). Home ranges are sus­
pected to be large, but no movement data are 
available for this subspecies (R. Hansen, pers. 
comm_ in Jennings :and Hayes r994a). Prerer­
ence for warm temperatures results in late­
season emergence (April May), and dajly sur­
face actrvity cor~sponds to the warmest parts of 
the day (Hammerson 1977). Data from red 
coachwhips (M.j. pice1.1s) in the Mojave Desert 
found body temperatures as low as I}.96 C when 
inactive in burrows to a high of 40.&°C while 
actively moving (Secor 1995) . Mating is thought 
to take place in May, with. aviposition occurring 
in June or July {Jennings and Hayes r994a). 
Adults may cease surface activity and retreat ta 
mammal burrows as early as August (pers. obs. 

in Jennings and Hayes 1994a). 
Like other members of the M. flagi:!lu.m 

complex, the diet of M. f ruddoi:ki is presuma• 
bly generalized on vertebrates, including la1ge 
prey like antelope squirrels. (Ammasptrlmlphilm 
nelsoni), blunt-nosed Jeopard lizards (G'1tnbelia 
sifa}, and wh.iptails (Aspiaoscelis tigris) (Monta­
nucd r965, To1lestrup r979; S. Barry, pers. 
comm.; R. Hansen, pers. comm.; S. Sweet, 

pers. comm. in Jennings and Hayes 1994<1.). 

Ht1bi1at Requiremtm5 

Ma.stiaiphis jfogdlum rnddoi:ki occurs in open. 
d1y areas with little or no tree cover (Morafka 
and Banta 1976). Valley grassland and saitbush 

scrub habitats are used in the western San 
Joaquin Valley {Montanucci 1965, Banta and 
Morafka 1968, Tollestrup 1979, SulliY;m 1981; 
pers. obs. in f ennings and Hayes 1994a). 
Spring road cruising surveys from 1972 to 1979 
in eastern Alameda and west.em San f oaquin 
Counties found M.f rudd1.1cki. in grassland and 
transitional habitat but not in mixed oak 
chaparral woodland (Sullivan 1981). Mastico­
phi5 flagdl,,011 ruddotH will climb into bushes, 
apparently Lo scan fo1 predaton. and prey or to 
seek cover (Cunningham 195~. Stebbins 200}), 

Mammal burrows are used for overwintering 
and possibly also for oviposition (Jennings and 

Hayes 1994a) . 

Di1tributian (Past ond Present) 

Masiicophis fla~tlum ruaaocki 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 I Hayes 
and Cliff r98:a) . 

Much of this subspecies' historic range has 
undergone dramatic land use changes from 
grassland to intensive agriculture in the Cen­
tral Valley. Me1stiwphi5 Jlagdhim ruddocki is 
thought to be sensillve 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 Abundar1,e 

Though neither h.istmical nm current abun­
dance estima1es are available, we suspect that 
the conversion of historic.al habitat to row crop 
agriculture and urban development has 
resulted in lower abundances than in preagri­
cu.ltural times. 

Natun and Degree ofTJireQt 

Habit.at loss and fragmentation due to agricul­
ture and urbanization are the major threats to 
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M"sticllphis flagellum mddocki. As with other 
diurnally active, highly mobile snakes, road 
mortality is probably a significant source of 
morLality, although its overall impact requires 
mme study. The greatest potential threats from 
climate change are due to ch.anges in fire 
regime. In the more coastal parts of the range, 
the area burned is expecl:C'd 10 1ncreasc by up to 
50% \Fried et al. .2004, Lenihan et al. 2008). 

and the probability of large (>200 ha} fires is 
pn'.dicted to increase (Westerling and Bryant 
.2008}. Modest decreases in the probability of 
large wildfires are expected in the San Joaquin 
Valley. How M. f ruddodci may respond to 
increased fire needs more study. F1re may ha.ve 
direct mortality effects on snakes and negative 
effects on prey populations but may also benefit 
M. J ruddrxki by increasing or maintaining the 
availability of open habitat. Under climate 
change projections, grassland habitat js 

expected to increase by up to 140% in the 

coastal part of the range, with little change in 
vegetation e:icpec:ted in the Central Valley (Leni­
han et al. 2008, PRBO 2011). These vegetation 
shifts may result in additional potential habitat 
for M. f ruddocki. 

Sicitus: Determination 

Ma5ticophi-!i flagdlwm riiadocki is a California 
endemic with a sma11 range and is restricted to 
a heavily disturbed part of the state. resulting 
in a Priority z designation. 

Management RecommendaJions 

The lack of basic ecological information on this 
subspecies needs to IJe addressed before any 
meaningful management can be accompHshed. 
At a minimum, remaining large h.ibitat fr.ag• 
ments and connectivity among fragments must 
be protected if the species is to persist. 

Monitoring, Research, and Survey Needs 

Although .additional wod:: on alJ aspects of its 
ecology, demography, and population genetic 
ditTcrcntfahon would be useful, information on 
reproductive biology, movement ecology, popu­
lation sizes, and fragmentation is key priority 
for future work. Some large habitat fragmenls 
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 fuJig{nosus {Cope 1895a) 

Staius Summary 

Masiicoph.is f11Ugiriosus is a Priority 3 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 45% (50/no). This species 
has not previously been considered a Species 
of Special Concern (Jennings and Hayes 

1994a). 

ldeniijicaiion 

Masticophis J~Jiginosw is a large slender colu­
brid snake with smooth 11cales, 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 d;i.rk neckbands. The dark morph has 
a darlc gray brown, golden brown, or black dor­
sal ground color, and sometimes has distin­
guishable dark neckbands {Wilson 1971, Gris­
mer 200~). Dark morph animals can be 
uniformly dark above, or the scales on the sides 
of the body can have pale edges, giving the 
appearance of narrow Lines (Wilson 1971). The 

venter is light colored with brown spots (Wilson 
197r, Grismer 2002). 

Masticopi1~ f uliginosw can be distin~uished 
from congeneric southern California snakes by 
seographic range, as there is little overlap with 

Bojo Califomio Cooduuhip: Risk. Factors 

Ranking CriLeri.a (Maximum Score) Score 

i. Range size [10} 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10} 

iv-. Endemism (10) 0 

v. Ecological tolenmce (10) 0 

vi. Population trend (25~ 10 

vii. Vulnerability ui climate cha.nge (IO) 3 

viii. Projected impacts (10) 7 

Total Score SO 

Total Possible 110 

Total Sc.ore/Total Possible 0.45 
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other species, and by color. Ma.sticopkis jlagei­
h,m piceiis is reddish to pinkish above, with 
dark bands at the neck. California whipsnakes 
(M. lateralis) have a conspicuuus light stripe on 
either side. Racers ( Col~tr constrtcior) are pale 
gret'n or dark above (brown, olive, or hluish) but 
have unmarked white to yellow ventral surfaces 
(Stebbins 2 003). 

Taxonomic Relationships 

We fo1low Grismer's (2002) proposal that Mas­
ticophi.sful.iginosws is a fo)I species, rather than 
a subspecies of M.flagt;llum. This arrangement 
is based on a lack ofintergradation with neigh­
boring M. J piceus (Wilson 197r, Grismer 
1994). Analysis of a single mitochondrial DNA 
gene from .229 M.JlageJhimindividuals (includ­
ing 30 M. Juliginosus) from 30 localities in 
southern California supported the genetic dis­
tinctiveness of M. Juliginosus ( M itrovich 2006). 

However, 4 out of }O snakes identified in the 
field as M.Juliginosus had mitochondrial DNA 
sequences that were most closely related to M.f 
piceu~ (Mitro"ich 2006). This could b€ due to 
hybridization or incorrect identification jn the 
fie]d, as the study was conducted on tissues 
without voucher specimens. Further resolution 
of this problem with multiple nuclear DNA 
markers would likely help to clarify the taxo­
nomic status of this species. 

life History 

Very little is known about the life history of 
Masti.cophis fuligi11osus in California. In ge11-
eral. M11sticophis are extremely active diurnal 
snakes that prefer warm temperatures 
(Brattstrom c965, Harnmen;on 1977). In south­
ern Baja California. M.fuliginosus can be active 
year-round, but in the northern part of the 
range. they tend to be inactive in winter and 
emerge in mid-March (Grismer 2.002), Activity 
in San Diego was ohserved to be greatest in 
spring and summer and greatly reduced in the 
fall (Mitrovich et al . .2009}. Matins ha.s been 
observed in northern Baja California in late 
April. and hatchlings have been seen in early 
August (Gtismer 2002), 

Radiotelemetry of .24 snakes in two reserves 
in San Diego County found large vatiation in 
home range si2e, from roughly II to r30 ha 
(Mitrovich et aL 2.009). Variation in home 
range size was largely due to habitat availability, 
with smaller home ranges in smaller habitat 
fragments. No differences 1n potential prey 
were detected among sites where snakes had 
different home ranse sizes. The diet of M.fu!ig­
inosus, like its dose relative M. jll:lgdium, is 
broad and includes a variety of vertebrate prey 
such as lizards, snakes, birds, and mamma]s 
(Cliff 1954, Grismer 2.002.}. 

Habi~C1: Reqr1irements 

Mo.st~ophis fllli.ginosus 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 :i.002). In California, M. 

f uligi,i.osus occurs mainly in coastal sand dunes, 
shrubk1nd, and grassland, and is most com• 
monly observed forag1ng in bushes and shrubs 
(Linsdale 1932, Bostic r97r, Welsh 1988, Gris­
mer 2002,). HoUow stumps of plants such as 
agave and yucca are used as retreats (Bostic 
1971, Grismer 2002). 

Diftrib11t;on (Past and Present) 

Masticophis fu!ig.inosus has a very small geo­
graphic range in California, occurring in a 
small a.rea. of San Diego County near the United 
States-Mexico border (Wilson 1973). The 
range of the species extends over most of the 
Baji:I Ci:1lifomia peninsula, including some 
small off sh.ore islands (Wilson r973. Grismer 
2001.). 

A resurvey of Klauber's (1939) sites in 
southern California found that M. J~liginosm 
was absent from some previously occupied sites 
(Fisher and Case 2.000, Case and Fisher 2001; 

R. Fisher, pers. comm.), suggesting that the 
species has declined in the last seven decades. 
However. the full extent oflocal e:xtfrpations is 
unkriown. 
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Tn:nds in Abundance 

While data on abundance across the range are 
not ava.ilable, 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 {Mitrovich et al. 

2.009). 

Nai1,1n ond D~gn:~ of Threat 

Mastic.ophis juligin OSIL5 in California are mainly 
threatened by habitat loss, fragmentation, and 
road mortality due to development, as weU as 
the inherent demographic threats associated 
with a very small geographic range. Climate 
change may affect M. Ju!igi11.0sus through 
changes in fire regime and vegetation shifts. 
HUW1::ver, both increases and decreases in fire 
have been predicted, and there is little consen­
sus because of the difficulty in modeling Santa 
Am weather events in southern California 
(Westerling et a.I. 2.004, Westerling and Bryant 
2008). How M. Jut~in-osus may respond to 
changes in fire regime fa unknown. Climate 
change is predicted to decrease the availability 
of chaparral and shrubland hy up to 44%, while 
grassland js -predicted to increase by up to 
390% in southern California (Lenihan et al. 
2008, PRBO 2011). Though M. f r.tUgiMOUS also 
uses grassland habitat, large losses in shrub 
habitat may negatively affect this spec1es. 
Finally, development along the border may 
effectively isolate the population that occurs in 
California, making it more susceptible to 
decline than it otherwise would be. 

State.is Determination 

Masticophisfuli.gin.osus has an extremely small 
r,mge 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, tesuhing in a I?tiotity 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 buffen- may benefit popula­
tions, particularly those living in small habitat 
fngments {Mitrovich et al. 2009). Given the 
very sma 11 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 Sur11ey Needs 

Drift fence arrays with funnel traps have been 
successfully used to document the presence/ 
absence of Masticophis f14lig1J1osus in California 
{Fisher and Case 2000), and mark recapture 
da~ to establish population sizes are essential 
for futu1e management. Additional genetic 
da~ would complement existing mitochondrial 
DNA data and radiotdcmetry 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 

Sa}11adora hemlepis virgultea Bogert 1935 

Stotws Summary 

Salvalfurn h~"cuepis virgulttA is a Priority 2 Spe­
cies ofSpecial Concern, receiving a Total Sf:ore/ 

Total Possible of 54% (46 / 85). During 1hc pre· 
vious evaluation, it wa.s a.lso designated as a 
Specie5 of Special Concern (Jennings and 
Hayes 1994a). 

lden~Jicaiior, 

Sohiadom hexal~pis 11i7Eult,~ is a mediwn-sjzed 
(to u5 cm TL) snake, with an enlarged rostrnl 
scale, large eyes, and a light middonsal stripe 
1.5- .2. scale rows in width (Jenninss and Hayes 
1994a, Stebbins 2003). The dorsal stripe is yel­
lowish to grayish and extends from the tail to the 
rear of the neck region ( Bogert 1935, Stebbins 
2003}- The sides of the body are darl brown, and 
the head is olive or brown (Bogert 193S, Perkins 
r938). Ventral coloration is generally a dull 
whi1e, often with an orange wash that is more 
prominent toward the underside of the tail (Steb­
bins 2003, Lemm 2006). Usually only a sjngle 
supra.labial con1ac1s the eye ( Bogert 1935). 

The presence of both a conspicuously 
enlarged rostral sc.ile and a middors.al stripe 
easily differentiate this species from all other 
snakes within its range. Along the eastern edge 

Rankins Criteria (Maxim.um Score) Score 

i. Range size (10) 5 

ii. Distribution trend [2S) 15 

iii. Populatlon concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25~ Dau 
deficient 

vii. Vulnerability10 clima.te change (10} 10 

viii. Projected impaos (10) 10 

Total Score 46 

Total Possib,le 85 

Total S(ore/Total Possible 0.54 
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of its range, S. h. virgi:iitt:ii is parapatric with the 
Mojave patch-nosed snake (S. fz. mojt..vensis) 

and the desert patch-nosed snake (S. h. he:i:a­
lepis), and it intergrades with both (Bogert 
r945). In S. h. mojavensis, the supralabials usu­
ally do not reach the eye. and the dark lateral 
coloration is sometimes Jess pronounced and 
may be somewhat discontinuous. Sotvadora. 

hell!a/tpis /zeralepis usually has one suprdlabial 
reaching the eye but has a. wid~r dorsal stripe 
(usually three scale rows wide) than S. k. vir· 
g1,1.!tr-a. The spotted leaf-nosed snake IP/r.y!!o­
rhyr1clrns decurtatus) occurs along the eastern 
edge of S. h. virgultea's range and also has an 
enlarged rostral scale. This species differs in 
h.aving a light-brown spotted pattern on the 
dorsal surface and attaining much smaller 
adult sizes (to 51 cm TL) (Stebbins 2003). 

Tuxonomic Rel£1tionships 

Sahiadora htxalepis virgultea was first recog­
nized primarily on the basis of coloration, 
althou9h some scalation characters also differ­
entiate it from other subspecies of the S. hexa­

lepis complex (Bogert 1935. Bogert 1945). 
Genetic analysis of differentiation among the 
subspecies has not been undertaken and repre­
sents a dear need for future research. The 
placement of Salvador-a within the colubrine 
ph.ylogeny is also uncertain and requires 
clarificatjon. 

Life Hisfof)' 

Salvtl-doru. hrxal~pis virg~ltw 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 Slllvadom 
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 stories 

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 (5. Sweet., 
pers. comm.). Specimens have been docu­
mented in the literature in all months except 
January a.nd 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 <lata). Breed­
ing has been observed in late April, with hatch­
lings appearing between mid-July and October 
(Klauber 1931, Grismer 2.0oz), perhaps indicat­
ing that multiple clutches may be laid in a sin· 
gle year. Oth<'r members of the genus are ovipa­
rous, and we expect that S. h. virgulu:a is as 
well, although esss h.ave never been descr1bed 
(Wright and Wright 1957). 

S1dvtl-dC1ra primarily eats lizards and proba­
bly specializes on whiptails (Aspidoscdis spp.) 
(Cunnittgham 1959b, Grismer 2002., Lemm 
2006}. The diet of S. h. virgl4!t,a has not been 
described, but other members of the complex 
feed nearly ex-elusively on members of the 
genus Aspidosctlis, with other sma11 lizards 
being taken only whEn they are moving rapidly, 

as AspLdoscdis tends to do (Bogert 1939). Sev­
eral members of1he complex are also known lo 

feed on other small lizards, mammals, arid. 

snakes (Stebbins 2003). The enlarged rostral 
scale may be an aid for digging and possibly a 
specialization for feeding on lizard eggs (Gris­
mer 2002, Lemm i.006), although this beh.av­
ior has never been described in 5. k. virg1-1/tel'.l. 
Salvudortl- species have enlarged rear teeth, sug­
gest ins that they may enYenotnate prey. The 
saliva of Salvadorll has not been studied, though 
Grismer (.2002} observed an A. tigri.s that died 
soon after being b1tten by a Baja California 
patch-nosed snake (S. h. klau.beri). 

The movement ecology of S. k. virg~lte:o. is 
unknown. Like other members of the genus, it 
is a fast and active specieii that is probably active 
at his her 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 I Grinnell and 
Grinnd] 1907, Lemm 2006; S . Swe-et, pers. 
comm.). The species probab]y ranges wide]y, as 
do other large diurnal rnluhrids. 

1-Jabitat Req11irt:me11ti 

Sa!vad.ora. hcxafrpis virguJlta shows att apparent 
preference for brushy chaparral habitat (Bogert 

1935, Grismer .2002). Klauber (1939) located 35 
specimens in "Heavy brush, Chaparral~ habitat, 
which was more than the number found in all 
o1her habitat types combined. In Baja Califor­
nia. they are also often seen in riparian areas in 
the vicinity of Tecate (Grismer 2002.). In Cali­
fornia unpuhlished data sugsest th.al this spe­
cies has a preference for chamise and red shank 
and often l>asks at or near the tops of bushes (S . 
Sw~t, pen;. camm.]. Schoenherr (1976) noted 
that this taxon was widespread but uncommon 
on the Pacific slope of the San Gabriel Moun­
tains and that it may prefer coastal sase scrub to 
chaparral. at least in this area. He recorded a 
sigh.ting at 830 m elevation, the highest site for 
rnastal sage scrub habitat in the San Gabriels. 
At two burn sites in southern Cahfomia, brush 
was reduced, Aspidosct:lis numbers increased, 
and S. k. virg1dtea. numbers remained stable or 
increased (C . Rochester, pers. comm.), suggest­
ing that prey aliundance may be at least as 
important as vegetation per se. If the species is 
a wide-ranging predator, it may be susceptible 
lo habitat fragmenlation. Because a large com­
ponent of its diet probably consists of Aspidos­
celis species, S. h. 11irgultu.i may be su.si:::eptible to 
decline in areas where Aspid(}sce:lis are dedin· 
ing. The two species found within its range, the 
orange-throated whiptail (A . hyperythra) and 
the coastal whiptail (Aspidoscelis tigris stejneg­
eri}, are both under threat. Aspidoscelis h}'per­
ytkro. is a Watch List species, while A. i. stejneg­
eri js a Priority 3 Species of Special Concern 
(see accounts, this volume). 

Distribution (Pa~, arid Prtst:nt) 

The historical distribution ranges from Ven­
tura and Los Angeles Counties south to the 
United St.i.tes-Mexico border and south to the 

vicinity of El Rosario, Baja California., Mexico. 
It ranges from sea level along the coast up to 
2130 m (Jennings and Hayes r994a, Lemm 
:wo6). The eastern edge of th.e range extends 
to the vicinity of Campo. San Diego County: 
Banning, Riverside County; and San Ber­
nardino. San Bernardino County (Bogert 1935). 

Today, the species is declining or absent 
from large areas of the Los Angeles basin and 
along the coast to San Diego (Jennings and 
Hayes 1994a; R. Fisher, pers. comm.). Survey 
data are available from Torrey Pines State Park 
where this species was formerly present. [t has 
not b~n re-documented there despite intensive 
trappiris efforts jWells r998) . 

Trends in Abundi:mce 

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 
riparian areas south of the United States­
Mexico border iGdsmer 2002). The species 
may have historically been rare in California. 
Klauber (1924) reported only 1wo specimens 
despite intensive collecting efforts spanning 
2 years and stated that "it seems to lie uncom­
mon." Bogert (1930) also noted that it was 
''uncommon in the chaparral:' USGS pitfall 
data for San Diego, Orange, and Los Angeles 
Counties collected ~tween 1995 and 201I indi­
cate that .2.6% of snake capturei. were Salvadoro 
kexalt:pis 11irgultea (123 captures out of 4680 
total snake captures), compared to 3.8% 
(61/1601j of captures for daytime road driving 
records for snakes recorded by Klaube1 (r939). 
These data confirm that this taxon is relatively 
uncommon and may suggest a moderate 
decline over the 1ai:t 6 o years. 

Noturt and Degree ofTlireat 

The declines in SalMdoro hex.:utpis virgull~'1 are 
most likely due to the conversion of the pre­
fer~d brushy habitat to other vegetation types. 
Development of rangeland, combined with 
increasingly f~quent 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 r994a; S. Sweet, pers. comm.). 
Climate change may exacerbate the intensity of 
wiJdfires in southnn California (Cayan ~t al. 
2008b). although current models range from a 
29% decrease to a 28% increase in wildfires in 
the region IPRBO 2011). However, climate 
models for 2070 project an estimated 38-44% 
decrease in the chaparral/coastal scrub habitat 
preferred by this species. Ongoing uJbaniza­
hon in the populated areas within this taxon's 
range is also destroying, degrading, and frag­
menting large areas of remaining habitat. Sa!­
vadora htxalepis virgultea.'s probable preferred 
prey, Aspidosceiu lizards, are also in decline, 
which could cause cascading declines in snake 
populations. Finally, diurnally ac1i...e widely for­
aging snalces are particularly affected by road 
mortality, and the volume of vehicular traffic in 
much of its range is large and increasing. 

Ste1tu~ Determination 

Salvadora h.e,adtpis virgultea has a relatively 
small range in Ca1ifornia and has disappeared 
from significant areas centered in the southern 
portion of its range where it wa:s formerly 
known. It continues to lose habitat. which is 
c1lso causing declines in a significant compo­
nent ofits prey-base. Hahitat loss. due to direct 
anthropogenic changes, climate-change-driven 
nabitat loss, and wildfire, is unlilcely to stop in 
the near fu1ure, which i,w ex:pect will cause fur• 
ther declines. For all of these reasons, a Priority 
2 designation is justified. 

Mrmi:igement Re,omme11dations 

The primary management goal for Saluadore 

hexalepis virgultea. should be to protect large, 
intact patches of brushy chaparral and/or 
coastal sage scrub habitat that support this 
snake. Ideally, these patches should be those 
that are least likely to be directly affected li}' 

future climate change. Pending further study 
of the species' movement ecology, habitat pro­
tection efforts should focus on remainini;: large 

blocks of intact habitat. Habitat fragmentation 
from roads is a key issue in these efforts. Road 
overcrossings, if installed for other taxa, may 
function as a means to avoid habitat fragmenta· 
tion. A key element of effective management is 
to maintain Jarge, healthy populations of Aspi­
da~cdis h.yperythra and Aspidoscelis tigri.s stejneg­

eri, since they appear to form the primary prey 
base of this snake. As declines in those species 
are also linked 10 habitat loss, management 
efforts among these species should be 
coordinated. 

Monitoring, Research, and Surve:v Netds 

Much rem;:iins to be learned about the life his­
tory and ecolosy of Salva.dora hexalt-pis vi,gultea 

in California. Surveys employing pitfall lraps, 
snake traps, and daytime surveys should be 
undertaken to establish baseline abundance 
data in remaining 'POpul.ations. 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 1he surveys would be in 
detecting declines. 

Autecological research focusing specifically 
on diet requirements, habitat utilization, and 
their interac1ion are badly needed, and the lack 
of this basic knowledse undermim~s our ability 
to effectively ma.na.ge this snake. Specifically, 
the extent to which this taxon speciali2es on 
Aspidosceiis, as opposed to utili~ing alternativt" 
prey, needs to be determined. Basic data on 
nome range size and movement patterns, aml 
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 now large they should be to eITectively 
conserve this taxon. 

Variation within the S, hexalepis complex 
has not been examined since the initial species 
description, and a genetic analysis has never 
been undertaken. A three-pronged g€netic 
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analysjs is critical First, a systematic charac­
terization of the Sa(vadora species complex 
should be undertaken utilizing multiple inde­
pendent nudear markers. This will serve to 
clarify the reality of species and subspecies as 
valid evolutionary units and confirm their 
respective boundaries and range limits. Sec­
ond, a phylogeographic study, using many inde­
pendent markers. within S. h. virguliea is 

needed to identify large-sca]e management 
units withi.n the tax.on. 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 GARTER SNAKE 

Thamrtophis hommondii (Kennico1t 1860} 

Status Summary 

Thamnophis '1:ammondii is a Priority~ Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 57% (63/110) . During th.e pre­
vious eva]uation, it was also considered a Spe­
cies of Special Concern {Jennings and Hayes 
i994a) . 

ldemificaiion 
TJu.1m11opJds hammon.dU is a medium-sized 
snake j102, cm TL) with keeled s-ca.les and a 
head slightly wider than its body (Stebbins 
2003). It is called the two-striped garter snake 
because it lacks the longitudinal middorsal 
Btripe that typifies many garter Bna.kes. The 
mid dorsal 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 1984, Stebbins, 
2.003). Both morphs have yellowish to gray 
stripes on each side with a ground color of olive, 

brown, or brownish gr:i.y, and both lack any red 
coloration dorsa1ly or laterally. The ventral co)­
oration is dull yellowish to orange red or 
salmon, with or without i:;light dusky markings 
{Stebbins 2.003). The striped/spotted morph 

Ranking Criteria (Maximum Scon!) Score 

i. Range size {10) 5 

ii. Distribution trend (25) 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 

Tot.ti Score/Tol:.31 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 1940, Fox 1951, Larson 
1984, Stebbins 2003}. The striped/non-spottNI. 
morph ~it her lacks dark spots on the dot!;um or 
on]y has very small ones next to the lateral 
stripes on the anterior part of the body (Larson 
1984, Stebbins 2003). Other color variants 
include non-striped/spotted, with no latera) 
stripes and one or two rows of dark spots on 
each side, .sometimes appearing checkered, and 
non-striped/non-spotted (Brown 1980. Larson 
1984, Stebbins 2003). A me1anistic morph, 
sometimes with obscure laleral slripes 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 State 
Beach in Sant.a Barbara County to Monterey 

Bay (Belkmin and Stewart 1977, Larson 1984, 
Stebbins 2.003). All color morphs eichibit vary­
ing degrees of light flecking dorsally due to 
whitish pigment on the inter-scale skin and 
margins of scales (Larson 1984). Dark green 
and dull red color morphs occur in northeast­
ern Ventura County (S1ebbins 2003). 

The Jack of a vertebral stripe and absence of 
red coloration on the head and sides distin­
guishes T. hammot1di~ from the co-occurring 
ii.quatic garter snake (T. aJraius), the western 
terrestrial garter snake (T. degans), and the 
common garter snake (T. 5i.rtali5) . 

fa.xoriomir.: Re/Qtionships 

Like several other garter snakes, Thamnophis 

hcimmondii has a complex taxonomic history. 
This species has at various times been consid­
ered a subspecies of the Sierra garter snake (T. 

couch.ii) ie.g., Cooper 1870, Rossman 1979. 
Lawson a.nd Dessauer 1979), the northwestern 
garter snake (T. orai.noidi:s) (e.g .. Grinnell and 
Camp 1917), and the western terrestrial garter 
snake (T. dcgans) (e.g .. Fitch 1948). Rossman 
and Stewart (1987) most recently elevated T. 
lw.mmcmdii- to full species status. Mc.Gufre and 
Grismer (1993) synonymized the Baja Califor­
nia Sut garter snake (I. d/.g1t&eti) with r. 
hammo11dii. 

Life Hisiory 
In California, Th([rnnophis hammondii cm 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. 

h ammondii 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 larse 
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 b~n observed in the- field in fate 
March (Curi ningham 1959b), and females are 
k:nown to store sperm (Fox 1956, Stewar11972). 
Like a]I members of the genus, r. kammondii is 
Jive-bearing, with litters produced from July to 
late October (Ernst and Ernst 2003). Hansen 
and Tremper {unpublished daia in Rossman 
et al. 1996) documented an average of 15 .6 off­
spring from 7 li~rs (range 3-36) . Young were 
born in late July and August and were 2.0. 3-.2.1.7 
cm TL (R. Hansen and R. Tremper, unpub­
lished data in Rossman et a1. 1996). Cunning­
ham (1959b) found a 46.1 cm SVL fem;1.le that 
contained 6 embryos, Another 64.9 cm SVL 
female contained 19 eggs (Cunningham 
r959b) . Males mature at 37.3 cm SVL and 
females at 38.8 cm (Wright and Wright 1957). 

Cunningham (1966) reported a mean body 
temperatu[e of 14 fidd-active individuals of 
22.6°C (range r8.6-31-8°C} . Five of these ani­
mals were swimming in water between 14•c 
and 27°C (Cunningham 196G}. Inactive snakes 
found under cover objects had body tempera­
tures ranging from 7.2.•c to 23.6°C (Cunning­
ham 1966). 



One radiotelemetry study has collected d.lta 
on the movement ecology of this species at San 
Simeon State Park (Rathbun et al. 1993). Activ­
ity ranges of radio-tracked snakes were greater 
and more distant from water in the winter than 
in the s\1mmer. Average summer activity 
ranges for seven adult females were 1498..9 ± 

I847.6 m~ (mean± s.d.), although the duration 
of the study was short (range 4-:29 days), and 
activity may have increased with more time. 
Average winter aclivity ranges for two females 

and one male were 3395.7 1" 4803.5 m• (mean± 
s.d.). with animals tracked for 29-57 days. 
Average daily distance to water was 7.2 m in 
summer, compared to 98.8. m in winter ( Rath­

bun et al. 1993). 
Thamn.ophis hamm1mdii is a generalized 

predator on a variety of prey including fo.h, fish 
eggs, frogs. salamanders, leeches. and earth· 
worms (Van Denburgh 1897, J<lauber 1931, 
Fitch 1940, Fitch 1941, Cunningham 19596. 
Bell and Haglund 197&, Rathbun et al. 1993, 
Rodriguez-Robles an.d Galina-Tessaro 2006). 

This spedes will eat introduced prey, such as 
sunfish, African clawed frogs, and bu11frogs 
(Ervin and Fisher 2001, Mullln el al. 2004, 
Ervin and Fisher 2,007). 

Habitat Rcq1,1iremtmt.s 

Th~mnophis hammondii is among the most 
aquatic of the garter snakes and is often found 
in or ne:ir permanent and intermittent rreshwa­
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, ceda[, coastal sage scrub, 
sparse pine. scrub oak. and cliaparra] (R. 
Hansen and R. Tremper, unpublished data, in 
Rossman et a1. 1996, Ernst and Ernst 2003). 

Tha.mn()pkis k~mmo,,.dii will also use artificial 
aquatic habitats such as cattle ponds (Jennings 
and Hayes 1994a, En-in and Fisher zoor, Ervin 
and Fisher 2007). 

Smveys in San Simeon Stak Park in San 
Luis Obispo County from July to December 
1992 resu1ted in 45 snake sightings: 33"3% on 

land, 53.3% on banks. and 6.7'¼ fo the water 
(Rathbun et al. 1993). A !most all of the sight­
ings (44/45} were in or near pooled water 
sources. Sixty percent ofsnakes were sighted in 
low vegetation (e.g .. h.erbs and grasses}, 28.9% 
in tall vegetatJon (e.g .. cattails), II.I% in open 
areas with no vegetation, and zero in wooded 
areas {t>.g., willow: Rathbun et al. T993). 

Habitat and movement ecology may va1y 
seasonally, although this requires further 
study. Thamn.ophi.s hammor:dii have been 
observed to concentrate their habitat use in ver• 
nal pools in the spring and in remnan.t pools 
formed from ephemeral creeks in the summer 
(R. ~isher, 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 we1e used 
for overwintering (Rathbun etal. 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), suggestins 
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. 

Di~tribu~ion (Pa~t t.md Present) 

Th~mnopMs h~rnmondii occurs in California 
from Salinas, Monterey County. south along 
the coast into Baja Cilifornia, Mexico, occur­
ring in the South Coast, Peninsular, and Trans­

verse ranges (Boundy 1990, Ely 1992, McGuire 
and Grismer 1993). Isolated populations also 
oo:ur in Baja California Sm and on Santa Cata­
lina Island {Brown 1980, Stebbins 2003). While 
I h.~mrnon-dii occurs mostly west of the deserts 
in California, there are populations in some 
perennift] dese1t s)ope streams in San Ber• 
nardino. Riverside. and San Diego Counties 
(Perkins 1938, Fitch 1940, Bouncly 1990). The 



elevational range is from sea level to 2450 m 
(Atsatt 1913). Jennings and Hayes (t994a) esti­
mated that T hammor..dii has been extirpated 
from -40% of its historic range in California 
during the second half of the twentieth century. 
This snake may be patchily distributed even 
when abundant suitable habitat is available. For 
example, snakes were readily observed at San 
Simeon Creek, San 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). 

Trnnds in Abundance 

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 r994a). Variation in abundance O'YC'l' 

ltme at a particular site may be partially 
explained by reduction in surface activity dur­
ing drought periods and noL necessarily reflect 
mortality and declines (E. Ervin and R. Fisher. 
unpublished data). Thamn.ophis hi1mmondii 

were rare in Carmel Rive1 fish traps in 2.003-

2005 (S. flarry, unpublished data) and were 
never encountered in exrens1ve fieldwork in 
and near the Hastings Reservation in the upper 
Carmel Valley from 1992 to 1998 iB, Shaffer, 
unpublished data). Jennings and Hayes (1994a) 
noted that T. 11ammondii 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 A nseles County, along 
Sespe Creek in Ventur.i. 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 1980) and is suspected to have 
declined since (Jennings and Hayes 1994a). 

Nuir,,ire ond Degree of Threat 

Decline; in the south are thought to be due to 
urbanization, reservoir constmction, and flood 
control (Jennings and Hayes r994a). 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 r994a). How­
ever, negative interactions with nonnative spe­
cies have not been well documented, and in 
some cases T. ha.mmond.ii may benefit from 
availability of introduced prey. Reliance on 
aquatic habitat and prey may contribute tu 
drought sensiti.vity in this species (Jennings 
and Hayes 1994a; R. Ffaher, pers. comm.). 

Under climate change, mean annual tern· 
p~ratures are projected to increase throughout 
the range of T. >iammondii, with warmer win­

ters and summers and earlier spring warming 
expected (reviewed in PRBO 20n). There is less 
certainty about future precipitation patterns. 
with estimates ranging from little change to 
roughly 30% decreases in rainfall (Snyder a.nd 
Sloan 2005, PRBO 2011}. Snowpack reductions 
of up to 90% are predicted in the southern part 
of the range (Snyder et al. 2004). Warmer and 
potentially drier conditions may affect availabil· 
ity of intermittent and ephemera.I waler bodies 
and thcrcfo1c limit activity. In the mon~ north­
ern part of the range, the probability of large 
(>200 ha) fires is expected. to increase (Wester­
ling and Bryant 2008) and the area burned is 
expected to increase by up to 50% (Lenihan 
el al. 2.008). Both increases and decreases in 
fire probability and extent have been predicted 
for southern California under diITerent climate 
chauge scenarios. The1e is little consensus on 
future fire dynamics in this part of the range 
because of the difficulty in modeling Santa Ana 
weather events (Westerling et al. 2004, Wester­
ling and Bryant 2008) . How T. h11mmondii may 
respond to fire needs to be gtudied. Fire may 
have direct mortality effects and may alter 
aquatic and terrestrial habifat quality. Predicted 
vegetatiou shifts due to climate change include 
decreases in chaparral, sbrubland. and woocJ. 
land, and increases in grassland area (Lenihan 
et al 2.008, PRBO 2011}. The impact or these 
shifts on T hammondi.i. populations will like]y 
be negative. 



StatiJs Determfriation 

Tkamnophis hammond.ii has undergone declines 
and extirpations and occurs in an area of high 
human population density and development. 
resulting in a Priority 1. Species of Special Con­

cern status. 

Ma,rngerl1ent Recarnmendoti'ons 

Given this species· association with aquatic 
hab1la\ 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. ha111111ondii populations, 
particularly if nat1ve pre')' is not abundant ( Mul­
lin et al. 2004). Rathbun el al. (1993) docu­
mented the use of upland terrestrial habitat by 
T. hammc>ndii, and the Potential importance of 
rodent burrnws for overwintering. ln order to 
maintain access to these habitats. they sug­
gested protecting terrestrial habitats within 

soo m of aquatic hab1tats, although additional 
study across habitat types is needed. 

MoMitoring, Rt:search, and Surwv 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 Thamnopkis 

species. Additional data on mo~ment 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. h.lm­
mondii is dependent upon introduced prey 
should be assessed, and the quality of those 
introduced prey compared to native prey should 
be evaluated. It may be necessary to manage for 
both T. hammondii and native prey populations 
simultaneously for effective recovery. Finally, 
landscape genetic data on the degree of differen 
tiation at the regional and watershed levels would 
be valuable both for the identification of manage­
ment units and for possible repatriation efforts. 



COMMON GARTER SNAKE, SOUTHERN POPULATIONS 

Tltamn'3phis sirtolis {Linnaeus 1758) 

Statws Summary 

Tham.11ophis 5irtalis i!: a Priority I Species of 
Special Comern, receiving a Totc1l Score/ Total 

Possible of72% (72/100)- During the previous 
evaluation, garter snakes in this part of the 
range were also considered Species of Specia) 

Concern {Jennings and Hayes 1994a). 

!dentificcrtion 

Southern coa~tal populations of Tkt»Mophil 
sirta!is have not been formally described as 
a distinct I.axon. so we limit our description 
here to T. sirta1is. in general. Thamrwphis 
sirralii is a medium-sized species, with a head 
slightly wider than the neck and keeled dorsal 
scales (Stebbins 2003). Tkarnnopnjs sfrtali.s can 
reach up to 128 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 snal:es 
typically have a dark dorsal background color 
with lighter dorsal .and lateral stripes which can 

be faint or absent. California T. :rirtCili3 tend to 
have red or orange coloration on the head and/ 
or sides {Stebbins 2003). Thumnophis sirtali.5 

in the southern part of its California range 

Common Garl4r Srrakf, 5o11tliu11 Populaliom.; 
Risk Fa~ I er.; 

Ranking Criteria (Maxim\lm Srotet Score 

i Range si:r.e (lOt 

ii. Distribution trend (25} 

10 

25 

iii. Population concentration/ Data 
migration (10) defident 

iv. Endemisrn (10) 10 

v. Ecologial h:ller:im:e {ID) 7 

vi. Population trend (25) 10 

vii. Vulnerability ID climate change (10) 3 

viii. Projected impa.:t::i (10) 7 

Total Score 72 

Tolal Possible 100 

Total Score/Total Possible 0.72 
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potentially co-occurs with the coast garter 
snake (Tharnnophis £1egan5 terrestris) and the 
two-striped garter snake (T ha.mmondii) (Steb• 
bins 2003). 

Taxonomic Relationships 

Some sourres rnnsider coastal garter snake 
populations from southern California to be 
California red-sided garter sn.akes {Thamnopkis 

sir!ulis infer11alis) {e.g., Barry and Jennings 1998, 
Stebbins 2.003) and others refer to them as red­
spotted garter snakes (T. s. concinnus} (e.g., 
Boundy and Rossman 1995, Jan:r:en et al. 2002). 

Jennings and Hayes (1994a) based their evalua­
tion of the putative taxon, the South CMst garter 
snake, on personal rnmmunications with J. 
Boundy and S. Sweet. Morphological and 
genetic studies that will help to clarify the status 
of this taxon are still pending. One study is a 
comparison of color and morphological varia­
tion among T. sirtalis from 1he south coast. cen­
tral coast, and central valley of California ( E. 
Ervin, pers. comm.; C. Mahrdt, per.; . comm.). A 
phylogeographic study by Janzen et al. (200:2) 

looked at T. 5irtCllis populations along the west 
coast of the United States but excluded popula­
tions from southern California. Another study 
sequencing two populations of southern T. sirta­

lis is underway for comparison with Janzen 
et al.'s (2002} study (R. Fisher, pen,. comm.). 

Life History 

While the species Tham,iop'1is sirtalis is one of 
the most well-studied North American snakes 
(Rossman et aL 1996), very little is known 
about populations from southern coastat Cali­
fornia. Given that T. sirti.fo is extremely wide­
spread, occurring throughout much of Canada 
aud in all bl.It one state in the continental 
United States, life history llariation among 
populations is pronounced ireviewed in Ross­
man et al. 1996, Ernst and Ernst 2003}. We 
therefore limit our discussion to very general T 
sirtaUs biology and documented information 
from California where possible. 

Like all members of the genus Thamnoph~. 

young are live-born from midsummer to early 

fall. Cunningham (1959b) 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 25 cm in TL. 
Another 59 cm SVL female from the same area 
was carrying 12 embryos (Cunningham 
1959b). A single female from farther north in 
San Benito County gave birth lo six young, also 
in late August (Banta and Morafka 1968). Els.e­
wht>re, average litter sizes range from 7.6 in 
British Columbia (Gregory and Larsen 1993) to 
32.5 in Maryland (McCauley 1945). Neonates 
range in s1ze from 15 cm SVL (Manitoba; Gre­
gory r977, Gregory and Larsen 1993. Larsen et 
al. 1993) to 20 cm SVL (Lassen County, Califor­
nia; Jayne and Bennett 1990}. Females mature 
at SVL of 43-57 cm, and males mature at 36-38 
cm SVL, although this trait is highly variable 
across populations (Rossman et al. r996) . Time 
to maturity can take up to 4 years in some pop• 
ulations (e.g., Lassen County; Jayne and Ben· 
nett 1990). The proportion offemales that are 
reproductively active in a given yen ranges 
from 29% to 88% across populaliotlS (summa 
rized in Rossman et al. 1996), suggesting th.at 
not every female breeds every year. 

Thamnopkis sirtci!is can be active year-round 
in some southern localities (e.g., the Florida 
Everglades; Dalrymple et al. 1991). Riithling 
(1915) anecdotally .reported that T. sirialis was 
rarely encountered around Los Angeles in the 
winter_ Hansen and Tremper (unpublished 
data in Rossman et al. 1996) note that lowland 
California T. sirlalfa are active from February to 
October, but there is a post-August drop in 
activity associated with a seasonal reduction in 
aqu~tic habitat. Most activity lS diurnal, 
although crepuscular and nocturna] 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. sincili.s active at 
night during warm rains (R. Hansen and ~­
Tremper, unpublished data in Rossman et al. 

1996}. 
Thamnophis s~rta!is are seneralized preda­

tors (reviewed in Rossman et al. 1996). 



However. diet data are not available from the 
southern range of T. sirtalis in California. Data 
from northern populations show that anurans 
are a large part of the diet. Anurans were the 
moot common prey observed eat€n by Califot~ 
nia T. sirt11!is, comprising 58 % of prey items ( n 
= 48 snakes, localities include Siskiyou and 
Humboldt Counties; Fitch 1941). Also con· 
sumed were earthworms (24% of prey items), 
and rarer prey (5% or less of prey items) such as 
fish, leeches, and slugs jFitch 1941}. In north­
ern CaHfornia at Eagle Lake (Lassen County, 
1555 m). regurgitation of36 adults revealed that 
33% of individuals contained anurans (mostly 
western toads, Bilfo boreas), and 90% of prey 
items were anurans (Kepha1t and Arnold 
1982}- Fish (6% of animals, 2% of prey items) 
and leeches {11% of animals and 8% of prey 
jtems) were taken less frequently (Keph.art and 
Arnold 1982). In the northern Sierra Nevada 
near Truckee, Nevada County, anurans com­
prised 56% of prey volume {mostly Pacific tree 
frogs, Pse"dacri.s n:gula}, while 33% of prey vol­
ume was fish. Rarer prey items {5% or less of 
total prey volume) included mice and leeches 
jn-= 88 snakes; White and Kolb 1974}. Juvenile 
n,am11 i>pkls sirtaHs in California have also been 
observed to consume newly mebmorphos~d 
newts (Ti+richa torosa} (S. Barry, unpublished 
data). 

Habitat Requirements 

ThamMp>iis sirtati.s in southern California is 
thought to be restricted to marsh and upland 
habitats near permanent water and riparian 
vesetation (Grinnell and Grinnell 1907. Fitch 
1941, Von Bloeker 1942; S. Sweet, pers. comm., 
in Jennings and Hayes 1994-3). Data are scarce, 
but habitat prefe~nces may be quite narrow. 
Some observational data suggest that t bis taxon 
may avoid restored ma[shlands, although the 
reasons for this are not dear (R. Fisher. pers. 
comm.). 

Distribution (Post and Present) 

Thamnophis sirtalis was historically known from 
scattered localities along th.e southern coastal 
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pfa.in from the Santa Clara River Va11ey in Ven­
tura County to around San Pasqual in San 
Diego County (KJauber 1929, Jennings and 
Hayes 1994a.; S. Sweet, pen;. 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 Pia.ya del 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 r994a). 
rennings and Hayes (199¥) estimated that 7j% 
(18/.24) of historic localities no 1on~t supported 
populations due lo anthropogenic and natural 
habitat Loss (e.g., urbanization. B.ooding). Of the 
six extant localities identified by Jennings and 
Hayes (1994a), it is naw suspected that popula­
tions remain in only three localities, with possi­
ble extirpations including Camp Pendleton and 
San Luis Rey (R. Fisher, pers. comm.). 

Trer1ds in Abundance 

Historical accounts suggest that Tharnnophis 
sirtalis was once quite rnmmon (Grinnell and 
Grinnell r907, Bogert 1930, Von Blocker 1941.) . 
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, pen.. comm.). 

Natul'll a11d Degn:e of Threat 

Extirpations and population declines in tbis 
tax.on 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 r994a). At 
remaining sites, urbanization in Riverside 
County continues to impact the Santa Margar­
ita River wetlands at Camp Pendleton, and 
inueased dam height in the Prado Basin may 
have a negati-11e flooding impact (R. Fisher, 
pers. comm.). Introduced aquatic predators and 
water snakes (genus Nfrodiei) may also nega­
tively impact Thamnophis sirtalis (Jennings and 
Hayes 1994a; R. Fisher, pers. comm.). 



Under climate change, mean annual ~m­
peratures a.re projected to increase throughout 
1he southern California range of T. sirtalis, with 
warmer winten and summers and earlier 
spring warming expected (reviewed in PRBO 
2ou). There is less certainty about future pre­
cipitatlon patterns, witn estimates ranging 
from little change to roughly 30% decreases in 
rainfa11 (Snyder and Sloan 2.005, PRBO 20n). 
Snowpack reductions of up to 90% are pre­
dicted in south.em California (Snyder et al. 
2004). Warmer and poten1ial1y drier condi­
tions may affect availability of intermittent and 
ephemeral water bodies and therefore limit 
activity. lncreases 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 eta I. 20 04, Westerlins and Bryant 2008). 

I-low T. sidalis responds to fire is unknown. 
Fire may have direct mortality effects, and may 
alter aquatic and terrestrial habitat quality. Pre­
dicted vegetation shifts due to climate change 
include decreases in. chaparral and sluubland 
and 1ncn::ascs in grassland area (Lenihan et al. 
2008, PRBO 2011). The potential impact of 
such vegetation shifts on T. sirt~Us populations 
is unknown. 

Stat1..1s DeterminotiD,i 

Tkamnopkis sirwliJ in southern California has a 
very small range in a heavily human-impacted 
part of tne state. In addition, tnese populations 
have been extirpated from most of their histori-

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

Management Recommel'ldations 

Given the paucity of ecological information on 
southern populations, it is difficul1 to make 
management recommendations beyond the 
protection of existins habitat at this time. 
Future management strategies may inc1ude 
removal of invasive animals and plants, restora­
tion of flaw 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. 

Monitoring, Reseorr;h, ,md Sunicv Needs 

Almost no ecological or 1 ife history informal ion 
is available for this taxon, and this data gap 
needs to be addressed at the few remaining sites 
in sou1hern California where Thamnopk.is sirta­

lis persists. Moni1oring to determine population 
abundance and to verify extirpation is needed 
a.cross sites. As remaining habitat is identified. 
and ~xtant populatfons are found and stclbilized, 
human-mediated repatriation, perhaps in com­
bination with captive breeding, may be the most 
effective strategy to repopul~te extirpated sites. 
Studies on movement and dispersal are needed 
to determine connectivity among remaining 
populations, and genetic studies on both the dif. 
ferentiation of this taxon from other T. sirtalis 

popul.itions and the level of among-population 
variability are needed. Finally, the importance 
and impacts of non.native species as pn::daton; 
and prey should be investigated further. 
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WESTERN POND TURTLE 

Em~s {=ktin~mysJ mormorota Baird and Girard 1852 

PHOTOS: (top) Western pond tu1tl~. Solano County, Ca.lilbmia. Counesy of Adam Cl.'l.use. 
(bottom) W~atl!rn pon.d t11rll~. S:inu Bulu.u. County, Cl.limrnia. Courtrsy of 11.obut 1-brul!n .. 
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Sta1us Summary 

Emys milrmol"Qta is a. Priority I Species of Spe­
cial Com.ern in the southern part of the range 
(roughly corresponding to the range of the 
southwestern pond turtle, E. m. paWda) and a 
Priority 3 Species of Special Concern elsewhere 
(roughly corresponding to the range of the 
northwes lern pond turtle, E. m, m~rmorata; ~ee 
below for additional detail) . These two popula­
tions received a Tota] Score/Total Possible of 
&1% (&9/uo) 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 
(Jennings and Hayes 1994a). 

lde'1tificatio11 

Emrs mt.rmorott. is a small to medium-sized 
(generally 17-18 cm, rarely to 24 cm, straight 
carapace length} brown, tan, or olive turtle 
(Stebbins 2003). The carapace is low, kccllcss, 
and often marked with a pattern of dark lines 
and/or dots , sometimes formins a pattern tha1 
radiates from the centers of each scute. The 
posterior edge of the carapace forms a smooth, 
non-serrated rim. ln some individuals, the car­
apace has no patterning. The plamon is lighter 
tan or b€ige, hingeless, and often marked with 

Northr:m w~~tm1 Pond T11rt/r:; Riik Fac:trm 

Ranking Criteria (Maximum Score) Score 

i. Rangt'. si:r.c (10) 5 

11. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 20 

vii. Vulnerability ID dima.re change (10) 7 

viii. Projected impacts [10) 7 

Total Score 71 

Total Possible 110 

Total Score/Total Possible 

dark blotches (Stebbins 2003}. The shell shape 
varies among habitat types, with turtles from 

foothill streams being fla1ter and narrower 
than individual.s occurring at lower elevations 
in canals and sloughs (Lubcke and Wilson 

2007). 

This species 1s unlikely to be confused with 
other turtles within tls range with the possible 
exception of melanistic individuals of the non­
native red-eared slider (Trachemys scripta eli­

gans). This latter species has a much shorter 
tail, attains larger overall body si~es, 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 indivjduals 
often develop an overall dark melanistic 
coloration. 

Taxonomic R~lt.tionsriips 

Emys 1narmorata is a member of the family 
Emydidae, which encompasses the majority or 
North American turtle spedes. The relation· 
sh1ps within this group ha.ve undergone exten­
sive revision in recent years. leadinE to many 
taxonomic changes and some instability. For­
merly, this species was induded in the genus 

Ranking Criteria (Maximum Score) Score 

i Range size (10) S 

ii. Distribution trend (25) 25 

iii. Population concentration/ 10 
migration (lOj 

iv. Endemism (10) 7 

v. Ecolog1ca.L tolerance (10) 0 

vi. Population tr<"nd (25) 25 

vii. Vulnerability to climate change (101 7 

viii. Projected impact'S (10} 10 

Tota I Score 89 

Total Possible 110 

Total Score/Totai Possible 0.81 
---------- • . - - -- -



C!emmys along with the bog turtle {now Glyptr.­
mys m.uhle:nbergii). the wood turtle {now G. 
insculpta) , and the spotted turtle (now C. gut­
ti:iLa). Recent molecular analyses have sug­
gested a dose relationship between E. mar­

morata, Blanding·s turtle (Em}'s l=Em}'Midea] 
hlaruHngii), and the European pond lurtles If. 
orbic:wlaris 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 
eithet the monotypic genus Actirlemy5 (Hol­
man and Fritz 2001) or the genus Emys {lhe 
arrangement that we follow here). 

Jntraspecific variation within E. marmora~a 

is a]so Wldergoing intensive study. Two subspe­
cies ha11e traditionally been recognized, E. m.. 
marmoruta {Baird and Girard 1852) and E. m. 
paU.ida (Seeliger 1945}. These subspecies were 
initially distinguished by the presence or 
absence of inguinal scutes in the shell and col­
oration of the throat and neck. Subsequent 
studies also detected substantial morphological 
variation present across the range (Holland 
1992a). Genetic analyses ofintraspecific varia­
tion suggest that substantial variation is 
present, which is generally, but not precisely, 
concordant with the traditionally defined sub­
species (Spinks and Shaffer 2005, Spinks et3I. 
2.010). Spinks et al. (2014) analyzed a large 
panel of SN Ps and concluded that E. m. sens~ 
lato should be divided into two specie:s. Be<:ause 
this arrangement is very recent, here we follow 
the earlier arrangement (of a single species) 
but consider threats separately for southern and 
northern populil.tions as was done by Jennings 
and Hayes {1994a). 

Life History 

Emys m.Qrmorata is a high]y aquatic :;pecies and 
basks frequently. In the northern part of the 
range (particularly at hjgher elt'llations}, this 
species enters a period of dormancy through­
out much of the winter. lt is one of relatively 
few emydid turtles that regularly overwinter on 
land (Ultsch 2006). perhaps as a. mechanism to 
avoid mortality from increased w1nter 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 lilter (Reese 1996). In 
aquatic habitats that experienct" little change in 
water level (lake.i, ponds, and reservoirs}, pond 
turtles are known to overwinter in the water 
and will choose undercut banks. bottom mud. 
"snag:c;· of downed wood. or rocks (Nussbaum 
el al r983. Ernst and uwicb 2 009) . Movement 
to overwfatering 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) . [n 
warmer areas, particularly in the southern part 
of the range, this species may remain active 
year-round. 

Western pond turtles are known to mate 
through.out the spring, summer, and fall. Nest­
ing usually occurs in the spring or early sum­
mer, although double clutching has been 
reported from several p.irts of the: range (Good­
mc1n 1997, Germano and Bury 2001, Germano 
and Rathbun 2008. Scott et al. 2,008) . 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 1998, Lovich and 
Meyer 2002). Clutch sizes vary from I to 13 
eggs and vary dependins on local conditions 
(Holland 1994, Lovich and Meyer :z.002, Ger• 
mano and Rathbun 2008) . The eggs hatch in 
the fa 11 and, at least in the northern part of the 
range, hatch.lings 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 materia] 
(Bury 1986). Carrion and small vertebrates are 
also occ.1.siona.lly consumed (Bury 1986) . 
Growth rates vary wide]y depending on local 
conditions but appear to be highest in hatch-
1 i ngs and then gradually slow in adults. Repro­
ductive maturity is widely variable and appears 



to be linked to size. Females generally mature 
at slightly over 13 cm SCL as young as 4-5 years 
of age, while males mature at about 12.5 cm 
SCL at 6-8 yea1s of age (Holland 1994. Reese 
r996, German.a 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 areas (e.g., Germano 2.010). 

H!lbitr,t Requirements 

Emps marmoraw. is generali2ed in its habitat 
requirements, occurring in a broad range of 
aquatic water bodies including flowing rivers 
and streams, permanent Jakes, ponds, reser­
voirs, seLtling ponds, marshes, and other wet­
lands. This species wilJ also temporuily use 
semipermanent or ephemeral water bodies. 
indudinc stock ponds, vernal pools, aud sea, 
sona1 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 for nesting and overwin­
tering use. Localized soil tonditions, as well as 
the freguency and degree of disturbance in the 
upland habitat, prob.ibly limit their distribu­
tion. Soils need to be loose enough to allow nest 
excavation, while disturbance needs to be infre­
quent enough or of sufficiently low intensity 
that nes~ are not disturbed (Ernst and Lovich 

2009). 

This species is most frequently found in 
quiet reaches that eJtperience little human 
impact and have abundant bask:i ng substrate in 
the form of downed wood and large rocks (Bury 
and Germano :rno8, Thomson et al. 2010). The 
species can persist, at least over moderate peri­
ods of time, in nighly modified habitats with 
high human traffic and/or little basking sub­
strate (Spinks et al. 2.003, Germano 2.0101. 

Disin'butirm (Past fJ'1d Present) 

E'mrs marmoratii 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 1nland to the 
S1erra Nevada foothills up to elevations of 
2048 m (Ernst and Lovich 2009). Further 
south, it ranges from the coast inland to the 
peninsular ranses. Scattered populations exist 
in the Mojave River (e.g., Vic1orville, 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 1992b, 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 rcpri;-~nt introductions. One hun­
dred and eighty individuals of this species were 

introduced in the state of Nevada in r887. and 
these may be the source of the population in 

the Truckee and /or Carson Rivers (Cary 1889). 
Within E'. mi:irmorn!a, the southern subspe­

des (E. m. pallida) extends from the southern 
range edge in Baja California, Mexico, nortn­
ward in the Coast Range to San Francisco Bay, 
while tne nortnern subspecies (E. m. m(Jr­

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 e:;c:ist in 
the San Joaquin Valley (Seeliger 1945), 
although recent work has shown that this area 
is senetically a member of the northern sub­
species (Spinks et al. 2m4). The populations 
that we recognize correspond to these subspe­
cies d1s1ributions. 

In the north, large .and relative1y intact pop­
ul~tions stilJ exist thrnugh large are:is of the 
Coast Range and Sierra foothills, althougn 
agriculture and haltitat modification have 
destroyed large areas of riparfan and wetland 
habitat in the Sacramento Valley that almost 
certainly supported large populations of this 
species in the past. Sea ttered populations 
remain througnout the Sacramento Valley, but 
the extensive marsh habitat that dominated 



much of the val1ey floor has been largely 
drained and r.onverted to agriculture_ Kel1y 

et al. (2005) estimated that the extent of wet­
land habitat in the Central Valley has declined 
by -80% since the 1&6os wh~ large·scale land 
conve~ion began, and this undoubtedly e)imi• 
nated many E. marmori.lc. populations. Holland 
{199.2b) arsued that the San Joaquin River 
drainage formerly represented the stronghold 
of this species, supporting \last numbers of 
individua]s, and that tne species has been lost 
from >99% ofits range in the region. Overall, 
the number of viable populations in this area 
has dearly decreased, but some do remain 

(Holland 199:2.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 1a.rge 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 mortaHty on females search­
ing out nest sites (R. Fisher, per.;.. comm.). 

Trend~ in Abundcmce 

Emys marmorata. was formerly abundant 
throughout much of California. Bogert (1930) 

reported that E. m.i.rrnc>rat13 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 R;ithbun :wo8, Thomson et al. ;;i.010). Else­
where declines have occurred, particularly in 
southern California. Van Denburgh (192.2) 
reported that the species was ~abundant on the 
west fork of the San Gabtie] River," hut recent 
reports suggest that the species has declined 
pn~cipitously in this ar~ and in the Los Ange­
les Basln in general (Brattstrom r988 , Jennings 
and Hayes 1994a). Large, relatively intact popu­
lations remain through much of the northern 
Coast Ranges, although areas in the Central 

Valley and southern Ca1ifornia that still sup, 
port the species haw~ severely declined (Hol­

land r992b, Jennings and Hayes r994a). Popu• 
lations that !'€main in the Cen1ral Valley are 
undoubtedly smaller and more fragmented 
than they once were due to the larse-scale land 
conven;ion that occurred in this area beginning 
in the 1860s. Further. E. marmorata. were h.ar­
vested commercially fur many years, selling for 
3-6 dollars per d07en in San Francisco markets 

during the 1920s and 1930s (Pope 1939, Nuss• 
baum et al. 1983}. The overall extent of declines 
in abundance caused by market collection is 
poorly understood. However, localized declines 
due to market collection were noted as ear]y as 
1879 in Sacramento {Lockinston 1879), and the 
species' life history would make it particularly 
susceptible to dedines from intense adu]t 

mortality. 
Some pubJished ar.d ongoins surveys sug­

gest that population sizes are stable in se..,eral 
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 th.at indi­
cates continuNi breeding (Germano 2010; D. 
Germano, pen.. comm.). Unpublished field 
data al.so incl kate that the species persists in 
some numbers throughout Merced (particu­
larly east of Gustine) and Fresno Counties, as 
well as some areas of Kem County (S. Barry, 
pers. comm.). Al least in some areas, ongoing 
declines in abundance may have slowed or 
stopped . If aJditional data corroborate these 
observations, a decrease in 1he popu1ation trend 
scores may be warranted during the next Spe• 
cies of Special Concern evaluation. 

Nature and Degree of Threat 

The largest threats currently facing Emy5 mar­

morata are land use changes and fragmentation 
of existing h3bital. as well as possible impacts 
via competition and predation by introduced 
species. 

Throughout the range of £. m.armorata, 
extensive wetland habitats that once supported 
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1arge number.; 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 popu1a­
tions of this species now remain. Even in north­
ern Califomii!., hrnd use changes 11.re having 
impacts. Reese and Welsh (1993) documented 
chan.ges in the age structure of E. marmorat(l 

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. rnar­

mor1Jta and may serve as a disease vecto1 and 
competitor (Bury zoo 8a) . The spiny softs hell 
turtle {Apalone spinifera) is a more recent intro­
duction to the Central Va1ley of California and 
is now breeding in at least one site in the Sacra· 
mento Valley (L. Patterson, pers. comm.). Jf 
this species becomes invasive on a larger scale, 
it is also likely to compete with and possibly 
prey on smaJJ E. marmorata. In Southern Cali­
fornia , the range of these two species appears 
not to overlap, suggesting that softshclls may 
have strong impacts on pond turtles (R. Fisher, 
pers. comm.). Additional introduced species 
that may affect £. marmorata are bullfrogs, 
crayfish, and in1roduced centrarchjds. In the 
Salinas River, E. marmorata ded1ned following 
the invasion of buUfross in the 1970s (B. 
Hubbs, pers. comm.). The strength ;md mech· 
anism (predation or competition) of their 
impact is not currentlr clear, and further stud­
ies are needed. Ravens, crows. racooons, and 
opossums are all known predators of E. mar­

morala adulra and nests. The population sizes 
of these human commensal species have 
increased throush time and may also be having 
impacts on £. marmarata populations via 
increased predation pressure. A very important 
source of this dedi_ne may operate through nest 
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predation that leads to reduced or failed recruit­
ment year to year (S. Sweet, pets. comm.) . 

The impacts of climate change on E. mar• 

monita 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 floods) are likely to negatively affect habitat 
and could cause local extirpations (Cayan et al. 
2008b). Becausc1he habitat is now fragmented, 
recoloniz:iti<Jn of these areas following localized 
extirpations is unlikely, particularly in sout hem 
California where the habitat is the most frag­
mented. Importantly, the genetic da1a indicate 
that most of the genetic diversity within this 
species resides in sou1hcm California. Because 
of this, declines in this area could result in the 
extirpation of much of the genetk diversity that 
is currently present (Spinks et al. 2010, Spinks 
et al 2or4; R. Fisher, unpublished data). 

Status Deterrninaiion 

Priority r Species of Special Concern status is 
justified for Emrs mi;irrnoratrl in the southern 
portion of the range because these populations 
are experiencing ongojng 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 rnntains most of the genetic 
diversity that has been identified with.in this 
taxon, so entire genetk 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 hab1tats that are unlikely to 
experience land u:se changes on a scale that will 
threaten long-term survival, so we consider this 
segment of the range a Priority 3 Species of 
Special Cone.em. 

Managemen~ RecommendQt/on~ 

Our recommendations follow those of Bury 
et al. (2012). We outline these recommenda-



tions below and refer readers to that document 
fur additional discussion. Protecting h.ibitat 
from further degradation and fragmentation is 
the highest p1iority for th.is species. Following 
this, habit.at 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 or predaLors {especially on nests) arE! 
also an important way to maintain current 
populations and increase recruitment of juve­
niles. Pormal headstarting programs may be a 
useful tool for repopulating areas where local 
extirpations have occuned 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 encoura.ging observation is 
that Emys marmorata can Live in dose proximity 
to human disturbance, provided that they have 
adequate suitable basking and nesting sites. 

Monitoring, Research, arid Survey Needs 

Further research on the impact of invasive spe­
cies is needed. In particular, the impact of n:d­
eared sliders. bullfrogs, and centrarchids needs 
to be further characteri:zed, 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 h.uman-modified habitats. The 
effectiVl:!ness ofheadstarting efforts needs lo be 
evalua1cd in various b.abitats and predation sit­
uations. Because a large amount of Hre history 
variation is present in this taxon (particularly 
relat1 ng to time to maturity, body size, and 
dutch size; e.g., Germano 2010), researchers 
and managers should be cautious when apply­
ing life history data collectt-d in oue popufa.tion 
to a different population, particuia rly those 
occurring at widely different elevations, water 
temperatures, or habitat types. 
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SONORA MUD TURTLE 

Kinostunon sonoriense le Conte 1854 

Stat1.1s Sllmmary 

.Kinoster11ori soMriense is a Priority I Species of 
Special Concern, receiving a Total Scoreffotal 
Possible of 66% (56/85). During the previous 
~aluation, 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. 

Identification 

Kinosternon sonoriense is a small (maximum 
size ~17 cm seq bbck or brown turtle, with 
prominent barbels on the ch.in and neck and 
usual1y with yellow or cream mottling on the 
sides of the head that form broken stripes (Ernst 
ilTld Lovich 2009). 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 loYich 2009). The overall carapace 
sh.ape is oval and moderately domed. This spe­
cies is unlikely to be confused with other native 
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Ca.lifornia turtles. sim:e 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 

Sonorp Mud Tur,fe: Risk l'"aclors 

Ranking Criteria (Maximum Sc:ore) Score 

i. Range size (10) 10 

ii. Distr1bution trend (25) 20 

iii. Population concentration/ 10 
migration (1 O} 

iv. Endemism (10} 0 

v. Ecological tolerance (10) 3 

vi. Population trmd (25) Data 
deficient 

vii. Vulnerability to dimal.e ~hange (10) 3 

viii. Projected impacts (10) 10 

Total Score S6 

Total Possible 8S 

Total Scon~/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) t1Jrtle 
(Sternothmis odoratus). This species has two 
broken light stripes on each side of the head and 
has only a single, anterior hinge on the plas­
tron. Other species in the genus Kinoslern,:m 

have also been introduced (K. flavescms in par­
ticular: S. Sweet, pers. comm.} but are not com­
mon and wilJ often require expert identification 
(Spinks et al 2003, Spinks et al., pers. obs.). 
See Stebbins (2003) for adddional details. 

Taxonomic- Relatioriships 

Two subspecies have been described, one of 
which historically occurred in California. The 
Sonora mud turtle j Kinasternon smwri.ense WM· 

rfonse} 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. lotigifemoraltsl is 
restricted to the Rio Sonoyta drainc1ge in Me;,i:­

ico and southern Arizona (Iverson 1976}­
Intraspeci fie, including subs pecific, variation 
has not yet been investigated geneticalJy. 

Life History 

The life history of 1his species has not been 
studied in California. Life history studies in 
Arizona and New Me:<ico 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 populatlons. 

Kinostcrnon sorn:irien!Z js active throughout 
the year as long as water is present, though in 
warmer months it may become active primarily 
at night (Hulse 1974, 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 1n Cali­
fornia populations, which were e)(dusively low 
elevation. Kin<lrtcmon smoricnsc aestivates ter­
restrially in response to seasonal drying in .sev-
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era] populations (Ligon and Stone 2003, Hall 
and Steidl 2007, Hensley et al. 2010) but else­
where may be more closely tied to permanent 
water (Ligon and Peterson 2002). In Arizona, 
females come into reproductive condition after 
a minimum of 5 years or with a carapace length 
bctween n5 and 125 mm, after which they pro· 
duce one to four clutches per year although this 
varies depending on location (Van Loben Sels 
et al. r997, 1.i.rnst and Lovich 2009, Lovich et al. 
2012). Females become gravid between April 
and September, although most frequently in 
June and Ju)y (Lovich et al. 2012.). The develop­
ing embryos apparently require a period of 
coo1ing before development rest.arts in the 
sprins (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). 

Kinos!.ernon sortortense can atta1n high local 
population densities. 0 ne population in H ida Igo 
County. New Mexico, contained 212 turtles 
(Stone 2.001}. 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 20071, and Stone (2001} 

found that 26% of recaptured individuals had 
moved overland between aquatic capturi: sites. 
In the Santa Catalina Mountains (Pima County, 
Arizona}, when- the aquatic habitat consists of 
smal1 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 resouro!s are limiting {Hal1 
and Steidl 2007). 

Kit1-osterno» sonoricnse is primarily carnivo­
rous, f eed.ing on a variety of iw1er tebrates. It is 
known to shift to omnivory in su boptima.l habi• 
tat (Hulse 1974) and to feed on or scavense 
small vertebrates {Stone et al. 2005, Lovich 
et al. 2oro). 

Habitllt RequirEments 

Habi1at requirements for Kinosternon sonMit»Ye 

in California are unknown but are like1y 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. 20IO, Stone et al. 
2orr). In California, it was l<nown to enter arti· 
ficial water bodies, although the long-term suit­
ability of this habitat is 1Jnknown. Optimal 
habitat appears to be slow-moving. permanent 
water with a high density of aquatic invertt!­
brates and ii muddy bottom (Jennings and 
Hayes r99 .. p). 

Distribution (Post atid Present) 

Historically, this species occurred in California 
along the Lower Colorado River drainage (Van 
Denburgh and Slevin 1913. Grinnell and Camp 
1917, Dil1 1944) . La Rivers (r942) reported the 
northernmost record for the species in the 
Colorado River drainage from Clark County. 
Nevada. Cooper (1870) mentioned a specimen 
frorn an unspecified locality in the Colorado 
River Valley, collected while he was stationed at 
Fort Mohave, Arizona. Several more individu­
als w~re collected from the vicinity of Yuma, 
Arizona. and Palo Verde. California, in the 
early 1900s (Yrn Denburgh and Slevin 1913, 
Van Denburgh 1922). A 1942 record (SDNHM 
17897) extended the western range in Califor­
nia to with.in -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 th.e Imperial Valley. 
though by 1942 it dearly was. The overall extent 
and timing of its expansion into the Imperial 
Valley is essentially unknown. In the Lower 
Colorado River Valley, the species was present 
at least until 194r near Bard, Imperial Count)' 
(SDNHM 33866). 

The last published record of Ki11M!ertzot1 

sonorii:nse: in the Lower Colorado River drain­
age occurred on the Adzona side of the river 
-1.6 km southwest ofl..3g1Jna 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 
Caiifornfa range and failed to detect the species 
(King and Robbins r991). The presence of 
nsmall black turtles along the Coachella Calli!)" 
was rumored in the 1990s, but these reports 
we1e never verified and could have been misi­
dentified Trachemv~ scripta or Apa/one $pinijtra 

(J. Lovich, pers. comm.). 
Outside of California, K. so,iorie11se rang.es 

throllgh much of southern Arizona, into the 
southwestern corner of New Mexico and south 
into nmthern Sonora and Chihuahua, Mexico, 
from sea level to 2040 m (Stebbins 2003. Lov­
ich and Beaman 2008, Ernst and Lovich 

2009). 

Tf8nds in Abu,...d,mce 

There is no information concerning historical 
abundance of this species in California. Only 
five reliable loc:alibes have been recorded in 
California. and historical accounts from the 
ea.rly twentieth century contain few data on 
abundance. Van Denburgh and Slevin (1913) 

reported that "six or eightw specimens were col· 
lected near Y1Jma before 1906, and stated that 
Mwhether it ascends the Colorado River above 
the Gila is not known." Van Denburgh {r922) 

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 nut yet been reported at this time 
(La RiYers 1942). om (1944) mentioned only 
that this taxon occasionally stole bait from fuh­
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 tne high 
densities documented elsewhere, although this 
species is difficult to detect without specific 
trapping efforts, and 1t is not dear that these 
efforts were ever made while the specie~ was 
known to be present. Thus, the historical data 
on abundance are inc:ondusive. Kinosterrion 

sonorfanse has not been collected in or near 
California in nearly 50 years. despite extensive 
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surveys ( King and Robbins r991). It is clear 
that dcdines, and possibly extirpation, have 
occurred during the last century. 

NQture and Degree of Tkreot 

The causes of decline of Ki11osternot1 sottorien.si: 
in California are poorly understood, but may be 
associated with habitat modification and water 
diversion along the Colorado River and the 
]mpcr1al Valley (Ohm art et al. 1988). Increased 
use of pesticides may have modified the availa­
ble prey base, forcing the species to shift to a 
sul:toptimal herbivorous diet, which has been 
suggested as a factor in other K. ~on.orie,ise 

declines (King et al. 1996). The impact of intro­
duced exotic crayfish, bullfrogs, warm water 
fisbes, and softshelled turtles, all of which w-ere 
well established around the time of K. sono­

rfonsc declines (Dill 1944, Lovich and Beaman 
2.008), is u nlc:nown, l:tut th~y could plausil:tly 
have had a negative impact on K. soriorien.sf. At 
one site in Arizona, reduced K. sonori,mse den­
sities appear to be associated with. the presence 
of introduced crayfish (Lazaroff et al. :1.006>. 

Between 1941 and 1943, the Imperial Irriga­
tion District burned and sprayed oil on 13,000 

km of ditches and canals in the lmperial Valley 
in an effort to control the damage being done 
by spreading muskrat populations (Twining 
and Hensley 1943). These efforts certainly 
destroyed a areat deal of aquatic habitat in the 
region, and the effect of the oil residues may 
have also had strong impacts on K. son.orir:nsr; 
and other taxa that disappeared from this area 
during the same time period (e.g., Rana yiiva­
paiuisis, Bwfo alvariw). 

Stat115 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 
tbe primary cause for concern. Little under­
sta nd1ng of Ki11ostcrn 011 soriaricnse's habitat 
requirements or factors leading to decline in 
Californiil currently e.1ists. However. given the 
survey efforts that h.a~ been conducted to date, 
we assume that any remaining California pop• 

308 TURTLES 

ulations are small, fragmentary, and vulnerable 
to extirpation. The species may also be •miner­
able to increasing temperatures and changing 
hydrology due to climate change. 

Managemer1t Recommendations 

If future surveys detect any remaining popula­
tions, initial management e!Torts should foe.us 
on protectina those populations while research 
is performed that focuses on expanding suita­
ble habitat and rebujlding local populations. If 
initial estimates of population structure indi­
cate that rcproductjon and/or recruitment is 
not occurring, a headstarting proi;iram could be 
effective as a stopgap measure to prevent local 
extirpation. Many aquatic turtles liave very dif­
ferent habitat requirements for hatchlings and 
adults, and ecological studies of both age 
classes will almost certainly be necessary to 
en.sure the survival of remnant nati've 
populations. 

Monitoring, Research, and Sur11ey Needs 

Although surveys have been performed for 
Kin.ost~rnon so,iorie11se in California, these 

efforts are not yet compreh.ensive. As this spe­
cies 1s generally easily captured using submerS• 
ible turtle traps, more complete survey efforts 
wil1 hdp hJ cbuify the :;pedes' status in Cal ifor­
nia. Areas t11a.t h.ave 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 1991); the Coachella Canal; 
and any riparian habitat remaining in the area 
of Laguna Dam, as well as at To pock 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. 

Ifs urveys do detect any individuals, manag­
ers should immediately initiate a monitoring 
program to determine the size and stability of 



the population, as well as an ecological study of 
population structure and life history. This will 
almost certainly invnlve individually marking 
turtles with shell notches .and/or PIT tags antl 
performing mark-recapture surveys to esti­
mate population size and individual growth 
rate. In particular, whether, and how much, 
reproduction is taking place in e>:isting popula­
tions will be critical to determine. f uvenile tur­
tles ra.rely enrer submersible traps ; thus, alter­
native methods should be employed to search 
for them (such as seining or snorkeling) . 
Female turtles should also be checked for eggs 
using either palpation or radiographs, prefera­
hly 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 Ki1101tt:rn<1n phylog['Jlctics and phylogeogra­
phy and will also be critical in assessing the 
existing diversity within remaining popula­
tions and the divergence between these and 
more abundant populations to the east in 
Arizona. 

Finally, researchers should attempt to char­
acterize differences between habitat that sup­
ports this species aud nearby habitats that do 
not. The causes of decline are still poorly u ruler­
stood, so manaBement efforts that focus on 
rebuilding populations must be informed with 
strong data on the impact of introduced preda­
tors, pesticide, and herbic.ide drift, introduced 
aquatic plants, and habitat modification on 
IC sonorienst population persistence. 

SONOR.._ MUD TURTLE }09 



This page intentionally left blank 



LITERATURE CITED 

Adalsteinsson, S.A., Branch, W.R., Trape, S., Vitt, 
L.J., :ind Hedges, S.B. 2009. Molecular phylog­
eny. classific~tion, and biogeograpy of :ma kei, of 
the family Leptotyphlopidae (Reptilia, Squa­
mata}. Zootaxa 2240: 1-50. 

Adams. M.J. 1999. Gorrelate<l factors in amphibi.:m 
decline: erotic species and h.ibittt change in 
western Washington. Journal of Wildlife 
Management 63:1162 :171. 

Adams. M.J . 2000. Pond permanence and tlte­
effec:1:3 of ewtic Yertebrates on anurans. Ecolog1· 
cal Application:; ro;559-568. 

Adams, M.J. and Bury, R.El, 2002. The endemic 
headwater stream amphibians of the Americall 
Northwest: assoc1at1ons w1th environmental 
gradients in a large forested preserve. Global 
Ecology and Biogeography 11:169-178. 

Adams, M.j. , Bury. R.B .. and Swarts , S.A. l998. 
Amphibian~ of the Fort Lewis Military Rest"rva. 
tion, Washi.ngton: samplmg techniques and 
wmmunity patterns. Northwestern Naturalist 
79:i:i.-18. 

Adams, M,J.. Pearl, G.A .. and Bury, R.B. 2003. 

Ind itKt facilitation of an a nu ran invasion by 
non-native fishes. Ecology Letters 6:}43-351. 

Adams, M.J .. Pea.rl, G.A., Gatva.n, S., and Mccreary, 
B. 2011. Non-native specte-s impacts on pond 
occupancy by an anuran . The )oumal of Wildlife 
Management75:30 }5· 

Adams, S.B. and Frissell, C.A . 2001. Thermal 
habitat u.se and eYldenc.e of seasonal migration by 
Rocky Mountain tailed frogs, /li;caph.is montDnr.s, 
in Montana. Cana<l1an field Naturali!it 
115: 251 256. 

Adest. G.A. 1977. Genetic relationships m the 
gerJUs Uma (lguani<lae). Copeia I97T47 52.. 

Aguil._r, A., Douglas, R.B., Gordo11, E., Baum­
stei!!jer, J .. and Goldsworthy, M.O. 2013- I::lc,iatcd 
genetk structure in the coastal tailed frog 
tAsca.phU! trutiJ in managed redwood forests. 
Journal of Heredity 104:202 :;u6. 

Alberts A.C., Brown, T.K .. Grant, T.D .. Lemm. 1.M .. 
Montagne. J.P., Milroy. L.G., Ill, and Jackintell, 
LA 2004. Conservation of the San Di.ego mast 

horned lizard on the Southwestern Ri\lcri;idc 
County Multi-Spedes Reserve. Fmal Project 
Report to the Metropoluan W;i,ter District of 
Sou them California for Agreement No. [550. 
Applied Cooservation Division, Zoological 
Society of San Diego, San Diego. CA. 

Aldndge, R.D. 1979. Seasonal spermatogenesis in 
$ympatri,: Crotaws viridis and An:zima elega.n5 
m New Mexico. Journal of Herpetology 
1p87-19:z.. 

Altig, R. and Brodie , E.D. , Jr. 1972. Laboratory 
behavior of Ascaplm.s ~ruei tadpoles. journal of 
Herpetology 6:2I 2.4-

Anderson , B.W. and Ohmart , R.D. 1982.. Re\legeta• 
tion for Wildlife Enhancement along the Lower 
Colorado R1ve1. Bureau of Rcdamat1on, Bouldc1 
City, NY. 

Andel'$On, J.D. r960 . Canmoo.ltsm in D1eamptodo11-
rnsatu1. Herpetologica 16:260. 

Anderson, J.D. 196r. The co11rtsh1p behavior of 
Am&y5toma nrncrndaclyli.tm. ~r()(;ti.m. Copeia 

r96n32 139 · 
Anderson, I, D. 1967. A companson of the life 

histories or coastal and montane populations or 



Amhvstama m~mudactylum in California. The 
American Midland Naturalist 77:323-355 . 

AnderSon, J.D. 1968a. A comparison of the food 
habits of All'lb)'Sltuna miu:rodactyhmz sigilla!um, 
Amb}'slomu ma~rodactyl11m.craa:um, and 
Amb~stoma tigrin11m califomiense. Herpetologica 
24 ;2,73-2.8-4, 

Anderson, J.D. 1968b. Tiiermal histori.o:s of two 
populations of Ambyslom.:i macrodactylum. 

Herpetulogica 24:29-35. 
Andre. S.E., Parker, J., and Briggs, C.J. 200S . Effect 

oflemperature on host response to Balra• 
chochJILrium di;ndrobatidis infection in the 
mountain yellow-legged frog (R1111a mwswsa). 
Joum3l of Wildlife Diseases 44:7l7-720. 

Andrew:::, K.M .. Gibbon.~, J.W .. and Joc.himsen, D.M. 
2008. Ecological effects of road!s on ampliibians 
and reptiles: a literilture review, in Mitchell, J.C., 
Brown, R.E.J .. and Bartholomew, B. (Eds); Urban 
Herpetology. Society for the Study of Amphibians 
and Reptiles, Salt uke City, UT. pp.121-l4]. 

Anton, T.G. l994• Observation of predatory behavior 
in the rcgil ringneck snake (DiadQphis punctatw 
regalis) under captive conditions. Bulletin of the 
Chic.ago Hcrpetological Society 2.9:95. 

An:za1one. C .. Kats. L , and Cordon, M. 1998-
Effects of solar UV•B radiation on embryonic 
development in I-lyla cadaver in a, Hy!a rcgilla, and 
Taricha lorosa. Conservation Biology 1i :646- 653. 

Arnold. S.J. and Halliday, T. 1986. Natural history 
notes: Hyla rtgilla. Predation. Herpctologiral 
Review lT44· 

Ashton. D.T., Marks, S.B., and Welsh, H.H., Jr. 
2006. Evidence of continued effects from timber 
harvesting on lcn:ic iimphiblans in redwood 
forests of northwestern California. Forest Ecology 
and Management 22.1:183--193. 

Atsatt. S.R. 19I}, The reptiles ofthe San [acinto area 
of southern California. Univer5ity of California 
Publications in Zoology 12:31-50. 

Baird, S.f'. 1854. Descriptions of new genera and 
species of North American frogs . Proceedings of 
the Academy oft~ Natural Sciences of Philadel­
phia 7:59-6.2. 

Baird, S. F. 1858. Description of new genera ilnd 
species of North American lizards in t~ 
Museum of the Smithsonian Institution. 
Proceedings of the Academy oftbe Natural 
Sciences of Philadelphia 10: 253-256. 

Baird, S.F. 1859. Report upon the reptiles of the 
route, in Explorations and Surveys, R-R, Route 
from the Mississippi R iverto the Pacific_ Ocean, 
1853-56, Vol. 10, Williamson's Route. Zoological 
Report, Part G, Number 4, Washington, DC, 
pp.37-4j . 

\: ~ l lTEkl\TU ~ E C!TF.D 

Baird, S. F. and Girard, C. 1852. Descriptions of new 
species of reptiles collecli!d by the U.S. explorill,'i! 
expedition under the command of Capt. Charles 
Wilkes. Proceedings of the Academy of the 
Natural Sciences of Phi.ladclphfa 6 :174-177. 

Baird, S .F. and Girard, C. 1853a. Catalogue of North 
American Reptiles in the Museum of the 
Smithsonian Institution. Part l: Serpents . 
Smithsonian Institution, Washington, DC. 

Baird, S.F. and Girard. C. r853b, Communication by 
Mr. Charles Giraru on behalf of Pro[ Bair<l and 
himself. upon a species of frog and another toad , 
Proceedings of the Academy of Natural Sciences 
of Philadelphia 6 :378-379. 

Baldwin, K.S. ancl Stanford, R.A_ 1987. Natural 
histC1ry notes: AmJl'ysloma rigrinum califomi,n5e. 
Predatlon. Herpetological Review 18:33. 

Balfour, P.S. and Ranlett, J . .2006. Natural history 
notes: Spca hammondii. Predation. Herpetologi­
cal Rfvicw 37 ;212 _ 

Ballesh!ros-Barrera, C. , M:irtinez-M~r. E_, and 
Gadsden , H. aoo7. Effects ofland-covcr 
tr;msformation and climate change on the 
distribution of two microendemic lizards. genus 
Uma, of northern Mexico. Journal of Herpetology 
4r733-74o. 

Bancron, B.A.. Bak1cr. N.J .. Searle, C.L. , Garcia , T.S., 
and Blaustein, A.R. 2008 . Larval amphibians seek 
warm temperatures and do not avoid harmful 
UVB radiation. Behavioral Ecology 19:879-886. 

Banta, B.H. 1963 . Remarks upon the natural 
hislo1y of Gerr/tonoLus pa11-ill'l-intintl$ SLebbins. 
Occasional Papers of the California Academy of 
Science 36:1-12. 

Banta, B.H. arui Leviton, A.E . 1961. Mating 
behavior of the Pana.mini Lizard, G~rrhonolus 
pi:in!lmintin11s Stebbins. Herpetologic:. 
17:204-206 . 

Banta, B.H., Mabrdt, C.R., and Beaman, K.R. 1996. 
Iilgaria panaminhna. Catalogue of American 
A mphihians and Reptiles 629 :1- 4 . 

Banta, B.H. and M.orafka, D.). 1968. An annotateti 
checklist of the recent amphibians and reptiles of 
the Pinnacles National Monument and Bear 
Valley, San Benib::> and Monterey counties, 
Californ ia, with some ecological observations. 
The Wasmann Journal of Biology 26 :16t-183, 

BarroW"E, C.W. 2006 . Popul;ition dynamics of a 
threatened sand dune lizard. The Southwestern 
Natur.ilist ,1:514-52.3. 

Barrows, C.W. 2012. Temporal patterns ofabtln• 
dance of arthropods on sand dunes. The 
Southwestern Naturali~t 57: 262-2.66. 

BarrO'Ws, C.W. and Allen, M.F. 2007. Persistence 
and local extinctions of endangered liz.ard Uma 



inornata. on isofat:ed habitat patches. Endangered 
Species Research 3: 61-68. 

BarroWII, C.W. and Allen, M.F. 2009. Com,erving 
spec.ie:i in fragmenled habitats: population 
dyna.mics of the flat-tailed horned liz.a1d, 
Pkryno,om~ mwliii. Thi;- Southwestern Naturalist 
,4:307-~16. 

Barrows, C.W. and Allen, M. F. zom. Patterns of 
occurrence of reptiles across a sand dune land­
scape. Journal of Arid Environments 74:186-192. 

Barrows. C.W .. Allen, H.B., Brooks, M.L. , and Allen, 
M.F. 2009. Effeclsofaninvasiveplanl ona 
drsi?rt &and dune landscape. Biological lnvasiom, 
11:673-686. 

Barrows, C.W. Allen, M.F .. and Ro~nberry. J.T. 
2006. Boundary processes be1ween a desert 
sand dune commm1ity and .in encroaching 
sub11rban landscape. Biological Conservation 
131:486-494. 

Barrows, C.W., Preston, K,, Rotenberry, J.T., and 
Allen, M. 2008. Using occLtnence records to 
model historic distributions and estimate habitat 
losses for two psammophi.lic lizards. Biological 
Conservation 14,: 1885-1893. 

Barrow-a, C.W., Rotenberry. J.T .. and A Hen, M.F. 
2010. Assessing seruitivity 10 climate change and 
drought variability of a sand dune end em le 
lizard . Biological Conservation 14 r731-736 . 

Bany, S.J. an.:! Fellers, G. M. :z.013 . History and 
status of the California red-legged frog (Rana 
draykmii) in the Sierra Nevada. Californi.i. USA. 
Herpetological Conservation and Biology 
8:456-502, 

Barry, s.r. :md )f:'nnings, M.R. 1998. E1-1tcm1/a 

sirtaiis tetrataenia Cope in Yarrow, 1875 and 
Colub~r infm1-r:ilis Blainville, 1835 (Currently 
Tk.amnophis s. Wra/.~unia and T. -~ infmw!ir) : 
proposed conservation of usage of the sub specific 
names by the .:le:signation of a neotype fDI T s. 

/11-Jmu,fo (Case 3012) , BlllJetin ofZaological 
Nomenclature 55:224-2.2.8. 

Beauchamp, B., Wone, ll., Bros, S .. and Kulilek, M, 
1998. Habitat use of the fiat-tailed homed lizard 
(Phrynawma mcalrii) 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 L.1ke City. 

Beck, D. D. 1990. Ecology and behavior of the Gila 
mons~rin southw,es!un Utah . Journal of 
Herpetology :i.4;54-68. 

Beck, D.D. 2005. Biology of Gila Monsters and 
Beaded Lizards. University of California Press, 
Berktley. 

Becker, D. and Henderson, B. 2010. Notes on 
Owens River Rana pipieM Habitat Assessment. 
Unpublished Report prep.ired on April :l.J. 

Belden. L.K .. Moore, I.T. , Mason. R.T .. Wingfield. 
J.C.. and Blausiein, A.R. 2003. Survival, the 
hormonal stress response and UV-B avoid;rnce in 
cascades frog tadpoles (Ra11-u GlllCu.dae) exposed to 
UV,B radiation. Punctional E.colll@Y 17:409-416. 

Bell. J.L., Sloan, L.C., and Snyder, M.A. 2004. 

Regional changes in extreme dimatic f!'Vl;'IltS: a 
future climate scenario. Journal of Oimate 
1T8r-87. 

Bell, M.A. and Haglund, T.R. 1978. Selective 
predation of threes pine sticklebacks l Ga.s!~rosleus 
(lrnli:ruu~} by guter sm.l:es. Evolution 

3z:3o4-3i9. 
Bellemin, J.M. and Stewart, G.R. c977. Diagnostic 

characters and colorcomergence of the garn!!r 
5nakes T~amrwpllis dcg,ms tl!'rrtstris and 
Tham:11ophis couchii atratus along the central 
Californla coast. Bulletin of the Soul hem 
California Ac.:a.demy of Science:i 76 :73-84. 

Berger, L.. Speare, R., D.iszak, P .. Green. D.E., 
Cunningham, A.A., Goggin, C.L., Slocombe, R. 
d ._l. 199S. Chytridiomycosis causes amphibian 
mortality associated with population declines in 
the rain foresu of Australia and Central America . 
Proceedings of the National Academy ofScif:'ncf:'s 
of the United States of America 95 :90:;1-9036. 

Bcr.y, R.L. 1967. A new night lizard (Xantu5ia ~igilis 
si'.emw} from tlte :.outhcrn Sierra Nevada in 
California. Journal of the Arizona Aademy of 
Science 4:163-167. 

Bezy, R.L. 2009. Xcmtusii. sierro, in Jones. L. and 
Lovich, R. (Eds): Lizards of the American 
Southwtst A Photographic Fidd Guide, Rio 
Nuevo Publishing, Tucson. AZ, pp.432-435 . 

Bezy. R.L., Gorman. G.C .. Kim, Y.r .. and Wright, 
J.W. 19n. Chromosomal and genetic divergence 
in the fussorial lizards of the family Anniellidae. 
SY5tematic Zoology 26:57-71. 

Bezy, R,L. and Sites, J .W. 1987. A preliminary study 
of allozyme evolution in the lizard family 
Xantusiidae. Herpetologica 43:2.80-2.92. 

Bezy, R.L. and Wright, I- 1971. Karyotypicvari~tion 
and relationships of the California legless lizard, 
Annietl.c.i plikhr.i Cray {'Reptilia: Anniellidae) . 
Herpetologia::al Review 3 71-72.. 

Bicket, J.C. 1982.. Geographic distributlon: 
Hdodermn 51,15_vectw,1 cinctum. H~rpetological 
Review 13:131. 

Bickham, J.W .. Lamb, T .. Minx, P., and Patton, r.c. 
1996. Moleculai gystematics of the gen\Js 
ClemmJIS and th!:' imergeneric rel~tionships or 
emydi.d turtles. Herpetologica 52:89-97. 

LITER,HIJRl Ctl"~D 313 



Biek. R .. Mills, L., and Bury, R . .2002. Terrestrial 
and stream amphibians across clearcut-forest 
interfaces in the Siskiyou Mountains. Oregon. 
Northvn!St Science 76:129-1-40. 

Blanchard, F. N. 19z4. A ne;,,• .,mike of the genus 
Arizona. Occasion:il Papers of the Museum of 
Zoology 150:1-5. 

Blanchard. F.N.1942. The ring-neck snakes, gt>nus 
Diadophfs. Bulletin of the Chicago Academy 
Sciences 7:1-144. 

Blausldn. A.R. and O'Hara. R.K. 1987- Aggregation 
behaviour in Rana "1scat.1.:ie tadpoles: association 
prefert-nces among wild aggregations and 
responses to non-kin. Animal BehavioL1t 

3p549-1555 , 
Blaustein, A.R .. Romansic, J.M., Schees~le, E.A., 

Han. B.A .. Pessier, A.P., a11d Longcore, J.E. 2005. 

lnterspecific varialion in s11sceptibilily of frog 
tadpoles to the pathogenic fun~us Butru­
d,QrJ,.ytril4'" 1Ut1drcbac(di;. Consenation Biology 
19:1460-1468. 

Blouin, M.S .. PhiUipsen, l.C .. and Monsen, K.J . 
:2.010 . Population structure and conservation 
genetics of the Oregon spotted frog, R11n11 

pre~iosa. Conservation Genetics n:2.179 2194. 
Bobzien, S, and DiDonato, J, :2.007. The status of 

Californ i:i. tigi;r ~- b.m,mder (Amb}'~t(lmil 

cnlifornieme). California red-legged frog (Rana 
droytonfil. foothill yellc,w-legged frog ( Ratta 
boyl.ii), and other aquatic herpetofauna in the 
East Bay Regional Park District, California. 
Report ayailable from EBRP, Oakland, CA.. 

Bogert, C.M. 1930. An annotated list of the 
amphibians and reptiles of Los Angeles County, 
California. Bulletin of the Southern California 
Acc1demy ofSciem:es 29:3-14. 

Bogert, C.M. 1935. Salvadora graiia'"iae 11irgullea, ,1. 

new subspecies of the palr:h-nosed snake. 
Bulletin of the Southern California Academy of 
Sciences 34:88-94. 

Bogert. C.M. 1939. A study of the genus Salvadom, 
the palch. nosed-snakes. PnbHcation in Biological 
Sciences, University of California at Las Angeli,s 
1:177-:1.36. 

Bogert, C.M. 1945. Two additional races oflhe 
p:.tch-nosed ~ruke, Sallllldora hex-ai~pi.s. Ameri• 
can Museum Novitates 1i85:1-14. 

Bo~rt, C.M. and Martin del Campo, R. 19s6, The 
Gila monster ind its allies'. the relationships, 
habits. and behavior of I.he lizards of the family 
Helodermatidae. llulletin of the American 
Museum of Natural History ro9:1-238. 

Bolster, EI.C. (l::d.J. 1998. Terrestrial Mammal 
Species of Special Concern in Cali5:Jrnia. Drafi 
Final Report prepared by P.V. Brylsli, P.W. 

}14 LITERATURE CITED 

Collins. I.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 Contnc:t No. FG3146WM. 

Bolster. B.C. 2010. A status review of the Califumia 
tiger salam:mder (Anu,ystoma cahfornirnst:). 
California Department of Fish and Came, 
Nongame Wildlife PtQSram Report :1.oco-4. 99pp. 

Bolster, B.C., King, T.. and Robbins. M.. 2000. 

Distribution of Mojave and Colorado Desert 
fringe-toed li:,;ards, Uma scoparia and Uma 
notala notal.a. California Department of Fish and 
Game, Habitat Conservation Division, 
Sacramento. 

Bonham, C. and Lockhart, M. 2011. A Status 
Review of the Mountain Yellow-Legged Frog. 
Report lo the Fish and Game Commis;;io!l, 
California Department of Fish and Game, 
Sacramento. 

Bonney, R., CIXlpEr, C.B., Diddnson, ) .. Kelling, S., 
Phillips, T .. Rosenberg, K.V., and Shirk, J. 2009. 

Cifrzen science: a developing tool for expanding 
science knowledge and scientific liten.c:y. 
810Science, 59:977-984. 

Boorse, G.C. and Denver, R.J. :ZOOJ, Endocrjrie 
m1;d1a11isms underlying plasticity in melamar• 
phic timing in spad.efoot toads. I ntcgtative and 
Comparative Biology 4r 646-657. 

Bostic, D.L r971. Herpelofauna of the Pacific Coast 
of north central Baja California, Mexico, with a 
description of.;. new snb-spe.:~s of Ph)lllod{lctylu; 
xanli. Transactions of the San Diego Society of 
Natural History 16::;137-263. 

Boundy. J. r990. Biogeography and Variation in 
Southern Populatiom of the Garter Snake 
Thamttophis atmtm, with a Synopsis of the T 
coudti.i Compli,x_ Master's Thesis. California 
State University, San Jose. 

Boundy, J. arid Balsooyen, T.G. 1988. Record 
lengths for some amphibians and reptiles from 
the western United States. Herpetological ReYi~ 
19:.z6-z7_ 

Bom1dy, J. and Rossm,m, D.A. 1995. Alloc:ation and 
stat~ of the gar1er snake names CollLber 
inftrnali$ Blainville. Emaenia sirtalts l~lrata~11.ia 

Cope and Eutaenia impcriali.5 Coues and Yarrow. 
Copeia 1995:216-240. 

Bourque. R.M. 2.008. Spatial Ecology of an Inland 
Population of the Foothi1l Yd low-Legged Frog 
(Rana bo)'Lii) in Tehama Connty, California. 
Master's Thesis. Humboldt State Univcn;ity, 
Arcata, CA. 

Bowerman, I, and Pearl, C.A. 2010. Ability of 
Oregon spotted frog (Ran.i pretios~) embryos 



from central Oregon to tolerate low temperatures. 
Norlhwestem Naturalist 91:19g-202. 

Br.a.dford, D.F .. Gordon, M.S .. johnson, D.F., 
Andiews, R.D. , and Jennings, W.B. 1994. Acidic 
deposition as an unlikely cause for :.mphibiao 
population declines in the Sierra Nevada, 
California. Biologic.al 0.ms,crvation 69 :155-161. 

Bradford, D.F. , Jaeger, P~-, and Jennings, R_D_ 
2.004. Population status and distribution of a 
decimated amphibian, the relict leopard frog 
(Rana oi«=a}. The Southwestern Natunlist 
49: 21B-;,i28. 

Bradford. D.F., Swanson, C.. and Gordon, M.S. 
191p. Effects. of low pH and aluminum on two 
declining species of amphil,ians in the Sierra 
Nevada, CaliforniA. Journal of Herp~tology 
26:369-377. 

Bradley, G.A., Rosen, P.C., Srcdl. ~q., Jone:; , T.R., 
:md Longcore, J.E. 2.002.. Chytridiomycosis in 
native Arizona fmgs. Journal of Wildlife Dlseases 
3S: :z.oG-212. 

Bradley, W.G- and Deacon, J.E. 1966. Distribution 
of the Gi1a monster in the northern Mojave 
Dese?t. Copeia 1966:365-366. 

Brame, A.H., Ir. 1956. The number of eggs la id by 
the California newt, Taric.lia loro,,;a. Herpctolog­
ica 12.:p.~ -

Brame, A.H .. Jr. 1968. The number of egg masses 
and eggs lald by the California newt, Taridw 
J.?rosa . Journal of Herpetology 2:169 - 170. 

Brame, A.H. and Murray, X..F. 19G8. Three new 
slender salamanders! Ba!rachostps) with a 
discussion of relationships and sped.1tion wlthin 
the genus . Bulletin of the Natural History 
Museum e>f Los Angeles County 4: 1-35. 

Brattstrom, H .H. 1951. The number of young of 
Xantusia . Herpetologica 7:141-144. 

Brattstrom, B.H. 1952. The food of the nightlizards, 
genus Xantu.sia. Copeia 1952.:168-172. 

Brattstrom, B.H . 1963. A preliminary review of the 
thermal requirements of amphibians . Ecology 
44 :2.38-z55. 

Bratts1rom, B.H. 1965 . Body temperatures of 
reptiles . The American Midland Naturalist 
73:376-422. . 

[lrattslrom, B. H. 1988. Habiiat destruction in 
California with special reference to Cl~mmys 
,ru:irr,iora~: a perspecti~. in De Lisle , H.F., Brown, 
P.R., Kaufman, B., and McGurty, H.M. (Eds): 
Proeceding5 oJJJi.~ Conftrrna: on C11lifornia Hup,iul­
ogy. Special Publication no. 4. Southwestern 
Herpetologis~ Society. Van Nuys, CA, pp.13- 24. 

nr.ittstrom, B.H. 1997. Status of the subspecies of 
the coast horned lizard , r:1irynosonrn carom:itum. 
Journal of Herpetology 31:434-436. 

Braustrom, B. H. and Bondello, M.C. 1979. The 
effect of ORV 50unds on the emergence of 
Couch's spadefoot toad, SwpJ,wpus COl+Cnii. 

Bureau of Land Management, RiYerslde, CA. 
Brattstrom, B.H. and Bondello, M.C. 198}. Effects 

of off.road vehicle ooise on desert ¥Crt:cbrates, in 
Webb, R.H. and Wilshire, H.G. (Eds): Environ• 
mental Elfccts of Off-Road Vehicles: Impacts and 
Management in Arid Reg~ns. Springer-Verlag, 
New York, pp.167-206. 

Braltstrom, B.H. and Warren, J.W. 1953. A new 
subspecies of racer, MaslicaphiJflagellum , from 
the Sa.11 /oaquin Vall~y of California. Herpetolog­
ica 9:177-179. 

Brehme, C.S. 200}- Respons.es of Small Terrestrial 
Vertebratt!S to Roads. in a Coa8tal Sa~ Scrub 
Ecosystem. Master's Thesis. San Diego Slate 
Uni...erslty. San Diego, CA. 

Briggs , C.J-, Knapp, R.A., and Vredenburg, V.T. 
2,010 . Enmotic and epizootic dynamics of the 
chytrid fungal pathogen of amphibi,ms. 
Proceedings of the Natioml Academy of Sciences 
107:9695-9700. 

Briggs, L.J. 1987. Breeding biology of the ca.Kade 
frog, Ran(.I i:tisrnriae, with rnmparisons to R. 

aurom and R. prello.a . Copcia 1987:241-24s. 
Brode, J.M. 1967. Occurrence of Amh)istoma 

muroai.c:tylum- in the Warner Mountains of 
northeastern California. Herpetologka 
2n15-11G . 

Brown, D.E. and Carmony, N.8 . 1991. Gila Monster: 
Facts and Folklore of Americ-.'s Aztec \iz31'd, 
High lonesome Books, Silver City, NM, 13opp. 

Brown, H .A. 1967. Embryonic temperature 
adaptatlons and genetic. compatibility of two 
allopatric populations of the spadefoot toad, 
Scapkfopm hamniondii. Evolution :u:742-761. 

Brown, H.A. 1969. The heat resistance of some 
anuran tadpoles lHylidae and Pelobat.idae). 
Copela 1969 :118- 147. 

Brown, H.h. 1975a. Temperature and development 
of the tailed frog As"1ph1L$ truei. Comparative 
Biochemistry and Physiology A. 50:397-406. 

Brown, H .A. 1975b. Reproduction an<l development 
of the red-legged frog, Rana aW"Ora, in north~t­
ern Washington. Northwest Science 49:::1.41-252. 

Brown, H.A. 1976. The status of California and 
Ar izona populations of the western spade foot 
toads [genus Scaphiopf.ls) . Natural History 
Mu:i.eum of Los Angeles County Contributions in 
Science z86:1-15. 

Brown, H .A. 1977. Oxygen-consumption ofa large, 
cold-adapted frog egg (Ascr.1phus lrlolt'i {Amphibia· 
Ascaphidae) . Canadian Journal of Zoology 
'.i5=343-348. 

LITE!t"TU RE CIT! D JI5 



Brown, !-I.A. 1990. Morphologkal vari;ttion and 
age-class determination in overwintering 
tadpoles of the tailed frog Asl:r:.plt.w: lnui. Journal 
of Zoology 2:10:171-184. 

Brown. T.K., Lemm. J.M., Montagne, f., Tracey, f.A., 
and Alberts, A.C. 2.008. Spati.al ecology, habitat 
us!:', and survivorship of ~sident :md tr.mslo­
cated red diamond rattlesnakes \Crolal~s nikr). 
i11 Hayes, W.K., Beaman, K.R.., Cardwell, M.D., 
and Bush, S .P. j lids): T~ Biology of Rattlesnakes 
Symposium, Loma Linda University Press, loma 
Linda, CA.. 

Brown, T.W. 19go. Present status of the garlez 
snake on Santa Catalina Island. in Power. D.M. 
(Ed. I: The California Islands: Proceedings of a 
Multidisciplinary Symposium, Santa B.aroara 
Museum ofNatunl History, Sant~ B~rb..ra. CA, 
pp.;85-595. 

Bry:mt, H.C. 1911. The horned lizards of California 
and Nevada of the genera Phr~t1.M,:m1a and AMta. 
University of California Publications in Zoology 
9:t-H4. 

Bryant, H.C. 1917. The leopard frog in California. 
California Fish and Game 3:91. 

Buck, J.C .. Truong.Land Blaustein, A.R. 2.011. 

Predation by zooplankton on Batrachochytrium 
dendtobatidk blologlo.l control of the deadl)' 
amphibian chytrld fungus? Biodiversity and 
Conservation 20: }549-355J • 

Bulger, J.B., Scoll, N.J ., and Seymour, R. B. 2003 . 

Terrestrial activity and oonservation of adult 
California red-legged frogs Rana aurom iira)'tOHii 
in coastal foll:'sts :rnd grasslands. BiolO§kal 

Conserntion 110 :85-95. 
BulJ, E.L. and Carter. B.E.1996. Tailed Frogs: 

Distribution, Ecology. and Association with 
Timber Harwst in Northeastern Oregon. 
USDA Forest Service Research Paper PNW•RP-

497c-n. 
Bunck, C.M .. Bums, K.L., Greea, D.E., Knickel• 

bei n. B.A., Schneider, J.E., Smith, D./ .. and 
Wright, S.D. 2009. National Wildlife Health 
Center: Health & Disease Surveys of Declining 
Amphibian Populations at R,:gio11al A.RMT 
Monitoring Siles. Unpublished Report. 

Bunn. D., Mummert. A .. Hoahovsky. M .. Gil.ndi. 
IC, and Slt.ariks. S. 2007. California Wildlife: 
Conservation Challenges; California's Wildlife 
A<:hon Plan, S:«:ramento, CA. 

Burgess, R.C .. Jr. 19>0. Development of spade-foot 
toad larvae under laboratory conditions. Copcia 
r95o:49-51. 

Burke. R.L.. Leureritz. T.E., and Wolf. A.J. 1996. 
Phylogenetic relationships of emydinc turtles. 
Herpetologica 52: 572-584. 

p6 LITEP.ATUP.E CITED 

Burkholder, L.L. and Diller. L.V. i.o<::rJ. Life history 
of postmet;Jmorphic coastal tailed frogs 
(Ascaplms trnei) in northwestern Cahforma. 
]oL&rn.al of Herpetology 41 :25[-262. 

Burrage. B.R. 1965. Notes on the eggs and young of 
the lizards Gerrhonotus mulJii:r:.rmaliu webbi and 
C. m. 111mus. Copefa 196,:512. 

Burt. C.E.1931. An interpretalion ofccrta;n 
ex.perlmcnlal and observallonal data on the 
Hmbl~ss lizard, Anniella puldira Cray. Cope1a 
l9}1:I05-106. 

Bury, R.8. 196&. Thi= distribution of Ascaphtt-5 truci 

111 California. Hcrpctologu:a 2+39-46. 
Bury. R.B. 1970a. A biogeographic analysis of the 

herpetofauna of Trinity County. California. 
Journal of Herpetology 4: 16s-. 78. 

Bury, R.B.197□ b. Food ~imilarities in the tailed 
frog. Ascapnm triwi, and the Olympic salaman­
der. Rh't'llrotritot! olympicw. Copeia 
c970 :170-171. 

Bury, R.B. 1972.. Small mamma~ and other prey in 
diet of Pacific giant salamander { D1ca1t1ptodrm 
ensatus). The America11 Midland Naturalist 
87=F.4-526. 

Bury, R.B. 1986. Fccdmg ecology of the turtle, 
Cltmmys mru-rnoralil. Journal of Herpetology 
20:515-52r. 

Bury. R.B. :zoos. Virnmptodon cnmlus. in Lannoo, 
M.J . (Ed.): Amphibian Declines· TheConserYa• 
tion Status of United States Species, University of 
California Press. Berkeley, pp.653-654. 

Bury, R.B. 2.008a. Do urban a~as favr.,r invasive 
turtles in the Pacifo:: Northwest, in Mitchell, J-C., 
Drown, R.E .J., and D.irtholomew, B. (Eds): Urban 
Herpetology, Society for the Study of Amphib­
ians and Reptiles, Salt Lake City, UT. pp.34;-M5· 

Bury, R.B. 2.008b. low thermal tolerances of stream 
amphibfans in the Pad.fie Northwest: implica• 
tions for riparian and stream management. 
Applied Herpetology 5:63-74. 

Bury. R.B. and Adams, M.J. r999. Variation in age 
at metamorphosis acro!>S a latitudinal gradient 
for the tailed frog, Air;aphu.1 truei. Herpetologio. 
55 :2 &3-2 91. 

Bury. R.B. and Ba!gooyen. T. 1976. Temperature 
sdec1iv[ty in legless lizard, A,111iell11 p1o1lchra. 
Copeia 1976:152 155. 

Bury, R.B. and Corn, P.S. 1988. Douglas-fir forests 
in the O~on and Washington Cascades: relation 
of the herpetofuuna to stand age and moisture, in 
Szaro, R.C .. Se"JCrson, K.E .. and Pattr:,n, D.R. 
(Eds): Management of Amphibians, Reptiles, and 
Small Mammal:,; in North America. General 
Technical Report RM-r66. United States 
Department of Agric:ulture Forest Service, Rocky 



Mountain Forest and Range Experiment Station, 
Fort Collins, CO, pp.11-22. 

Bury, R.B .. Corn. P.S., A\lbry. K.B .. Gilbert. f.F.. 
and Jones, l.LC. 1991. Aqu.itic amphibi.in 
communities in Oregon and Washington, in 
Ruggiero, L. F., Aubry, K.B., Carey, A. B., and 
Huff, M.H. (Eds): Wildlife and Vegetation of 
Unmanaged Douglas-Fir Forests, Unitx:d States 
Department Df Agriculture, Forest Service, 
General Technical Report PNW-GTR-285. 
pp.353-362. 

B ~ry. R,B ., Fellers, C.M., and R11th, S.B. 1969. First 
records of Pleelwdo" Jurmi in California. and new 
distributional data on Ascciphus lruei, Rhvacolri, 
km oly,npicus, and Hydromantes shasl.'1£. Jourru.l 
of Herpetology 3 :157-161. 

Bury, R.B. and Germano. D.I. 2008. Aclinemys 
rnarmorata (Baird and Girard 1852) western pond 
turtle, P;icilk pond turtle, in Rhodin, A.G,I., 
Pritchard, P.C.H., van D.ijk, r.P., Samure, R.A., 
Buhlmann. K.A. and Iverson, f.B. (Eds): 
Conservation Biology of Freshwater Turtles and 
Tortoises, Chelonian Monograph No. 5. Chelo• 
ni;in Research Foundation. Lunenbcrg, MA, 
pp.1.1-1.9. 

Bury, R. B. and Martin, M. 1967. The food of the 
salamander RliyacMrihm olympicus. Copela 
HJ67=487. 

Bury, R.B., Wch,h, H.H,. Jr., Germano. IJ.J., Ashton. 
D.T. (Eds]. 2.012. West.em Pond Turtle- Biology, 
Sampling Techniques, Inventory and Monitoring, 
Conservation. and Management Northwest 
Fauna No. 7, The Society for Northwestern 
Vertebrate Biology, Olympia., WA, u8pp. 

Calef. G.W. 1973. Natural mortality oftadpoks ln a 
population of Riina Al'ror.i. Elcology 54741-758. 

California Climate Action Team. 2006. Climate 
Ac:tion Team Report to Governor Schwarzeneg· 
ger and the Legislature. California Environmen­
tal Protectioo Agency, Sacramento. 

Caltrans. 2012. Highway Crossings fur Herptiles 
(Reptiles and Amphibians.). Preliminary 
rnvestigat!on requested by Margaret Gabil. 
Caltrans District 4, Dr.isio11 of Environmental 
Pl.inning & Engineering. 

Camp. C.L. [91~- Batruchvs,ps major and Bufo 
cogMdus ca!ifomicus, new amphibia from 
southern Califurni.i. University of Californfa 
Publications in Zoology c2:p,7-334. 

Camp, C.L. 1916a. Descriptio11 of Bufo c.:morus, a 
r.icw toad from the Yosemite National Park. 
University of California Publications in Zoology 
17:59-62. 

Camp, C.L. 19[6b. Notes on the local distribution 
and habits of the amphibians and reptiles of 

southeastern California in the vicinity afthe 
Turtle Mountains. Univc1sity of California 
Publications in Zoology l2.:503 544-

Camp, C.L. 1917. Notes on the systematic sta.tus of 
the tows and frogs of California. Unive1sity of 
California Public.ations in Zoology 1T115-r::i.5-

C.uother:,, J.H. 1986. An experimental confirma­
tion of morphol~ical adaptation: toe fringes m 
the sand-dwelling lizard Uma mlparia. Evolution 
40:871-874. 

Carpenter, C.C. 1963. Patterns of behavior m three 
form$ of the fringe-toed lizards ( Umrdgu.ani­
dae). Copeia 1963:406 412,. 

Carroll, S., Ervin, E .. and Fisher, R. 2005. Natural 
history notes: Taricha lotosa torosa.. Overwinter 
ing larvae. Herpetolagical Review 36 ::z.97. 

Cary, J.A, 2010. Determining Habitat Charactcri:S­
tics That Predict Ovlposition Site Selection for 
Pond-Bree-ding Northern Red-Legged Frogs 
I Rona aurora) in Humboldt County, C:ilifomia. 
Humboldt State University, Arc;it;i, CA. 

Cary, W. 1889. Biennial icport of the fish (Om mis­
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 Ram:i native to western 
North America. Systematic Zoology :q:2.99 311. 

Case. T.J. and Fil1her, R.N. 2001. Measuring .and 
predic1ing species presence: coastal sage scrub 
case study, 1n Hunsaker, C.T., Goodchild, M.F., 
Friedl, M.A., and Case, T.J. (Eds): Spatial 
Uncertainty in Ecology: Implications for Remote 
Sensing and GIS Applications. Springer, New 
Yozk. pp.47-71. 

Catenazzi. A. and Kupferberg, S.J. 2013. The 
importance of thermal c:ond itions to recruitment 
success in stream0 breeding fmg populations 
distributed across a productivity gradient. 
Biological Conservation 168:40-48. 

Cayan. D.R .. Luers, A, Franco, G .. Hanemann, M .. 
Croe:i, B., and Vine, E. ::i.oo8a. Overview of the 
California climate change ~cenarios project. 
Climatic Cbange 87=1-6. 

Cayan, D.R., w~r!., A., H.;mem.:111n, M., Franco, G., 

and Croes, B. 2006. Possible Scenarios of 
Climate Change in California: Summary and 
Recommendations. White paper from Califurnfa 
Climate Change Center. 

Cayan, D.R., Maure?, E.P., ~ttinger, M.D., Tyree, 
M. and Hayhoe. K. 2008b. Climate change 
scenar iO!:! for the California n:gion. Climatic 
Change 87 (Suppl. I): S21-S42.. 

CBD (Center for Biological Diversity). 2006. 

Petition to list the A.margasa River distinct 

llT<llATU1<r, CITH, 317 



population segment of the Mojave fringe-to!!d 
Lizard ( UP1111 scoJJ11ri11) as threatened or endan­
gered under the U.S. Endangered Species Ac.t. 

CDFG (California Department of Ftsh and Game) -
2008. California Aquatic invasive Spedes 
Management Plan, CDFW, Sacramento. CA. 

CDFW. 2013. Report : A Look Back at CDFW in 
:2012. CDFG, Sacr.i..menlo, CA. 

Chan, L.M. and Zamudio, K.R. 2.009. Population 
differentiation of temperate amphibians in 
unp~dictable envimnrnents, Molt:cufar Ecology 
18 :3185-3200 . 

Chan-Mcleod, A.C.A. 200:, . Fac1ors affecting the 
permeability of chcarcuts to red-legged frog~. The 
Journal of Wildlife Management 67: 663-671. 

Chan-Mcleod, A. _C.A._ and Moy, A. 2007. Evaluat­
ing residua.I tree patches. as stepping stones and 
short-term refugia for red-legged frog:s Journal of 
Wlldlife Management. 71:1836-1844 . 

Chan-Mcleod. A_CA_ and Wheeldon, H_ 2004_ 

Natura I history notes: Ran11 1<1-1roriz_ Habitat and 
mo,;emenl. Herpetological Review 3n75. 

Chang, A.T. and Shaffer, H.B. 2010. Population 
Genetics and J>hylogenetics of RtJnr,. ca~c.iai%-e 1n 
the Lassen and .Klamath Region. Unpublished 
Report lo the United States Forest Service. 

Chelgren, N.D., Pearl, C.A .. Adams. M.J., and 
Bowerman. J. 2-008. Demography and movement 
in a relocated populaliorl ofOr€gon spotted frogs 
j Rana prdiosa): mAuence of season and ~nder. 
Copeia .2008:742 751. 

Chelgren. N.D-, Rosenbetg. D .. Heppe:I, S .. and 
Gitelman, A- (;;ioo6f Carryover aquatic effects on 
survival of metamorphic ftogs dl1rtng pond 
emigration. Ecological Applications 16:250-261. 

Chen, x_, Barrows, c.w_, and LL. B. 2006_ ls the 
Coachella Valler fringe-toed lizard (I.J11U1 

inorm:i1'1) on the edge of ex:tinction a Thouund 
Palms Preser,;e in Cahforn1a? The So1.1thwestern 
Naturalist 51: :28~34. 

Christin, M .. Gendron, A.D., Brousseau. P., 
Menard, L, Marcogliese, D-J-, Cyr, D_, Ruby, S _, 

and Fournier, M, zoo}. E FT~ts of agricultma I 
pesticides on tlte immune system of Rema pipieris 
and on its resistance 10 parasitic mfec1ion. 
Environmental Toxicology and Chemistry 
;u:n27 11:s3. 

Clark. R.W .. Brown. w_s , Stecbert. R- . and 
Zamudio, K.R. 2010. Roads, interrupted 
dispetsal. and genetic divemty in timber 
rattlesnakes. Consen·.atlon Biology 
i.4:ms9 m69. 

Clarke. R.F. I95~. An ecological study of reptiles 
and amphibl.a.ns m Osage County, Kansas. 
Emporia State Research Studies 7:1-'.>2 . 

ClarkSlln. R.W. and Rorab;mgh. J.C. 1989. Status of 
leopard frogs (Rana pipicn.s complex: Rantdae) in 
Arizona. .ind southeastern California. The 
Southwestern Naturalist J 4 :531-538. 

Claussen, D.L. 1973. The thermal relations of the 
tailed frog Ascapkus tmti and the Pacific tree frog 
Hyla ~illa. ComparatiVtc Biochemistry and 
Physiology A 4,4=137-153. 

CHIT. F.S, 1954, Snakes of the islands in the Gulf of 
California., Mexico. Transactions of the San Diego 
Society of Natural History 12: 67-9 B. 

Coe, W.R_ and .Kunkel, B.W. 1906. Studies on the 
California limbless lizard, A,mitlla. Transactions 
oft he Con11ccticl1t Ac~emy of Arts and 
Sciences. 12.: J49-403. 

Cole, C.) . 19 6a. Notes on the distribution and food 
habits of Bufo ulrnri11s at the ea~lern edge of its 
range. Herpetologica. 18:172.-175. 

Coleman, J.L, Ford, N.1!., and Herriman, K. 2008. 

A road survey of amphibians and reptiles in a 

bottomland hardwood fooest. Southcisti:rn 
Nat1.1ralist. 7: 339-3,48. 

Collins, J.P. and ~wis, M.A. 1979. Overwintering 
tadpoles and breeding season variatiotl in the 
Ra11a pipiens complex in Arizona. The Southwest• 
ern Naturalist 2+371-373. 

Collins, J.T. and Taggart, T.W. 2-009. Sta11da1d 
Common and Current Scientific Names for 
North American Amphibians, Turtles . Reptiles 
and Cmcodilians. Center for North American 
Herpetology, Lawrence. KS -

Comrack. L. Bolster. IL Gustafson. J .. Steele. D., 
and Burket, E. aoo8. Species of special concern: 
a brief <lesniption of an important California 
Departmi:nt of Fish and Game designation. 
California D€partment of Fish and Came, 
Wildlife Branch. Nongarne Wildlife Program. 
Sacramento. 

Cooper, D.S. and Mathewson, P. ::.008 . GriClith Park 
Wildlife Mamgement Plan. Report from Cooper 
Ecologic.al Monitoring. Jnc-. Los Angeles, CA. 

Cooper, J-G, 1869 -The naturalist 1n California. The 
American Naturalist }:470-481-

Cooper, J.G. 1870 The fauna of California and it3 

geogrnphic.il distribution . Proceedings of the 
California Academy ofSdences 1:t18-12,3. 

Cope, E. D. 1869. Di;ignosis of Hdoderrna su~pei;. 
tum. Proceedings of the Academy of Natural 
Sciences of Philadelphia 21:4-5. 

Cope, E.D. 1883. Notes on the geographical 
distribution of Batrachia and Reptilia in western 
North America. Procef'dings of the Academy of 
Nat\1 ral Sciences of Philadclphiil 3po-35, 

Cope:. E.D. 1892. A critical review of the characters 
and variations of the snrtk~ of North America. 



Proceedings of the United States National 
Museum 14:589 694. 

Cope, E.D. 1894 . On the iguanian genus Uma 
Baiid. The American Naturalist 2-8:434- 435. 

Cope, E.D. 1895a. On some new North American 
snakes. The American Naturalist 2.9:676-680. 

Cope, E.D. 189sb. On the species of Um.a and 
Xantusia. The American Naturalist :z9 :938-939. 

Corn, P.5. and Bury, R.19&9. Logging in western 
Oregon: responses ofh!!adwate[ 11.ibitats and 
st~am amphibians. Forest Ecology and Ma.ru.gc• 
ment 29 :39-.57. 

Corn, P.S. and Fogleman. J.C. 1984. El(tinction of 
monlane populations of the northern leopard 
frog (Rana pipu:m) in Colorado_ Journal of 
Herpetology 1S:147-1p,. 

Com, P.S. and Livo, L.f. 1989. Leopard frog and 
wood frog reprodurnon in Color~do :md 
Wyoming. Northwestern Naturalist 70;1 9. 

Cowles, R.B. and Bogert, C.M. 1944. A prelimin.uy 
study of the thermal requirements of desert 
lizards. Bulletin American Museum Natural 
History 83 :265-196. 

Crayon, J-J- 19&8. Natural history notes: Rema 
j:(.ltt:.ibianl:l. Diet. llerpelolog1cal Review 29 :2ri. 

Crother, B.I. 2009. Arc standard names lists 
taxonomic straightjackets? HerpetoloHka 
6p29 135. 

Cunningham, 1-D- 1g55. Arboreal habits of certain 
reptiles and amphibians in southern California. 
Herpetologica 11:217-i20. 

Cunningh;,. m. 1- □- 19;6. Food habits of the S;m 
Diego alligator lizard. Herpetologica n:225-230. 

Cunningham, J.D. 1959a. Note! on Annidlu. 
Herpe1Dlogiu115:19-zo. 

Cunningham, J.D. 1959b. Reproduction and fooo 
of sc,me California snakes. Herpetologica 
1p7-19. 

Cunningham, J.D. 1962. Observations on the 
natural history oftM California toad, Bufo 
califomicM-S Camp. Herpetologica 17;2.55-26 o. 

Cunningham, J.D. r96}, Additional ol,!,;ervations on 
the ecology orthe Yosemite toad . Bufa canorus. 
Herpeto1ogica i:9:56-G1. 

Cunningham, J.D. 1966. Additional observations 
on the body temperatures of reptiles_ Herpetolog­
ica 2.z.:184-189. 

Cushman, K.A. and Pearl, C.A. 2007. A Conserva­
tion Assessment fur the Or~gou Spotted Frog 
( Raita prelio~a). Unpublished Report ro USDA 
Forest Service Region 6. 46pp. 

Dalrymple, G.H., Steiner, T.M., Nadell. R.J., and 
Bernardino, F.S., fr. 1991. Seasonal activity of the 
snakes of Long Pine Key. E,.,ergl:.i.des Nation:.i. l 
Park. Copeia. 1991 :294-302. 

D'Amore, A., Hemingway, V .. and Wasson, I(_ 2oro_ 
Do a threatened native amphibian and its 
mvasive congener differ in nsponse to human 
alteration of the landscape? Biologiu.l lnv;isions 

12.: 145-154. 
D'Amore, A., Kirby, E., :md McNichol:is, M. :2009. 

Invasive species shifts onlD~etic resouKe 
partitioning and microhabitat 1.ISC of a thxcatc-ned 
native amphibian . Aquatic Conservation: Marine 
a.nd fresb,,.,ate1 EcosystelTlll 19:534-541. 

Davidson, C. 2004. Declining downwind: amphib• 
ian population dEclincs in California and 
historical pesticide -use. Ecological Applications 
14: r892 1902.. 

Davidson, c_ 2010. Natural history notes: Rana 
dmj!tonii_ Prey. Herpetalogical Review 41:66. 

Davidson, C., Benard, M., Shaffer. H .. Parker.[., 
O'le~ry. C., Conlon, r-. and Rollins-Smith, L 
2007. Effects of chytrid and c~rhnyl exposure on 
survival, growth and skin peptide defenses ln 
foothill yellow-legged frogs. Environmr-ntal 
Science and Technology 4t ;I77t-1776. 

Davidson, C. and Fellers. G.M. :i.ooj. Bu.Jo ranoms, 
in Lannoo, M.J. jEd.): Amphibian Declines: The 
Conservation Status of United States Species, 
University of California Press, Berkeley, 
pp.400-401. 

Davidson, C, Shaffer, 1-l_B. , and Jenningii, M.R. 
2002.. Spatial tests of the pesticide drift, h:.bitat 
destruction, UV-B, and clima1e change hypothe­
ses for California amphibian dedines. Conser,.,a­
lion Biology 16 :158&-1601. 

David50n, C., Stanley, K., and Simonich, S.M. 2.01:z.. 

Contaminant residues and declines of the 
Ci1scade5 frog f Rana casmdi'!e) in the California 
Cascades, USA. Environmental Toxicology and 
Chemistry }C:1895-1902. 

Davis, M.A. and He.ithcol.e , J. 2007. The price and 
quantity of residential land in the United States. 
Journ;il of Monetary Economics 54::1.595-2620_ 

De Lisle, H.F. 1979. Gila monst~r 1Heloderma 
.i:u.spt:elwn) found in California. Herpetology 
{Soutl1~tem Herpetologists Sode1y} 10:;-7. 

De Lisle, H.F. c983. Ban net year for California 
Gil.as. Herpetology (Southwestern Herpetologists 
Soci1:ty) 1y11. 

De Lisle, H., Canton, G., Feldner, J., O'Connor, P., 
Peterson, M., and Brown, P. 1986. The distribu. 
lion and present slat us of the herpetofauna of the 
Santa Monica Mountains of Los Angeles and 
Ventura counties, California. Spacial Publication 
No . .z . Southwestcm Herpetologists Society, Van 
Nuys , CA. 

de Queiroz, K_ and 11.e~der, T.W. 2.008. Squamata: 
Li7.ards. in Crother, B.I . (Ed.): Scientific and 

I. ITrRATURE CITJ;D )19 



Standard English Names of Amphibians and 
Reptiles ofNorth America North of Mexico, with 
Ce>mmems Regarding Confidence in Our 
Understanding, Society for the Study of A mphib­
ians and Reptiles Herpetological Circular. Salt 
lake City, UT, pp.24-45. 

De Vlaming, Y.I .. and Bury, R.B. r970 . Thermal 
selection in tadpoles of the tailed frog Ascaphus 
trud. Journal of Herpetology 4: 179-189. 

Degenhardt. W.G., Painter, C.W., and Price, A.H. 
1996. Amphibians and reptiles of New Meicico. 
Univer:iity of New Mexico Press, Alburquerque, 
NM. 

Deiean, T .. Valentini. A., Duparc, A., Pe-llier-Cuit, 
S .. Pom_panon, F., Taberlet P .. and Miaud. C. 
201 r. Persistence of environmental DNA in 
freshwa~r ecosystems. PLOS ONE 6:e23398. 

Denver. R.I . 1997a. Environmental stre.!.S as a 
developmental me: corticotropin-releasing 
hormom~ is a proximate mediator of adaptive 
phenotypic plasticity in amphibian meta mor_pho• 
sjs, Hormones and Behavior 31:169-179. 

Denver, R.J. 1997b. Proximate mechanisms of 
phenotypi<: plasticity in amphibian metamorpho­
sjs, lnLesraliYe and Comparative Biology 37:17.2. 

Denver. R.J .. Mirhadi, N .. and Phillips, M. 1998. 
Adaptive plasticity in amphibian metamorphosis: 
response of Scaphiopi.,.; IL(i,nmon.dii tadpc,les to 
habitat desiccation. Ecology 79: 1859-1872. 

Dethlefsen, E.S. 1948. A sublerra □ean nest of the 
Pacific gi.1.nt s.1.farnander, Dicamptodon u1mH1s 

(Eschscholtt.). The Wasmann Colleclor 7:81-84. 
Dever, J.A. 2007. Fine--scale genetic structure i21 the 

threatened foothill yellow-legged frog tRana 

boyl-ii) . Journal of Herpetology 41:168-173. 
Dickinoon, J.L, Zuckerberg, B .. and Bonter, D.N. 

2010. Citi~en science a.:J an ecological re5earch 
tool: challenges and benefits. Annual Review of 
Ecology, Evolution, and Syi,temalics 41:149-172. 

Dickman. M. 1968. The em~ct of grazing by 
tadpoles on the structure of a periphyton 
community. Ecology 49:u88-u90. 

Dill, W.A. 1944. The fishery of the lower O:>la~do 
River. California Esh and Game. 30:109-.2.11. 

Diller, LV. and Wallace, R.L. H)96. Distribution 
and habitat of Rh}'<l,ottiton varieplus in man­
aged, }'<lung growth :furests in north co:istal 
California. f ournal of Herpetology 30: r84-191. 

Diller, L.V. and Wallace, R.L. 1999. Distribution 
and habit;.t of A$capkµs ln.1ti in streams on 
managed, young growth fores.ts in north coastal 
California. f oumal of Herpetology 33:71-79. 

Dimmit!, M.A. and Ruibal. R. 1980a. Environmen­
tal correlates of emergence in spadefool toads 
(Sc.:iphiapi.,.;). Journal nfHerpel<llogy 14:21-29. 

320 ltT[TtATUlH CIUI> 

Dimmitt. M.A. and Ruibal, R. 1980b. Ellploitation 
of food resources by spadefoot 'loads (Sc11pJiiopus). 
Copeia 198-0:8-54-86:1.. 

Dixon, J.D. 1975. Geogr.iphic distribution: Gu­
rk.Otl-Otl':'= pi;in1J111iniiri~. Herpetological Review 
6:,'15-

Dixon, J. R. 1967. Amphibians and Reptiles of Los 
Anseles County. Los Angeles Museum of Natural 
History, Los Angeles, CA. 

Dole, J .W. c967, The role of substrate moisture and 
dew int~ w;itn e~onomy of leopard frog:r, Rj.»11 

pipiens. Copeia 196p41-149. 
Dole, f.W. 1971. Dispeual of recently metamor­

phosed leopard frogs, Rana pipittts. Copeia 
l'fl 1: izi-22.8. 

Doubledee, R.A., Mueller, C:..B., and Nishet, R.M. 
2003. Bullfrogs, disturbance regimes. and the 
persislence of California red-legged frogs. 
Journal of Wildlife Managem.ent 6r424-438. 

Douglas, M., Douglas, M ., Sc:huett, G., Beck, D., and 
Sulliv,m, B. 2010. Ccmsef'Vation phylogenetio- of 
helodermatid lizards using multiple molecular 
markers and a supertrel! approach. Mol~clllar 
Phylog<'netics 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 ~ith brttding 
activities of a foothill yellow-legged frog ( Ran11 

boylii) population on the North Fork Feather 
River, Califo-rnia. Garcia ~nd Associates, San 
Francisco, CA. 

Drost. C.A. and felle1s, G.M. L996. Collapse of a 
regional frog fauna in the Yosemite area of the 
California Sierra Nevada, U.S.A. Conservation 
Biology 10:414-4:..5. 

Dug:m, E.A.. Figua-oa, A., and Hayes, W.K. 2008. 
Home t3llge size, movement5, and mating 
phenology of sympatric red diamond I Crotal~~ 
mber) and southern l'acific (C. oreganus htlleri) 
rattle~nakcs in :IOuthcrn California, in Hayes, 
W.K., Beaman, K.R., Cardwell, M.D., and Bush, 
S.P. j Eds): The Biology of Rattlesnakes Sympo• 
sium, l.oma Linda University Press, Loma Linda, 
CA. pp.353-}64. 

Dug;:in. Ji.A. and Hayes. W.K. 2012. Diet and 
feeding ecology oft~ red diamond rattlesnake. 
Crotaltu ruber (Serpentes: Viperidae). Herpeto­
logic:a 2;:.2.03-217. 

Dumas, P.C. 1966. Studies of the Rana species 
complex in the Pacific northwest. Cope~ 
1966:Go-74 . 

Dundee, H.11.. and Miller, M.C. 1968. Aggregative 
beh.ivic:it and ha.bit.at conditioning by the prairie 
ring neck snake. Diadopliis pur1ctatus runyl 
Tul:rne Studies in Zoology and Botany 15:4r-58. 



DuTilap, D.G. 1955. lnter- and intraspecific variation 
in Oregon frogs of the gemll! R,ina. The Ameri­
can Midland Naturalist 54:314-331. 

Dupuis, L. and Steventon, D. 1999. Ripari,m 
managcm1;ntand the tailed frog in no[thern 
ooastal forests. Forest Ecology and Management 
124:3>-·H· 

Dupuis, L.A., BunneH. F.l.. and Friele, P.A. 2000. 

Determinants of the tailed frog's range in British 
Columbia, Canada. Northwest Sdence 
74:109-IPj-

Elhotl, L., Gerhardt, C .. and Davidson. C. zoo9. 
l11e Frogs and Toads of North America: A 
Comprehensive Guide to Tbefr Identification, 
Behavior. an<l Calls, Houghton M imin Harcourt, 
New York. 

Ely. E. J992. Geographic distributwn: Tharn!Wph.i~ 

hummondii. Herpetological ReYiew 2p2.4-1.25. 

Emery, A.R., Berst, A.H., and Kodaira, K. 1972. 
Under-ice observations of wintering sites of 
leopird frogs. Copeia 1972:r23-126. 

Emmerich. K. and Cunningham. L. 2003. Geo­
graphic: distribution: Diadopkis pM11cMtw.s. 
Herpt:'tologica.l Review 34:169. 

Ernst, C.H. and Ernst, E.M. 2003. Snakes of the 
United States and Caru.da. Smithsonian Books, 

Washington. DC. 
Ernst, C.H. and Lovich. J.E. 2009. Turtles of the 

United States and Canada. Johns Hopkins 
Univecsity Press, Baltimore, MD. 

Ervin, E.L. Anderson, A.E., Cass, T.L.and Murcia, 
R.E . .200L. Natural history notes: Sp,!:ll h~mmondii. 
Elevation record. Herpetological Review p:36. 

Ervin, E.L.. Beaman, K.R.. and Fisher. R.N. 2.013. 
Correction of locality records of the endangered 
arroyi:i toad (Ana~yn.is calijornicus) in the desert 
regions of Southern California. Bulletin of L1e 
Southern California Academy of Sciences 
112:c97-.2O5. 

Ervin, E.L. and Burkhardt, T.R. 200G. Natural 
histocy notes: Amb~tomo tigrinum mal-'Ortium. 
Extralimital populations. Herpeto)ogical Review 

}T435-
Ervin, E.L. and Cass. T.L. 2007. Nat1.1ral history 

nctes: Spea hamm(mdii. Reproductive pattern. 
Herpetologlcal Review 38:196-197. 

Ervin, E.L. and Fisher, R.N. 2001. Natural history 
notes: Thamnophis hammondii. Prey. Herpetolog­
ical Review. 32:26s-2.6G. 

Ervin. E.L. and Fisher, R.N. :.1007. Nitural history 
notes: Thamnopnis Jwmmondii. Foraging 
behavior. Herpetological Review 38: 345-346. 

Ervin, E.l,, I(isner, D.A., and Fisher, R..N. 2006. 

Natural history notes: Bufo californi(;m. Mortality. 
Herpetological Re-view 37: 199. 

Ervin, E.L. Smith, C.D .. and Christopher. S.V. 
2005. Natural hi.story notes: Sp,!:ii karnin,mdii. 

Reproduc1ion. Herpelologkal Review 
36 =) 0 9-3m. 

Esch:.choltz, J.F.V. 1833- Zoologis<her Atlas, 
enthaltend Abbildungen urul Beschreibungen 
ncuerThicnrten, wahrtnd des F!ottcapitains YOn 

Kotzebue zweiter Reise um die Welt. auf 
Russisch-K.aiserlich Kriegsschupp Predpriaetie 
in den Jahren 1823-1826 herausgegeben von D. 
Marlin Heinrich Rathke. Funftes Heft. G. 
Reimer. Berlin. (ln German) 

Ewert, M.A. 199r. Cold torpor, diapause, delayed 
hatching and aestivation in reptiles and birds, 
in Deeming, D.C. and Ferguson, M.W.J. 
{Eds): Egg Incubation: lts Effects on 
Embryonic Development in Birds and Reptiles. 
Cambrid~ University P~ss, Cambridge, UK. 
pp.173-191. 

Fall.rig, L, Pedlar, J .H., Pope, S. E., Taylor, P.D., arxi 
Wegner, J. F. 1995. Effect of road traffic on 
amphibian density. Biological Consetvatio11 
7p77-1!h. 

Peaver, P.E. 1971. Breeding Pool Sl'lection md 
l.acval Mortality ofThree Californ.ia Ampibians: 
Arn~loma tigrinum ~algurni,m.:: Gray Hyfo 
i,:g~"' Baird and Girard and ScR-phi11p11f ham.­
mondi .liamnwndi Girard. Mastl!:r'.s The.sis. Fresno 
State College, Fresno, CA. 

Feldman, C.R. and Parham, J.F. 2002. Molecular 
phylogenetics of emyd ine turtles: taxonomic 
revision and the e,JQJution of shell kinesis. 
Molecular Phylogenel!cs and Evolution 
22.:388-}98. 

Feldman, C.R. and Spicer. G.S. 2.006. Comparative 
phylogfflgraphy of woodland ffptiles in Califor 
nia: repeated patterns of dadogenesis and 
population expansion. Molecular Ecology 
15:.2201-2222. 

Fellers. G.M. 2O0,a. Reina boylii. In Ltnnoo, M.J. 
I Ed.): Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Prelili, Berkeley, pp.534-536. 

Fellers. G.M. 2005b. Ri:inn droylon~i. in Lannoo. 
M.j. {Ed.): Amphibian Declines: The Consl!:rva­
tion Statu5 of United Stat\"s Sped.es. Univeniity of 
California Press, Berkeley, pp.552-554. 

Feller-;, G.M. a11d Drost, C.A. 1993. Disappearance 
of the- cas.cades frog Ran ii rnxadae at the 
southen1 end of its range. Califomia, U.S.A. 
Biological Conservation 6p77-·rlk 

Fellers, G.M. and Kleeman, P.M 2.007. Caliform~ 
red-Legg<"d frog (Rana draytm111) nt.oYement.a.nd 
habitat use; implications for conservation. 
Journal of Herpetology 41: 176-286. 

LlnllATU Rr CITrD 321 



Fellers, G.M .. La.uner. 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 
M!l}'tonii) . Herpetological Review 32.:156-157. 

Fellers, G.M .. Pope. K.l., Ste.ad, J.E .. Koo, M.S .. and 
Welsh, H. H., Jr. 2.008. Turning population trend 
monitoring into ac:hve conservation: can we save 
the Cascades frog (Rana cam1dae) in the Lassen 
region of California? Herpetological Conserva­
tion and Biology p.8-J9. 

Fellers, G.M., WooJ., LL., Carlisle, S., and P1alt, D. 
:i.010. Unusual subterranean aggregations of the 
California giant salamander, Dicamptod()tt 
eMC1tu.s. lierpetological Conservation and Biology 
p49-154. 

Ferguson, D.E 1961. tbe geographic variation of 
Amb}'5loma macrodactflum B.iird, with the 
description of two new subspecies. The Ameri­
can Midland Naturalist 65:~c1-338.. 

Ficetola, G-.F .. Miaud. C .. Pompanon, F., and 
T;,iberlet, P. 2008. Species detection using 
environmental DNA from water samples. Biology 
Letters 4 :423-4.25. 

Fisher, R.N. 2004. Life on the" lsbnd ·: animals, in 
Houle., R. ( Ed.): Understa nd1ng the Life of Point 
Loma, Cabrillo National Monument Fo\l.ndalion, 
San Diego, CA, pp.112-131. 

Fisher. R.N. and Case, T.I, 2000. Distribution of the 
herpetofauna of cO.ilstal Southern California with 
reference toclevatio11 effects. in Keeley, J., 
Baer-Keeley. M .. and Fotheringham. C.J. !Eds): 
:ind Interface Between Ecology and Land 
Development in Caifomi.a, United Stares 
Geological Survey Open-File Report oo-6:i., 

pp.137-143. 
Fisher. R.N. and Shaffer. H.D. 1996. The decline of 

amphibians in California's Great Central Valley. 
Coru1ervation Biology 10: 1387-1397. 

Fisher, R.N., Sn.irez, A.V., .ind Case, T.J. wo;i.. 
Spatial patterns in the abundance of the 
ooastal horned lizard. Conserv:ition Biolr>gy 
16:z.05-215. 

Fitch, H .S. 1936. Amphibians and reptiles of the 
Rogue River Basin, Ore,gon. The American 
Midland Natu..ralist 17=634-652.. 

Fitch, H.S. 1938. Ra"ii boylii in Oriegon. Copei.1. 
193 8: 148-148 ' 

Fit.:h, H. S. 1940. A biogeographical study of the 
ordi11oides Artenkreis of garter sn.ikes (genl-ls 
Thamnophis). University of Californfa Publica­
tions in Zoology 44:1-150. 

Fitch, H.S. 194 I. The f~ding habLts of California 
garter snakes. California Fish and Game 
27:2-3:i.. 

Fitch, H.5. 1948. Further remarks mnci:ming 
Tham11op"is ordi.>ioid('5 a11d its relatives . Copeia 
1948:r21-126. 

Fitch. H.S. 1970. Reproductive cycles in lizards rnd 
snakes. UniYersity of Kansas Museum of Natural 
History Miscellaneous Publications 52 : 1-247. 

Fitch, H.S . J975, A demographic study of the 
ringneck sn:ike ( Diadophis pmictatu~) in Kansas. 
University of Kansas Museum of Natural History 
Miscellaneous Publications 62. :1-n. 

Fite, K.V., Blaustein, A., Bengston, L., and Hewitt, 
H. E. 19 98. Evidence of retinal Ii ght damage in 
Ratia cascada~: a declining amphibian species. 
Copeia 1998:906-9t4 . 

Fontanella. F.M .. Feldman. C.R .. .Siddall. M.E .. and 
Burbrink. F.T. 2008. r>hylogeogr.a.phy cf Diado­
phir punitc;itus: exlensive lineage diversity and 
1epeated patterns of historical demography in a 
trans-continental snake. Molecular Phylogenctics 
and Evolution 46:ro49-1070. 

Ford. R. S. 19!h. Geographic distribution: Htfo­
derm.i rnspiclum cinctum. Herpetotogical Review 
r2:64. 

Ford. R. S. 1983. Reptiles and Amphibians. in Stone. 
R.D. and Sumida, V.A. jEds): The Kingston 
Range of California: A Resource Survey. Vol. 10. 

Environmental Field Program, University of 
Cr.lifomia, Santa Cruz, pp.123-130. 

Foreman, L.D. (Ed.). 1997. flat-Tailed Horned 
l.i7.ard Rangewide M~m.gement Strategy. Report 
oflnleragency Working Group. 

Forsman. E.D. and Swingle, J.K. 2007 . Use of 
arooreal nests of tree volet; !Arb11ritt1~ ~PP-I by 
amphibians . Herpetological Conservation and 
Biology 2.:n3-n8. 

Forson, D. and Storfer, A. 2006. Effects of atrazine 
and iridovirus infection on survival and 
life-history traits ofth.e, long-toed salamander 
(Ambyswma macrodactyium) . Environmental 
Toxicology and Cl1emistry 2p68-173. 

Fouquette, M.J., Jr. 1968. Remarks on the type 
specimen of Bufa alvariu, Girard . The Great 
Basin Naturalist z8:70-72.. 

Fouquette, M.J., Jr., Painter, C.W., and Nanjappa, P., 
Jr. 1005. B~fa alvariws Girard, 1S59: Colorado 
River toad. in Lannoo. M.J. (Ed.): AmpMbian 
D~cli'1ts: Thl C,mseno111ion Stallis of Unittd Statrs 
Spu.ies. University of California Pn~s&, Berkeley, 
pp-384-}66. 

Foo:, W, 195l. Relationships among the garter 
snakes of the Tl111mnophis degrins mm:tt.l::riis. 
University of California Publications in Zoology 
so :485-530. 

Fax, W. 1956. Semm.al recept.ades of snakes. The 
Anatomical R~cotd 12+519-539 . 



Franco, G., Cayan. D.R., Mose1, S., Hanemann, M_, 

and Jones, M. 2011. Second Californi, assess­
ment: jntegrated climate change impacts 
assessment ofnahmi.l and managed systems. 
Climatic Change 2.on:S1-S19. 

Fried, J.S., Tom, M.S., and Mills, E. ~004. The 
impact of clim.ite ch.inge on wildfire seYerity: a 
regional fore<:ast for northern California. 
Cli.matic Change 64 :16 9-191-

Fromer, P.S., Doder. M., and Patterson, C. 1983. A 
Population Study of the Mojave Fringe-Toed 
Lizard ( Ur,111 sc<>paria) on the Twentynine Palms 
MCAGGC. Recon Number R 1397. Natural 
Resour~s Office, Marine Corps Air Ground 
Combat Center, Tweniynine Palms, CA. 

Frost, D.R., Cr.ant, T., Faivmich, J., Bain, R., Haai., 
A .. Haddad, c., De Sa, R. et al. 200Ga. The 
amphibian tree ofHfe_ Bulletin of the American 
Museum ofN.,tural History 297:c-291 . 

Frost. D.R., Grant, T., and Mendelson. J.R. 2006b. 
Oliotis Cope. 1875 is the old.est n.i.me for thi:: 
genus c:uneritly refette-d to as Crm1,opSi$ Cope, 
rS75 (Anura: Hyloides: Bufonidae). Copeia 
1.006:558-558. 

Frost, D.R. and Hillis, D.M. 1990. Species in 
concept and practice: herpetologic-1 I applications. 
Herpetologica 46 :86-104. 

Frost, D.R., Mc.Diarmid, R.W., and Mendelson, 
f .R. 20O9a. Response to the point of view of 
Gregory B. Pauly. David M_ Hillis, and 
David C. Cannatella, by the Anuran Subo.'.lmmit• 
tee of1he SSAR/Hl/ASIH Scientificand 
Standard English Names List. Herpetologica 
6p36-153. 

Frost. D.R .. Mendelson. f .R .. and Pramuk. 1-2009b. 
Further notes on the nomencl..ture of Middle 
American toads (Bufonidae). Copeia 
zoo9:,p8~,p8. 

Frost, J.S. and Platz. I.E . 1983. Comparative 
assessment of modes of reproductive isolation 
among four species ofleopard frogs ( Rana pipi~ns 
complex). Evolution 37:66-78. 

FTHL ICC (Flat-Tailed Horned lizard lnteragency 
Coordinating Committee). 2003. flat-Tailed 
Horned Lizard Rangewide Management Strategy, 
1,003 Revision: An Arizona-California Conserva­
tion Strategy. 

Fuhrm.in, F.A. 1967. Tetrodotoxin. Sdentific 
American. a17:60-71. 

FulleT, D.D. and Lind, A.J. 1992.. Implit.."ltions of 
fish habitat improvement structures for other 
stream vertebrates, in Harris. R. and Erman. D. 
(Eds}: Proceedings ofthe Symposium on 
Biodiversity of North._slem California, Santa 
Rosa, pp.96-104. 

Fuller, T.E. 2.008 . The Spatial Ecology of the Exotic 
Bullfrog (RalUI ,~t,sbeiana) and Its Relationship 
to Lhe Distribution oflhe Native Herpetofauna in 
a Managed River System. Master's Tbesls. 
Humboldt State University. Arc:ata. CA. 

FulleT, T.E., Pope, K.1., Ashton, D_T., and. Wekh, 
H. H., Jr. 2.010. Linking the distribution of an 
invasive amphibian jll.mw c~tesbtiana) to habitat 
rond1t1oru; in a managed river system in northern 
California. R.estorati.on Ecology 19:2.04-2.13. 

Funk, R.S. 1966. Notes about HelodHma m:.prctum 
along the wcs-lcrn enremity of its range. 
I lerpeloloSica 2.:.::2.54-z.58. 

F\lnk, R.S.1974. Geographic distribution: Kinoster­
M~ 50Mritn~t Herpetologkal Review s: :2.0. 

Funk, W.C. and Dunlap, W.W. 1999. Colonization 
of high-elevation lakl?s by long-toed salamanders 
(Ambystoma imicrodactylumj 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.J .. Mullins, T.D .. ;md Haig, S,M . .1008. 

Range-wide phylogeographic analysis of the 
spotted frog complex (Rrzna luteivenlris and Rana 
prt!/lll(l) in northwestern North America. 
Molecular Phylogenetics and Evolution 
49: 198-2.10. 

Camr.idt, S. and Kats , L. 1996. Effect ofintroducrd 
uayfish and mosquitofish on California newts. 
Conservation Biology ro:n55-1162.. 

Ga.mradt, S. and Ka1s, L. 1997. Impact of chaparral 
wildfire-induced sedimenlalion on oviposilion of 
stream-breeding California newts (Tarid,a 
lorosa) . Oecologi.a 110: 546-549. 

Gamradt, S .. Kats. L .. and Anzalone, C. l997-
Aggression by non-native crayfish deters 
breeding in California newts. Coruervation 
Biology 11:793 796. 

Garcia aud Associates. 2005. Results of 2004 
Surveys .i.nd Monitoring for FaothiU Yellow­
Legged Frogs (Rana boylii) within the Rock 
Creek-Cresta Project Area, N01th Fork Feather 
River and 2002-2004 Recreation and P11lse Flow 
Biological Evaluation Summary. Prepared for 
P;i.cific Gas ;md Electric Company, San Ramon, 
California, Job 332/80, 89pp. 

Garcia, T.S., Romansic, J.M ., and Blau.stein, A.R. 
2006. Survival of three species ohn11ran 
metamorphs exposed to UV-B radiation and the 
pathogenic fungus Batrar.hochytrium deHdroba ­
tidis. Di:seases of Aguatic Organisms. 72:163. 

Garcia-Paris. M .. Buchhoh:, D.R .. and Parra-Olea, 
G. 2003. Phylo~netic: relationships of Pe!oba.toi­
d.ea re-examined using mtDNA. Molecular 
Phylogenetic, and Evolution. 2&:l2-23. 

I. IT~RATllf!F. CITF.~ 323 



Gardner, T.J .. Foley. D. H., Brodie, E. D., and Young, 
K.V. 2004. Barrier fences prevent road mortali­
ties 1n the- RaHaUed homed lizard (Ph"l'rio~<>m~ 
mcai!iif. Herpetological Review 3FZ50-250 

Garman. S. 1884. The reptiles and batrachiaru of 
North America. Mentoirs of the Museum of 
Comparative Zoology 8: L-i85 . 

Garwood, J.M. 2009. Spatial Ecology of the Cascades 
Frog: Identifying Dispersal, Migration, and 
Resource Uses at Multiple Spatial Scales. Master's 
Thesis. Humboldt State University, Arcata, C/1.. 

G.arW\"Jod , J.M. and Welsh, H.H., ft. 2007. &ology 
of the Cascades Frog (Rtln"1- wsi:ada~) and 
Interactions with Garter Snakes .and Nonnative 
Trout in the Trinity Alps Wilderness, California. 
Fina) Report to Callfornia Department offish 
and Game and National Fish md Wildlife 
Foundation, 75pp. 

Gehlbach, F.R. 1965. Herpetology of the Zuni 
Mountains 1cgio11. northwestern New Mexico. 
Proceedings of the US National History Museum 
n6:2.43-332.. 

Gehlbach, F.R. 1974. Evolutionary relations of 
southwestern ri11gneck snakes (Diadophis 
pu11,cw1",). Herpetologica 30: c40-c48. 

Gergus, EW_A_ L99&_ Systematic$ of the Rufe 
micron:op}ms complex: allozyme evidence. 
Herpetologica 54: 317-p5. 

Gergus, E.W.A., Gri:i.mer. LL, and Buman, K,R. 
1997. Geographic distribution: Bufo cciJi{omicus. 
Herpetological R.eview 28 :47. 

Germano. D.J. 2010. Eco:ogy of western pond 
turtles (Act1r1rmys m~rmorata) at sewage-treat­
ment facilities m tbe San Joaqum Valley, 
California. The Southwestern Naturalist 

55:89-97-
Gcrmano, D.J. and Bury, R.B. 2001. Western pond 

turtles IClettunys marmornla) m 1he Centul 
Valley of California: status and population 
structure. Transactions-Western Section of the 
Wildlife Society ,7:22 36. 

Germano, D.I. and Bury, R.B. 2009. Variation in 
body size. growth. and population structure of 
Aclincmys rnarmorata from lentic and lotic 
h.ahita.ts in southern Oregon. Journal of Herpetol­
ogy 43:510 5~0. 

Germallo, D.J . and Rathbull, G.B. 2008. Growth , 
population structure, and reproduction of 
western pond turtles (Achntmys marm.orala) on 
the central coast ofCaliform:i. Chelonian 
Cons1ervation .:md Biology 7: 1S8 194. 

Germa110, D.J .. Rathbun, G.B .. aud Sas'.a.w. L.R. 
2-001. Managing exotic grasses and conserving 
decllning species. Wildlife Society Bulletin 

2',):))1-5>9· 

) 24 LITERATIJl!.E CIT.ED 

Germano, J.M. and Bishop, P.J. 2.009. Suitability of 
ilmphibians and reptiles for transloc.ation. 
OmSC[Vation Biokigy in-15. 

Ger.;on, M. zon . Popufation status .ind habitat 
affinitin of the Blainville's horned lizard 
( Pnryno,omi. l,foinvilliil al a site in the northern 
Si.n JoiloCJ.uin Valley. California, USA. Herpetolog­
ical Conservation and Biology 6(2):228-236. 

Gibbs, J.P. and Shriver, W.G. 2002. Estimating the 
effects of road mortality on lurtle populations. 
Con~ervation Biology 16:1647-1652. 

Gibbs, f.P. :ind Shriver, W.G. 200~. Can road 
mortality limit populations of pool-breeding 
amphibians? Wetlands Ecology :rnd Management 
13: 281-289. 

Gilbertson, M.K .. Haffner, D.G., Drouillard. K.G., 
Albe-rt, A., and Dii,:on. B. 2003. lmmunosuppres­
sion in the northern leopard frog (Rana pipit=ns) 
i nduc.ed by pesticide exprnmre. Environmental 
Toxic.oloey and Chemistry 22:101-110. 

Gilhen, J. 1970. An unusual Nova Scotian popula­
tion ofthf' northern ringne,::k snak1e, Diodaphis 
punctaiu:s edwanb (Merrem). Occasional Pap!!rs 
of the Nova Scotia Museum, Halifax 9:r-13. 

Girard C.18s9. in Baird. Reptiles of the Boundary, 
with Notes by the Naturalists of the Survey. 
Department of the Interior. Washington, DC. 

Giuliani, D. I996. Resurvey of Eastern Sierra 
Nev~da Sal:.mander:i:. Unpubli~hed Report. 
California Departm!!nt of Fish a11d Game. 
Sacramento. 

Goebel, A.M., Ranker. T.A., Corn, P.S .. and 
Olmstead, R.G. 2009. Mitochondrial DNA 
evolution in the Ana,c:}'rus boreas species group. 
Molecular Phylogenetics a11d Evolution 
50:zo9-n5. 

Goldberg, C.S. and Watts, LP. 2010. Comparative 
landscape gt":netks of two pond-b~e<ling 
amphibian species in a highly modified agricul­
tural landscape. Molecular Ecology 

19:3650- 366J , 
Goldberg, S.R. 1912. Reproduction in the !i'Julhern 

alligator lizard Gerrh.otwtus mulHrnr1n11tus. 
Herpetologica 28:267-273. 

Goldberg, :S. R. 1983- Reproduction of the coast 
horned lizard, Phrynosorna caronall.ll'II, in 
southern California. The Southweslern Natural­
ist 28:478-479. 

Goldberg, S.R. l999· Reproduction in the red 
diamond rattlesnake in California. California 
Fish arid Game 8p77-1.So. 

Goldberg. S.R. 2,000. Reproduction in the glossy 
snakf, Arizcma c~gans (Si!!r pentes: Colubridae) 
from California. Bu1lelin of the Southern 
California Academy of Sciences 9 9: 105-109. 



Goldberg, S.R. and Beaman. K.R. 2003. Natural 
history notes; E!garia pa!I.Qmi11hna. Reproduc­
tion. Herpeto)ogical Review 3-4: 143. 

Goldbe1g, S.R. and Miller. C. 1985. Reproduction of 
the silvery legless lizard, ArmieHo pukhm pwthra 
(Anniellidae), in Southern California. The 
Southwcstrrn Naturalist JO :6r7-6i9. 

Goldbe1g, S.R., Mahn.It, C.R., and Bearnan, ~.R. 
2010. Reproduction in Cope's leopard lizard, 
Gambelia cope ii (.Squamata~ Crotaphytidae). 
Bulletin of the Southern California Acaderny of 
Sciences 109: 15-17. 

Gomez, D.M. and Anthony, R.G. 199 6. Amphibian 
and reptile abundance in riparian and upslope 
areas of five forest types in "l"eltem Oregon. 
Northwest Science 70: 109-n9. 

Gonsolin, T.E. 2010. Ecology of Foothill Ye]low­
legged Frogs in Upper Coyote Creek. Santa Clara 
County. CA. Master's Thesis. San Jose State 
University, San Jose, CA. 

Good, D.A. r9B8. Allozyme variation and phyloge­
net.lc relatlonshlps among the specles of Efguria 
(Squamata: Anguidae). Herpe,tologica 44:154-162. 

Good, D.A. 1989. Hybridization and cryptic spf'Cies 
in Dimmptodon (Caudal.a: Dicamptodonti<laej. 
Evolution 4}:728-744. 

Good, D.A. and Wake, D.B. 1992. Geographic 
variation and speciation in the torrent s.ilaman­
ders orthe genus Rhyacotrilo11 (Caudata: 
Rhyacotritonidae). UnivE'rsity of California 
Publications in 1..oology 126:1-91. 

Goodman, R.H .. Jr. 1997. Occurrence of double 
clutchin~ in the routhwestern pond turtle, 
Clemmy, marmoratu pallida, in the Los Angeles 
Ba.sin. Chelonian Conservation and. Biology 
2,:419-4.2.0. 

Goodman. :R.H .. Jr .. Watanabe, S.K .. Condon, K.P., 
Pires, M.P., and Benton, M.S. 1998. Geographic 
distribution: Balmcf.rueps ga&ri~li. Hetpelological 
Review 29:171. 

Gorman,). 1957. Recent oollections of the Califor­
nia limbless lizard, Atmid/a pulr:kra. Copeia 
195p48-150. 

Graeter, G.J., Buhlmann, K.A., Wilkinson, LR .. 
and Gibbons. r.w. (Eds). 2013. lnventoryand 
Mol'lltoring: Recommended ndrniqueg for 
Reptiles and Amphibians, with Application to the 
United St.ates and Canada. Paratncrs in Amphib­
ian and Rep Lile Con~rvahon, Birmingham. AL. 

Grant, D .. Ander.;on. 0 .. and Twitty, V. 1968. 
Homing orientation by olfaction in newts 
(Tarid111 rivu!11ris). Science 160:1354-13s6. 

Gt.ant, T,I. and Doherty, P. F, 2006. Natural history 
notes: PH-r11n~soma mcr,llii. Hibernation. 
Herpetologic:il Review 37:34 6-347. 

Grant, T.J. and Doherty, P. F. 2007. Monitoring of 
the flat-tailed horned lizard with methods 
inct>rporating detection probability. Journal of 
Wildlife Mmagement 7r:m50-m56. 

Grant. T.J. and Doherty. P.F. 2009. Potential 
mortality effects of off-high-.v.ty vehicles on the 
flat-tailed horned lizard (Phryninoma mcallii): a 
manipulative experiment. Environmental 
M,magement 43: 508-513. 

Grasso, R.L. zoos. Palatability and Antipr~ator 
Response of Yosemite Toad ( B11fo c-arwrll5) to 
Nonnative Brook Trout 1Salvdin14.Sfontinalis) in 
the Sierra Nevada Mountains ofCalifutnia. 
Mas~r•s Thesis. California State University, 
Sacramento. 

GrasM, R.L., Coleman, R.M., and Davidson, C. 2010. 

Palatabllity and anlipredalor re:gponse ofYosemi1e 
toad!. (Anuxyrns umorus) tu nonnative brook trout 
(Slllvdinus fonHniJ1,s} in the Sierra Nevada 
Mountains of California. Copeia 2010:457-46:,,. 

Gr.,y, J.E. rB,9. Pl'lrrno~om11 bl.:iinvillii, in The 
Zoology of Captain Beechey's voyage: Compiled 
from the collections and notes made by Captain 
Beechey, the officers and naturalist of the 
expe,dition, during a voyage to lhe Pacific and 
BE"hring's Straits performed in his majesty's ship 
blosaom, under the command of Captain FW 
Beechey, in tl'le ~rs 1825, 26, 27 and l-8, HG 
Bohn, London, p.96. 

Gray, J.E. 1852 .. Desi:::ription:. of several new genera 
ofre,ptiles, prind~lly from the collection of 
HMS Herald. A11nual Magazine of Natu1al 
History 10:4}7-4 4 o. 

Graybeal. A. 199). The phylogenetic utility of 
cytochrome 6: lessons from bufonid frogs. 
Molecular Phylogenetics and Evolution 
2:256-269. 

Green, D.E! . and Kagarise Sherman, C. 2cor, 
Diag11ostic histological findings in Yosemite 
toads (B1-1fo cunOrITT) fmm a die-off in the: 1970s. 
Journal of Herpetology 15:92-103. 

Green, D.M. 1985. Differentiation in amount of 
CE'ntromeric netem-chromatin betwi;en sukipc­
cies of the red-legged frog, Rana aurora. Copeia, 
r98po7r-1074. 

Green. D.M. 19B6a. Systematics and evolution of 
western NorlN American frogs allied to Rana 

aurom and Rarrn boylCi: clcctrophorrtic evidence. 
Systematic Zoology 15:283-296. 

Green, D. M. r9&6b. Systematics and evolution of 
western North Amer lean frogs allied to Ratui 
aurom and Rana boylii: karyological evidence. 
Systematic ZDOlogy JF27J~282. 

Green. D.M .. Kaiser. l-L Sharbel. T.F .. Kearsley, J .. 
and McAlliste,-, .K. R. 19 97. Cryptic spe..:ies of 



spotted fmg!l, Ranit f1n?li1Ha mmplt".11:, in we~ti'rn 
North America. Copeia 1997:1-8. 

Creen, D.M., Sharbel. T.F., Kean;ley, J., and Kaiser, 
H. 1<)96. Pos1.glacial range flucLuation, genetic 
subdivision and speciation in the wi=ste1n No1th 
American spotted frog complex, Rana pntfos/l.. 
E~olution 50:374-390. 

Crttnberg. D.B. 2.002. . The Ecology of Movement 
and Site Selection in Desert Rattlesnahs 
(Cmtalus Mitc:hellii il □d Crotillu~ Ruber) of the 
So11thwcstcrn United States. PhD Dissertation. 
University of California, Santa Barbara. 

Gr~nberg, D.B. and McClintock, W.J. 2.008. 
Remember the third dimension: terrain 
modeling improves enima1es of snake home 
range size. Copeia 2008:801-806. 

Gregory, P.T. 1977. Life-hii;tory paraml"ters of the 
red-sided garter snake (Thamrwphis sirLalis 
p11ri~!11fo) in an extreme environment, the 
lnterla:ke region of Manitoba. National Museum 
of C:ma<la Publications in Zoology 1p-44. 

Gregory, P.T. and Larsen, K.W. 1993. Geographic 
variation in reproductive characteristics among 
Ci!nadian popufations of the <XJmmon garter 
snake (Thamnopki~ ~irtalis). Copeia 
1993: 94Ci-958. 

Griffin, P.C. and Ca~e. T.J . 2.001. Terrestrial habitat 
preferences of adult arroyo soi1thwestern toads. 
Journal ofWildllfe Management 65:633-644. 

Grinnell, J. 1908. The Biota of1he San Bernardino 
MounLains. University of California P tess, 
Berkeley. 

Grinnell, J. and Camp, C.L, 1917. A distributional 
list of the amphibians and reptiles of California. 
Uni~rslty of California Publications in Zoology 
17=127-2o!l.. 

Grinnell, f ., and Grinnell, H.W. 1907. Reptiles cf 
Los Angele3 County, California. Throop Institute 
Bulletin 3p-64. 

Grinnell, J. and Storer, T. I. 1924. Animal life in the 
Yosemite . University of California Press, 
Berkeley. 

Grismer, L. L. 1994. The origin and evolution of the 
pcmi nsular herpetofaum1. of Baja California, 
Mexico. Herpetological Natural History 
z:51-106. 

G1ismer, L. L. :>.002. Amphibians and reptiles of 

Ba[a Californfa, including its Pacific islands, and 
the islands in the Seil of Cortes. Univeri;ity of 
California Press, Betkeley. 

Gri~mer, LL and Galvan, M.A . 1986. A new night 
lizard ( xa ~tusi a. heMhaw i) f rum a sands tone 
lubitat in San Diego County, California. 
Tra mactions of the San Diego Society of Ni!tunl 
History 21: 155-r65. 

32.6 LITE I\ATU RE CITED 

Groff, L.A. 20n. A Species Distribution Model for 
Guiding Ore~on SpoLled Frog (Ra11e1- priHosfl.} 
Surveys Near the Southern Extent of Its Geo­
graphic Range. M:aster's Thesis. Humboldt Stale 
UniVl!rsity, Arcata, CA. 

Hager, S.B. 1996. Natural histoty notes: Phryno-
5oma wronatum hkli,willii. Growth. Herpetologi· 
cal Review 27:80. 

Hager, S.B. and Bratistrom, B.H. 1997. Surface 
activity of the San Diego homed lizard Phryno­
SQma cCoro,rnium blai,wiUi. The Southwestern 
Naturalist 42:3}9-J-4-4. 

Haggard, j. A.G. 2.000. A Radio It-kmctric Study of 
the Mo-.ement P.auerns of Adult Northern 
Red-legged Frogs (Rana aurora aurora) at 
Freshwater Lagoon, Humboldt County, Califor­
ni:i. H11mbo]dt State Univen;ity, Arcata, CA . 

Haggarty, M. 2006. Hahita1 DifTerentiatlon and 
Resource Use among Different Age Classes of 
Post Metamorphic Rana boylii on Red Bank 
Creek. Tehama County, California. Master's 
Thesis. Humboldt State University, Arcata, CA. 

Halama, K.J .. Malisch. A.J .. Aspell. M., Rotenberry, 
J.T .. and Allen, M.F. 2.008 . Modeling the 
landscape niche characteris1ics or red diamond 
rattlesnakes (Crolalus rub~r): implkahons for 
biology and conservation, in I-I.a.yes, W.K., 
Beaman, K.R., Cardwell. M.D .. and Bush, S.P. 
jEds): 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 spacing of So nor an mud turtles 
(Kinostemon so,wrieme) in interrupted mountain 
streams. Copeia 2007:403-,p2 . 

Hallowell, E. 1852.. Desniptions of new species of 
reptiles inhabiting North Arnerin. Proceedings 
of the Academy ofNatural Sciences of Philadel­
phi.a 6:177-,82. 

Hammerson, G.A. 1977. Head body temperature 
dilfe1ences monitored by telemetry in the snake 
Maslitopkis jli!gellum piceus. Cornpa~tive 
Biochemistty and Physiology 57:399-402. 

Hancock, J.P. 2009. Arroyo Toad (Am1.xyr1LS 
mfifornicus) Life History, Population Status, 
Populiltjon Threats, and Hahitat Assessment of 
Conditions at Fort Hunter Liggett, Monterey 
County, California. Master's Thesl~. California 

P<J\ytechnic State Unviersity, San Luis Obispo. 
Hansen, R.W. 198-8. Kern Canyon Slender Salaman­

der (BmrackoSl!ps sirnmw}. California Depart· 
ment ofTtansportation. Biological Survey 
Report, District 6, Fresno. 

Hansen, R,W, and Wake, D.B . zoo5a . Batnidimlps 
carnpi, in Lannoo, M.J. (Ed.): Amphibian 



Declines: The Conservation Status of United 
Statei Species, University of California Press, 
Berkeley, pp.669-671. 

Hansen, R.W. and Wake, D.E!. 2005b. Batrachoscps 
minor, in Lannoo, M.f. (Ed.): Amphibian 
Declines: The Conservation Status of United 
Statei1 Species, University of California Press, 
Berkeley, pp.68.:1.-683. 

Hansen. R.W. and Wake, D.H. 2005c. Ba!mcho~ps 
relictus, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
Statei Species, UniYersity of California Press, 
Berkeley, pp.688-690. 

Hansen, R.W., Goodman, R.H. and Wake. D.B. 
2005d. Balradwup5gabridi. in M.J. l.annoo, 
(Ed.j : Amphibian Declines: The Conservation 
Status of United St.ates Species, University of 
California Press, Berkeley, pp.671-673. 

Hanson, K .. Snyder, J., and Kats, L. 1994. Natural 
history notes: Taric.lia torosa. Diet. Herpetologi<:al 
Review 25:62 .. 

Hartling, J .H. 1997. Amphibians and Reptiles of the 
Great Lakes Region. University of Michigan 
Press, Ann Arbor. 

Harte, J., Ostling, A., Green, J.L., and Kinzig, A, 
2004. Climate change and extinction risk. 
Nature 430 :n. 

Hatch, A.C. and Blaustein, A.R. 2.000. Combined. 
effecl.s of U V-b, nitrate, and ]0',1,1 pH reducl" the 
surviYal and activity level of larval cascades rrogs 
{Riina o;ascadat )- Archives of £nvironmenta1 
Contamination and Toxicology ~9:494-499 

Hawkins, C.P .. Gottschalk. LJ .. and Brown, S.S. 
1988. Densihes and habit.at of tailed frog tadpoll"s 
in small streams near Mount SI. Helens 
Washington U.S.A. following the 1980 eruption. 
Journal of the North Americ.m Benthological 
Society T246-25 i. 

Hayes, M. P. and Cliff, F.S. [982.. A checklist of thl' 
Mrpe1.ofauna ofB1.1ne Collnty, the But~ Sink, 
and Sutter B~ttes. Califorma. HerpetolQK1cal 
Revi~ 13:85-87. 

Hayes, M.P. and Jennings, M.R. J986. Decline of 
ranid frog species in western North Ame1ic.a: are 
bullfroy; JRa1ia caLesbwina) responsible? Journal 
o( Herpetology 20 :490-509. 

Hayes, M.P. a.nd [en:nings, !I-LR. 1988. Habitat 
correlates of dll:itribution of the Califomfa 
red-legged frog (Rana imroru droylonii) and the 
foothill yelk>w-legged frog (RGM &oj,-lii) : 
implications fo1 management . in Szaro, R.C., 
Sevi:rson, K.E .. .nd Patton, D.R. (F..ds): Manage­
ment of Amphibians, Reptiles, and Small 
Mam m;ils i 11 North America, General Technical 
Report RM-166. United States Department of 

Agriculture Forest Service, Rocky Mountain 
fore5t and Ran3e E.xpedrnent Sla1ion, fort 
Collins, CO, pp.144-158. 

Hayes, M.P. and Krempels, D.M. 1986. Vocal sac 
variation among frogs of tbe i:enu:. Rum~ from 
western North America. Copeia 19/:16:927 936 . 

Hayes, M.P. and Miyamoto, M.M. 1984. Biochemi• 
al, behavioral and body size ditferem:es between 
Ram.i1urom aurora and R. a. dra}'toni. Copeia 
r984 :lor8-1022. 

Hayes, M,1>., Pearl, C.A., and Rombough, C.J. :1001. 
Rana aurora mirora. Movement. Herpetolog1cal 
Review 32:35-36. 

Hayes, M.P., Quinn, T., D11gger, D.J .. Hicks, T.L.. 
Melchiors, M.A .. and Rnnde, D.E. 2006. 

Dispersion o( coastal tailed. frog (Ascaphus truel): 
an hypothesis relating occurrt'nce of frogs in 
non-fi~h-bearing headwater basins ro their 
sieasonal movemems. Journal of 1-lerpetology 
40:w-543. 

Hayes, M.P., Rombough, C.J., and Hayes, C.P. 
:..007. Natural History: Ra111:1 1:1urora. Movement. 
Herpctological RcYicw 38: 192-19}, 

Hayes, M_P_, Rombough, C-J-, Padgett-Flohr, G.E., 
Ha Hock, L.A .. lohnSl'.ln, 1,E-, Wagner, R.S .. and 
Engler, J.D. 2009. Amphibian chytrldiomycosis 
in the Oregon spDt"tN. frog (R,ma pri:tiuw} in 
Washington Stale, U.S .A.. Northwestern 
Natur..list 90:14A-151. 

Hayes, M.P. and Tennant. M. R. 1985. Diet a11d 
feeding behavior of the California red-leg.sed 
frog, Ri111a 1111rora drayi(lnii (Ranidael . The 
Southwestern Naturalist 30:601-605. 

Hayhoe, K., C:iyan, D., Field, C.B. , Frumhoff, P.C., 
Maurer. E.P .. Miller, N.L .. Moser, S.C. ct al. 
2.004. Emisslons pathways, climate change, and 
i.mp.icts on California. Proceedings of the 
National Academy of Sciences of the United 
States of Amenca 1or:1242z-12427. 

Heath, J.E. 1965 . Temperature regulation and 
diurnal activity in horned lizards. University of 
Caltforn1a Publications in Zoology 64: 97-136. 

Hedgecock, D. 1978 . Population subdivision and 
genetic divergence in red-bellied newt, Taricha 

rivwforis. Evolution 32:27L-286. 
Hedgecock, D. and Ayala, F.J. 1974. Evolutionary 

divergence in the genus Tari cha ( S.alamandri­
dae) Copeia 1974:738-747. 

Hl"ifetz, W. r941. A review of the lizards of the 
genus Vrn11. Copcia 1941:99-m. 

Hels, T. and Buchwald, E. 2001. The effect of road 
kills on amphibian populations. Biological 
Conservation 99:331-340. 

Hemphill, D.V. I952.. The Vertebr.are Fa\lna of the 
Boreal Areas of the Southern Yolla Bolly 

LlTfKATI!~~ CIHLl 32,7 



Mountains, California. PhD Dissertaticm. Oregon 
State University, Corvalis. 

Henry, W.V. and Twitty, V.C. 1940. Contributions to 
the lire histories of Dkamplodon ensaJus and 
Ambysloma grocile. Copeia L940 :2.47-250. 

Hensley. F.R., Jones, T.R .. Maxwell, M.S .. Adams, 
L.J .. and Nedella, N.S. 2010. Demog.raphr, 
terrestrial behavior, and growth of Sonora mud 
h.utle.; !Kinosternott sot1oriense) in an extreme 
habitat. Herpetol~ic:al Monographs :1.4:174-193. 

H~nsley, M. M. 1949. Mammal diet of Htfodtrmti. 
Herpetolosica 5:152 . 

He}'er, W.R .. Donnelly. M.A .. McDiumid, R.W .. 
Hay~k, L.A.C., and Foster, M.S. (Eds) . r994. 
Measuring and Monitnring Oiologica I Diversity: 
Standard Mc1hods For Amphibians. Smilhsonian 
Institution Press, Washington, DC. 

H i.ghton. R. 2000. Dete.::ting cryptic species using 
a!lozyme data, in Bruce, J.C., Jaeger. R.G .. and 
Houck, L.D. (Eds): The Biology of Plethodontid 
Salamanders, Kluwer Academic/ Plennm 
Publishing, New York. pp.:1.15-241. 

Hill, R.E. and Mackessy, S.P. 2000. Characteriza­
tion of venom j Duvernoy's st!cretion) from twelve 
species of rnlubrid snakes and partial sequence 
of fuur ~norn proteins. Toxicon 38 ;1663-1687. 

Hillis , D.M. 1988. Syslematics cf the R,mi. pipir:ns 

complex: puzzle and paradigm. Annual Review 
of Ecology and Systematics 19 :39-63. 

Hillis, D.M., Frost, J.S., and Wright, D.A. 1983 . 
Phylogeny and biogeography of the Rau~ pipivns 
complex: a biochemical evalualion. Systematic 
Zoology 32: 132.-143. 

HiUis, D.M. and Wilcox, T.P. 2005. Phylogl"ny of the 
New World true frogs (Rana). Molecular 
Phyl~enetics and Ewlutioo 34:299-314. 

HilleRisLamhers, J., Yell"nik, S.G., Colman, B.P., 
and Levine, J .M. 2010. California a.nnual grass 
invaden; the drivers or passengers of change? 
Journal of Ecology 9lb147-u56. 

Hiltcm, W,A. 1948. Salamander notes from the 
Northwest . Herpetologica 4:r20. 

Hodge. R.P, 2.004. Geographic d istribulion: Rana 

aurora. Herpetological Review 3s:79. 
Holcomb. C. 2012. Examining the Relationship 

between Landscape Connectivity and the 
Rr;eeding E:ffort of the Red-Legged Frog (Ran11 
cmroro.) in Western Washingtoo Wetlands. 
Master's Thesis. Evergreen Stall' College, 
Olympia, WA. 

Holland, D.C. 1989. A Synopsis of the Ecology and 
Current Status of the Western Pond Tmtle 
(Clemmys mormo,atQ). Report. United States Fish 
;u1d Wildlife Service National Ecology Research 
Center, Fort Collins. CO. 

328 L11"lRATURE CITED 

Holland, D.C. 1992a. ~I and Pattern in Morpho­
logi<:al Variation: A E'hylogeographic Study of the 
Western Pond Turtle ( Ckm1t1J1S marmon:itiil. PhD 
Dissertation. University of Southwestern 
Louisiana, Lafayette. 

Holland, D.C. 1992b. A Synopsis of the Ecology and 
Status of the Western Pond Turtle (Clemmy1 

rnormorr.1!41) in r99r. United States Fish and 
Wildlife Service, Sau Simeon, CA. 

Holland, D.C. 1994. The Western Pond Turtle: 
Habitat and History. Repo,t . United States 
Department of Energy, Bonnl"ville Power 
Administration Environment . Portland, OR. 

Holman, J.A. and Fril:z, U. 2001. A new emydine 
spe.::ies from the Middle Miocene (Barstovian) of 
Nebraska, U.S.A. with a new generic arn.n~• 
ment for the species of Cl~mmy~ sensu McDowell 
I 1964) {Reptilia; Testu.dines : Emy<lidae) . 
Zool~ische Abha11dlungen-SLaatlid1es Museum 
Fur Tierkunde in DresdE'n 5 c:331-353, 

Holte, D.L. 1998. Nest Site Charai:teristic.s of the 
Western Pond Turtle, Clr:mmys rnarmorata. at 
Fem Ridge Reservoir, in West Central Oregon. 
Master's Thesis . Oregon State University. 
C:irvallis. 

Holway, D.A. 1995. Dislribulion of the argentine 
ant (Line-pithr:ma 1-.umifo) in Northern California , 
Conservation Biology 9:cG34-1637. 

I !alway, D.A. 1998. Effect of :ugentine ant 
invasions on ground-dwelling arthropods in 
norlhern California riparian woodlands. 
Oecologia 116:252.-258. 

Hossack, B.R., C:irn, P.S., and fagre. D.B. 2006. 
Divergent pattnm; of abundance ;ind age•class 
struc:ture of headwater stream tadpoles ln burned 
and unburned watersheds. Canadian Journal of 
Zoology 84:r4lh-c488. 

Hothem, R.L. Meckstroth, A.M., Wegner, .ICE .. 
Jennings, M.R., and Crayon, J.J. 2009. Di~~ of 
three species oranurans from the Cache Creek 
watershed. California. U.S.A. Journal of 
Herpetology 4}:275-:283. 

Howanl, C .W. 1974. Comparative reproductive 
ecology of homed lizards {genus Pkr}'no5om1t) in 
south~stern Unired States and northern 
Mexico. Journal of the Arimna Academy of 
Sciences 9 :108 n6. 

HowaTd, J.H., and Wallace, R.L. 19&5. Life history 
characteristics of populations of the long-toed 
salamander (Amby,tom11- m~uodflctyluJtt) from 
different altitudes. The American Midland 
Naturalist 113 :361-373. 

Hughes, L. 2000. Biologic.ii rnnsequencc-s of global 
warming: is the signal .1lready apparent? Trends 
ln Ecology arid EvolutiDll 15:56-61. 



Hulse, A_C. 1974. Food habits and feeding behavior 
in Kinostenio11 sonor~nse (Chelonia.; Kinostemi­
dae). Journal of Herpetology 8:195-199. 

Hulse. A.C. 1982. Reproduction and population 
strudure in the turtle. Ki,i.ru1:trno11- sonorienst. 
The Southwestern Natunlist 27:447-456. 

Hunt, L.E. 1983. A nomenclatural rearrangement of 
the senu3 Annidla (Sauria: Anniellidaej. Copeia. 
198379-89. 

Hunt, L.E. 1984. Morphological Variatwn in the 
Fossorial Lizard Armiella, Master's Thesis. 
University of.Kansas, Lawrence. 

ICF Jones and Stokes. 2.010. Hatchery and Stocking 
Prc,gra.m Environmental Impact Rt"port/ 
Environmental Jmpa[t Statement. Final. January. 
(TCF f &S 00264.oSJ (SCH -#wo&oB2.025). 
Prepared for the Callfornia Department of Fish 
.and Game and US Fish and Wildlife Ser11ice-, 
Sacramento. 

ICZN (International Commission on Zoological 
Nomencfaturej. 2000 . Opinion 1960 Crotalus 
mber Cope 1892. (Reptilia, Serpentes]: specific 
name given precedence over that of CrMalw; exsul 
Garman, 1884. Bulletin of Zoological Nomencla­
ture sr189-190. 

Iverson, J.B. 1976. Kinos!ernon sonorienst. Catalogue 
of American Amphibians and Reptiles 176:1-2. 

Jacobson, (l.R. 1993. Implications ofinfectiO'lls 
diseases for captive propagation and introduction 
programs of threatened/endangered reptiles. 
Journal of Zoo and Wildlife Medicine 
2 4: 2 45-2.55. 

Jacobson, E.R. and Whitford, W.G. 1911 Physiok,ci• 
cal response,, to temperature in the patch-nosed 
snake. s~lvucfom hcxa!~pi:;. Herpetologica. 
27:289-295. 

Jaeger, J.R .. Riddle, B.R .. Jennings, R_D., and 
Br;idford. D.F. 2001. Rediscoverinc Raria 01m1: 

evidence for phylogenel1cally distinct leopard 
frogs from the border region of Nevada, Utah, 
and Ariwna. Capeia 2001:339-354. 

Jam:owski, K. :md Or[bard, S. :1-m3. Stomach 
contenti: from inva~i11e American bullfrogs Rana 
catesbei,ma ("" LilhPba~s ciHcsbd1U1us) o,i 
southe,-n Va11cow,-er Island, British Columbia, 
Canada. NeoBiola 16:17 37. 

Janzen, F.J., Krenz, J.C., Hase kom, T.S., .ind 
Brodie, E.D. 2002. Molecular phyloge<igraphy of 
common garter snakes (Thnmn()p/m 5inall.s) in 
western North America: im.phcations for regional 
historical forces. Molecular Ecology 11:1739-1751. 

Jayne, B.C. and Bennett, A.F. 1990. Selection on 
locomotor performance capacity in a natural 
population of ga.rter snakes. Evolution 
44:I2.o4-i:. 2 9. 

Jennings, M.R. 1984. Longevity records for liz.ards 
of the famlly Helodermatidae. Bulletin of the 
Maryland Herpelological Society 20:22-2>. 

rennings, M .R. 1987. Impact of the curio trade for 
San Diego horned lizatds (Pkrynruomu. coromdum 

blainvillii) in the Los Angeles basin, California: 
1885-1930. Journal of Herpetology 21:356-358. 

rennings, M.R. 1988a. Natural history and decline 
of native ranids in California, in De Lisle, H.F., 
Brov,n, P.R .. Kaufman. B .. and McGurty. B.M. 
(Eds): Proceedings of the Conference on 
California Herpetology. Special Publication No 4. 
Southwestern Herpetologists Society, Van Nuys, 
CA.. pp.61 72. 

Jennings, M. R. 198Rb. Origin of the population of 
Riina iiurora dru}'(Olli~otl San1a Cruz Island, 
California. Herpetological Review 19:76. 

Jennings, M.R. 19B8c. FhrynMD1t11< cor1111-~tum . 
Catalogue of American Amphibians and ~ptiles 
428:l-5. 

Jennings, M.R. and Fuller. M.M. 2.004. Origin and 
dislribution ofleopard frog~. Run1a pipien.s 
complex, in California. Califomi, Fish and Game 
90 :119-139. 

Jenning:'!, M.R. and Hayes, M.P. 1985. Pre-1900 

overharvest of California red-leQBed frogs (Ra,w 
aurom .:lmylPnu): the inducement for bullfrog 
(Rana calubri,mal introduction. Herpetologica 
41:94-IOJ. 

Jennings, M.R. and Hayes, M.P. 1994a. Ampbi.bian 
and Reptile Species of Special Concern m 
California. C:ilifornia Dep.i.nmenl of Fish and 
Game, Inland fisheries Division, Rancho 
Cordova. 

Jennings, M.R. ,md Hayes, M.P. 1994b. Decline of 
native ranid frogs in the desert So1.1thwest, in 
Brown, P.R. and Wright, J.W. (F.ds}: Herpetology 
of the North American Deserts, Proceedings ofa 
Symposium. Special Pubhcahon No 5. South­
western Herpetologists Society. Van Nuys, CA. 
pp.183-2u. 

Jennings, M.R. and Ha)ll!S, M.P. 2005. Natural 
history notes: Rana boylii. Coloration. Herpeto­
logical Revlew 36:438. 

Jockusch, E.L .. Martinez-Solano, I., Ha11se11, R.W., 
and Wake, D.B. 2m2. Morpholagkal and molecu­
lar diveu;ificatian of slender salamanders {uudata: 
Plethodontidae: llalrnd10ieps) in the southern 
S1errae Nevada of Califumia with descriptions of 
two new sp~cit"s. Zootaxa 3190. 1 30. 

Jockusch, E.L. and Wake, D.B. 2002.. [ialJing apart 
;and merging. diversification of slender sa laman­
ders jPlcthodontidae: Batrad,oseps) in the 
Amerkan We,t. Biological Journal of the 
Lmnean Society 76'. }fo-391. 



Jockusch, E: .L, Wake, D.B , and Y:u,ev, J::.P. 1998. 
New species of Batnichoseps (Caudal.a: Pletho­
dantidael from the Sierra Nev.-.da, California. Los 
Angeles County Museum ContributLons in 
Science 472. :1-17. 

Jockusch. B.L, Yan<"v, K.P., and Wake, D.B. 2oor. 
Molecular phylogenetic anal)'sia of slender 
salamanders, genus Batrachimps (Amphibia: 
Plethodontidae}, from centra} coastal Cali.furnla 
with descriptions of four new species. 1-l e rpeto. 

logical Monographs 1r54-99. 
Johnson, J., Thomson, R.C., Micheletti, S., and 

Shaffer, H.B. :.010. The origin of tiger salaman­
der populations in CaHfornia: introductions or 
relic ts? Conservation Genetics 12:35--370. 

Jonei:;, K.B. 198-3. Movement patterns and Foraging 
ecology of Gila monsters (Helodcrmu Su.Iptctu.m 

Cope) ln northwestern Arizona. 1-lerpetologica 
39 :::147-2 53. 

loseph, M.B., Piovia.Scott, )., Lawler, S.P., Pope, 

X.L. 20n. Indirect eifE:cts ofintroduce<l trout on 
Cascades. frogs (Rana cascadat:) via shared 
aquatic prey. Freshwater Biology 56:828-838. 

Kagarise Sherman, C. 1980. A Comparison of the 
N.itur.d History and Mating S)llitem ofTwo 
A nu rans: Yosemite Toads (Bufo canoru~) and 
Black Toads (Bufo asul) . PhD Dissertation. 
University of Michigan, Ann Arbor. 

Kagarise Sherman, C. a.ml Morton, M.L. •98..t­
Tne toad th.a.t ~tays on its toes. Natural H i~tory 
93:7:2. 78. 

K;ig;i.rise Sherm:m, C. and Morton, M .L 1993. 
Population declines of Yosemite toads in the 
eastern Sierra Nevada of California.. Journal of 
Herper,:,logy 2T186-198. 

Karlstrom. E. L. 1962.. The load genus Bi..fo in 
the Sierra Nev;ida of C:ihforni3: ecological 
and systematic relationships. Umvers1ty 
of Cahfornta Publications in Zoology 62 ; 
I 104. 

K.arlstmm, E.L and Livezey, R.L 1955 . The eggs 
ind larv~e of the Yoi;emite t<J~d Bufo ~,mcrM 

Camp. Herpetologica 1::n1-- 227. 
Karraker, N. E. 1999 . Natura' history notes: 

Rhyacotriton L"Oricgatit.S. Nest site. Herpetological 
Review 30:160-161. 

Karraker, N.E., Pill.od. D.S., Adams. M.J., Bull. 
E.L., Com, P.S ., D11ler, L.V .. Dupuis, LA. et al. 
200 6. T;i:canom ic vari;i.tion in ovtposition by 
tailed frogs tAscaphurspp). North~stern 
Naturalist 87:81-97. 

Kats, L.B., Breeding, I .A .. Hanson . .K .M ., and 
Smith. P. I994• Ontogenehc changes in 
California newts jTaricha torasa) ,n ~sponse to 
chemical cues from conspeciftc predators. 

3,0 LITERATURE CITED 

JoLlrnal of the North Americm Benthological 
Society 1r32L-p5 . 

.Kats, LB., Elliott, S.A .. and Cumns, J. 199:... 
lntraspecific oophagy in slream•breedins 
California newts (Taricha roras«). Herpetologk.al 
Review z37-8. 

.Kell~. P.A., Phillips, S.E., and Williams, D.F. 2005. 
Documenting ecological change in time and 
:'lpace; 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 
Zoe>logy. Berkeley. pp.;7-78. 

.Kennicott, R. 1860. Descriptions of new speciei of 
North American serpents in the Museum or the 
Smithsonian Institution, Washington. Proceed. 
i ngs of the Acackmy of Natural Sciences of 
Philadelphia 12:32-8-338. 

.Keph3tt, D.G. and Arnold. S.J. 1982. Garter snake 
diets in a fluctu.,ating environment: a sE:vEn-year 
study. Ecology 63:12J2-1z-36. 

Kerby, J.L. and KalS. L. 1998. Moditied inti:rachons 
between salamander life stages <:awe.I. by 
wildfiTl"-induced sedimentation. Ecology 

79:740-745. 
KeTby, J.l., Richards-Hrdlicka. K.L., Stor~r. A., and 

Skelly, D.IC. 20m. A.n eiram ination of amphibia11 
sensitivity to environmenl31 conbminants: are 
amphibians poor c.anaries? Ecology Letten; 
13:60-67. 

Kessel. E.L. and Kessel, B. B. 194 3a. The rate of 
growth of Lhe }IOung larvae of the Pacific giant 
salamander, Dicamplodon i:n..satus (Eschscholtz). 
The Wasm,mn Collector 5: 108-111. 

Kes~el. E.L. and Kessel, Cl.B. c943b. The rate of 
growth orthe older iarv::ie of the Pacific giant 
salamander, Dicampl.,don. tnsa.lus i Eschscholt~). 
The Wasmann Collector 5: 141 142. 

Kessel, .ILL and Kessel, B.B. 1944. Mctame>rphosis 
of the pacific gfant sal;imarider, Dicamplodon 

ctrnih.is (Eschscholtz). The Wasmann Collector 
6:38 48. 

Kiesecker, J.M. md Blaustein, A.R. 1998. Effect~ of 
introduced. bullfrogs and smallmouth bass on 
microhabitat use, growth, and surviv~I of native 
rcd•lcgged frogs (Rema i.urora). Conservation 
Biology r.2 :776 787. 

Kiesecker. J.M. and Blaustein, A.R. 1999. Pathogen 
reverses competition between larval amphibians. 
Ecology 80:2442-244B. 

Ktrnball, S. and Schiffman, P.A. 2003 . 

Differing -effects (Jf cattle grazing on nati-,,e 
and altm plants. Conservation Biology 
17: 1681 1G9J. 



King, K..A., Martinez, C.T., and Rosen, P.C. 1996. 
Contaminants in Sonora11 mud turtles from 
Quitobaquito Springs, Organ Pip~ Cactus 
National Monument. Arizona. United Stales 
Fish and Wildlife Service, Region 2, 

Phoenix, AZ. 
King, T. and Robbins, M. 1991. A status surYey of 

Kim»ter11011 sonoriense and Bufo alvarius along the 
California side orthe lower Colorado Riv-er Basin. 
California Department of Fish and Game, Inland 
Fisheries, Rancho Cordova. 

Kingsbury, B.A. 1989. Factors 1nfluencing activity 
in Col.o:on}'X varii:gatus. Journal of Herpetology 
2n99-4o4. 

Ki1k, J .J. 1988. Western spotted frog (Rana preliosa) 

rnort.ility follt"JWi.11g fo~~• ~praying of DDT, 
He1petol0jj!ical Review rg:51-53. 

Kl.;,uber. L.M. 1924. Notes on the distribution of 
snakt>s in San Diego County. California. Bulletin 
of the Zoological Society of San Diego r : r-z,3. 

JC!auber, L.M. l92S. 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. 19z9. Range ext.!nsions in Califor­
nia. Copefa 192.~p5-2.2. 

Kla.uber. L M. 1930. A list of the amphibians and 
reptiles of San Diego County, California. Bulletin 
of the Zoological Society of San Diego _p-&. 

I<lauber, l.M. 1931. A statistical surYey of the 
snakes of the southern border of California. 
Bulletin of the Zoological Society of San Diego 
!b-93. 

KhmbeT, t.M. 1934. An iln no lilted list of the 
amphibians and 1eptlles of the southern border 
of California. Bulletin ofthe Zoological Society 
of San Diego u :1-28. 

Klaube1, l.M. 19}6. The homed lizards of the 
o,rona,tum group. Ccpeia. r936:ro3-rro. 

Klauber. L.M. [9}9, Studies of reptile life in the arid 
southwest. B1.llletin ofthe Zoological Society of 
San Diego 14:1-roo. 

Klauber, L.M. ,945. The geckos of the genll.'I 
Coleony.r with descriptions of new subspecies. 
Transactions of the San Diego Society of Natural 
Hi.story ro:133-216. 

KJauber, L.M. 1946. The glossy snake, Arizonu, 
with descriptions of nl:'w subspecies. Transac­
tions of the San Diego Society of Natu~l Hi5toq1 
JO: 3u-398. 

Klauber. L. M. 1956. Rattl~na kes: Their Habits. Life 
Histories and Influence on Mankind. Vols. 1-2, 

Uni\'el'Sity of California Press. Lc,s Angeles. 
Kluge, A.G. 1966. A new pelobatikle frog from the 

lower Miocene of South Dakota with a discussion 
e>fthe ~volution oftne Sc;-aph1ap"-'"•Spt:i< complex, 

Los Angeles County Museum of Natural History 
lIJ :1-26. 

Knapp, R.A. 2005. Effei;ts of normative fish and 
habitat characteristics on lcntic hcrpetofauna in 
Yosemite Natlonal Park. U.S.A. Bio\oglca! 
Conservation 1:11:265-279. 

Knapp, R.A. and Matthews, K.R. 2.000. Non-native 
fish introductions md the decline afthe 
mountain yellow-legged frog from witbi11 
protected ;m~as. Conserv.ition Biolngy 
r4 :428-438. 

Knowles, N. and Cayan, D.R. :1.002 . Potential eliect~ 
of global W.trming on the S.acrnmento/S.an 
J oaqLiin watershed and the San Francisco 
estuary. Geophysical Re!rearch Letters 
:,,9:1891-[895, 

Knowles, N. and Cayan, D.R. 2004. Elevational 
dependence of projected chan~ in the San 
Franci~rn estuary and watershed. Climatit 
Chmge 62 :319-336. 

Knowlton, G.F. 1944. Some insect food of Rana 
pipitns. Copeia 1944:II9. 

Kuchta, S.R. 2005. Taricha torosa, in Lannoo, M.J. 
(Ed.J; Amphibian Declines: The Conservation 
Stains of Uni~d Stales Species, Universicy of 
California Press. Berkeley, pp.904-9ot. 

Kuchta, S.R. 2007. Contact 7.ones and species 
limits: hybridilalion between lineage;a of the 
California newt, Turii:Jo.a tornsii, in the southern 
Sierra N1';','ad.a. Herpetologica 6r3p.-J')O. 

Kuchta, S.R. and Tan, A.M. 2006a. Limited genetic 
v;uiatir.>n ;.cross the r;inge ofthe red-bellied n~t, 
T,uidia rivuloris. Journal of Herpetology 
40 :561-565. 

Kuchta, S.R. and Til.n, A.M. 1.00Gb. Lineage 
diversification on an evolving landscape: 
phylogeography ofthe California newt, Tarich11 
loroS<I (Caudata: Sa.lamandridae). Bi.ological 
Journal of the Linnean SocL~Y 89: :1. IJ-2.}9· 

t::uhnz, L. Moo. Microhabitan; md Home Range of 
the California Legless Lizard Using Biotelemelry. 
Master 's Thesis. California State University, San 
Jose. 

Kuhnz. L., Burton, R., Slatrery, P., and Oakden, J. 
2005. Microhabitats and population densities of 
California legless lizards, with comments on 
effectiveness of various 11:chniqucs for estimat­
ing m1m bers of fossorial 1eptiles. Journal of 
Herpetology 39:395-402. 

Kupf~rberg. S.J. r996a. Hydrologk .;,nd geomorphic 
factors affe<:ting conservation of a river-breeding, 
frog (Rana boylii) . E.cological Applicatiokls. 
6: 1332-1344. 

Kupferberg, S.J. 1996b. The Ecology of Na.tiwi 
ndpoles tRana boylii and Hylo regilla) rnd the 

LITERAT[JJll!. CITED 3)1 



Impact of Invading Bullfrogs (Rema cc.td1datta) 
in a Northern California River. PhD Dissertation. 
University of California, Berkeley. 

Kupferberg. S,J. 1997, Bullfrog (Rana w~sbeian11) 
Invasion of a Callforma River: The Role of Larval 
Competition. F.cology 78: 1736-1751. 

Ku.pferberg, S.J., Caten;;izii, A., Lunde, l< .. Lind. 
A.J., and Palen. W.J. zoo9a. Parasllkcopepod 
(lernaeii cypr.inacea) outbreaks in foothill 
yellow-legged frogs {Rana bo]llii) linked to 
unusually warm summers ,md amphibian 
malformations in northern California. Copeia 
2009:529-5}7. 

Kupferberg, S.J., 1.ind, A.I .. Mount, J .. and Yarnell, 
S. 2.009b. Pulsed Flow Elfocts on Foothill 
Yellow.u-,gged Frog {Ra11a bl)iii}: Tnt:egration of 

Empirical. fxperirnental. and Hydrodynamic 
Modeling Approaches. Report, California Energ~• 
Commission, PIER, Sacramento. 

Kupferberg. S.J ., Li1td, A.J ., and Palen, W.J. 2O09c. 

PL1lsed Flow Effects on the Foothill Yellow-legged 
frog (Rana boyfo): Population Modeling. Report. 
Dlifi:irnia Elnergy Commi$.Sion, PIER, Sacramento. 

Kupferber9. S.J .. Lind, A.J., Thill, V., and Yarnell, 
S.M. 2on. Water velocity tolerance in tadpole5 or 
the foothill yellow-legged frog {RatlD !loy!H): 
swimming performance, grnwth and survival 
Copeia 201I:141-152. 

Kupferberg. S.J. , Palen, W.J. , Lind, A.J., Bobzien, S., 
Catenaz.zi, A .. Drennan, J .. and Power, M.E. 
201 z. Effects of flow regimes altered by dams on 
surviva.l, pcpulation declines, and range•wide 
losses of California river-breeding frogs. 
Conservation Biolo,11;y 26:5I3-524. 

La Berteaux, D.l. and G~rlinger, B. H, 1998. Inyo 
California Towhee ( Pipilo cr(isalis cn:mophiJus) 
Census in the Argus and Caso Mountain Ranges, 

Inyo County. California. Contract N2474-

90-M-3r13 . Naval Air Weapons Station, China 
Lake.CA. 

La Rivers, I. 194:i.. Some new amphibian and reptile 
records for Nevada. Journal of Entomology and 
Zoology 34:53-68. 

Lacan, I. , Matthews, K. , and Feldman, K. 2008 . 

Tnteraction of ,m introduced predator with foture 
effects of climate change in the recruitment 
dynamics of the imperiled Sierra Nevada 
yellow-legged frog (R'11111 ;ierr"~i, H.crpctologic.al 
Conservation and Biology 3:211-2.23. 

Lande, R. 1988. Genetics and demography in 
biological conservation. Science 241:1455. 

Langen, T.A .. Ogden, K.M .. and Schwarting, L.L 
2009. Predicting hot spots of herpetofauna road 
mortality along highw:iy n~tworks. Journal of 
Wildlife Management73:104-n4. 

Hl LITfltl\TIJU ClTE:!') 

Lannoo, M.J., ed. 2005. Amphibian Declines: The 
Co1u;ervat1on Sta.tus of United States Spectes. 
University of California Press, Berkeley. 

Lappin, A.K. and Swinney, E.J . 1999. Semal 
dimorphism as it relates to natural history of 
leopard liz.ards {Crotaphytidae: Gambelia). 

Copefa r999:649-G60. 
Larsen. K.W .. Gregory, P.T.. and Antoniak. R. 1993. 

Reproductive ecology oftht" common garter 
snake Tham~ophis sirlalis at the northern limit of 
its range. The American Midland Naturalist 
1.2g:33G 345. 

Larson, A. 1980. Paedomorphosis in relation to 
rates of morphological and molecular evolution 
in thl!' salamander Antidtsflavipunrta~"f 
(Amphibia, Plethodontidae). E:.valution 34: 
l l7, 

La Ilion, M. D. 2012. Diet of the C:iscades Frog ( Rana 
cwcadae) as It Relates to Prey Availability in the 
Klamath Mountains of Northwe~t California. 
Master"s Thesis. Humboldt State University, 
Arcala. 

Lin:-son, N .M. 1984. Geographic: Variation in the 
Two-Striped Garter Snake, Thii-mnophis hammon­
dii. Master's Thesis. California Stall!: Polytechnic 
Univen:ity, Pomona. 

Lawler, J .[ ., Sha fer, S. L., Bancroft, B.A., and 
Blaust~in, A. R 2oro. Projected climate impacts 
for the amphibians of lhe western hemisphere. 
Conservation Biology 24:38-50. 

Lawler, S.P .. Dritz, D .. Strange, T., and Holyoak, M. 
l999· EffeLts ofintroduC!!d mosquitofish and 
b\l.llfrogs on the threatened Californi.1 red-legged 
frog. Conservation Biology 11:613-622. 

Lawson, R. ;md Dessauer, H.C. r979. Biochemical 
genetics and systematics of garter snakes of the 
Thamnophis clrgam, Tham11ophis rouchii .and 
Tkamnophis ordiH,:,idu complex. o«asional 
Papers of the Museum ofZooloSY, Louisiana 
State University ,6 '. r-24. 

LazaroIT, D.\11., RDsen, P.C., and Lowe, C.H. 2.006 . 

Amphibians, Reptiles, and Their Habitats at 

Sabino Canyon, University of Arizona Press, 
TUCS-011. 

Le Conte, 1, 1854. D1:scription of four new species of 
Kinontrnum. Proceedings of the Academ~ of 
Natural Sciences of Philadelphia 7:180-190. 

Leache. A. D .. t.oo. M.S .. Spencer, C. L .. Papenfuss. 
T.J., Fisher, R.N., and McGuire, f.A. 2009. 

Quantifying ecological, morpholo,gical. and 
genetic variation to delimit species ln the coast 
horned lizard species complex (Phrynosoma) . 
Proceedinga of the National Academy of Sden(es 
of the Uni~ States of America 
106: I :i.418~12.423. 



Leache. A.D. and Mulcahy, D.G. 2007. Phylogeny, 
divergence times and species limits of spiny 
lizan:ls (Sc.:-loporu, magis~r specic-s group) in 
weslern North American deserts and Baja 
Ca lifornfa.. Molecular Ecology 16 :52.16 ~5233. 

Leatherman, B. 199G. Natural histoty notes: 
Phrynosoma toronatum blainvilhi. Conservation. 
Herpetological Review 27:So. 

Leavitt. D.H., Bezy. R.L., Crandall, K.A., and Sltes, 
J. :i.007. Multi-locus DNA sequence data reveal a 
history of deep cryptic vkarlance and habitat• 
driven convergem:e in the desert night lizard 
XantMia vigi/is s pedes complex l Squ.amata: 
Xantusiidae). Molecular Eco}ogy 16:-4455-44S1. 

lebassi, EL, Gom..ale;o,, J-, Pabris, D., Maurer. E .. 
Mfller. N .. Milesi. C., Switzer, P., and Bornstein, 
R. 2009. Ob~ened 1970-2005 cooling of 
su.mmer daytime temperatures in coastal 
California_ Journ;i) of Climate 22 :3158-3573. 

Lee, J.C. 1975. Thr:: autcc:ok,gy of Xantusia henshau,i 
ken,hawi (Sauria: XantusHdael. Tram.actions of 
the San Diego Society of N;itu.ral Histo1y 

17: 259-278. 
uidy, R.A., Gonsolin, E., and Leidy, G.A. 2-009. 

Late-summer aggregation oftbc foothill }'l'llow­
legged frog (Rana bo)ll'ii} il1 central California. The 
Southwestern Naturalist 54:367-168. 

Lemm, J.M. 2006, Field Guide to Amphibians and 
Reptiles of the San Diego Region. Univer,;ity of 
California Press. Berkeley. 

Lenihan, J.M., Bachelet, D .. Neilson, R.P., and 
Drapek, R. 2006. Response of vegetation 
distribution, ecosystem productivity, and 6re lJl 

dima~ change scenarios for California. Climatic 
Change 87:S2t5-S230. 

Le~ilon, A. E. and Banta. B. H. l9~- Mi<l-winkr 
reconnaissance of the berpetofauna of the Cape 
Region of Baja California, Mexiw. Proceed1ng!i of 
the California Academy of Sciences 4:12.7-1:,6. 

Leyse, K. 2005. lntentional Introduction. and 
Biodivt"rsity in Jiishless Wa~rs: The Effects of 

rntroduced Fish on Native Aquatic Species. PhD 
Diss-ertation. Universit;• of California, Davis. 

Licht , LE. 1969. Cclmparat~ breeding behavior Df 
the red-legged frog (Ranci aurora lll'rom) and the 
western spotted frog ( Rana pri:liosa prctiosa) in 
southwestern British ColL1mbia. Canadian 
Journal of Zoology 47: 1287-L2.99. 

Licht, LE. [97I. Breediug habits and embryonic 
thermal requirements of the frogs. Rana auroN 
aurom and &nil preliasa pn:ti,mi, in the Pacinc 

Northwest. Ecology 52; n6-124. 
Licht. L.E. 1974. Survival of embryos. lildpolcs, :md 

adults of the frogs Rana aurora aurora and Raua 

prelio,a. preliosa sympatric in southwe.tern 

l!.ritish Columbia. Canadian [ouma} of Zoology 
52.: 613-627_ 

Licht. L.E. 1986;,,. Compc1r.-tive escape behavior of 
sympalrk &~a 11urora and R,ma pre~iosa. The 
American Midland Naturali~t 115 :239-247. 

Licht, L.E. 1986b. Food and feeding behavior of 
sympatric red-legged frogs, Rcmt1 auram, and 
spotted frogs, Rana putiosa, in southwestern 
British Co)Ltmbfa. Canadian Field-Naturalist 
100: 22-31. 

Licht, L.E _ 1991. Habitat selection of Rana pip1ms 
and Rana sylwllica during expo~ure to warm and 
cold temperatures. The A meric.a n :Mid I and 
Nalura.lisl 12.5 ;259-2.68. 

Licht, P . .and Brown, A. 1967. Behavioral ther• 
mo regulation and its role ln ecology of red-hellied 
newt, Taricha rivwarii. Ecology 4R:19R-6n. 

Ligon, D.B. and Peierson, C.C. 2002. Physiological 
and hehavior;i} variation in ei;tiv;ition ~mong 

m\Jd turtles (Kinosternon spp.). Physiological and 
Biochemical Zoology 75:2.83-293. 

Ligofl, D.B. and Stone, P. :m□}, Radiotelemetry 
reveals tcnestrial estivation in Sonoran mud 
turtles (Kit1osternon ~onorien~~f. Journal of 
Herpetology 37;750-754. 

Lind, A.J. 2005. Reintrodoction of a Dec.lining 
Amphibfan: Determining an Ecologically Feasible 
Approach for the Foothill Yellow-Legged Frog 
(Rana hoy/ii} through And,lysis of Decline P:.ctors, 
Genetic Structure, and Habitat As!!Ociations. PhD 
Dissertation. Univenity of California, Davis. 

Lind, A.J., Bettaso, J.B .. and Yarnell, S.M. 2.003-

Natural history notes: Rana boyW and Rana 
cate.ibriana. Reproductive behavior. Herpetologi­
c.i.1 Review 34 ;2.35. 

lind, A.J., Spinks. P.Q .. Fellers. G .M .. au<l Shaffer. 
H.B. 20!1. Range-wide phylof:"'ography and 
landscape genetics of the western U.S. endemic 
frog Ra11a hoylii (Ranidae): implications for the 
conservation of frogs and rivers. Conservation 
Genetics 12:269-284. 

Lind. A.J .. Welsh. H.H., Ir., and Wilson. R.A. [996. 
The effects of a dam cm breeding habitat and egg 
survival of the foothill yellow-legged frog ( Rana 
boylii) i11 north'Nl!stern California. He1petologlcal 
Review :z.7:6:i.-67. 

LinnaeL1s, C. 1758. Sys1ema Nalurae, Edition 10. 

lmpensi:i Dim.:t. Lm1entii Salvii, Stockholm. 
{In Swedish) 

Linsdale, J.M.1932,_ Amphibians and reptiles from 
Low~r California. University of C;.lifomfa 
Publications in Zoolosy 38;345 386. 

Linzey. D.W. 1967. Food of the l~paztl frog, Rana p. 
pipitnt, -in central New York. Herpetologka 
21:n-17. 



Liss, W.I . and Larson, C. L. 1991. Ecological effects 
of stocked trout on north Cascades naturally 
fishles:,; lakes. Park Science 11:21.-z3. 

Liss, W.I .. Larson, G.L .. Deimling, E .. Ganio, LM., 
Gress well, R., Hoffman, R., Kiss, M. et al. 1995. 
Ecological effocts of stocked trout in naturally 
fishless high mount:iin lakes. Teclmkal Report 
NPS/PNROSU /NRTR-95-03. North Case.des 
National Park Service Complex, United Stares 
Natiori,1.l Parlr: Service, Seattle. WA. 

Livezey, R. L. 1955. A northward range extension for 
Bufo rn,wrus Camp. Herpetologirn 11 :21:2 . 

Lockington, W.N. 1879. Notes on some re-ptiles and 
Batrachia of the Pacific Coast. American 
Naturalist TJ=780-783. 

Loomis, R. B. 1965. The yellow-legged frog, Rana 
hoylii, from the Sierra San Pedro Martir, Baja 
California Notte, Mexico. Herpetologka 
2178-80. 

Lovich, J. and Meyer. K. 2.002. The western pond 
turtle (Cl~mmy, marmorata) in the Mojave River, 
California, U.S.A.: highly ildap~d survivor or 
tenuous relict? Journal of Zoology 256:537-545. 

l.avich, J.E. and Beaman, K.R. 20crJ . A history of 
Ci.Iii monster (l--li:loderma rn,peclum cinctuml 

records from California with cornmeals on 
factors affecting their distribution. Bulletin of 
the Southern California Academy ofSc.iences. 
106:J9-58. 

tovich, l,F.. and Beaman, K.R. 2008. Distribution 
of native turtles in the arid southwestern United 
St.ites with comments on Kil'losternol'I sonorien,e: 

a species presumed lo be lost from California's 
herpetofauna, in Reynolds, R.E. (Ed.}: The 2008 

Desert Symposium Field Guide and Proceedings. 
California SI.I.le University, Desert Studies 
Consortium and LSA Ar..o:ociatf!s, Soda Springs, 
pp.u7-134. 

Lovich. J.E .. Dro5t. C., Monate5ti, A.J .. Casper. D .. 
Wood, D.A., and Girard, M. 2010. Reptilian prey 
of the Sonora mud Turtl.e (Ki~rut1mwn .'lotwmn~~) 

with Ct:1mments on saurophagy and ophioph:agy 
in North American turtles. The Southwestern 
Naturalist 5p35-138. 

Lovkh. J.E. and Ha:.el, G. 2011. /1., previously 
unreported locality record for thl! Gila Monstl!r 
(Htlodermasu.sp"tum.) . Bulletin of the 
Southern California Academy of Sciences 
Iro:59-6:2 . 

Lovich, J.E., Madrak, S.V., Drost, C.A. , Monatesti, 
A.J., Casper, D., and Zmrri, M. :i:mz. Optimal egg 
size in a suboptimal environment: 1eproductive 
ecology offemale Sonora mud turtles (Kinostec• 
non sonoriense) in central Arizona, USA. 
Amphibia-Reptilian: 161-170. 

334 LITII\ATURE CITfL> 

Lovich, R. E. 2001. Phylogeography of the night 
lizard, Xanlu.1ia hcns.liawi, in southern Califom:a: 
evolution il.cro.ss fault zones. Hcrpctologica 
57:470-487. 

Lovich, R. E. 2009a. Phylogeogr;iphy and Conserva• 
tion of the Arroyo Toad (B11fo <'il-lifcinifriu). PhD 
Dissertation. Loma Linda University, Loma 
Lind.a, CA. 

Lwich, R.E. 2.009b. Sandstone mght hzard, in 
Jones, LL.C. and Lovich, R.E . (Eds): Lizards of 
the American Southwest. Rio Nuevo, Tucson, 
AZ, pp.420-42.J, 

Lovich, R.I::. and Grisrnet, L.I... 2001 XantU-Sla 

grac:ill5 . Catalogue of American Amphibians and 
Reptiles 772:r-:z. 

Lulx:ke, G.M . and Wilson, D.S 2007. Variation in 
shell morphology of the v.-estern pond turtle 
(Actinem~ mar111oro-1a Baird and Girard) from 
thre~ :iquatic habit;i.ts in nDrlhern California. 
Journal of Herpetology 41 : 107-114. 

Luckenbach, R.A. and Bury, R.B. 1983. Effects of 
off.road vehicles on the biot.i of the Algodones 
Duues, Imperial County, Califorma. The Journal 
of Applied Ecnlogy 20:261-286. 

Lynch, J.F. 1974, OnlogcnctK and CcographK 
Variation in the Morphology and Ecology of the 
Black Salamander (Antidesflavipunr.tatus). PhD 
Dissertation. Univer3ity of California. Berki::ey. 

Lynch, f.F. 19&1. 'Patterns ofontogeneti<:and 
gcogr3phic variation in the blac:k salamander. 
A~eidts fla.vipunclatus (Caudata: Plelhodontidae}. 
Smithsonian Contributions to Zoology 324 :1-53. 

Lynch,). F. 1985. The feeding ecology of Ant:ides 
jlavipuni:!al1.1s and sympatric plethodontid 
salamanders in northwe-.tern California. lournal 
of Herpetology 19:_p.8-152. 

Macey, f .R. and Papenfuss. T.J. 1991a. Amphibians, 
in Hall, C.A. (Ed.): Natural History of the White 
Inyo Range, University of California Preu, 
Berkeley, pp.277-290. 

Macey, J.R. and Papenfuss, T.J. 1991b. Reptiles, 
Hall, C.A . (Ed.): Naturai History of the White 
Inyo Range. University of California Press, 
Berkeley, pp.29r-}6a. 

Macey, J.R .. Strasburg. J .. Brisson, J .. Vredenburg, 
V., Jennings, M., and Lan;on, A. 2001. Molecular 
phylogenetics of western North American frogs 
of the RaMI boy/ii 5pecie5 group. Molecular 
Phylogenetics and Evolution 19'.I}[-143. 

MacTague, L. and Northen, P.T. 1993. Underwater 
vocalization by the foothill yellow-legged frog 
(RClnri boyli). Transactions of the Western Section 
of the Wildlife Society 29 ; 1-7. 

Mahrdt, C.R., Lovich, R., and Zimroitti, S.J. 2002. 

Natural history llOtes: Bufo califurniuu. Habitat 



and population stat~s. Herpe1ological Review 
33 :123-c25. 

Mahtdt, C.R., McGuire. J.A .. and Beaman. K.R. 
zoro. G11mhdia copdi. Catalogue of American 
Amphibians and Reptiles 87u-8. 

Marco. A. and Blaustein. A. 1999. The effects of 
nitrite on behavicr and metamorphosis in 
Cascades frogs (Rwi.a ca.1cadac). Environrne1ttal 
Toxicology and Chemistry 18:946-949. 

Marco, A., Quikhano, 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 
18 :2836-2819. 

Marks, S. B. and Doyle, D. 2005. T~rich~ riv!-lkiri~. in 
Lannoo, M.J . (Ed.}: Amphibian Declines: The 
Conservation Status of United States Species . 
Univenity of California Press, Berkeley, 
pp.901-908, 

Marlow, R.W., Brode, J.M., and Wake, D.B. 1979. A 
neY/ salamander, genus B!ltrar:hos.:p:;;, from the 
Inyo Mountatns of California: with a discussion 
of relationships in tlM: genus. Contributions in 
Science of the Natural History Museum of Los 
Anseles County 308 :1-17. 

Martin, D.L. 2008. Decline, Movement and l-lahitat 
Utilization or the Yosemite Toad ( Bufo canor~j : 
An Endangered Anuran Endemic to the Sieua 
Nevada of California. PhD Dissertation. 
University of California, Santa Barhara. 

Mjrtin J(.J. and McComb, B.C. ~003 . Arnphihiiln 
habitat associations at patch and landscape scales 
in the central OTl!gon Coast Range. Journal of 
Wildlifo Managemt"nt 6T 672-683. 

Martin, R .F. 1972. Evidem:e from osteology, in 
Blair, W.F. (Ed.): Evolution in the Genus Bufa. 
University ofTexas Pre.s, Austin, pp.37-70. 

Marty, J .T. 20□ 5 . Effects of cattle grazing on 
diversity in ephemeral wetla1Lds. Conservation 
Biology 19: 1626-1632. 

Maslin, T.P. and Secoy, D.M. 1986. A checklist of 
the lizard genus Ciu:m.idophorns. Contributions 
in Zoology, University of Colorado Museum 
u-60. 

Matsuda, B.M. and Richardson, J.S. 200, . Move­
ment patt<"rns and r~lariv<" abundanc:e of coastal 
tailed frogs in clearcuts and mature forest 
stands. Canadian I ournal of Forest Research 
}5: I c31-1138. 

Maurer, E.P. 2007. Uncertainty in hydrologic 
impacts cf climate change in the Sierra Nevada, 
California, undeT two emissions scen:irios. 
Climiltic Change 82 :309-p.5. 

Maurer, E.P. and Duffy, P.B. 2.005. Uncertainty in 
projections of streamflow changes due to dimat~ 

change in California. Geophysical Research 
l.ettf-l"S 32:103704. 

Mautz, W.J. 1979. The metabolism of reclusive 
lizards, the Xantusiidae. Copeia 1979 : 577-184. 

Mautz, W.J . and Case, T.J. 1974. Ad iurnal activity 
cycle in the granite night lizatd, XanJmiu 
hmskawi . Copeia IC)74 :243-251. 

Mayhew, W.W. 1962. Scaphiopus wi<ehii in Califor­
ni.i's Colorado Desert. Herpetologica 18:153-161. 

Mayhew, W.W. 19 64a. Photoperiodic responses in 
three spe.:ies of the lizard genus Utna. Herpeto• 
logica 20:95-113. 

Mayhew, W.W. 1964b. Taxonomic status of 
California populations oftl1e lizard genus Uma. 
Herpetologica 2.0 :170-c83. 

Mayhew, W.W. 1965. Adaptations of the amphibian, 
Sr.aphiop!IS couchi, 10 desert c;oriditioos. The 
American Midland Naturalist 74:95-109. 

Mayhew, W.W. 19G6. Reproduction in the psam. 
mophilous li:z;ud Uma scoparia. Copeia 
1966 ;1 c4-122. 

Mayhew, W.W. 1968. Biology of desert amphibians 
and reptiles, in Brown , C.W.J. {Ed.): Desert 
Biology, Vol , 1. Academic Pres.s, New i'ork, 
pp.195-356. 

Ma;,:emBe, M.J, 2-004. Amphibian mad mortality in 
response lo nightly variations in traffic inlensily. 
Herpetologica 60:45-53. 

Ma:zerollc, M.[., Bailey, L.L., Kendall, W.L., Andrew, 
R.J .. Converse, S.J., and Nichols, J.D. 2007. 
Making great leaps forw;1rd: ;iccnunting for 
detectability in herpetological field studies. 
Journal of H~rpe.alogy 41: 672-689. 

McAUister, K.R. and Leonard, W.P. 1997. Washing­
Ion Sti.te status n!port for the Oregon spotlJ!d 
frog, Washington Department offish and 
Wildlife. Olympia. 3Spp. 

McAllister, K.R .. Leonard, W.P .. and Storm, R.M. 
199}, Spotted frog (Ratw prtHoSll) surveys in the 
Puget trough af Washington, 1989-1991. 
Northwestern Naturalist 7,po-15. 

McCauley, R.H.1945. The Reptiles of Maryland and 
the District of Columbia. Free Press Pri11ting Co., 
Burlington, VT. 

McClanahan, L., Jr. 1967. Adaptations of the 
spadcfoot toad Stapniopus cou.chii. to desert 
environments. Comparative Iliochemistry and 
Phystology 20 :73-99. 

McComb, W.C., Mc.Garigal, K., and Antbony, R.G. 
1993. Sm,1.ll m,1.mmal .. nd ,1.mphibi,1.n abund,rnce 

in streamside and upslope habitats of mature 
Douglas.fir stands, western Oregon. Northwest 
Science GT7-15. 

McGrann, M., Wright, G., Dial, R .. and McGrann, 
A. 100G. OfT-hi.ghwa.yv~hide impact on the 

LITERATURE CITED 335 



flat-tailed bomed li~rd, Phryiwsomu mcallii, in 
the Colorado Desert of southl!'rn California. 
California Fimand Game 92:67-80. 

McGuire, r.A. 1996. Phylogenetic systematics of 
crotaphytid lizards (Reptilia: lguania: Crolaphyti­
dae). Bulletin of Carnegie Museum of Natural 
History 32:1-143. 

McGuire, I.A. and Grismer, LL. 1993_ The 
tnonomy and biogeography of Thamnopki.s 

hammondii and T, digueti (.Reptilia: Squamala: 
Colubrid:ie) i.n Baja California, Mexiro. Herpeto­

logica 49:354-365. 
McGuire, j.A .. Linkem, C.W., Koo, M.S., Hutchison, 

D.W., Lappin , A.K., Orange, D.I.. Lemos-"spinal, 
J .. Riddle. B.R .. and Jaeger. J . .R . 1..007. Mitochon­
drial inlrogre.s~ion :ind inoomplete line.l.ge 
saning through space and tlme: phylogenelics of 
Crotaphytid lizards. E\lolution 61: 2879-2897. 

Metter, D. E. 1964. A mo1phologkal and ecological 
comparison of 2 populations of Asmphi.5 truei 

Stfojnl:'ger. Copei:i r964;18T~195, 
Miller, A.H. and Stebbins, R.C. 1964. The Liv-es of 

Desert Animals in Joshua Tree National 
Monument. Uni..-ersily of California l:'ress, 
Berkeley. 

Miller, C.M. 1944. r!:cologic rel.itions and adapta­
tions of the limblcs:. linrds of the genus 
Ari~itlla. Ecologiul Monographs 14:.i.71-z89. 

Miller, D.A.W., Brehme, C.S., Hines, J_E, Nichols, 
J.D., and Fisher, R_N_ 2.012_ Joint estimation of 
lrabitat dynamics and specie~ interactions; 
disturbance reduces co-occurrence of non-nalive 
predators with an endangered toad. The Journal 
of Animal Ecology lk1288 1297. 

Mille1, M.P., Haig, S.M., and Wagner, R.S. 2006. 
Phylogeography and spatial genetic structure of 
the swthern torrent salamander: implications for 
conservation and management. fournal of 
Heredity 97:561 570. 

Minnich, J.E. and Shoemaker, V.H. 1972.. Water .;ind 
electrolyte turnover 1n a field population of the 
li~rd. Unul scopari(I. Cope1a 1972.:6;0-659. 

Mitchell, J.C. 1994_ Reptiles of Virginia. Smith.so 
nian Books, Washington , DC. 

Mitrovich, M.f. 2006 A Case Study m Conserva­
tion Science: The Spatial Ecology and Evolution­
ary History of the Coachwhip Snake {MrJ.Sl1copttl$ 

.flagdlu1t1] and Striped Racer (Masticopk.is 
lalen?lis). PhD Disse[tation. San Diego State 
University, San Diego, CA. 

Mitrovicb, M .J., Diffendorfer, J.E., and Fisher, R. N _ 
2009. Behav1013J response of the ooachwhip 
(M~sticaphis fl~g~num) to habitat fragment size 
and isolation in au urban landscape. Journal of 
Herpetology 43:646 656. 

J}6 iITEliAT\/ R le CITE 0 

Mitrovich, M.J., Gallegos, E.A., Lyren, L.M ., Lovich, 
ltE .. and fishe[, R.N. 2ou. Habitat use and 
movement of the endangered a.rrcJ}"J toad 
(Ana~yrus co.lifomicus1 in Coostal Southern 
California. Journal of Herpelology 45 :319-328. 

Mittleman, M.B. and Myers, G.S. 1949. Geographic 
variation in the ribbed frog, As,ap~s lruei. 
Proceedings of the Biological Society ofW:ishing­
ton 62:57-68. 

Monsen, K.J. and Blouin, M.S . .2003. Genetic 
structure in a mont:m~ ranid frog: restricted 
gene flow md nucleu-rnitochondrial discord­
ance. Molecular Ecology 12:3275-3286. 

Monsen. K.J. and Blouin, M.S. 2004. Extreme 
isolation by distance in a montane frog Rana 
cimadat. Conservation Genetics s: 827-835. 

Montanu.cci, .R.R. 1965. Observations on the San 
Joaquin h:opnd lizard, Cmt~phyti..i wiJliz~nii 
silui. Herpetoloaka :n:270-.283-

Montanucci, R.R. 1968. Notes on the distribution 
and ecology of some lizards in the San Joaquin 
Valley, California_ Herpetolo~ica 24:116-320_ 

Montanucci, R.R . 2004. Geographic Yariation in 
Phrynv5oma coromJh1m (Lacertilia, Phryno~omalt­
dae): further evidence for a penins.ufar :irchipel­
.ago. Herpetologica 60:n7-[39 . 

Mt>raCk.a, D.J. and Bania, B.H. 1976. Ecological 
relationships of the recent herpetofauna of 
Pinnacles National Monument, Monterey, and 
San Benito counties, California. The Wasmann 
Journal of Biology 34:304-324. 

Morey, S.R. 199&. Pool duration influences .age and 
ood-y mass at metamorphosis. in the \llleStern 
sp.idefoot toad: implications for vernal pool 
conservation, in Ecology, Cc,nservati.on, and 
Management of Vern.al Pool Ecosystems: 
Proceeding:i from a r996 Conference. California 
Native Plant Society, Sacramento, pp.86 91. 

Morey, S_R_ 2005_ Spt:a hamm(maii_ in Lannoo. M_J_ 
(lid,): Amphibian Dedine:i: The Conservation 
Status of United States Spedea. Univerllity of 
Co1l1fomia Press, Berkdey, pp.514-517. 

Morey, S.R. and Cu.inn, D.A. r992. Activity 
patterns, food habit:3, and cnanging abundance in 
a community of vernal pool amphibians. in 
Williams. D.F., Byrne, S .. and Rado, T.A. (Eds) : 
En.dangered and Sensitive Species of the San 
Joaquin Valley, California: Their Biology, 
M.in.igt-ment, and Conse1vJlion. California 
F.ne1gy Commission and the Wildlife Society, 
Western Section, Sacramento, pp.149-c,;8. 

Morey, S.R. and Janes, D.N. 1994. Variation in 
larval habitat dmalion influencl"\; metamorphosis 
m Scaphiopl-!s couch ii, in Brown, P.R. and Wnght, 
J.W. (Eds): Herpetology of the North Americ.in 



Deserls . Special Publication No. 5, Southwestern 
Her~tologi!:ts Society. v .. n Nuys, CA. 

Morey. S.R. and Reznick, D. 2001. Effects of larval 
density on postmetamorphic spadcfoot too.ds 
{Spea hr+"1mcind/J). Ecology S.2:510-522. 

Morey, S. R. ,md Reznick, D.N . .zoo4. The relation­
ship between habitat permanence and larval 
development in California spadefoot toads: fi.eld 
and laboratory comparisons ofdC"elopmental 
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 Balrai:hochyLrium dendroba­
lidis. Proceecling:i of the National Academy of 
Sciences of the United States of America 
104 :1}845-13850. 

Moritz, C. 1994 . Defi11irig WEvolutiona.rily Signifi­
cant Units~ for conservation. Trends i11 Ecology 
and Evolution 9:373-371, 

Morton, M.L. and Sokoloski, K.N. 1978. Sympatl."}' in 
Bufo boreas a11d Bt1fo c;anoru.s ~nd additional 
l"videnc1:: of natural hybridization. Bulletin oft hi" 

Southern Cahforni.a Academy of Sciences 

77=52-55. 
Mosher, H.S., Fuhrman, F.A .. Buchv,oald, H.D., and 

Fi:Kher, H.G. 1964. T:arichataxin-telroootoxin: a 
potent neurotoxi n. Sdenc:e 144: 1100-1110. 

Moyle, P.B . 1973. Efrects of introduced bullfrogs, 
Rema cal.li.5',eiana, on the native frog~ or the San 
Joaguin Valley. California. Copeia 197_p&-2:1.. 

Moyle, P.B . .2.002. . Inland Fishes of California. 
University of California Press, Berkeley. 

Moyle. P.B., Williams, I.E., and Wikram,mayake. E.D. 
r989. Fish Species of Special Concern of Califor­
ni:i. California Department of Fish and Game, 
Inland Fisheries Division. Rancho CordtWa. 

Moyle, P.B .. Yoshiyama, R.M .. Williams. J.E., and 
Wikramanayake, E.D. 1995. Fish spec.ies of 
special rnncern in C .. lifornia. 2nd ed . Californi.;i 
Department of Fish and Game. Inland fisheries 
Division, Rancho Cordova. 

Mulcahy. D., Spaulding. A., Mendelson, J., and 
Brodie, E. 2006. Phylogeography of the flat-tailed 
h.orned lizard (Phryrzoroma mrnllii) and systemat­
i.cs of the P. MCallii-pla~yr~inos mt DNA complex. 
Molecufar Ecology 1p807-1826. 

Mullally. D. P. 195}. Observations on the ecology of 
the toad Bufo cano,w. Copeia 1953:LS2-183. 

Mullally, D.P. 1956. The relationships of the 
Yosemite and western toads. Herpetologic.a 
,2 '. t33-c35. 

Mullen, L.B .. Woods, H.A .. Schwartz. M.K.. 
Sepulveda, A.J .. and Lowe, W.H. 2.010. Scale­
dependent genetic .c;trucmre of the Idaho gian1 

salamander ( Dicamptvdon al.::rrimu:r) in stream 

networks. Molecular Ecok1gy 19'. S9S-909. 
Mullin. S.J .. Imbert. H .. Fish. J.M., Ervin. E.L .. 

and Fisher, R.N. 2004. Snake (Colubridac: 
Thamt1ophis) predatory rei.ponses to 
chemic.al cues from native .. nd introduced prey 
species. The South~stern Naturalist 

49:449-456. 
Murphy, R.W .. Kovac, V., Haddrath, O .. Allen, G., 

Fishbein, A., and Mandrak, N. 199)· mlDNA 
gene sequence, allo:zyme, and morphologic.,,! 
uniformity among red diamond rattlesnakes. 
Crolalus rubcr and Crotalus exrnl. C:madi:m 
Journal of Zoology 73: 270~2&r. 

Murphy, R.W., Trepanier, T.L., and Morafka. D.J . 
2006. Conserv,1,tion genetics. ewlution and 
distinct population segments of the Mojave 
fringe-toed lizard, Uma s.:aparia. Journal of A.rid 
Environment:. 67:.226-247. 

Musgra~e. M.E. I930. Bu[o all-'ariu.s, a poisonoL1s 
toad. Copeia 19}0:96-99. 

Muth, A. and fisher, M. 1992. Development of 
Baseline Data and Procedures for Monitoring 
Populations oflh,;: Flat-Tailed Horned Lizard , 
Phrynoromamcallii. Contract Report No. FG9268 

to California Department of Fish and Game, 
Sacramento. 

Myers. C.W. 1965. Biology of the ringned snake, 
Diad,:,phis pWJt,l!lJ.us. Florida. Bulletin of the 
Florida State Mu.o.eum, molog'ical Sciences 
10:43~90. 

Myers, E.A., .Roorigue2-Robles, J.A., Denardo, D.F., 
Staub, R.E ., Stropoli, A., Ruane, S., and Bur. 
brink, F.T. 2013- Multilocus phylogeographic 
assessment of the California Mountain King­

snake (La"1prope!tis zanalii) suggests alternali\-e 
patterns of diversification for the California 
Floristic Province, Molecular Ecology 
22: ~4c8-5429. 

Myers, G.S. 19}0, The status of the southern 

California toad. Bufo c:rz!lfcimic:ll, Camp. l'roceed 
in~s of the Bio~ogical Society of Washington 
4p3-78. 

Myers, G.S. and Maslin, T.P., Jr. 1948. The 
California plethodont salamander, A11ddcs 
fliwipu,ictatliS (Strauch}. with a description of a 
new subspecies and notes on other western 
A11ddts. Proceedings of the Biological Society of 
Washington 61:127 13&. 

Myers, N .. Mittermeier, R.A., Mittermeier, C.G., da 
Fonseca, G.A.B .. and Kent. J. 2000. Biod,versity 
hotspots for conservation prio1ities. Nature 

403 : 853-858. 
Nagy, Z.T., Lawson. R.., Joger, U.,and Wmk, M. 

2004. Molecular syst~matks of racers , whtp · 

I.ITEJtATIJ n t;ITEI} J37 



snakes and relatives (Reptilia· Colubridae) using 
mitochondrial md nuclear markers. Journa I of 
Zoological Systematics and Evolutionary 
Ri::searc.h 42:2.:2.3-233. 

National A11duoo11 Society. lOU. The CltrUtJ71.ll$ Bird 
Co1+nl Hijloriwl Resi.lJ.s. Available from http;,r/ 
www.audubon.org. 

Newbold, T.A.S. 2005 . Derert horned lizard 
(Phrynosoma p!atyrhinos) lummotor performance: 
the influence of cheatgrass (Brom us lutorum). 
The Southwestern Naturalist 50:17-23. 

Newman, R.A. 1989. Developmental plasticity of 
Swphiop~5 cou,hii tadpoles in an u nprcd1ctable 
environment. Eoology 70: 1775-1787. 

Nielson, M., Lohman, K., Daugherty, C.H., 
Allendorf. F.W., Kmulsen, K. L. and Sullivan, J. 
2006. Allozyme and mitochondrial DNA 
variatlon in the tailed fr<ig (Anura: Ascapki.s): the 
inAuence of geography and gene fl.ow. Herpeto­
losica 62.: 235-258. 

Nielson, M., Lohman, K., and Sullivan, I· 20m. 

Phylogeography of the tailed frog (As.iiplius 

lruei): implications fo1 the biogeography of the 
Pacific NoTthwest. Evolution 5,:c47-160. 

Nieto, N.C. 2004. Prevalence of Chytridiomycosis 
in Red-Legged Frog (Rana aurora ,mrora) Larvae 
in and around Redwood National Park, Northern 
Coastal California. with Notes 011 Other 
Parils:ites. Master's Th~is. Humboldt Stare 
Univerliity, Arcata, CA. 

Noble, G.K. alld Clausen, H.J. 1936. The aggreg~• 
tion behavior of S~ortria d~kayi and other 
snakes, with especial reference to the sense 
organs involved. Ecological Monographs 
6: .2.69-316. 

Norris, K. S. 1949. Observations on th~ habits of the 
horned lizard Phryt1~oma mcalW. Copeia 
1949:176-180. 

Norris, K.S. 19>8. The evolution and systematics of 
the iguanid genus U'1Ul and its relation to the 
evolution of other North American desert 
reptil~. Bulletin of the American Muellm of 
Natural History 114:25}-326. 

North~st Fo1est Plan, t994. Record of Decision 
for Amendments to Forest Service and llureau 
of Land Management Planning Doc\lments 
within the Range of the Northern SPotted Owl. 
USDA Forest Service and USDI Burea of Land 
Management, Washington, DC, 74pp. 

Nussbaum, R.A. r969. A nest sire of the Olympic 
salam,mdc::r, R!iyiico!riton o!vmpicus (Gaige!. 
He1petolos1ca 25::1.77-:qS. 

Nu5sbaum, R.A. 1976. Geographic v.iriatiDn and 
systematics of salamandcrs of the genus 
Diccm1ptv1um Strauch {Ambystomatidae). 

M iscel1aneous Publications of the Museum or 
Zoology 149:1-94. 

NLl~baum, R.A., Brodie, E .. and Storm. R. L983. 
Amphibians and Reptiles of the Pacific North­
west University of Idaho Press. Moscow, ID. 

NLlssbaum. R.A. and Tait. C.K. 1977. Aspects of the 
hfe history and ecology of the Olympic salaman• 
der, Rh)IDGOlrilcm olympit:~ (Gaige). The 
Amencan Midland Naturalist 9 S: 176-199. 

O'Donnell, R.P., SLaniland, K .. and Mason, R.T. 
2007. Experimental evidence that oral secretions 
ofnorthwtstern ring-necked snakes (Diadophis 
punclat4S oc,-~enJczlu) are toxic le their prey. 

Tax1con 50:810-815. 
O'Hara.. R.K. and B)auslei11, A.R. c98r. An 

investigation ohibling recognition in Rana 

~scadae tadpoles. Animal Behaviour 
29:1121-n:i.6 

O'Hara, R. K. and Blaustein, A.R. 1985. Rana 

cc.s.adile l.'ldpoles aggregate with siblings; an 
expemnental field study. Oecologi;i. 67;44-5c, 

Ohmart, R.D .. Anderaon, B.W., and Hunter, W.C. 
1988. The ecology of the lower Colorado River 
from Davis Dam to the Mtllioo-United States 
international boundary: a community profile_ 
Umted Stales P1~h and Wildlife Service Biologial 
Report g5(7. t9): 1-296. 

Olson. D.1-r .. Anderson, P.D .. Frissell, C.A .. Welsfl, 
H.H., Jr., and Bradford, D.f'. 2007. Biodiversity 
management approaches for stream-riparian 
areas: perspectives fur Pac:ilk Northwest he.idwa­
ter forests, microclimates. and amphibia11s. Forest 

Ecology and Manilgement 246 :81-c07. 
Olson, D.H. and Burnett, K.M. 2Do9. Design and 

management of linkage ;ire:is a.cross headwater 
drainages tIJ conserve biodiversity in forest 
ecosyste1ns. Forest Ecology and Management 
25&5 : S117-S126. 

◊'Regan, S.M., Palen. W.J., andAndenmn, S.C. 
2oc4. Climate warming mediates negative 
impacts of rapid pond drying for three amphib­
ian species. Ecology 95:845-855. 

Ouren, D.S., Haas, C., Mekher, C.P., Stew:irt, S.C., 
Ponds, P.D .. Sexton, N.R., Burr ls. L .. Fancher, T., 
and Bowen. Z.H. 2007. Envimnmental etTec1s of 
off-highway ~hicles on. Bureau of Land Manage­
ment lands: A l.iteratme Synth.esis, A nnot;ited 
Biblio~r.1ph1es, Extensive Bibliographies, and 
Internet Resources. Open-File Report 2.007-1}5.3, 

US Geological Survc:y, R~ton, VA, pp.1-:z.:i.5. 
Ovaska, K., Hyatt, L., and Sopuck, L 2002. 

Geographic distribution: Rana aLtrarn. Herpeto• 
lagic;il Review 33;318. 

Pace. A. 1974. Systematic and biological studies of 
the: leopard frogs (Rana pipieru complex) of the 



United State~. Mis;:rllaneD\JS publications offhc 
Museum of Zoology, Unil/ersity of Mkhisan 
184:c-140. 

Pacl::er. W.C.1960. Biodima.tk in.fluenc~ on the 
breeding migration ofTaridrn rivull.lris. Ecology 

4 T: )o9-5r7. 
Packer, W.C. 1961. Feeding behavior in adult 

Tarich11. Copefa 19Gq51-35i. 
Packer, W.C. 196:;.. Aquatic homing behavior in. 

Taricha rivularis. Copeia 1961:207-208. 

Packer, W.C. 1963. Ob:servations on the breeding 
mi8cation ofTaridia ri~ulam. Copeia 
r96n78-382. 

Padgett-Flohr, G.E. 2008. Pa.thogeuicily of 
Ba:tmchochyirium drndrobaiidi:r in two threatened 
California amphibians: Rana dmvtonii and 
Amby5tuma i;~llfcirnirri.sr. Herpelological 
Conservation and Biology p82-191. 

Padgett-Flohr, G.E. 2010. Laml.~<.::ipe epidemmlogy 
of Botrui;hudirtrium d~nc.lmbat1di~ in u~ntr.il 
California. Eo:igzaphy 33:688-697, 

Padgett-Flohr, G.E. and Hayell, M.P. 2011. Assess• 

mcnt of the vulm•ra.bility of the Oregon spotted 
frog (Rana pretiosa) to the amphibian Chytrid 
fungus (Barmc.'rodaj,!riurn- de~robatidis). Herepto­
logi.cal ConSt,rvati-on and Bkdogy 6:99-co6. 

Padgf>tt-Flohr, G.E. and Hopkins, R.L. 2009. 

Batrochcii:hylriurn d,ndmbatidis. a novel pathogen 
approaching endemism in cetlttal California. 
Diseases of Aquatic. Organisms 8p 9. 

Padgett-Flohr, G.E. and Longcore. J.E. "2.007. 
Natural history notes: Tarich.:i toro5a. Fungal 
infection. Herpctological Review 7S; 176-177. 

Palen, W.J. and Schindler. D.E . .2010. Water clarity, 
maternal behavie>r, and physiology c:ombme to 
eliminate UV radiation risk trJ amphibians in a 
montane landscape. Proceedings of the National 
A.cademy ofSciemes ofthe Unired Siates of 
Ami>ric.a IOT 9701-9706. 

Palen, W.J .. Schindler. D.E., Adams, M.J .. Pearl. 
C.A., Bury, R.B., and Diamond, S.A. 200:1.. 

Optical chuacteristics of natural waters protect 
amphibians from UV-B in the U.S. Pacific 
northwest. Ecology 8j:2951 2957. 

Papenfuss, T.[. and Macey, J.R. 1986. A Review or 
the Population Status of the Inyo Mountains 
Sab.mander (Batrncfioseps carnpi). Final Report 
under Order co188-5G71-s for the United States 
Fi~h and Wildlife Service. Endangl:'red Species 
Office. Sacramento, CA. 

Papenfuss, T.J. and Parham, J.F. 2013. Four m:w 
species of California leg!f-Ss liiard.s (Anniella). 
BTeviora 536:1-17. 

Parham, J. and Papenfu~s. T.J. 2009. High genetic 
diversity among fossorial lizard populations 

(An11-1d!a pulchra) in a rapidly developing 
landscape (Central California}. ConseIT.1.tion 
Genetics 10:169-176. 

Parisi. M. (Ed.). 2003. Atlas of the Biodiversity of 
California. California Department of Pish and 
Game, Sacramento. 

Parker, M .S. 1994. Feeding ecology of stream· 
dwelling Pacific giant salamander larl/ae 
(Dirurnplodon tenebrruw). Copeia 1994:705-718. 

ParkeT, W.S. ~nd Brown, W.S. 1974. Notes on the 
ecology of regal ringneck snakes (Diadopfli.s 
pun,latt.S r,galisJ in noTthem Utah. Journal of 
Herpetology 8:262-:;i63. 

Parmesan, C. 2006. Ecological and evolutionary 
responses to recent climate change. Annual 
11.eYiew of Ecology, Evolution and Systematics 
3]:637-669. 

Pannesat), C. and Yohe. G . .2003. A globally 
rnhe,ent fingerprint of climate change impacts 

.t(ross natural systems. Nature 421;37-42. 
Patten, M.A. and M~tts, S.J. 1992. Geographic 

distribution: Bufo californiws. Her~tological 
Revi~w 1,3=122. 

P.itten, R.B. and Banta, B.H. 1980. A rattlesnake, 
Crota!us t'llber. reeds on a road-killed animal. 
Journal of Herpetology 14: n1-1 c2.. 

Pauly. G.8 .. Hillis. D.M., and Cannatella. D.C. 
2004. The history of a nearctic mlonizalian: 
molernlar phy{ogenetic:~ and biogeography of the 

ncirctk toads. Evolution 58::1.517-25}5. 

Pauly. G.B .. Hillis. D.M .. and Cannatella. D.C. 
2009. Taxonomic freedom and th.e role of offic:ul 
Jists of species names. Herpetologica 65 :115 128 

Pearl, C.A. 2005. Rana aurorn, in Li.nnoo, M.J. 
!Ed.): Amphibian Declines'. The Conservation 
Status of United Statt!s Specil:'s. University of 
California Press. Berkeley, pp.58-5:1-0. 

Peart C.A. and Adams. M.J. 2005. Rana cascador. 
m Lmnoo, M.J. ji:'.d.): Amphibian Declines: 
Tfle Conservation Status of Uni~ States 
Species. University of California Press, 

Berkeley. pp. 538-540. 
Pearl, C.A., Adams, M.J., Bury, R.B., and McCreary, 

B. 2.004. i\symmetric:al effec.ts of introduced 
bullfrog!! )Ranii t(itl:}btii.nal on native ranid frogs 
in Oregc:in. Copeia ;?.004:11-2 □. 

Pearl. C.A .. Adams, M.J .. and Leuthold, N. 2009. 
Dreeding hal..iitat and local population size of the 
Oregon spotted frog (Ra11a p~ti~a) in Oregon, 
U.S.A. Northwestern Naturalist 90 :136-147. 

Pearl, C.A, Adams, M.f., Leuthold, N., and Bmy, R. 
2.005a. Amphibian occurrence and aquatic 
invaders in ~ changing landscape: implications 
for Mtland mitigation in the Willamette Valley, 
Oregon, USA. Wetlands 2576-88. 

LITERATURE CIT£D H9 



Pearl, C.A.. Bowerman, J. and Knisht. D. 2005b. 
Feeding behavior and aqu.at:c hal>itat use by 
Oregon spotted fmgs {Rana preiiosa) in central 
O1egon. Northwestern Naturalist 86:~6-38. 

Pearl, C.A., HuU, E.L .. Gll!-en, D.E., Bowerman, J., 
Adams, M.J. Hyatt, A., and Wente, W.H. 2007. 

Occurrence of the amphibian pathogen Batra. 
chochyiriu,n. dendrob,mdir in the Paci lie North­
west. Journal of Herpetology 41: r4s-149 . 

Pearl, C.A. and Hayes, M.P. 2002.. Predation by 
Oregon spotted frog1:1 (Rall.fl prcliosa) on western 
ta ads (Bufo boR"as) in Oregon. The American 
Midland Naturalist 147:145-152. 

Pearl, C.A. and Hayes, M.P. 2005. Rana prdiosa, in 

Lannoo, M.J. {Ed.): Amphibian Declines: The 
Cons.erva1ion Status ofUnjted Slates Species. 
University ofCaliforma Press, Berkeley, 
pp.577-580, 

Pearl, C .A., Hayes, M.P., Haycock, R . Engler, J .D, 
and Bowerman, J. i.005c Observations of 
interspecific arnplexus between western North 
Am<"rican ranid frogs and the introduced 
American bullfrog [Ratr.a C!llcsbe11111!l) and an 
hypothesis com:ermng breeding interferen~e. 
The American Midland Naturalist 1>4: 

126 134. 
Pearse. D. and Pogson. G. :..ooo. Parallel evolution 

of the melanic form ofthr Califorma :egless 
lizard, Anmdhi p1.1fohra, inferred from mitochon­
drial DNA scql1cn,:c V3.r1atio11. Evolution 
54:1041-1046. 

!'eek, R. 2010. Landscape Genetics of Foothill 
Yellow-Lessed Frogs (Rlll1a &oylii} in Regu'.ated 
and Unregulated River.;: Assessing Connectivity 
and Genetic Fragmentation. Master's Thesis. 
University of San Fr;mcisco, San Fr;tncisOJ, CA. 

Perl::ins. C.B. 1938. The snakes of San Diego 
County with descriptions and key. Bulletin of the 
Zoologi.::a I Soci~y of San Diego ip-66 . 

Perry. G., Bu,:hanan, B.W .. fisher. R.N., Salmon. 
M ., :md Wise, S.E. 2008. Effects of artificial 
nigh! lighting on amphibians and reptiles 
in urban environments, in Mitchell, J.C., 
Brown.) .. and Bar1holomew. B. (Eds): 
Uriian Htrpekilogy, Society fer the Study of 
Amphibians and Reptiles. Salt Lake City, UT, 
pp.239-256. 

Perry, G. and Fisher, R.N. 2.006. Night lights ,md 
reptil~: observed and potentiil effects, in Rich, 
C. and l.ongcore, T. (Eds}: Ecol.ogic:al Conse• 
quences of Artificial Night Lighting. Island 
Press, Washington, DC. pp,169-191. 

Petr.mka. J.W. 1998 Salamanders of the Unhed 
States and Canada. Smithsonian Inslitutiori 
Press, Washington, DC. 

340 LITERATURE CITED 

Pfennig. D. I990. The adaptive significan~ of an 
environmentally-cued development;al switch in 
ananuran tadpole. Oecologia 8s;ro1-107. 

Phillipsen, I.C., Funk, W.C., Hoffm.m, E.A., 
Monsen, K.1., and Blouin. M.S. 2011 . Compara­
tive analyst"s of effecti~ population size within 
,md ;i.mong species: r,mid frogs as a case study. 
EvolutLOu 65 :29.27-2945. 

Pianka, E.R. and P,nker, W.S. 1975. faulogy of 
horned lizards: a review with special reference to 
Phrynasoma pl.ityrfiinru. Copeia 1975:141-162. 

Picco, A.M., Brnnner , J.L .. and Collins, J.P. 2007. 

Susceptibility ofthe endangered California tiser 
salamander, Arnbystomii c,i,liforni~ASe, to 
Rana.virus infection. Journal of Wildlife Diseases 
4r286-z90. 

Pilliod. D.S .. Bucy. R.B .. Hyde, E.f., Pead, C.A., and 
Corn, P.S. 2.003. Fire and amphibians in North 
America Forest Ecology and Management 
178:163 181. 

Pilliod, D.S. and Jlronzuto, J.A. 2.005. Ambysloma 
mAcrodl'lclylum, in Lannoo. M.). (Ed.); Amphib­
ian Declines: The Con,ie1va1ion Status of United 
States Species. University of California Press, 
Berkeley, pp.617 62.1. 

P11lmd, D.S .. and Peterson, C.R. loor. Local and 
Jandscapc dfc,:ts of introduced trout on amphib­
ians in histoncally fishless watersheds. Eco~s­
tems 4 :p.2-333. 

Piovia-Scott, J., rope, K.L., Lawler, s.r., Cole, E.M. 
and Foley, J.E. 2011. Factors related to the 
distribution and prevalence of the fungal 
pathogen Batrachochytri111n d~11aro&atidi~ in Ra11a 
,ascadae and other amphibians in the Klamath 
Mountains. Biological Conservation 
14 4: 2913-2.921, 

Piry, S ., Luikart, G., and Cornuet, J.M. 1999. 
BOTTLENECK: a computer program for 
detectlng recent reductions in the effective si-ic 
using allele frequenq data. Journal of Heredity 
90:502.-503. 

Platz, pl. 1976. Biochemical ~nd rno1phological 
variation of leopard frogs in Arizona. Copeia 
1976: 660-672. 

Platz:, J.E . 1988. Rana )'(lMpaic:11-Si~. Catalogue of 
American Amphibians and Reptlles 418:1-2 . 

Platz, J.E ., Clark.son, .R.W., Rorabaugh, J.C., and 
Hillis, D. M. 1990. R,ma brrlandieri: recently 
introduced popul.Jtions in Arizona and south~st­
ern California. Copeia 1990:')24-J33. 

Platz, J.E. and Frost, D. r984. Rana )'llVapaitmis, a 
new species ofleopard frog tRana pipiens 
complex). Copeia 1984:940-948. 

Plat.:, J.E. and Mecham, ).S. 1979. R.ina chiric11-
J11-1~n£is, a new species of!eopard frog ( Rana 



pipiens complex) from Ariwna. Copeia 

1979 :383-390. 
Platz, J.E . :md Pbtz, A.L 1973. Rana p1pifm 

complex: hemoglobin phenotypes of sympatric 
and allopalrk JJ0pula1ions in Arizona. Science 
r79 :1334-1336. 

Pollett, ICL., MacCrack.en, f.G. and Mac Mahon, J.A. 
:'I.Oto. Stream buffers ameliorate the effects af 
timber harvest Oh amphibians in the Caso.de 
Range of Southern Washington. USA. Forest 
Ecology and Management 260:ro83-10S7. 

Pomeroy, L.V_ 19&1. Developmental Polymorphi'lm 
in the Tadpoles of the Spadefoat Toad Scaphiopw, 
mulliplicalus. PhD Dissertation. University of 
Californi:a, Riverside. 

Pope, C.H. 1939. Turtles of the United States and 
Canad:a1. AA Knopf, New York. 

Pope. K .. Brown, C., Ha~s, M., Green. G., and 
Macfarlane, D. 2014. Ca'.iC.idcs frog Conserva­
tion Assessment. United States Department of 
Agricultun>, Forest Service, General Technical 
Report PSW-GTR-244 32, 116pp. 

Pope, K.L. 2008. Ass~sing changes in amphibian 
population dynamics following experimental 
manipubtions of introduced fish. ConserYation 
Riology u :1572-1581. 

Pope, K.1., Garwood, J.M., Welsh, H.H., Ir., and 
Lawler, S. P. :2008. Evidence of indirect impacts of 
introduced trout on native amphibians via 
facilitation of a shared predalor. Biological 
Conservation 141:1321-13}1, 

Pope, K.l. and Larson. M .D . .2013 . Slalus of the 
Cascades Frog (R,u1t.1 C.z..m:ido.e) in the Southern 
Cascade Mountains of California_ Final Report to 
tbe United States Fore!it Servi(e for the years 

20 08-2012. ISA Ir 12-05-06-02. 

Pope, K.L, Larson, M.D., and Piovia-Scott, ). 2011. 

Status of R~mnant Populations of Cascad~s Frog~ 
(Raiw rnscadae) in the Lassen Area of California. 
Ora.ft Final Report to the United Sta.te:9 Forest 
Sf'.rvlce, l...aiJsen National forest. 

Pope, S.E., Fahrig, L. :md Merriam, H.C. 2000. 

[,;mdsc~pc complementation and melapopulation 
effects on leop.1rd froi:! populations. Ecology 
81: ;:498-2)08. 

Pollg:h, f.H. 1974. Uma scopiiria. Catalogue of 
American Amphibians and Reptiles '5J: 1-2. 

Pounds. J.A-. Bustamante. M.R., Coloma, L.A .. 
Gomuegra, J.A., Fogden, M.P.l., Foster, P.N., La 
Marca, E. et al. 2006. Widespread amphibian 
extinctlons from epidemic disease driven by 
global warming. Nature 439:161-167. 

PRBO (PRBO Conservation Science), 2011. 

Projected effects of climate change in California: 
ecoregion<1I su mm.a ries emphasizing conse-

quenccs for wildlife. Version 1.0. Accessed 
January 30, 2012. http://data.prbo.org/apps 
/bssc/dimatechange. 

Price, A.H. and Sullivan, B.K. 1988. Bu.fo micro• 

scap)rn,. Catalogue of Ameri(an Amphibi;ins and 
Reptiles 41p 3-

Prugh. l..R .. Hodges. JUL. Sinclair, A.R.E., and 
Brash;ires, J .S. 2008. Effl'ct of habitat area and 
isolation 011 fragmented animal populations. 
Proceedings of the National Academy of 
Sciences of the United States of America 
ws:207.10-20775. 

Pyke, C.R. ~005. Interactions between habilat loss 
and climate change: implications for fairy 
shrimp in the Central Valleyeco~ion of 
California. U.S.A. Climatic Change 68:199-2.18. 

Pyron, R.A. and Burbrinlc, F.T. 2.009. Neogene 
diversification and taxonomic stabili.ty in 1he 
sn.ike tribe Lampropeltini (Serpentes: Colubri­
rlae] . Molecular Phylogenetics and Evolution 

;z:52 4-5 29 . 
Rainey, W.E. 198i. Cenetk V.iriation in A1111idla 

nigro. Attachment in Bury. Status Report. 
Atinidla nign:i , in Central Califumia. Offi(e uf 
Elnd;mgered Species, United States Fish and 
Wildlife Service, Portland, OR. 

Rathbun, G.B., lennings, M.R., Murphey, T.G.,and 

Siepel, N .R. 1993. Statm a11d Ecology of Sensitiwe 
Aquatic Vertebrates in Lower San Simeon and 
Pico Crttb, San Luis Obispo Countr, California. 
Final Report under Cooperative Agreement 
14-16-0009-91-1909 between U.S. Fish and 
Wildlife Service and California Department of 
Park!! and Recreation. PubHcation No_ PB93-

2.30779, Nation.ii T(X:hnical Information Service, 
Spiingfield, VA. 

Rathke, M.H. 1813. Trilcn :orosus, in Zoologischer 
Atla.s, entha.ltend Abbildun~n tind Be'.iChreibun­
gen neuerThierarren, w:ihrend des folottcapitains 
von Kctzebue 2weiler Reise um die Wch, auf 
Russiscb-K.aiserHch Kriegsschupp Predptiaetie 
in den Jahren r823-[!1.26 herausgegeben mn D. 
Martin Heinrich Rathke. mnnes Heft. C. 
Reimer, Berlin, pp.1:.:-14. (In c~rman) 

Ray. C. 195&. Vital limits and rates of desiccation in 
salamander.. . Ecology ~9 :75-83. 

Recuern, R., Martinez-Solano, I., Pa.rn-Olea, G. , 
and Garcia-Paris, M. wo6a. Pbylogeography of 
Psrnducris n:gilla (Anura: Hylid..e} in western 
North America, with a proposal for a new 
taxonomic r~anangement. Molecular Phyloge­
nelics and P.volution 39:293-304. 

Recuero, R., Martine2.-Sol.ano, I., Parra-Olea, G., 
and Garcia-P:nis, M. 2006b. Corrigendum tn 
"Phylogeography of Pscudacris rrgillti (Anura: 

Ll'L"l:KAl\llCE CJTEU }4l 



Hyli.dae) in western North Amt!rica, with a 
p10po~I for ii new taxonomic reanangcment" 
[Mol. Phylogenel. Evol. ~9 {.2.006) 293-)04]. 

Molecul.u Phylogenetks and Evolution 41:511. 
Reeder. T.W .. Cole, C .J., and Dessauer, H.C. 2002. 

Phylogenetic relationships of whiptail lizards of 
the genus c~emid(;pitc,ru, (Squamata: Teiidae) : a 
lest of monophyiy, rccvalu.ition ofkilryotypic 
e~olution, and review ofhybrid origins, i\meri• 
can Museum N°"itates 336s:1-6r. 

Reese, D.A. 1996. Comparative Demography and 
Habitat Us-c of Western Pond Tu1tles in Northern 
Califomja: The Effects of Damming and Related 
Alterations. PhD Dissertation. UniYEr~ity of 
California, Berkeley. 

Reese, D.A. and Welsh. H.H., Jr. 1997. Use of 
teuestrial habitat by western pond turtles. 
Cl~mm,'1 mi.rmorat11: implications for m.1n~ge­
ment. in Proc<'edings of an ln~rnational 
Conference on Conse1vation, Res10ration, 
and Management cf Tortoises and Turtles . 
State University ofN<:w York, Purchase, 
pp.35 2 -357. 

Reese. D.A. and Welsh. H.H .. Jr. r998. Comparative 
demogtaphy of Clemrrzys m"rmornk'l populahons 
in the Trinity River of California in the ronte~t of 
dam-induced alt.erations. Journal of Herpetology 

32.: 5°~-515· 
Reeve, W. L. 1952. Taxonomy and dist1ibi1tion of lhe 

horned lizard genus Pluyn.o~o,r,a (family 
Iguanidae). University of:Kang.s Science 
Bulletin 34:817 960 . 

Reilly, S.B., Portik, D.M., Kao, M.S., and Wake, D.B. 
In Press. Discovery of a new, disjunct populition 
of a narrowly distributed salamander (T1mcha 
rivula.ris) in California prrscnts consC'rvat1on 
challenses. Journal of Herpetolosy 48. 

Relyea, R.A . .2.005a. The lethal impacts of Roundup 
and predatory stress on six species of North 
American tadpoles. Archives of Enviroriml"ntal 
Contamination and Toxicology 48:351-3>7. 

Relyea, R.A. 2005b. The lethal impact of Roundup 
on aquatic and terrestrial amphibians. 'Ecological 
Applications Ir m8 II 24. 

Relyea, R.A. 2008. A cocktail of contaminants: how 
mixtures of pesticides at low concentrations al'fect 
aquatic communilies. Oecologia 159:363 ~76. 

Relyea, R.A. and Jones. D.K. 2009 . The toxicity of 
Roundup Original M AX(R) to thirteen species of 
larval amphibians. Environmental Toxicolology 
and Chemistry 28:2004-2008. 

Remsen, J.V., Jr. c978. Bird species of special 
concern in California. C;i.liforni;i. DeJ)Jrtment of 
flsh and Game, Wildhfe Management Bram:h 
Report 78 (1) :1-6}Pp. 

j•O LIT~RATURE CITED 

Rt-ynolds, F.A. 1943,, Notes on the W!'Sl!'rn glossy 
snake in captivity. Copeia 194p96. 

Rhodin, A.G.J., van Dijk, P.P., Iverson, J.B., and 
Shaffer, H.B. 2010. Turtles ofth1e world, 2010 

update: annotated checklist of ta:wnomy, 
synonymy, distribution, and conservation status. 
Chcloni:rn Research Monographs 5:85-164. 

Richter, .K.O. and Azous, A. L. 1995. Amphibian 
occurrence and wetland characteristics in the 
Puget Sound Basin. Wetlands 1s;305-3r2. 

Rieder, J.P., Newbold, T.A. S., and Ostoja, S.M. 
2010. StructLtra1 changes in veaetatiDn coincident 
with annual grass invasion negatively impacts 
sprint velocity or small vertebrates. Biological 
Invasions 12:2429-2439. 

Riemer, W.J. 195.i!. Varia.lion and sy.stematic 
relationships within the salamander genus 
T"rirha. University of California Publications in 
Zoology 56 :301-390. 

Riley, S.P.D., Bus teed, G., Kats, 1., Vandergon, T., 
Lee, L., Dagit. 'R ., Kerby, J., Fisher, R .. and 
Sauvajot, R. 2.005 . Effects of urbanization ot1 
the distribution md abundance of amphibians 
and invasive species in southern California 
slreams. Conservation Biology t9: 

1894-1907. 
Riley, S.P.D .. Shaffer. H.B., Vo£3, S.R. and Fitz· 

patrick, B.M. 2003, Hybridization between a 

rare, native tiger salamander (Ambrstoma 
roUforni,msc) and its introduced congener. 
Ecological Apphcations l r r263-1275. 

Rissler, LJ . and Apodaca, r .J. 2007. Adding more 
ecology into species delimit;i.tion: ecological 
niche models and phylogeography help ddirn! 
cryptk species in the black salamander 
(A,wde~ Jla11ip11t1cti:rn.,s) . Systematic Biology 

56:92.4 942. 
R1t1er, W.E. 1897. The life-history and habits of the 

Pacific coast newt (Diemyi;lyl!+S torosus Esch.). 
Procef'ding.~ of the California Academy of 
Sciences, 3rd Series c:73-n4. 

Rochester, C.J., Brehme, C.S., Clark, D.R., Stokes, 
D.C ., Hathaway, S. A., and Fi~her, R. N. 2oro. 
Reptile and amphibian respons~ to large·scale 
wildfires in roulhern c~liforni.a. Journal of 

Herpetolog)l 44:333-w. 
Rodriguez-Robles, r.A., Bell, C.J., and Greene, H.W. 

1999a. Food h~bits of the glossy snake, Arizona 
elt:g(l11,1, with comp.a.ri!:.ons to the diet of sympatric 
lorig-nosed sn:.\:.e~, Rhinochi:ilm l~contei. Journal 
or Herpetology H :S7-92.. 

Rodriguez-Rubles, J.A .. DeNanlo, D.F .. and Staub, 
R.B. 1999b. Phylogeography ofthe California 
mountain .bngsnake, La.rnpropelti.s za~ala 
(Colubndae). Mol~c.ular Ecology 8 :1923-1934. 



Roorigue.:•R.obles, J .A. and Galina-Tessaro P. 2006. 
Natural history notes: Thamnophi~ nammMdii. 
Diet. Hetpetological Review 37:35s. 

Roelants. K., Gower, D.J., Wilkinoon, M., Loader. 
S.P., Biju, S.D., Guillaume, K., Mori.tu, L, and 
Bossuyt, F. 2007. Global patterns of di>'ersifica­
tion in the history of modern amphibians. 
Proceedings. of the National Academy of 
Sden~s. USA 104:887-892. 

Rohr. J .R., Schotthoefer. A. M .. RaITel, T. R., Canick, 
H.J., Hal.stead, N., Hoverman, J.T .. Johnson, C.M. 
et a!. 2008. Agro<hemkals in<rease trematode 
infections tn a declining amphibian spMies. 
Nature 455:1:.35-1239. 

Romansic, [.M .. Diez, K.A., Higashi. E.M ., 
lohn50n, J.E., ~nd Rlaustein, A.R. :2009a. Effects 
of the pathogenic water mold SaproltgMiafeno: on 
survival 0L1mphibian larvae. Dise;ises of Agu~tic 
Org,misms 83:187-193. 

Romansic. l ,M .. Higashi, E.M .. Diez. K.A., and 
Blaustein, A. R. 2007. Susoeptibility of newly­
metamorphosed frogs to a pathogenic wate1 
mould (Saprolcgn-ia sp.). Herpetological Journal 
17 :1Gr-166. 

Romansic. J.M., Waggener. A.A .. Bancroft. B.A .. 
~nd Blaustein, A.R. 2009b. lnAuen~ of 
u!traviolct-B radiation on growth, prevalence of 
deformities, and susceptibility to predation in 
Cascades frog (Ra,ia cascadae) larvae. Hydrobio­
los ia 624: 219-z13 . 

Roos, M. 1992. The Hydrology of the 1987 1992. 
California D1ought. Te<bnical Paper. Slate of 
California Resources Agency, Department of 
Water Resources, Division ofFlaod Management 

Root, T.L., MarMym'.>\lo'Ski, D.P_, Mastrandrea. M_D .. 

and Schneider, S.H. 2005. Human-modified 
temperatures induce species changes: joint 
attribution_ Proa-edings of the N.itiona l Ac.idemy 
of Sden«s of the United States of America 
10:1.:7465-7469. 

RMt, T.L., Price, J.T. , H.:i.11, K.R., Schneidt"r, S.H .. 
Rosenzweig. C .. and Pounds. J.A . .1003. 
Fin serprint~ of global warming on wild animals 
and plants. Nature 42.1 :57-60. 

Rorabaugh, J.C . .:005 . Remapipiem, ln Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
Cilifornfa Press, Berkeley, pp.s70-577. 

Rorabaugh, J.C., Palermo, C.L., and Dunn, S.C. 
1987. Distribution and relative abundance of the 
flat-tailed horned lizard { Ph')'1'1.0Soma mcallii) in 
Arizona. The Southwestern Naturalist 
32:rn3-109. 

Rorabaugh, J.C., Sredl, M.J., Miera, V. , and Drost, 
C.A. 2002.. Continue<! invasion by an i.ntrociuced 

frog (Rana b~rlatidieri): southwestern Arizona, 
southeaslern California, and Rio Colorado, 
Me:tico. The SouthwesLern Naturalist 47:u.-20. 

Rorabaugh, J.C. and Young. K.V. 2009. Flat-tailed 
hom!"d. lizan:I, Phr}'ttosoma mtaH:ii {Hallowell, 

18ri), in rones, L.L.C. and Lovich, R.E. (Eds .): 
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 
tnonomic partitioning ofthi- Thamnophiselegims 
complex (Serpentes, Colubrid;i,e). Occasional 
Papers of the Museum cf Zoology, Louisian.i 
State University src-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 Thamnopkis couch ii (Serpentes: 
Coluhridae). Occasional Paper:,; of the Museum 
of Zoology, i.Ql,lisi~na State University 6p-25 

Rovito. S.M. 2010. Linease diversence and 
spe<:iation in tht web-toed salamanders (Pktho­
dontidae: Hydronumtes) of th€ Slena Nevada, 
California. Molecular Ecology 19:4,54-4571. 

Rowe, J.C. and Garcia, T.S. 2013. Impacts of 
wetland restoration efforts on an amphihian 
assemblage in a multi-invader community. 

Wetlands 34:141-153. 
Royle, J.A. and Young, K.V. 2008. A hier.irchical 

model for spatial capture-recapture data. Ecology 
&9:22.81 2289 

Ruibal, R. 1959 . The ecology of a brackish water 
population of R,m~ pip•~ns. Copcia 1959 ; 315-322. 

Rundio, D.E and Olscon, D.H. zo□ r. Pal~t~bility of 
southern torrent salamander I Rkyawtriton 
11ariegat14,j} larvae to Pacific giant salamander 
(Dicamprodon reridirom:5) Larvae. f ourn.tl of 
Herpetology 35-1H-I36, 

Ruppert, R.M. 2orna. A recent sighting of the 
banded Gila monster, jHe!odmnu sJ+Spectum 
dnchim) m Mojavi: Nationai Preser~e, California. 
Mojave National Preserve Science Newgletter 
2.010· 1-3, 

Ruppert, R.M. zOJob. Geographic distribution: 
Heloderma mspcctum cinctmn. Herpetological 
Review 4::107. 

Rl,lssell R.W. and Anderson, J.D. r956. A disjunct 
population of the long-nosed salamander from 
the coast of California. Herpetologica 
u:137-140. 

Ruthlmg, P. D. 1915. H ibemation of reptiles in 
southern Californ1a. Copeia 191po-r1. 

Ruthven, A.G. 1907. A collection of reptiles and 
amph1b1a.ns from southern New Mexico and 

UTrkATLJR~ CIT~!) 343 



Arizona. Bulletin of the American Museum of 
Natural History i3:483-604. 

Ryan, M.E., Johnson, J.R .. and Fitzpatrick. 1' M. 
2.009. Invasive hybrid tiger sal.:i.m:rnder geno­
types impact native amphibians. Proceedings of 
the National Academy of Sciences of the United 
St;i.tes of America. ro6:nr66-n171. 

Salt, G.S. 1952.. The bell load, Ascaphi.u truti, in 

Mendocino County, Cahforma. Cope1a 
19p:193-x94. 

Sartorius, S.S. and Rosen, P.C. 2000. Breeding 
phenc,logy ofth~ lowland leopard frog 1Ra11a. 
ya~pai~iisis): implications for conservation and 
ecology. The Southwestern Naturalist 
45:267-273-

Sattll"r, P_W_ r<;180_ Genetic relationship~ among 
sclcctcd species cf North American SCDphVYpus . 
Copeia. 198-c:605 610. 

Sauer, J.R .. Hine!;, J.E .. Fillion, J.E .. P.ndieck, K.L., 
Ziolkowski, D.J ., Jr., and Link, W.A. 20n. The 
North American Breedmg Bird Sur'n!y, Il"SUlts 
and,malysis 1966-2009. Version 3.23-wu USGS 
Patuxent Wildlife Research Center, Laurel. MD. 

Savage. W. K. 2008. Landscape Genettcs and 
Phylogenetic Relationships in the AmbyslQm(l 
mac;;rodai;tyhm1 sped~s complex. PhD Disserta­
tion. University nfCaliforma, Davis. 

Savage, W.I<., Ftemier, A.K., and Shaffer, H B 
20m. Landscape genetics of alpine Sierra Nevada 
salamanders reveal e~treme population subdivi• 
sion in space and time. Molecular Ecology 
19:33°1-3314· 

Schloegel. L.M .. Picco, A.M .. t::ilpatrlck. A.M .. 
Davies, A.J., Hyatt, A.D., and Daszak, D. zoo9. 
Magnitude of the U.S. trade in amphibians and 
presem.:e of Batrui:Jiod,ytrium drndrolmtidis and 
Ranavirus inrection in imported North American 
bullfrogs (Rana wlcsbdana]. Biological Conser­
vation 142:1420-1426. 

S,;;hmidt, B.R. and Zumbach, S. 2008. Amphibian 
rood mortality and how to prr,vent it: a review, in 
Mitchell, f .C., f ung Brown, R.ll. and Bar· 
tholomew, 1::1. {Eds.J: Urban Herpetology. Society 
for the Study of Amphibiam and Reptiles, Salt 
Lake City, UT, pp.157-167. 

Schmiedl"T, R.R. and Nauman, R.S. 1994. Effects of 
Non-Native Aquatic P~dators on Premetamor· 
phic California Red-1.eggl"d Frogi. (Rana aurora 
drayronii) . University of California, Sant.I Cruz, 
12pp, 

Schoenherr, A.A. 1976. The Herpetofauna of the 
San Gabriel Mountains, Los Angeles County, 
California, including Distribution and Biogeogra­
phy. Special P11blkation No. 1. Southwestern 
Herpe(ologists Society. Van Nuys, CA. 

344 !.l'l"f~ATIJ II.~ Cll'l::ll 

Schreber, H. 1782. Der Naturforscher. Johann Jacob 
Gebaur, Halle. (In German} 

Schulte, J.A., Macey, J.R., and Papenfuss. T.J. 2.006. 

A genetlc perspective on the geographic 
.assoc.iation oftaxa among arid North American 
lizard~ of the Si;doporn~ mc.g15ter { Squamata: 
lguanidae: Phrynosomatidae). Molernlar 
Phylogenet1cs and Evolution l9 :873-880. 

Scott, N.J ., Rathbun, C.B., Murphey, T.C., and 
Harker, M.B. 2008. Reproduction ofl'acific pond 
turl!es (ActirJemys macrmorakl) in coastal streams 
of central California. Herpetological Con$etva­
tion and Biology p43-148. 

Searcy, C.A. and Shaffer, H.B. :1.008. Calculating 
biologically accurate mitigation credits: insights 
from the California tiger salamander. Conserva. 
tion Bi.ology .22 :997-1005 . 

Searcy, C.A. and S.hafft!r, H.B. 2011. Ot!termining 
the m1gn1tion dist,mc:e ofa vagileverrn1l pool 
specialist: bow much land is required for 
conservation of California tiger salamanders?, 1n 

Alexander. D.G. and Schlising. R.A. (Edsf: 
Research and Recovery in Vernal Pool Land· 
scapes. Stlld1es from the Herbarium, No. 1G. 
California State Univeuity. Chlco, pp.73~87. 

Secor, S.M. 199>· Ecological aspects of foraging 
mode for the snakes Crow!us cc:rastes and 
Mu5ticophi:.flagr:lltml. Herpetological Mono· 
graphs 9:169 186. 

Seeliger, LM. 1945. Variation in the Pacific mud 
turtle. Copeia 1945 :150-159. 

Setser. K. 2004. Natural His101y, Demography. and 
Home Range Characteristics of a Southern 
California Popu1ati,m of Phrynosoma 1t1callii 
lnhabitin~ Atypical Habitat. Master's Thesis_ 
Utah State University, UJgan. 

Sever, D.M,, Moriarty, E.C., Rat1i.a, L.C., and 
Hamlett, w_c_ 2001. Sperm storagl:! in the 
oviduct of the internal fertilizing frog Ascapkus 
tr~i. Journal of Morphology 248 :1-21. 

Shaffer, H.B .. Cook, D., Fitzpatrick, B.M., Leyse. K., 
Pkco, A .. and Trenham, P.C . .1.009. Guidelines 
for the relocation of California tiger ~a famanders 
(A,n&:ysloma californienst). Report United Stal<'S 
Fish and Wildlife Service, Sacramento, CA. 

Shaffer. H.B .. Fellers. C.M., Magee, A., and Voss, 
S.R. woo. The geneti(s ofamphibian declines: 
l)(lpul;ition substructure ~nd molecular differen• 
tiation in the Yosemite Toad, Bufo ,anorus 
(Anura, D1.1fo1iidae) based on single•strand 
conformation pr,lymorphism analysis i SSC Pf and 
mitochnndrial DNA sequence data. Molecular 
l:mlngy 9:245-257. 

Shaffer, H.B., Fellers, G.M., Randal, V .. 01iver, J.C .. 
and Pauly, G.B. 2.004. Species boundaries. 



phylogeography a.nd con.sl!rvation gi"Tietics af the 
~-legged. frog (R,mi:i aurori:i/drn)ltQ1t11) complex 
Molecular Ecology 13:2667-2.677. 

Shedd, J., Bogiatto, R.J. :md Kirn, S.A 2cn. N:aural 
history notes: Phrynoso1t111- blain1J1Ui,. Commen­
.sa.lism. Herpe1Dlog1ca.l Review 4 2 :94 95 

.Shoemaker, V.H., McClanahan, L., and Ruibal. R. 
1969. SeaStJnal changes in body Auids in a 
field population of spadefoot toads. Cope1a 
1969 :585 591. 

Shuford, W. D. and Carda.Ii, T. {Eds). 2008. 

California .Bird Species of Special Concern: A 
Ranke,;,l Assessment of Species, Subspecies, and 
Distinct Populations of Birds of Immediate 
Conservation Concern in California. Studies of 
Western Birds 1. Western Field Ornithologist~, 
Camarillo, CA, and California Department of 
Fish and Game, S;icramento. 

Sinclair. E.A .. Bezy, R.L., Bolles, K .. Camarillo, 
R.J .l, Crandall, K.A .. and Siles, J. 2004. Testing 
species bound.mes man ancient species complex 
with deep phylogeographic history: genus 
Xantusia (Squama.ta Xantus1idaeJ. The Amen­

can Natur~list r6F~96 414. 
Slater. J.R. 1939. Desmpllon and l1fe-bislory of a new 

Rana rrom Washington. Herpetolog1ca r:14'.) 149. 
Slevin, J. R. 1928. The amphibians of western North 

America: an account of the species known to 
inhabit California, Alaska, British Cohl mbia, 
Washington. Oregon. ldaflo, U1ah. Nevada, 
Ari=n:i, Sonora . .i.nd Lower California. Occa­
sional Papers of the California Academy of 
Sciences 16:1-152 

Smith, H .M . 1946. H:mdbook ofliz.i.rrls: Liza1ds of 
the United States and Canada. Comstock 
Publishing, Ithaca, NY. 

Smith, H.M .. Brown, LE .. Chiszar, D., Grismer, 
L.L .. Allen. G.S .. Fishbein. A .. Hollingsworth. 
B .D. et al. 1998. Crolalus rub.!r Cope, 1892 
(Reptilia, Serpi!nles): proposed prl"cl"dem:e of thE. 

specific llame over that of Crotalus e;cml Garman, 
1884. B111letin ofZoologkal Nornen.clature 
,s :229-2.32. 

Sneed, D.14 May 2009. Cuesta group makes 
monster find on field trip. The Tribunl", San Luis 
Obispo, 81. 

Snyder. M.A. and Sloon, LC. :1.005. Transient 
future climate over the western Unite.:! States 
using a regional climate model. Earth Interac­
tions 9:1-:2.1 

Snyder, M.A., Sloa.n, LC., and Bell. f.L. 2004. 
Modeled regional climate change la the hydro­
logic 1'gion.~ of California: a CO, sensitivity 
3(udy. Journal of the American Water Reoources 
Association 40: 591-6 01. 

Snydl!r, M.A., Sloon, LC., Diffenb,mgh. N.S .. and 
Bell. J.L. 2003 Future climate chanse and 
upwelling :n the California Current. Geophysical 
Rese-arcb Letters 30:1-4 

Sparling. D.W. . felle~. G.M .. and McConnell. L.L 
2om. Pesticides and amphibian poplll.:ition 
declines in Cahfornia, U.S.A. Environmental 
Tol(icology and Chemistry 20 :1>91-159s. 

Spear. S. F and Storfer, A. 2008. landscape genetic 
structure of coastal tailed frog:;i (Aswpl1u.s iru~i) 
m protected vs. m;maged. forests. Molecular 
Ecology 17:4642-4656. 

Spe;ir, s.r. and Storfer, A. 2.010 . Anthropogenic and 
natural disturbance J.,.ad to differing patterns of 
gene flow in the Rocky Mountain tailed frag, 
Ascaphus montanus. Biological Conservation 

14377S-786. 
Spen.::.er. W.D., Bejer. P., Penrod, K .. Winters, IC, 

Paulman, C .. Rustigian-Romsos, H., Strirtholt, 
J., Parisi, M, and Pettier, A. 2010 . California 
Essential Habitat Connectivity Project: A 
Strategy for Conserving a Connected California. 
Prl"pared for C.i.lifornia Department of 
Transportation, California Department of fish 
and Game, and Federal Hlghwa~ 
Admm1s1ra.llon. 

Spinks, P.Q .. Pauly, G. B .. Crayon, J.J .. and Shaffer. 
1-1 .B. 2003 . Survival of the wcsk!rn pond turtle 
(Emyi ~r111oraia) in a11 urban California 
environment. Biological Conservation 
113:2.57-2.67. 

Spinks, P.Q. and Shaffer, H.B. 2005 . Range-wide 
molecular analysis of the western pond turtle 
(Emys m11rmon1!11-): cryptic vaziation, isolation by 
distance, and their conservation implications. 
Molecular Ecology IFlc47-2064. 

Spinks, P.Q. and Shaffer, H.B. 2009. Conllicting 
mitochondrial and nuclear phylogenies for the 
wi~ly dlsjunct 5mys (Testudines: Emydidae) 
specil"s complex, :ind what they tel I us about 
biogeography and hybridization. Systematic 
Biology 58:1-20. 

Spinks. P.Q., Thomson. R.C., lovely, G.A., and 
Shaffer, H.B. 2009. Assessing ¥<hat is needed lo 
resolvl! a molecular phylogeny: simulations and 
empirical data from emydid lurtles. BMC 
Evolutionary Biology 9:56 

Spinks. P.Q .. Thomson, R.C., and Shaffer, H.B. 
2.010. Nudear gene phyl¢geography 1eveal5 the 
historic.al legacy of an ancient in fand sec1 on 
lineages of the western pond turtle. Emyi­
marrni:iraia in California. Mob::ular Ernlogy 
19 :54.;-56, 

Spinks, P.Q., Thomson, R.C., and Shaffer, H.B. 
2014. Thi" advantagl"s of going large: genome-

!.lTF.JIITU:aE CITED H'.i 



wide SNJ>s clarify the complex population history 
and systematics of the threatened western pond 
turtle. Molernlar Ecc,logy 2r 22.2B 22.4 I 

Sredl, M.J., Collins, E.P., and Howland, J.M. 1997. 
Mark-Recapture Studies of Anzona leopard 
Frogs. Arizona Came and Fish Department 
Phoenix. 

Stanila. B.D. 2.009. Morphology and Demography 
of Sonoran Mud Turtles (Xinoslmton so11or111n1e) 
along an Aquatic Habitat Permilnence Gradient. 
Master's Thesis. Univet'3ity of Central Oklahoma, 
Edmond. 

Staub, N. and Wake. D. 2005. Aneidtsjl11vipuni;l1i­
ius. in Launoo, M.J. (Ed.): Amphlbia11 Declines: 
T Ile Conservation Status of United States 
Species. University of California Press, Berkl"ley, 
pp.660-661. 

Staub, R.E. and Mulks, M.F. :..009. Preliminary 
Assessment of Habitat Dama Be in th~ Laguna 
Mountains md lmp;tcts on the San Diego 
Mountain Kin~nake. Unpublished report. 

Stebbins, R.C. 1943. Acfapti!tlons m the nasal 
passascs fot sand burrowing in lhc saurian 
genus Uma. The A meri,:;an Naturalisl 77: 
38-52.. 

Stebbins, R.C. 1944. Some aspects of the ecology of 
the lguanid genus Uma. Ecological Monogr.:i.phs 
14:vr-332.. 

Stebbins, R.C. 194!!. Nasal structure in liz;i.rd.s with 
r1cferenc.e to olfaction and conditioning of the 
inspited ~ir. American Journal of Anatomy 
83 :183-22 [. 

Stebbins, R.C. 1951. Amphibians of Western North 
America. University of California Press, Berkley. 

Strbbins, R.C. 1954. Amphibians and Reptiles of 
Western North America. McGraw-Hill Book 
Company, New York. 

Stebbins, R.C. 1955. Southern occllm"nce of the 
Olympic salilmander, Rhygcotrilon olympicus. 

Herpetologica u: 238-239. 
Stebbins, R.C. 19;8. A new alligator lizard from the 

Panamint Mwntains, Inyo County, California. 
American MuseLtm Novitates 188r:17. 

Stebbins, R.C. J9)9· Reptiles and Amphibians of 
the San Francisco Bay Region. Uniln!rsity of 
California Press, Berkeley. 

Stebbins. R.C. 1966. Field Guide to Western 
Reptiles and Amphibians. Houghton Mifflin 
Company, Boston, MA. 

Stebbins, R.C. 1972. California Ampbib1ans and 
Reptiles, University of Califomi;i Press, 
Berkeley. 

Stebbins, R.C. 1985. A Field Guide to Western 
Amphibians and Reptiles:. Houghton Mifftm 
Company, BostDn, MA. 

346 LI: El\'-l'Ul'.E ClTED 

Stebbins. R.C. 2.003. A Field Guide to Western 
Reptiles and Amphibi:ms. Houghton Mifflin 
C.Ompa.riy, Bos10n, MA. 

Stebbins, R.C. :md Lowe, C.H. 1951. Subspecific 
differentiation m the Olympic salamander 
R/i.yricotritD/1- olympicus. University of California 
Publications in Zoology 50:465-484. 

Stejneger, L. 1899. Description of a new genus and 
species of d1scoglossoid toad from North 
America. l'roceedinss of the United Sla~s 
National M11SeL1m :1.1:899-901. 

Stewart, C.R. 1972. An unuwal record Dfsperm 
storage in a female garter snake jgenus Thcimna· 
phfa). Herpetologica 28:146-347. 

Stewart, LT., Cayan. D.R., and Dettinger, M. 2005. 

Changes tow;i rd earlier streamAow timing actos:s 
wcstun North America. lourn.al of Climate. 
18: !1}6 115~. 

Stoddard, M.A. and H .. yes. T.P . .2.005. The influence 
of forest manag,!ment on headwater stream 
amphibians at multiple spatial scales. Ecological 
Applications 15:81r-Bi-3-

Sto11,e, P.A. 2001. Movements and demography of 
rhe Sonoran mud t1.1.rtle, Kino~ternon simorienst. 
The SouthWi=stern Naturalist 4G:4J-S3. 

Stone, P.A., Bilbb, M.IL, Stmila, B.D., Kersey, C., 
and Stone, Z. 2005. Nalural history notes: 
K1n.ostunon sonoriel»t. Diet. HerpetDlogical 
Review 36:167-IG8. 

Slone, P.A., Stone, M.E.B., Stanila, B.D_, and Locey, 
K.J. 2.0JL. Terrestrial Aight respense: a new 
mntex.t for terrestrial activity in Sonoran mud 
turtles. The American Midland Naluralisl 
165= 12B-136. 

Storer, T.l 192>. A synop~is of the amphibi.a of 
California. University of California Publications 
in Zoology 27'.t-}42., 

Storer, T.l. 1930. Not!".s on the range ~nd life-history 
of the Pacific fresh-water turtle, Clem1t1ys 
m-w-morota. University of California Publications 
in Zooiog~ ~5=42r-44r. 

Storm, R. M. 1960. Notes on tbe breeding biolO'ijy of 
the red-legged frog jRana a11rorn aurora). 
Herpetologica 16: 251-2~9. 

Storm. R.M. and Pimentel, R.A . 1954. A method far 
studying amphibian breeding popl1lations. 
Herpetologica Jo: 1fo-r66. 

Stralberg, D., Jongsomjit, D., Howell, C.A., Snyder. 
M.A., Ale1Cander. (.D., WJcns, J.A .. and Root. T.L. 
:2.009. Re-shuffiing cf species with dima1e 
disruption: a no-analog flltllre for California. 
birds? PlOS ONE 4:e6g25. 

Stromberg, M.R. 1997. Natural history notes: 
Taricha tC1roS11-. Response to fi1e. Herpetolosical 
Review 28:82-83. 



Stuart, S.N., Chanson, J.S .. Cox, N.A., Young, B.E., 
Rodrigues, A.S.L., Fischman, D.L., and Wa1!£r, 
R.W. 2004. Status and trends of amphibian 
declines and extinctions worldwide. Science 
306'.1783-1786. 

Suarez, A. and Case, T. 2002. Bottom-up effects on 
persistence of a spe,:ialist predator: ant invasions 
and homed lizards_ Ecological Applications 
12:291-z98. 

Suarez, A., Richmond, J .. and Case, T. :woo. Prey 
selection in homed lizards fullowing the invasion 
of Argentine ants in ~outhern California. 
Ecological Applications 10:711-7 25. 

Sullivan, B.K. 1981. Distribution and relative 
ubu ndance of snakes along a transect in 
California. Journal of Herpetology P;:247-248. 

Sullivan, B.K. and Fernandez, P.J. 1999. Breeding 
activity, estimated age-structure, and growth in 
Sonoran Desert anurans. Herpemlogica 

}s:334-343. 
Sulliv~n. B.K and Malmos, K_n_ 1994. Call 

variation in the Colorado River toad (B11-/0 
nlvciriITT'): behavioral and phylogenetic implica• 
tions. Herpetologka 50: 146-1~6. 

Sun, M.C. 2ou. Batr'!lc~othytrium ,hndrob~ticfo 
Prevalence in NoTthern Red-Legged r-rog,i {Rana 

aurora): ro Years Later. Master's Thesis. Hum­
boldt State UniYersity, Arcata, CA. 

Survey and manage program. 2010. Annual Species 
Re...iew. USDI Burea of Land Management. 
Available from http:/ /www.blm.gov/ or/plans/ 
surveyandmanage/species.php 

Sutherland. R.W .. Du.nnin!!, P.R., and Baker. W.M. 
:i.010. Amphibian encounter rates on roads with 
diffe1ent amounts of tra.ffo: and urbanization_ 
Conservation Biology 24:1626-1635. 

Sweet, S.S. 1992. Initial Report on the Ecology and 
Status of the Arroyo Toad ( Befo m1cmrn,phu1 

c11!Jfomirns1 on ihe Los Padres National Fores! of 
Southern California, with Management Recom­
menda1ions. Lo~ Padres Nation.al Fore~t, Goleta, 
CA. 

S'Wl!et, S.S. 1993. Second Report on the Biology and 
Status of the Arroyo Toad (Bufo miuomiphu~ 
wJlfomicus) on the Los Padres National Forest of 
southern C.i.lifornia. Lo:; Padres National Forest, 
Goleta, CA. 

Sweet. S.S. and Leviton, A.It 1983. Geogr~phic 
distribution: Rana ,mrora drt1}'toni. Herpetologi­
cal Review 14:27. 

Sweet, S.S . .i.nd Sullivan, B.K. 2005. B~fe califemi­
au. in Amphibian declines: the consuvation 
.statns of United States species, Lannoo, M.]. 
[Ed.( University of California Press, Berkeley. 
pp.396-400. 

Sype, W.E. 1975. Breeding Habits, Embryonic 
Thermal Requirements and Embryonic and 
Larval Development of the Cascade Frog, Rana­
cnscad11c Slater. PhD Dissertation. Oregon State 
Untversity, CorvallL'I. 

Tait, C.K. and Diller, LV. 2006. Life history of the 
s.outhern. torrent salamander lRh}'t"otriton 
Vllriegzitu.,) in coastal northern Ca!ifomfa. 
Journal of Herpetology 40;43-54 

Tan, A.M. and Wake, D. 1995. MtDNA phylogeogra­
ph}' of the California newt, Tnrid1a toro~a 

(Caudata, Salam.indridae). M~lecul,R Phyloge­
netics and Evolution 4:1&3-394. 

Tejon Ranch Conservancy. 2008. Tcjon Ranch 
Conservation and land Use Agreement. Available 
from: h1tp:/fwww.tejonconservancy.org/. 

Tevis, L., J1. 1943. Field notes on a red rattlesnake in 
Lower California. Copei.i 194F.i42-245. 

Thomas, C.D .. Cameron. A .. Green. R.E .. Bakkem:s. 
M., Beaumont, L.J., Collinf!harn, Y.C .. Erasmus, 
B.F.N., de Sigueira, M.F .. Gr3inger, A., and 
Hannah, L zoo 4. Extinction risk from di mate 
change. Nature 42.7: 145-148. 

ThompSoCln, C.. Sweitzer, R., Gabriel, M., Purcell, K., 
Banetl, R. and Poppenga, R. 2oc4. impacts of 
rodenticide and inse.::ticide toxic.ants from 
marijuana cultivation sites on fisher survival 
rates in the Sierra N,1tion .. l Forest, C,1lifornia. 
Cons+!rvation Letlers 7:9J-102 

Thomson, R.C., Spinks, P-Q-, and Shaffer, H_n_ 
2010. Distribution and abundance of invasive 
red-eared sliders {Trm;l,emys s~ri-pta efogmis) in 
California's Sacramento river basin and possible 
impacts on native western pond turtles (f1t1~s 
marmorata). Cheloni:m Conservation and BiolDf!y 

9: 2 97-J0J. 
Tihen, J.A. 1962. Osteologkal observations on New 

World Bufo. The i\meric.1n Midland Naturalist 
6p57-183. 

Tinkham, [;.R. 196.2. Notes on the occurrence of 
5caphwpU5 co~diii in California, Herpetologica 
18:204. 

Tinkham. Ei.R. 1971. The biology of the Gila 
mons.ter, in Bucher), W. and Buckley. E.E. (Eds): 
Venomous Animals and Their Venoms: 
Venomous Vertebrates, Vol. 2. Academic Press, 
New York, pp.387-413. 

Todd. B. D .. Scott. D. E .. Pechmann. J-H, K-, and 
Gibbons, J .W. :z.on. Climal.e change correlates 
with rapid delay:s and iidvancements in n:produc• 
tive timing in an amphibian comrnunity. 
Proceedings of the RDyal Society Se1ies B 

278: 2191-2197. 
Tolleslrup. K. 1979. The Ecolosy, Social Structure, 

and Foraging Behavior of Two Closely Rela.ted 

LITERATURE CITED }47 



Species of Leopard Lizards. G11mbelm ~Jlus and 
Gamb£lia. wirlizm1i. PhD Djssertatlon. University 
of California, Berkelry. 

Tollestrup, K. 1981. The soci3l behavior and displays 
of 2. species of homed lizards, Phrrnosorna 
platyrhinos and Ph-rynowma i:oronat~. Herpeto­
logica 37'.13□ -14r. 

Tracey. J.A. 2000. MOYemrnl of Red Diamozid 
Rattlesnakes 1Crotalw.. rn/m') in He~rogeneous 
1:mdscapes in Co.a.stal Southern California. 
Master's Thesis. Un1ver.11ly of California. San 
Diego. 

li:acey. J.A., Zhu, J., and Crooks, K. 2005 A set of 
nonlinear regression models for ammal move­
ment in ~sponse to a single landscape feature. 
Journal of Agncultural Biological and Environ­
mental Statistics 10:1-18 . 

Trenham, P.C. 1998. Demography, migration , 3nd 
meta.population structure of pond breeding 
salamanders. PhD Dissertation. University of 
California, Davis, California. 

Trenham, P.C. and Shaffer, H. B 2005. A mphib1an 
upland habitat use and i~ cons-equences for 
population viab1ltt)I. Ecolog1ra l Appli, al ion~ 
1p158 n68. 

Trepanier, T.L. and Murphy, ILW. :.1001. The 
Coachella Valley fringe-toed lizanl ( Uma 
inorMtaJ: genetic diversity and phylogenetic 
relationships of an endangered species. Molecu­
lar Phylogenetks and Evolution 18:32-7-3}4 . 

Turner, F.B. and Medlca, P.A. L982. The d1stribu. 
tion and abundance of the !fat.tailed horned 
lizard {Phryt1050mri. rnmlliiJ. Copeia 
1982:815 823. 

Turner , F.B., Rorabaugh, J.C., Nelson, E.C., and 
fDTgemen, M.C . 1980. A Suryey of the Occur­
rence and Abundance of the Flat-Tailed Horned 
Lizard (Phryno.wtna m..::allii1 in California. 
Contract YA-;h-CT&-58. Unpublished Report. 

Turner. F.B .. Weaver, D.G .. and Rorabaugh, J.C. 
1984. Effects of reduction in windblown sand on 
the abundance of the fringe-toed lizard ( Umrl­
inornala} in the Coachella Valley, California. 
Copeia 1984:370 378. 

Twining. H. and Hensley. A. 1943. Disllibution of 
muskrats in C;i.lifornia. California Pi.sh and 
Game 29 : 64 78. 

Twitty, V.C. 1935. Two ne,,., spE-cif's ofTr itum~from 
California. Copeia. I9W73 80. 

Twitty. V.C. 1942.. The species of Californian 
Triturns. Copeia 1942:65-76. 

Twitty, V.C. 1955. Field expenments on the biology 
and genetic relationships of the Californian 
spe.::ies of Ttiluru~ . Journal of Experimental 
zoology r29:129-147. 

348- LITtKA1.V.1!.E Ci'1'.1:D 

Twitty. V C. l959· Mi8ration and speciation in 
newts. Science 130:1735-1743, 

1\l'itty. VG. L961. E.xperlments on horning beha\lior 
and spe.::iation in Taricha, in Blair, W.F. (Ed.): 
Vertebrate Specia.tion. University ofTelGilS Press , 
Au~tin, pp .. ,p5 459. 

Twitty. V.C. r964 . Tcirich11 rivuforis (Twitty}, 
red-bellied newt. Catalogue of American 
Amphibi3ns and Reptiles 9 :1-2.. 

Twiuy. V.G. L966, OfScientl5ts and Salarnandm. 
WH Freeman & Company, San Francisco, CA 

Twitty, V.C., Grant , D., and Anderson, 0. 1964. 
Long J ;stance homing in newt Tan'.cha rivularis. 
Proceeding'li of the National Academy of Sciences 
of the United States of America 51 :51-58. 

Twitty, V C., GT;i.nt, D., ;i.nd Anderson, 0. 1966. 
Course and timing of homing migration i.n newt 
Tn,icha rivufo,is. Procef'dings of the Nation.II 
Academy of Sciences of the United States of 
Amenca 5G:864-87I, 

Twitty, V.C., Grant, D., and Anderson. 0 . 1967a. 
I nittal homeward orientation after long-d i.stattce 
d1splacemenls in newt Taricha rivularis. 
Proceedings of the National Academy of 
Sciences of the United States of America 
5TJ42 -H8. 

Twitty, Y.C., Gran1, D., and Anderson. 0. r967b. 
Home range in relation lo homing in new I 
Taricha rivularis (Amphibia.: Caudata) . Copeia 
1967=649-65} 

Tyler, T., Llss, W.J., Ganio, L.M., Larson, G.L, 
Hoffman, R .. Deimling, E., and Lomnicky, G. 
l998. Interaction between introdLtced trout and 
larval salamanders (Am&ystoma macrodactyluMI 
in high-elevation lakes. Conservation Biology 
rz: 94 105. 

Ultsch, G. R. 2006. The ecology of ovcr,,.,intcrinB 
among turtles: where turtles overwinter and irs 

consequences. Biok>gical Revie~ 81:339-367. 
US Census Bureau. 2013. California Demographic 

Profile. Accessed August 27. 2014. census.gov. 
USDA (United State5 Department of Agriculture). 

2007. Census of Agriculture. Accessed August 
27, 2014 . http://www.agrensus.usda.gov 
/Puhl ications/ 2.007 / 0 n I ine_ Highlights 
/County_Profi.les/California/index.asp. 

USFWS (Umted States Fish and Wildlife Service). 
199 6. End;ingered ;md tl:ireatf'T!ed wildlife and 
plants: determination of threatened status for the 
California red-legged frog. Fedenl Register 
61 :25B13-:i.58n. 

US fWS. l997- Recovery Plan for the Threatened 
Marbled Murrelet (Brachyr11mp/11.1s marmoratus) 
ltl Washington. Oregon, and California. USFWS, 
Portland, OR. 



USFWS. 1999. Recovery Plan for lhe Arroyo 
Southwestern Toad. USFWS, Portland, OR. 

USFWS. 2002. Recovery Plan for the California 
Red-Legged Frog (Rana aurora drayto11ii). 
USFWS. Portland, OR. 

USFWS. 2008. Endangered. and ThTeatened 
Wildlife :ind Plants: 90-Day Finding on Petition 
to List the Amargosa Ri.ver Population of the 
Mojave Fringe•Toed Lizard I Uma scQparia) as 
Threatened or Endangered with Critical Habitat. 
Ventura, CA. 

U SFWS. 2.009. Arroyo Toad J-Ye-ar Rtvie-w: 
Summary and Evaluation. Ventllra, CA. 

USFWS. :1.011a. Endangered and threatl:ned wildlife 
a.nd plants; withdrawal of proposed rule w li~t 
the AaMailed horned liz;ml :I'> threatened. 
Federal Register 76: 14210-14268. 

USFWS. :i.011b. Endangered and threatened wildlife 
and plants; 12-month finding on o1 petition to list 
the Amargosa River population of the Mojave 
fringe•loed liz:ird as an endangered or threatened 
distinct population segment. Federal Register 
76: 613=1.1-61330. 

USFWS. 2014. Endangered and threatened wildlife 
and plants; thl'l".atened status for the Oregon 
spotted frog. Federal Register 79: 51618-51710, 

USN PS (United States National Park Service). 2010. 

Channel Islands National Park: Resklring Snnlil 
Cn17. Island. Accessed August 27, 2014. hHp:/f 
www. nps. gov /chis/nature science/ res tor in g­
santa-cruz-isl and .h tm. 

V.1lentin<", B.D. :ind Dennis, D.M. 1964. A compari­
son of the gLil·arch system and fins of three 
genera oflarval salamanden: , Rkyacoiriton, 
Gyrinaph.il.us, and A1"&)'~tatnu. Cop~ia 
1964:196-201. 

Van Denburgh. J. r894. Descriptions ofthm: new 
lizards from California and lower California, 
with a notrc on Pl,rynonsomc:t blainvil/ii. Proceed­
ings of the California Academy of 
Sciences.4:2.96-301. 

Van Denburgh, }. 1895. Notes on the habits and 
distribution of Auto,fax iuanus. Proceeding,; of 
the California Academy ofSci.ences ~ 776-778. 

Van Denburgh, J. 1S97. The reptiles of the Pacific 
co.a.st and Great Basin: An account of the species 
known to inhabit California , and Oregon, 
Washington, Idaho and Nevada. Oco.ssiona.l 
P.lpers of the California Academy of Sciences, 
San Francisco. 

Van Denburgh, J. 1922. The reptiles ofwest\"rn 
North America: an account of the species known 
to irihal>it California and Oregon, Washingron, 
Id ... ho, Ut;i.h, Nevada, Arizona., British Columbia, 
Sonora and lower California. Vol. c. Lizards. 

Occ.assional Papers of the California Academy of 
Sciences ro:1 6u. 

Van Denburgh, f. and Slevin. J.R. 1913. A list of the 
amphibians and reptiles of Arizona, with notes 
on the species in the collection of thE Ac:idemy. 
Proceedings of the California Academy of 
Sci<"nres n9r 4S4· 

Van Leben Sels. R.C., Congdon, J.D .. and Austin, 
J .T. 1997. LL fe history and ecology of the Sonoran 
mud turtle (Kinoslernon sonorienst) in southeast­
ern Arizona: a preliminary report. Chelonian 
Cons<"rvat1on and Biology 2:338-344. 

Van Wagner, T.J.1996. Selected Life-History and 
Ecological Aspects of a Population of Foothill 
Yellow-J..esged Fross (Rana bll~lii) from Clear 
Creek. Nevada County, California. Masters 
Thesis. California State Uni~nity, Chico. 

Vesely, D.G. 1996. Terrestrial Amphibim Abun­
dc1 nee .ind Species Richness in Headwater 
Riparian Buffer Strips, Oreog11 C<iast Range. 
Master's Thes1s. Oregon Stat\" Uni~rsity, 
Corvallis, OR, 48pp, 

Vesely, D.G. and McComb, W.C. 2.002.. SalamandC'.T 
abundance and amphibian spedei richness in 
ri.pa1ian buffer strips in the Oregon Coast Range . 
J:'oTl!i;t Science 48:291-:.97. 

Vitt, L.J. 1975. Observations Dn reproduction in five 
species of Arizona snakes. Herpetologic..i 
31:83 -84. 

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 ofVertebr.ile Zoology z:}5-T1., 

Von Bloeker, ) .c.r. 1942. Fau11a and flora of tbe El 
Segundo ~and dunes : 13. Amphibians and 
reptiles of the dunes. Bulletin ofthe Southern 
California Academy of Sciences 41 :2.9-38. 

Vred.enhurg, V.T. 2004. Reversing introduced 
species effects: experi.m<"ntal removal of 
introduced fish leads to raptd recoYery of a 
declining frog. Proceedings of the National 
Academy of Sciences of the U11ired States of 
America rm:7646-7650. 

Vredenburg. V.T., Bingham, R., Kttapp, R., Morgan, 
J.A.T., Moritz, C., ilml Wake, D. 2007. Concord­
ant molecular and phenotypic data delineate new 
taxonomy and conservation priorities for the 
endangered mountain yellow-legged frog. 
Journal of Zoology 271 :36c-374. 

Vzedenburg, V.T., Knapp, R.A., Tun~all, T.S ., and 
Briggs. C.J. 2oro. Dynamics of an emerging 
disease drive la.rge-:scale amphibian population 
extinctions. Proceeding5 of th!'. National 
Academy of Sciences oflhe United States of 
America 107:9695-9700. 

I.ITERATURF C:ITFD )49 



Wahbe, T.R. and Bunnell, F.L. 2003. Relations 
among larval tailed frogs, forest harvesting, 
stream micmhabitat, and site parameters in 
southwestern British Columbia. Canadian 
Journal of Fo~t Research 3p256-1:2.66. 

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 f ournal of 
Forest Resew:h 34:2455-2.466. 

Wake, D.B. 1996. A new species of Batrocl,cstps 
!Amphibia: Plethodontidae) from the San Gabriel 
Mountains, southern California. Conttibuti()ns 
in Science from the Natural History Museum of 
Los Angeles County 46}:r-12. 

Wake, D.B. and Jockusch, E.L. 2000. Detecting 
species borders using diw:rse data sets : pletho­
dontid salamanders in CalifornLa, in Bruce. R.C., 
Jaeger, R.G., and Houck, L.D. (Eds}: The Biology 
of the Plethodontidae. Kluwer Ac;.demic/Plenum 
Publishers, New Y(Jrk, pp.95-n9. 

Wake, D.B., and Papenfms, T.J., 2005. Hydmmanle-s 

platyl'llphalus, in lannoo, M,J- (Ed,): Amphibian 
Declines: The Conservation Status of United 
States Species, University or California Press, 
Berkeley, pp.83-784. 

Wake, D.B .. Yanev, K.P .. and Hansen, R.W. 2002. 

New species of slender salamander, genus 
Hatrad,o~~p~, from the southern Sierra Nevada of 
California. Copeia 200:uorG-1028. 

Wallace, R.L. and Diller, L.V. 1998. Length of the 
larval cycle of A~caphus lruti in coastal streams of 
the redwood regions, northern California. 
Journal of Herpetology 32.:404-409. 

Walther, C.R., Post, E., Convey,['_, Menzel. A., 
Parmesan, C .. Beebee, T.J.C., Fromentin, J.M., 
Hoegh.Guldl>erg, 0., and Bairlein, F. 2002. 

Ecological responses to recent climate change. 
Nature 416 :389-395. 

W.i.ng, LJ. 2009b. Fine-scale popul.ition strncture 
in a desert amphibian: landscape genetlcs of the 
black toad I B~fa ~~ul). Molecular Ecology 
18 :}847-3856. 

Wans, I.J. :ou. Environmental and topographical 
variables shape patterns c>f ~netic strll.Cture and 
eiTective population size in the Yosemite toad_ 
Diversity and Distributions 18: 1033-1041. 

Wang, I.J., Johnron, J.R., Johru;on, B.B., and 
Shaffer, H.B. 2011. Effective population size is 
strongly correlated with breeding pond size in 
the endangered California tiger salamander, 
Amb}"itoma lalifim1i£n,e. ConseTv~tion Genetics 
12:9n-92,o 

Wang, 1.J-, Savage, W.K .. and Shaffer, H.B. 2009. 

Landscape genetics and least-cost pa.th analysis 

})O LITE 11.ATIJ !IE CITED 

reveal unexpected dispersal routes in the 
C:i.lifornia tiger salamander JA1t1'iysto1Ha 
calij,,rn•~n!:t). Molecular .Ecology 18: 1365 1374. 

Wang, J. 2009:1. A new method for estimating 
ef&ctive popubt1on sizes from a single sample or 
muhilocus genotypes. Molecular Ecology 
18 :214&-2r64_ 

Ward, P.S. 1987. Distribution of the introduced 
Argentim: ant (lridomyrm,x humilis) in natural 
habitats of the lower Sacramento Valley and 1ts 
efrects on the rndigenous ant fauna. Hilgard1a 
55=1-16. 

Watson, J.W., .McAllister.1<.R., and Pierce, D.J. 
2.003. Home ranges, movements , and habitat 
selection of Oregon spotted frogs (R1u111-pn:tiorn.). 
Jollrnal nf Herpetology 37=292 300_ 

Watters, T.S. and Kats, L.B . 2006. Longevity and 
breeding site fidelity in the California newt 
{Taricha torulu): a. long·term study showmg the 
efficacy of pit taggln g. Hcrpetological Review 
37:I5L 

Weimtein, S, B, 2.009. An aquatk disease on a 
terrestrial salamander: individual and population 
level effects of the amphibian chymd fungus 
Baln:ichoch.ylnum dendrobll-lidis, on Hatrocho~~ps 
atwmatus (Plethodontidae) . Copeia 
2009: 653-660. 

Wells, M.T. 199B. Wildlife Management Plari for 
Tarrey Pines State Reserve: Terrestrial Verte­
brates. Wildlife Management Plan for Torrey 
Pines State Reserve, Torrey Pines State Reserve, 
l:i Jolla, CA. 

Welsh, H ,H -, Jr. L985. Geoi;iraphic distribution: 
Ascaphus truei. Herpetological Review 16: 

59. 
Welsh, H.H., Jr. L988. An ecogeographic am1lpis of 

the herpetofauna of the Sierra San Pedro Martit 
region, Baja California: with a contribution ta the 
biogeography of the Flaj~ California herpeto­
fat1na. Proceedings of the Callfornia Academy of 
Scien<:f!s 46:l-72 . 

Welsh, H. H ., Jr. 1990. Relictual amphibiam and 
old-grO"oNth forests. Conservation Biology 
4:3o9-3i9. 

Welsh, H. H ., Jr- :..01 r. Fross, fish and forestry : an 
integrated w;irershed network paradigm 
conserves biodiversity and ecological services. 
Diversity l.011: S0J-530. 

Welsh, H.H., fr., and Bury, R.B. ~005 . Plethodon 
elongates, in Lannoo, M.J. (Ed.): Amphibian 
Dec:lines: The Con~rvation Status of United 
States Species. University of California. Pres~. 
Berkeley, pp.806-807. 

Welsh, H.H., Jr., Fellers, G., a.nd Lind , A. 2007. 

Amphil>lau populations in the terrestrial 



l'nvironml'nt: Is therl' evidence of declines of 
terrestrial forest amphibians in northwestern 
California? Journal of Herpetolcgy 41: 
469-48:i.. 

Welsh. H.H., Jr., and Hodgson, G.R. 2008. 

A mphibfans as metrics of critic::il biological 
thresholds in forested headwater streams of the 
Pacific Northwest, U.S.A. Freshwater Biology 
5371470-1488. 

Welsh, H.H., Jr., and Hodgson, G.R. 2011. Spatial 
refatinm,hips in a dendritic network: the 
herpetofaunal mO?tacommunity of th;; Mallo le 
River catchment of northwest Ca[jfornia. 
Ecography 34 :49-66. 

Welsh, H.H., Jr., Hodgson, G.R., Duda, J.J., and 
Emlen, f.M. zom. Faunal assemblages and 
mu 1ti-scale habit.at patterns in headwater 
tributaries of the South Fork Trinity River: an 
unregulated river embedded within a multiple­
use landscape. Animal Biodive1sity Jnd Conser· 
vation 33:63-87. 

Welsh, H.H., )r., Hodg!.On, G.R .. and Lind, A.J. 
2005. F.cogeogr:iphy of the herpetofauna of a 
11orthem California watershed: linking species 
patterns to landscap;; processes. Ecography 
28:521-536. 

Welsh, H. H .. Jr,. and Lin<l, A.J. 1988. Old-~rowth 
forests and the distribution of terrestrial 
herpetofauna, in Suro, R.C., Severson, K.E., and 
Patton, D.R. (Eds): Management of Amphibians, 
Reptiles, and Sm.all Mammals in North America. 
General Technical Report RM.-166 . US Depart· 
ment of Agriculture, Forest Service, Rody 
Mountain Forest and Range Experiment Station, 
Fort Collins. CO, pp.439-459. 

Welsh, H.H ., Jr., and Lind, A.J. 1991. The structure 
of lhe herpetofaunal assemblage ir1 the Dough1s· 
fir/hardwood forests of northwestern California 
and southwestern Oregon. US Department of 
Agriculture, Fo~st Servic:f', Genera1 Tec;hnic:i.l 
Report PNW 285:395-413. 

Welsh, H.H., Jr., and Lind, A.I. 1992. Population 
ecology of two relictual sal.am.rnders from the 
Klamath Mountains of north~stern Californla. 
in McCullough, D. and Barret, R. (Eds}: Wildlife 
:>.001: Populations. ElS€vier Science Publications 
Limited, London, pp.419-437. 

Welsh, H.H., fr., and Lind, A.J. [995· Habitat 
conebte~ of the Del Notte ~alamander. Pl~th-odori 
do11golws (C.iudata, Plethodontid.ie), in north­
western California. Journal of HerpetoJosy 
.29: 198-210. 

Welsh, H.H., Jr .. and Lind. A.J. 1996. Habitat 
correlates of the southern torrent sal.ama□der, 
Rh}'IJcotriton mriegatws (Caudata: Rhyac:otritoni-

d.ae), in northwestern California. Journal of 
Herpetology 30:385-398. 

Welsh, H.H., Jr., and Lind, A.f. 200:,.. Multiscale 
habit~t relations.hlps of stream amphibians in the 
Klamath-Siskiyou Region ofCalifumia and 
Oregon. Journal of Wildlife Management 
66:581-602. 

Welsh, H.H., Jr., and Ollivier, LM. c99S. Stream 
amphibians as mdicators of ecosystem stress: a 
c:ase study from California's redwoods. Ecalogkal 
Applications 8:![]8-np .. 

Welsh, H.H., Jr., Pope, K.L., and Boiano, D. 
200 6. Sub-~lpine amphibian distributions 
related to species palatability to non-native 
salmonids in the l( lamath mountain!'. of 
nmthern California. Diversity and Distributions 
12:z.98-309. 

Welsh, H.H., Jr., Roelofs, T.D., and Frissell, C. A. 
2000. Aquatic ecosystems of the redwood region, 
in Nosi;, R. (Ed-}; The Redwood Forest. Island 
Press, Washingt.on, DC, pp.165-200. 

Westerling, A.L. and Bryant, B.P. 2008. Climate 
chang~ and wildfire in California. Climatic 
Change 87=S231-S249 . 

Westerling, A.l., Bryant, R.P., Prefaler, H.K., 
Holmes, T. P., Hidalso, H.G., Das, T .. and 
Shrestha. S. R. 2011. Climate change and growth 
scenarios for Californta wildfire. Climatic 
Changf! 109:S445~S463. 

Westerling, A.t... Cayan. D.R., Brown, T.J., Hall, 
B.L, and Riddle, L.G. 2004. Cl.imat(!. Santa Ana 
winds and autumn wildfires in southern 
California. EOS, Transactions, American 
Geophysical Union &5 :289-296. 

Wheeler. C.A., Garwood, !.M., and Wels.h, H.H., fr. 
200s, Natural history notes: R1m11 bl}ylii. 
Physiological skin color transformation. 
Herpetolog1cal Rf!view ,6:164-165. 

Wheeler, C.A. and Welsh, H.H., Jr. 2.008. Mating 
strategy and breeding patterns of the foothill 
ydlow-leg~d frog (Rane. bQy/ii) . Herpetokigical 
Conservation ;ind Biology 3 ;128-r42, 

Wheeler. C.A., Welsh, H.H., Jr .. and Roelors, T. 
2006. Oviposition Site Selection, MoYement, and 
Spatial Ecology of the f'oathill Yellow-Legged 
f'rog (R11na horJii) . California D~partment of fish 
and Game, Sacramento. 

While, M. and Kolb, J.A. •974· A preliminary study 
ofThamnophis near Sagehen Cn:ek. California. 
Copeia 1974: 126-!36 

Wiens, J. and Titus, T. l991. A phyl~netlc analysis 
of Spr:a (Anura, Pela~tid;.e). Herpetologic;,1 
4T21-28. 

Wilg!!nbusch. J. and De Queiroz, K. 2000. 
Phylogenetic rcla1ionships among the phryno-

LITERATURI <;TTED )51 



somatid sa.nd 1izards inferred from m1tochon• 
drial DNA sequen1:es gener .. ted by heterogeneous 
evolutionary processes. Systematic Bio1osy 
49:59:z-6t2. 

Wilkins, R.N. and Peterson, N.P. 2000. Factors 
related to amphibian occurrem:e and abundance 
in he .. dwater streams draining second-growth 
Douglas-fir forests m southwestern Washinston. 
Forest l:lcology and Management 139 79 9r , 

Wilhams. D.F. 1986. Mammalian Species of Special 
Concl':rn in California. California Department of 
Fish and Came, Sac.ramento. 

Wilson, G.A. and Ranna.la, B. 2003 . Bayesian 
inference of recent migration rates using 
multilocus genotypes. Genetics 16p 177-1191. 

Wilson. L.D. 1971. The coachwhip snake M1w1c,:;. 
pk.isjla.gd!wn {Shaw): taxonomy and distribution. 
Tulane Studies in Zoology and Bot;111y 16: 

3,-99. 
Wilson, L.D. 19~•l• Masticopk.is_fiagel!um. Catalogue 

of American Amphibians ~nd RE'pti'.es 14p-4. 
Wiseman, K.D. and Bettaso, 1-.2007. Natural 

history notes: Rana bo~i1. Cannibalism and 
predation. Herp®log1cal Review 38:193 . 

Wiseman. K.D .. Marlow. K.R .. J~< kman. R.E .. and 
Drenn,m, ).It 2005. Natural history notes: Rona 
baylii. Preda.hon. Herpetolog1cal Re~iew 
36: cfo.-16}. 

Wojtaszek, B.f., Staznik, B., Chartiand, D.T .. 
Stephenson, G.R., and Thompson, D.G_ 2004. 
1,ffects ofVision© herbicide on mortality, 
avoidance re-.pons,e, and srowth of amphibian 
larvae in lwo forest wetlands. Environmental 
Toi.:icology and Chemistry 23: 832 842. 

Wollmuth, LP., Crawshaw, LL, Forbes, R.B., and 
Grahn, D.A. 1987- Temperature selection du11ng 
dcYClopment in a montane anuran species, Rana 
cmcadtu:. Physiological Zoology 60:472 480. 

Wone, B. and Beauchamp, B. 2003. Movement, 
home range, and activity patterns af the horned 
lizard, Ph1y11,:,~a1na »w:iliii. Journa I of Herpctol 
oSY 37:679-686. 

Wood, D.A., Pisher, lLN., and Reeder, T.W. 2008. 

Novel patterns of historical isolation. disperSal, 
and secondary contact across Baja California in 
the Rosy Boa {Lichamm:i lrivir,gPta). Molecular 
Phylogenetics and Ewlutlon 46:484 502. 

Wood, D.A. and Richmond, f.Q . 2003 . Geographic 
distribution: Diadoph~ pu11ctaius. Herpetological 
Revicw3,4:r69 

Woodha.ms. D.C .. Bosch, J., Briggs, C.J., Cashins. 
S .. Davis, L.R., Lauer, A., Muths et al. zm 1. 

Mitigating amphibian disease: stratcgirs to 
maintain wild populations and control chytridi­
omycosis. Fronliecs in Zoology 8:8 

352 LITElt.AT\J RI: CITED 

WoodsDn, W.D. 1949. Gila monster in California. 
Herpetologica 5:151. 

Woodward. B.D. 1982. Sexual selection and 
nonrandom mating p.1.tterns in Ms.ert anurans 
( Bi# woodhmmi, 5caphiapl,U CouGhi, S. mwtipJica, 

tuund S. bombifrons). Copeia 19~h:351-355. 
Worthyla.kc, K.M. and Hovingh. P. 1989. Mass 

mortality of sal:i.m:mders (Ambysro111a 1i.gr1num) 
by bacteria (Acmetobo.cter) in an oligotrophic 
seepage mountam lake. The Great Basin 
Naturalist 49:364-)72. 

Wright, A.H. and Wright, A.A. 1949 . Handbook of 
Frogi; and Toads of the United States and Canada. 
Comstock Publishing Co., Ithaca , NY. 

Wright, A.H., and Wright, A.A. 1957. Handbook of 
Snakes of the United States and Canad-.. 
Comstock Publishing Ca., Ithaca , NY. 

Wright. A.N., Hijmans, R-J-, Schwartz, M.W .. and 
H.B. Shaffer. 2013, California Amphibian and 
Reptile Species of Future Concern: ConseHation 
and Climate Change. Final Report to the 
California Dep;utment of Fish and Wildlife. 
Nongame Wildlife Program, Task 12, Contract 
No !>0685904. 

Wroble, J. and Waters. D. J989. Summary of tailed 
frog (Asraplius ~ruti) and Olympic salamander 
( Rh11acoLn!on olympicu, 11adt:gat1t.S] stream 
survcyi;; for the Pacifk L11mher Company, 
October 1987 lo September 1988. Pacific Lumber 
Co., Scotia, CA. 

Ya"Af"", K.P. 1978. Em)otionary Studies e>fthe 
Plethodontid Salamander Genus Batroch~ps. 
PhD Dissertation. University of California, 
Berkeley. 

Yanev. K.P. 1980. Biogeography and distribution of 
three parnpalric salamander species in coastal 
and borderland California, in Power, D.M. (Ed.): 
The Californfa Islands: Procfedings of a 
Multid1sc1plmary Symposium. Santa Barbara 
Museum of Natural History, Sant.a Barbara, 
California, PP-$}1 550. 

Yanev, K.P. and Wake, D.B. 1981. Genie differentia­
tion in a relict desert salamander, Balrachr>seps 
aimpi. HErpetoJogica 37: 16-28. 

Yarnell, S.M. 2000. The lnAuenceofSediment 
Supply and Transpor1 Capacity on foothill 
Yellow-Legged Frog Habitat, South Yub.a River, 
California. Master's Thesis. University of 
California, Davis. 

Yarnell, S.M. 200>. Sp .. tfal H~rngeneity of Ra11a 
boylh Habitat Physical Processes, Quantification 
and Ecological Meaningfulness . PhD Disserta• 
hon. UniVi.:rsity of California , Davis . 

Yarrow, H-C. 1882. Descriptions of new species of 
reptiles and amphibians m the United States 



National Museum. Proteed.ings oftht United 

States National Museum S:438-443. 
Young, K.V. 2010. Comparative Ecology of Narrowly 

Sympatric Horned Lizards under Variable 
Clima.tit Conditions_ PhD Disserbtion_ Ut;i_h 

State University, Logan. 
Young, '/..,V_ and Royle,) . .2.005. Abundance and Site 

Occupancy of Plat-Tailed Horned Li:z.ud (Phryno• 
soma mcallii) Populations in Arizona and 
Californi.3. Final Report to US Bureau ofRecl;i_ma­

tion, US N.rry, and Arizona Came and Fish 
Department. 

Young, KY and Young, A. 2000. Scientific study 
or the flat-tailed horned lizard, Phrynowma 
111callii. Final Report to US Department of the 
Navy. 

Yeung. K.V. and Young. A.T. 2005. lndiIB:t EfTects 
of Development on the Flat-Tailed He1rned 
Lizard. Final Report ID Arlzona Game and Fish 
Department, 'r'uma, upp. 

Zalusky, S_B_, G-;mdin, A_J-, and Swanson, J.R. 
c980, A comparative study of cranial osteology in 
the Norlh American sand li-zards, genus Umu 
(Reptilia: Iguanidae). Copeia 1980 :296-310. 

Zejner, D.G .. Laudenslayer. W.F .. Jr., and M~ycr, 
K.E. 1988. California's Wildlife. Vol. 1. Amphib• 
ians and Reptiles. California Department of Fish 
and G-ame, Sacramento. 

Zweifel, R-G. 1955. Ecology, distribution. and 
systematics of frogs of the R!l11a ~1.1ylii group. 
University of California Publications in 2oology 

54:207-292. 



This page intentionally left blank 



APPENDIX 1 

List of Nati'w'e Amphibian and Reptile Taxa Occurring in California 

CDFG ~pt,::i~l 
T411u:1 1 Ccmmonname animal USfWS' CDFW' llJCW us~~• OLM 

Anu~a 

l\scaphidac 

As.:ap/m• trnt, Co.astlltiile,:l frog )( s~c LC 

Bufon1da,• 

Bi.fa alv,,n,., Sunor~n D,sert toad )( SSC LC 

Bi,fo !i,mM! loorm~ We~lt?rn ro~d ITT' 

Buji, b~r,m, h alopl,ih,, Cdi(omi:o wesle rn toaod NT 

Bufa cali[crnicuJ Arrorotoad )( E SSC E. 

Bi,fo CA•Ht{U, Yu~cmik tood )( '[' SSC [ s 
Bufa nwn..iu Great l'\.Jins h:ml LC 

B~foe:>:1~ Black toad X T.FI' V ~ i; 

8 ufa />~ lltlalus Rea•sponed mid LC 

Bufa ~~~sii Woodl-wm~·~ "-",(I LC 

Hyli~ae 

l'scu dacril rndavcri na Calirornia lrcdrug LC 

Ps.:u dacril r,:gilia 1 !'aafic m,i,frog LC 

R.lnida! 

R~II~ ~~nm, Nort~rn r.-d·le~d frog X SSC lC s 
RPn~ boy/ii footh1ll f"llow·.leiQled. frag X SK t-n' s s 

[LllU~i1'111.E.J1 



CDfC special 
Ta~on• Comm-an na.mt: amm•I USfWS' CDF'\11 1 IUC:'I' IJSFS' lil!o4 

Ar1uu 

RCIHil Cll$raoiiu Gasca.des frog X SSC NT s 
RM4 dm~IOH ii Clhfurma n,d-:iegged frog X T SSC V 

Rtl!llllllll.lCO~ Southmi /wlounLain '/C llow 11:gge<i frog X E E E s 
R(Jlta P'P ,mt• Northern le<Jpa1-d frot1 X SSC LC 

RaHo. prelil'Ja'0 ◊rl'ljon ,poiv.d frog X T SSC y s 
Rana sierrae Sterr~ Nevada ~ llow-leg~~d frog X E E E: s 
Ranfl ravapiutnm Lowbttd l~op.)rd frog X SSC LC $ 

Su pltJbf!O d1dae 

Swpl11op11, cou,hu c~\lCh'~ ~pad€foot " SSC LC s 
Spw loan,momlii w,,,1em spadcfooc )( :.sc NT s 
Spw '"lerni-·mlima GrGl ba an s~defoot LC 

CJud~t) 

Anobjs1<mu1ida,, 

Am/.rysfo,na califvm1rn.1e California ligi,r s~lamuur X T T V 

Am!,y:,lomo ~•l1fornunK ·s.anta Sanla B3rbara hgeualar,1~,)l],,r X f T V 
Barbua· 

Amlrystoma cali,limmnst "Sonoma· Sonom ii tiger u.La mander )l f T V 

A.m&y.ioma gnu:dt No,thwe•i.:rn sa l~mander T.C 

Amby.u<1ma tTiacroda.iylum ,..ac,wm Sanra Cruz lo11f,IOOd s.1l~mander X [ E, fP LC 

Ambyswma ma,rada.1yl1trn ,111/lc.l~m So"lhcm long-tt>nl. alamandrr SSC l.C 

Dic~mp!odonlldac 

Dii1m1p1odon ,ma1u1 C~lirornia giant ~al:i.mawr SSC NT 

Diwmplodon 1<11,bn,,,., P~nfic g,a.nt ~a.Lrmandc, LC 



i>le:ihadon1i<be 

A.ncidcsfamu,; Clouded $.Olamander NT 
A11oid« jl,wipun• h>l u Blaclr salamander NT 

A11cidr•Jlavir1,ncia1~s hlJltt :ianl• CruE black sa.amand,,r ssc; t,IT 

An,:idcs fiavipunelal us "8ha.,;t1" 11 Shasta black salamander NT 
Anddes I 111:~ bris Arbnreal salamander LC 

An<idd ll~r<mi W•nd~rini; ,~bmarnler NT 

Bn1rnd1ll'.ltp, allasi,rra, Greenhorn Mounmns sle-nrler 
sa i:i m ~ni"'r 

Bnlrnd10,op1 Qllonuli'lwr California slcn~r ,,1.lamander LC 

B~i,,,:r.l,osop, b,amci Fa1rv1ew ~nder s.l~mander 'i 

llMrod1<1lq>I ~~mpi J nyo M ounta i n.s s:i lamander X SK E s s 
B,llmcllos~J.lf d, .. !xllin.o, Hell Hollow slendec salamander X DD 

Batmchosop, e,:,brit!i s~ n Gal>riel Moo rn ains ~ender X DD s 
s~l:lm~nder 

8.,1.,.rAo,er, (,'<lvifo ntnii.< Gabi\an Monn tams sl,, nder salamander lC 
&1...,,J,.a,0.,,,- g "'!l"•ius Gre~arius slender :ulaman~r )( J.C 

&1,.,.ihas,pr inoc,J!?til11, San Simeon slender sa.lamJnde-r X ::m s 
8.:11ro,hoi,ps hwia Stquoia sll!11d~ s:ilamanier X :>D 

&ITllrhoups !..,.i~e Sant.I L11cia Mountains slm.:kr X LC 
nJ:imaml,r 

lkiln,t/rni,_r,, majw aridl<l D.:-$\'.rl 5J. nd~r ~• I;, mmdu X E E LC 

B1"11'Jlrhoupr "'"'jor m~j,• r,arden alender ,alaman.der LC 

Balrar:l,c-"'p.r minor L,,;i;;er ~lender salamander X S~l- DD 5 

lla!F11c.ho.<Cp.r ni,:riwnlris "1.ck-bellied sl,rnd~r salaman~r LC 

, wll,.11uil'j 



CDFG <p<-..:,~I 
T1.1on1 Cmnrnon n~:m, animal USfWS' CDFW> IUCN' USFS1 BLM 

Caudata 

&1ra<,li,rnps pac,jirns Chmnel lsl~nds sltndtr sil:imander X LC 

8,:,1n1,lla><p< "'8"'"-' Kings R1~er ~lmtl"r salama11der X V s 
&lruc"a,qu ri:l icJ11s Rd1et11al slend,,r ~alamander X SSC DD s 
BQ.!rarhowps rob11.<l~< K~rr• !>lal<!w ulamandw X NT 

Bauach~s,,pr ,.,na1u, K<:rn Cm)'CI!• skri :'.<!r salamand,r X T V s 
B11.tnnha.«-p11 ~1<),!,,nii T~hachapi ,lmd.,rsalamand"" X T V s 
E..stl/mQ. tsd,sd,o/r.., Ii lIDCMl•r Yello .. • hlotchrd -'Il""lina X LC $ s 
fl'l-l"lilm~ rsdt~/,olu, ii u.~:;cli llzit MQl1tcrey e11s.1Ln;. LC 

Eru,1111,_ ts.:hrd1oltz ii k/1111btti Large-blotched ennttoa X LC s 
EnsAJma ts.:lts.:'1r,/1:z1i ongo~m.,, Oreg.on en,;.a.1 ma I.C 

Eru~!in,i ~sdtsd.alr..zu picla P:,inlffl ~nutma LC 

.c'.Ni.lini. esdtscholtiu 1,!au~s1s Sien a N cvada ens. ti na LC 

.E1w1im• ,~~d1o/1iu x11n1hop1k(I Ycllow-cyl-d CllSitma 1.C 

1-fydromlll\lt'.1 bru,ws l.ime!tone s~bmander X T. FP V s 'S 

/--fydMUHIJW!I pllll!"'q,/"llu•" Moum Ly,U salJm,.nd~r X LC 

HJdrnm.....u, ,1...,1~, Shasla 5alamander X T V s s 
Pi~lhw,c,~ M1<pllk Soon Rwer sal.anumder X T V 

Pldhw,c,n d~Mi Dunn's salamander I.C 

Pkth ~OH tfongott<t Del Nori~ ul...mander 11'. HT 

PJ~,h~on .iormi Stski)'OU Mountains zi.luna~r )( T E s 

R hyaco Ir ito 1lidie 

'11.y<i~otril.on ,.,.,i,i;l>I~~ S<> .1•hern lorr~nt $alamarider )( $S.C LC s 



Salarnandndae 

Tlltl cha gra~ 111.:..u Rull£h-sklnned J\eWI LC 

Tarn;Jia rmdanj Red bellied newt SSC: LC 

T<itl""1.jjUt£10 .Scc,rra newt LC 

Taro rha h>roia Coast R~nge r,ewt X SR' LC 

Squam ... t•-Li~rds 

.-.ngu1dl~ 

flgnr1a r.,:ttr!<lta coetu/'4 San Francisco alligator liz;,ro lC 

Elpna worr;J,,. Jllllm,n Siena Ne-;ad~ ~lligator lizml lC 

lilgrm.a ~er!<lta prmcipis lllotthwes1ern al11ga1or lizard LC 

Elgn1ia e~erulm m~~t•im Shuu ~ lligator lizard lC 

flg1m.a multmm~ata muf11mrim2111 Cll1fornia all1gamr lizard LC 

fllr",ia mNltim~iMta nincirnuda Oregon alligator lizard LC 

t1gari~ 1111<l1irnri~a10 imrbti San Diego alhgai« hza rd LC 

ElgariA _p,111Amilllim• l'~n~mrnt ~1!1g,1te,r hnrd )( S5.C V s s 
Annlellida~ 

An11...i!" p11lehni P"khni" ~il~cry legless linrd X SSC LC s 
An11L.llu pul,h,u 11ic"' 8l~c k legless Ir.a• rd X SSC LC 

Crotophytjdae 

Crolop'1y1us bid11c lorn Gttal Ba~m collan:d hzard LC 

C1iltop'1y1~s ,,wigium Baja Dllfurnia e¢1lared liurd LC 

Gambdia rup<ii Cope'• leopml 1i2ard ssr: LC 

Cambdia sil" R\u,11-1,QScd kopud h2~td X E E. Fl' E 

Gaml,di~ wisli:unii Long-no,ied leopard liz;ird LC 
(. -.... !l .. ~rJ,1 



CDFG ,pc,,al 
T'j!I1:m1 G.'.)mmonn.:a.m.e m1mil USFWS' CD~W' IUCN' IJSFS' II l>.t 

Squam~ta- Linr<ls 

Geklr,)mdae 

Cl'lrcmy,: n1%1k1 Bu.,foot ged,o " T u; s 
Colto11yx wiri.:g,zlw obbol IL San D1,i;.:o b;indc:d gt'Clto X ~SC: LC 

Coltony,: ~"til!galm ~riep,tu Dl'.sm ba nd~d g,c loo LC 

Phtlloda <I l°"LJ.< 11<><11,; olm 1>.enmsular '.eaf.roed gecko LC 

H.,lodrrrnatid ~ 

Hdodrrono ,.,sp,~lum cm,tum Bonded Gila mon,ter X SSC NT s 
lguamdac 

D,pn,saurns dor1alls Dc~r, iguana LC 

S,,ur.,nialus ;itu Common ~hockw:alla LC 

PnT, no~amatid~ ~ 

C.:dlimurws drn(;'.>noidi s ?,ehra-ta1k<l liuird LC 

P,1,_,w~r11• m.romsi Banded ro~k hurd LC 

f'lrtfll~!l'Jnll b/ai,millii" UJ3SI horned iznd X SSC I.C :s s 
"'''¥'I0501'JC1 ~.,..(;'(.,$ii Pii::iny short horntd li;,.i,,d. LC 

Pl1ry11re~m<1 mrallii Plat-tailed hornrd .irnrd X SSC NT s s 
/'11ry110,Qml' pl•lyrhino! ,alidi~rum Southern desert horru,d l1nnl LC 

Pllr-,11~~~1a plalyrhino.i pialyril1110'l Northern de~rt horned hzml LC 

S«lal"''"" gnacio,u1gracil,s W~st~n\ ,~gebn,.:h li;,.a.nl LC 

S'ctfop,u·~~ gmdomi gracio,;us tfarthern oasebrujh lizard X LC s 
S1'elop3,11.1 gnufosui l'llnd(~bu,gia,iu; So111hern sa1jebrush lizard LC 



Sr~opo,us m.1gisu~u11iforltlis" Vellow-b:id:ed demt spiny hzar,:I LC 

S ~elopo1 us m~gi•ll~ I r11n,v;:r, u~ B:irred dnert sp1 ny hzud IC 

s,elopon,s occidtot!lZlis bu.l:i Island ~nc~ lizard LC 

s.,,10JJ01US cccidei.10/is biieria111s San )oJquln &!nc~ lizard LC 

S~tlopo•fll' o,ddenl11l<S bocourtii Coi~t Rmg1: fence llurd IC 

Sctlopii mJ cc-:i de11111/,s Lmgipe• G real Basin fen,:e lizard LC 

Sctlop,,na cuidmtalis ~ddmllllis Northwener n ren~ Ii~~ rd LC 

SctloJ.IOrUS oaidm1a!is 1ay1:>ri S~rr• "ntt lizud LC 

s,dopiin•) c•c~IH Gr~ nHe ~pm~ liu rd !..C 

U•n11 i~or,,1,111, Co•(hclla Valley frini:c•to~d liur<l ::,:: T E E 

Un,a nv1ura Colord® D~sert rringe loed lizard X ~~[ NT s 
Um1>""'1patio, l,foja,e fnnce•toed ll~.anl. X S~·C LC \ 

Urc!dM,us grado~U5 Long-ta1~ brush lizard LC 

LJ,q~u,e,s nijir,muol,.,s Jlaj,:, Cailifornia bru,.\i llzam LC 

Uros,rn•~s c,ni,l~J Ornat~ I rec kza rd LC 

Uw slauburi~"a dtJ!OrU Wcslcrn (Llrnmwi sidc,bl<1klv.:d li~ard LC 

Uta s1an<lrnriana n<l'l1dtiuii t<lc:vad. commc>n side-l>lo!ched liurd LC 

Ui.a .i.o,uJ,urio,na '"""b"''"n" Northern common ~id~-blol(hc,d Hurd LC 

Scinci,;lae 

/'lr5!i~don ~ill,,,rti Gilbert's "1<ink IC 

Plwiod~11 sH!t~nia11u~ Jl:i l!onia" ~r '.t',;stemskmk I.C 

Pimio.ioH n:ilionwrns i11rer,,.,,i,1µlis Coronado skink X i.C s 
Teiidae 

Aipitl(>Se,d~ ltyp<t~l.lu-a Ora11ge-1hrn:u,:d whir1.ail X IC \ 

~ r!tro!M 11,rfi, 



CDFG sp,,cial 
-r-.• Common nunt ,nimal USFWS' CDfW' IUCN' UH~' ILM 

Sq11~m~u-u~.:ords 

A.spidosrdis t,g,fr mwndu California whipt11i LC 

.A.,pidascdis 11gri, ite)"~gcr, C~•lal wh1p1atl X ~SC LC 
A,pidoscdis ug,i~ 11gm Great llas, n whipt, il LC 

Xantusiida~ 

Xa11lu1 ia gro~1h, Sands lone n19ht hz-, rd X .s.~C: V 

Xa111111111Jw~h,,1111 ~l,nshlw·s nighthnrd LC 

Xa111u1i11 r1w.rnM11 lslmd night l1z:ml X LC 

Xa 1du , ;., vi'.gili, , ••= 1' S1crr.1 nignt li.unl X SSC LC 

XjllllllSIU "'e'1l15 •'(1111$11 Desert nigh1 lizard LC 

X,m111r111 1111811"" i B11 Cahforn11 night l,zaJd LC 

;('jitllUShJJp. "Yucca Vallt~·· Yucra Vallry night llutd LC 

.x-i111us1,1 sp. ·san Jacimo" Sall 1.-.cinto mghthnrd LC 

S<)11~mm - Sn;kt$ 

Buii.lac: 

C~arma f,o11ac bvUat Rubl:,e, boa tc 
C~ari..a f,o11a~ a.mbrauca Socithern rub~r boa )( T LC s 

L1d1a11ura onulh '' Califomi<l ros;y bo .. X LC s 
Colubridae 

Af1zo11 a dtgor1; ,and1 da MD)ll1' ~lossysruik~ LC 
Anzona dcpms d;,;mtala De~rt ,:l=y make LC 
An.,,011a dog,:in< ou1d,n1ali• C~lifornl~ gl~,s)· sn~lr., $SC LC 

B og~rlPpnu =ci!iat Baja ~hfomia nl m~ke I( LC 



Ch~n~I i! o.:cipi1111it ~/11111 Colorado sho-..el-nosed sn ih! LC 

C/.ion~,iis o«ipi1uli1 occipiiu/1$ Moja~~ shoVl!I nosed mau LC 

C!.io11ach~ oaipilnli, halpin" t-lev~d~ ~lwvi:-1-~e,;I jn~ke LC 

Ca!ubtt ccmsirictat mmmo" ~Slfrn yellow.bel.1ed racer LC 

Conlia Jo111icauda Fores! .iharp•t~iled <n:ike LC 

C-,n lia I ~J1uiJ 0:>mmon sh~rp-mled m~l::e LC 

Diad,:,phis pu1w~uu "Coast.al CA"'' Ring-ne<kcd snake LC 

Dwdophis P">itlall,· •i::~strm CA" Ring-necked sn.h lC 
Diddopf,i, P""ChllUS ·southern CA" Ri11g-11ecked snake X LC 

Diad~~is pi<IICl~M "Gr<:,! Basin"'" Ring-ne,,:ked snak<: SSC LC 

.Hyp•ii!'lt'>w chfo ropha,u Northern wesert ruKht <nal::e LC 

.Hwuiglt:M ocflrcrilr11o:i1a k!a11bm San Diego n1gh1 tnake LC 

J lyp5i,i[!...., 0j:l,...,,liy11~l,11 •mthi,lata Califorma night snake LC 

Lc>mprol"'ltis cali{crniae Common kingsnaki! LC 

Lompro~~~ muli1/iudaJa" California mounmn k111ssnake X LC 5 .s 
Lampropdti! zonat11 C.lifornia mounllm kingsnakc LC \ 

Ma.s1,.,,,pr1i, j)Uf:dlun, pice111" J!ed rnu;hwhiJl LC 

Ma11iccpM$ jl~s/lum rl<dda~ki San lo~quin co~thwh1p X SSC LC 

M,.s1ic-Ophi,f,,J,i; .,,.,$u,1 Baj~ Cahforma coach..t,,p \5('. LC 

Ma<licophi, lokr~li, "''l"'anlhu, Ala med~ s lriped ucer )( ~ T LC 

Mo1licopl,is lal~r,dis lalmdi; O.liforni.a strip,d racer LC 

M~!licophis ltltJUUl!IS St11ptd whipsnabo LC 

Pi.yU~rJ,y.,~1u decurtatus Sp<>tted leaf.m:,sed sruke LC 

Pfu,opli.:s ~g ien!fer <>/Jin~ Sononn gopher snal, LC 

Pi1.i.,op/i., •~ lc.,iJi:r ...,,.,,clo,,s S,m Die l!O ~pher snake LC 

1.,,.,.;o"II.''·' 



CD FG special 
T,1_.• Commonn~- animal USFWS1 CDfW1 IUCN' usrs• 111.M 

5qu:. mal3- Sn•~! 

P1111ophl's caiemfo, , ,mn!)i,r Paufk gopher ~1ukc LC 

P ,lu vptii, catcmf~r Jos,rt,caltt Great l!~m gopher maik" r_c 

P i1a.ol'II~ caum)tt 11u rndis San La Crnz hlard goopher •n•lce X LC 

Rhino,-l1<1l11, lr.,;onlu Long·rm~.d sn~k• LC 

Salvadoro h~<1l,pi• ~•r~l~I'" De,erl paoch-nosed snake u: 
Salv~dolll htJ<o:iltpis mc,o:iw:nm Moiai~e pa t,h-110:.ed sna "kc I.C 

S~lv~dor11 htxi1l(p1n1rgul1CJ1 Cout ~ich nosed sn,akc X SSC LC 

Sanora s.:m1ann~!.,1" Wes!ern ground ~n••e LC 

Ton I 111<1 h<>barlttn ,rh, Southwe~1ern bfack he.ided lnike LC 

Tantillll rla11iu~ Calil(irnia bl~ck-hr.ld,,d sru~ IC 

Tl,~"'"°P,it 111,atu,- ,1ra1"" Santa Cruz aquahc g•rtcr snaJw. LC 
Tlrnon""p,l,i, 12lr12!•is hydro.,.,ilui Or,::gon ""!~Ill' g*rln aTI,ke LC 
T&11n1,wpl,i, 11lr11lus nxanrhu< D1abl11 Ran!:'- •qu•hc garter Jrurlie LC 

Tl,o 111nopi, i, roi..-JiH s.,.,~ 1weRt<,n, aqualie) g•rler snake LC 

Tl,u m""pl, i, d •!:"'"' ..!ogi,ns Mounl~in lcrre;;tn,I g~rl~, snau LC 

Tli11 ml'lophis rl r~nr lurntris Coa,l lerrcstri~I gar1er m~ke LC 

Tilan,nDphis d•,e,:rru>'llj;ran, Wandnmg len=rial garter ~n~l<r LC 

Tho m11ophiJ e-•.r1u Gi;inl g~rl"r snih X T T V 

Th1rn1 •oopl,i., 1u,,n moni!i, Two·stnp,,d cartrr mab X SSC LC s s 
Tl,,.,,, ""l"h" mare:,anu, Chrckered gMt,,r ,nalc,, 

Tn11m 110,,hi.< ordino,~u i'lorthwe-sti:rn garter lnal<e LC 

Th11111 ►1C1j:ihh sir1alisji1d1i Vall~· gutf'r snakf' LC 



TMmnapl,i< ,ir1alis infe,nahr" C~hfomia n,d.s,drd garter ,nake X S'S<'' lC 

namnophi< ,irloli, ldralae,iia San Franc ism garter ~n•h X E. E, FP LC 

Trimorpl,ocl"" J,.,,,b,lo Sonman l)'I" srn,ke 

i'rim.,rpl,odon 'vr<ipl,,.,,u Pi, n msul.n lyre snah 

~ptotyphlopidac 

Rona him1il,d1u1nili~ Soutltwestetn blind ~n;,k,, LC 

Rrna lrn,nilis (al,uilae De,ert blind snalie LC 

Vipuida~ 

C,o1alus ~ ''°" W-:st~rn diam~n<l backed raltlcma!J:e LC 

Cr.,I ~lu: "'""''"' c, ro ,t,:s M01avr D~c,t si<kwino:lfr LC 

CrolPIUJ urnsies lau10np,::,u Colorwo D,5en s1dew1nd,r LC 
Crolpl..,- mi4,l,dlii Spc:ckl«I rattl~sn~b LC 

CMtalu~ "'"P'"'" J,J/r,ri" Southern f'u:ifk r~ttkm;,lr.l: LC 

Oolalurcrag,,m• J•losU< Great Basin ntllesn~ke LC 

Cl'otalut Cl'l?{:IJHIIS Ortga)WS ~onh~rn ~1c1fk u.t1l,snak, LC 

Crotulo1s r,4_,~r lkJ ~iamor.d rattl,snake X SSC LC s 
Crola l11sst:u lulPlus Northrrn Moj~,,: r~Ulcsnd;e LC 

Oot~JuutrpJ.i=mi ~.namrnt ratlle,:nike LC 

Trstoomes 

F.myrl1<:h,:, 

1:my, "'~'"'°'"'" 1twrmor,aJal Northern western pond turtl,. X SSC V s 
Emy, n,urm<lrlllll palliJa Southern~''"" por.d turtle X SSC I/ s s 

,.__,.,.,/ 



Ta:wn' G>mmon11amr 
CDFG ~p«l-31 

amm~I 

Ten11dille3 

l::inos1emid.at:­

Kin~secn1011 ~o~ orien 1t Sanon mud lurtle X 

Testwlinidae 

Gqp/teru$ t.lf}'li~ii Mohan Dt~rt 1orMise X 

!.. S.ptdl!s, ,s.ubsptcie~i>r Dis.t1nc1 Popubtion ~lml!!c:il IDPS• 
i. E: Er1d2ng.tll!d. T· ThrnEened 
j• E. Erubn(l'ttd: TI n,..i,ru,d, Ff': PuUy Proom. SSC 

Spl!!i::il!scfSipecial Concl!'fn 

♦· E. f11~••li,,t~~, v Vuli:;,.~k, tH ~•o.,Tl1r<l(<md ~<,; 
~~• VJu.~i:m. PD: ~1.-.. Defi,~n.t... 

s-s~ Stot1slrlwi!! 
6 . Fffl.f.:1 itl .a~. ,a.r,ori.a} umm:tt1cnd pLl~n,g .1.ll c.a.Ulditni~ 

bufonldo ~I ,,if,o/.,.,,,.,;n IM8"1lUS ,lr.o")"" """'lel &I 
~:zoo9bl KWP11ncnt) Uli-1 t . il'inm·11, Kpl-1111:,:r,I in 11-u: sc::n~1 
(pt4=iii1n, 

7. ltc:1.1,n:a~ .>l. ll.uo("• ~oo6h) f'l'~b~iking 1'~1rd11,rn 
~glR.:J (~rt.ru 12.ca~ ln~1DotkN-1!-dh:11~~ jlF-tflH. ThJ~ propa1:=ilhJ11: 
lli>I btt111•,1dtly ii:,:tp1tdbKiuH lhtr1n~t b®udi,IN ottht 
Lhrcc •uil ir-cpl;IOl'ly ,c;;l,1r,1r,;;tuii:C'd.ind ~isn ifK.1nt h111ila-1ype 
sh.a.tin&t"J;ist'5.across the-sr: p1.1lo1ti.- lmntr"',i lhath.;is notbr:m 

stooi<d. 
8. Thi, r,otwM or!d,lylntrodlli:Nln Californl, a!Gn~pomt, 

LhDu9ll pn!rrnmird 1uti'-.1: ]l'D'P~l-.tionswicre:i,h:opres.:-m Thi!" 
LIJCOJ'I ICI lj' 00W ~".:!i:I i r~bcd. 

9- Fm!i'l:,c,t at. 1.2.ooG-1) 10::omm~nd pl..cina Jin11,11 P'J'lt-Mt.llnd 
Ji!. 10~:fCOUI •n t'h@ 11,emu lidt..bat.t.S": 

10. II i.s littlyth~t ;i,n~ popul:nioni on the- f';ISU!m s.Kil!' uf 
t~ W.arMr Mou1Dins ;:u•~,h1.Jlly ""M r,1,m1:h111!.11f,~1 Ht:M~·r, 
nai tp!t:ll'l~ru ord1.la Prilt tocl..lr•fy lhi:1isiul!". Until nl!W d::iu 

b,04rr,o..,.il•~- J1 . l1«ci"'•"isunno1 be dormili~l)' 1nduclt<l 
a i ~ ,u,,e,ml)e,r or ti~~ c~I ifur 111 Lrn h~! ritd.uu-.a_ 

, Fuil<>Win1 leis.lo, a...11\puJO<a !•O"II 
l~- AO Ow~~ V.11]..,, p,pnl;:itll".lrr w:.s. fo1rnr.rlypr1!:.urrted tub~ 

.:rri,1n1.dl!'.t.(11'}1,M 1.i:.:On ;1ndh.H l,,<:Off.af- r.ldl!]y N!.:.-:agn-~i!<d in l\it 
c.:i11!tt'rntlc.n.«1mmut\if, Ro\•lt,o {20:i:01 rl!Ful-e:t i-t!I 1.t.11l1.s 1.:1 a 

dia:tmi;l h'1fil!:C in-d 'l"l·i:: im::h,dir 1h11: ~ Vl-lk., pqputiltwm 

w,lh H,-"""'"""''l'•lru,~•I•• 
is ~ac11sao~~s cir,l)· \o M1m\ll:'E(:fG.:.•r1tr ~A • .-nd 

ih)iJl'h 

, •. P,.,..r ..... ...t P•rh•m (~I!) pHp<>,til ..,H.,;r,g ..... ,d. 
puldin in C1lirKT1ia Lntg fl~ 1prci,r1, 

I ► Lc-.,1,;hc: irl it lz01J~~ u-Yind OM: Phrpk1'P"'41,c..:irott-&1l.lf.,. 

<omp1u. pl Kini C;1l1fornii. populatiom of P rCl'"-"'mum 111,111.1 
PNt:1n1&1dL 

16 Schull~ol •l.{,ocG) f'"P"""th.t 1h, S"/op-ot"' n,.,.,.r., 
1-11.bapectN ht! 1tlt!\'.:r.lftl t.o-lu U •pec:~n. Thil wn reh.1.1J!cl br 
L~.~~e •lld M uk,,hy f~<>Q71, 

l'J. L~a.vjUtt-i.1 (.too,1) fl-l!ld Iii s;L11Uf'iurdsc-1\.C:lk sli1.:n:hnt 
within tht XAlUk.i.111-'IC'fo ,01-.ipln_ T,n:llOOJ'ruc:: rs!Vis.icim;; m:.) 

Cll:(lH J 1'1 thol' r1u..· foh.1.rn rNUhb~ lh.lsd.>d!l' 

cl. W-ood 11!1 ~I l.1o-a!I dL111uie.d. tbe- red~ boas lntotW(Jll'SM!ciei. 

L'l~i:"1.tt~,,11 0rt.•1 r~t ;n,d L . .r~111rt,1ti:i. Th~•r 111'itcic:'h.cl"ld,1dd rta 
i.i:1JK:at.e,Lh~t L lr~la is ~s.ietit in.~;\•re!'IL<E!'iou\Mrn 
<9..11lifr.""11i.1.. lhota,g_h 1'~1.\'('r ianp-1,,1ltlis:l1ii:,:I nwWT .b.r~s.~t lhJ.I 
lhl'~~C:lt~Lft'al: .j(l11.tl~ ..«•1:r~ (.arl"'°r ~1[h1 I" Jbj.1 
C,llw•b. M••lca jD. 1lh>n.d p,r• «>mm i 

19 kl~mon•NI ~piu, 1100~) •NI fonunellattal. !MOS) 
r,...l. ov,,kn«fw ~ •• ..,., tho1>n: no4 wn-otd•nl wil~ 

USfWS' CDFW' IUCN' USFS' EllM 

SSC V 

T T V 

~...,,tr..i..-,,.,t,,,do~b.p,ooit, b .. odrn<> w,, fon,,..,,h< 
Hn~~it d#:1ig:u.1.liur1~ f:r(ln'I ,hE:"l;i!tt:1 ~udr 

:to. Tno!! Crl!Jl1 Bi~h, r-bi!~ •111,.-.Iuil,s ~r,.I n, iii]:-; formerly 
:1.ul311.ed Ml Olaii¥h~r ,u~tll3:C;IIJ rtpTJ:i:. Tbll!' s~c J:Ul\.1$ Jt-~ 

onfy 1.;Jo pc;l'p ... btW'm gg;:uni QJii11 'Uidl;rtcd. 1:lrurt 15 prm~ m 
S.:.1.1th-er1iYl1fwni.a. 

2:1. ~11L1Ui1ii1 li11pni.1k'lcl11onomy i~ in t"lu:t. Radr~auti• 
A,,hi<,, ..,.1. l"l~9~) <tf,~, I~< fo, "'<~r """llmzioo s ob:ipoc ic; 
,..i find ••ldtn« f<>r fo\1, dl1ll 11<, lln,"i''· M r,rs"' •'-1 '°'l I 
find ,r,.,id.~n~far two .1pt<:ir1 ~• ht arn 11R,e1t1tntth...f WI!' roll,o"' 
he-eel . b,~,carovdtlJ 1"1r.,~~ri~lfl co~1U11the forfflA!!rtoutber.n 
s.li.h:;p«i'C"'S lt1mp,0F".cli5 z1tttt1trz~irnMl a.nd L-.!. pr.:lc:~1':!"1.1~ 
('On$ff11';1i.on s'Ut\.l !o appl iiK to tb~ t\lii>su.b~i,;.-t: 

;r;;i.. Nasre-c.11. ~.004~ piopo..sll! (CJmbinirig M~i.liCyJw~, into 
Ulegtm.JsCobh:r.. 

21. ~he,~popul>lio•u Qfthiu~k~le1 ~uyrtpreun1 i 
dislii:ict li.10n ilnd He- cur.t('Mlru 1~1;1 :iit..d;; (C. MiilhrdL ,~n. 
ci>mm __ E_ l'.;r,.·i.n. p-!!lS... cuinn-Lt-

.1.,,1,i. SSC:-sl.1CU:i.1ppf~!i: ra:.c,n)~· Elwo !lo:DHIIM;:rq fV'I~ or,'hi:: 
U.l:l(tl-

i!- Ai!.olst,innou ,, 1l.1•~091 F"J'O" pl>tlllg Cahfomi• 
,.,,..,r,~'"'' in I I,-,.~ .. ICr••· 

J.fa_Sall'U' JUI hors trl".d I- s.11b5-pN.ii:-1 cir l'l'lll'o11Ln.{l~m,IJIS 

dl:U h1n ~J»<if-!ii:. 
17. ~llllW".:1.UJhrut ph(•d1,t~Sttrn f(IHd tmlles in tl,t! 

monorypi< !•n~• 11orl111otl'f, ~pinl:.t,i •I. 1><,14) r«ornm,nd 
c-1':.,..1linii: l.ut.h p(llr:14 tu,tkHNpii::11:ic:; l-u-s:pc[LCll:slatue. 



APPENDIX 2 

Public Comment Announcement 

We ooliri1ed public comment on this project by -post­
ing the announcement 011 the right on the websites 
of the following organizations: Cahfornia Depart­
ment of Fish and Wildlife, Center for Nonh Ameri­
cm Herpetology. Ecological Society of Americ;, 
(ECOLOG-L), Partners jn Amphibian and Reptile 
Conser\13lion, and The Wildlif!! Society. In addition, 
we circulated the .innouncement widely to col­
leagues via email. Followi11g lhe public <:omment 
period, we also contacted experts on each taxon 
under consideralion to request ad'l'ice, data, and 
reviews of early drafts of this document. 

Cahfortua's li,1 rJJ A,isphibian and R~piile Spu;ies of 
Spici.al Concm1 (ARSSC) isa critical compnnentof!lu 
mm1agmmt1 ariJ pmtecti{)ti of a1tiphibia11s and rept1ltf 
in the 51-.lle. The currefJI CaJiforniu ARSSC li1t n 

1.mdergoi"g t1 comp/tu ~vision 10 bttter reflect those 
La)::11 that require some me.uun: of c.o~enation ,~ stabi­
liz, populationo ,md avoid future listing und~r thl" Cali­
fornia E'11d111tgered Speli~ Act . To date. the ARSSC 
rev1sio11- t~am has dtvefop,d a stl of riJk metrics, ram­
piled a list of no~inee taxa , and complMid a pl'f".lim.i­
n.ar}' risk assessment Jo, each nominee based 011 liti:ra· 
lure review. and lornlily informatiot1. Now, we ,ued 
}'OUT help to make ,urt that we haw the i,,ost arcumtt 
Q.nd compl~!.c: li .. t p11:1sibl~ of SSC for potenlial inclu~ion. 
in th.., jinrl1 lisl. TJie hesl list ivill rr.quire input from as 
many ~nowltdgeab!c biologists ll5 possible. If you ha11~ 
dala, wdJ-documrntl:d fid:J experience, or 1111p11bli,Ju:d 
o1,serw.tio'1, that aro re.levant lo Ca!ifomia•~ 11-mphibian 
Md rtplilt fauna, wt: invite you !o .share L1iim with us_ 

Furl.her details. risk ,u.,u.mcnts, ,md instnicliom for 
mhmi11ing fudback an available at ltttp.//arss, 
.ucdavis.tdu . The publi~ commmt prriod cl.osts August 
JISl,2009. 

Bob Thorm,m 
Ambtr Wright 
Bnid Shaffer 

Cwtcr far Popul~lion Bio!ogp 
Ur1ivmily of Ca!lfornia. 
Davis, CA 95616 



APPENDIX 3 

Watch List 

The watch list comprises taxa that were previously, 
but arc no lor,gi::r. considered Species of Special O:n1-
ccrn. Here we include an explanation for each I axon's 
change in status and discuss future co11servation 
concerns regarding Watch List ta:.:a. 

California tiger salamander 

(Ambiistoma californiense} 

[ennings and Hayes (1994a) identified this species 
as the highest-concern vernal pool-breeding am]Xlib­
ian in the state. In keeping with this assessment ~nd 
recent researt:h documenting its decline cange-wlde, 
A. callfot11ien,e was listed under the California 
Endangered Species Act as a Threatened species in 
:2.010, superseding Species of Special Concern sta­
tus. See Bolster (2010) for the CDFW's recent status 
review. The s.pecie<i was al3o listed under the fe<leral 
Endangered Species Act in 2000 (Santa Barban; 
Endangered), 2003 (Sonoma; Endangered), and 
:2.004 {Central; Threatened), a.:s three .separate Dis­
tinct Population Segment.. Rtccnt m1.l1ti-locus phy­
logeographic work indicates thal the Central Disti11ct 
Population Segment is composed of tW\'.I r.epaute 
lineages from the lnne1 Coast Ra.ngt and Central 
Valley and that these may be best considered a.s sepa­
rate units with different management needs 
(J. Johnson and B. Shaffer. unpublished data). 

Orange-throated whi pt ail 

(Aspidoscelii hyperythra) 

This taxon was im:luded by Jennings and Hayes 
(c994a) primarily bec;i.use of habitat loss within its 

relatively narrow range. We place iton the Watch List 
because. thus far. it appears to lolcratc habitat frag­
mentation better than many similarly distributed 
taxa, indudlng the red diamond rattlf:!lnak\" ( Crola.lus 
rubcr), mast patth-nosal snake (Salvadora hex!llcpii 
virgul!ea}, and California glossy snake {Arizona d~. 
gt:tH, ocddenta.Ji~). all of which have expcrieoced more 
severe declines; and it remains relatively common in 
many areas throughout its range. It is possible t~t 
further development and habit:;it fo1gmentation could 
c;mse more severe declines, so this taxon should be 
periodi,:ally reevahH11ed. 

Baja California rat snake 

(Bogertophi1 rosa/iae} 

Jennings and Hayes (1994a) included the B. rosaliae 
ptimuily as a precaution. Virtually nothing was 
known about the species in California except that, if 
it ever naturally occurred in the state, Lt was pwbably 
rare and restricted in distribution ion ly a single ~peci­
mC'Jl has ever been recorded). In the intcrvc11i11s 
time. no additional specimens have been reporre<I.. 
and no new information has become available for this 
species. If this species is found to be a native com po· 
nen1 of the California fauna. the conservation status 
should be reevaluated when more is know11 about the 
populations and habitat of the snake in California. 

Yellow-blotched ensatina 

(Ensatina es,hscholtzii ,roc£ater) 

Jenning5 and Hayes {1994a) included this taxon pri­
marily ovet concerns about land use changes within 



its small range. We shared se\leral of these concerns, 
although the s~riry c,fthese threats appears to have 
ckcreased sin.ce 1994 . As long as the planned preser­
vation areas at Tejon Ranch rema:n in effect, a large 
amount of £. e. croceattr habitat wi!t remain pm· 
trctr-d., so des1gm1tion a~ a Specie~ of Special Con• 
cern ma.y not be necessary. We inc!ude £. t. croaater 

on the Watch List to entourage reevaluation ofhabi­
u.t availability for this t.ixon m the future. 

Large-blotched ensatina 

(E,m~titu1 escl-lschoftzii kJc,ul,er,J 

Jennings ,md Hayes (1994a) induded this tai.:on pri­
marily ov-er (Oncerru about ongoing developmeut 
w1thm its range. We agree that development has had, 
and is amtinuing to haw:, an impact on this speciei,, 
although the severity of lheg.e impacts appear.. ID be 
sigmficantly less than those being experienced by 
other taxa with slmilar ranges . Further, the large­
blotched Ensatina appears lo he commonly found 
with stable populations throughout significant areas 
of ils range, including protected parkland:;. If the 
extent of development increases within this salaman­
der's range, it may become nece~~ary to rernnsidl"r 
special concern status and more act1,·e management. 

Mount Lyell web-toed 5alamand@r 

(f-lydromontl!s plat¥cepha/us) 

This taxon was includl"d b}' f ennings and Hayes 
(199.p.) ,s a prcu.ution. based on its patchy distribu• 
tion and suspected susceptibility to local extirpa­
tions. We do nor include H. platyclphafos a.t this time 
because. although it is patchily distributed. the spe• 
cies appeaTs to be stable throughout most of its range 
and is not experiencing appreciable risk from habitat 
disturbance (Wake and Papenfuss 1.005). Additional 
populations have been found since the f"arly 1990s. 
and the species appears to be relativl"ly common at 
m,my ~itei;. Although it is a California endemic. has 
a moderately small range, and is a narrow ecologlc;;il 
specialist, this species does uol appear to be cur• 
re11tly at risl: of immediate decline (Wake and Papen­
fuss 2005). 

Owens Valley web-toed salamander 

{H~dromantes p/aty,ephalus) 

The Owens' Valley populations of H. plaiycephulws 

were included by Jennings and Hayes (1994a) as a 
pxecaution. both because little was known abont the 
population biology of this elusive s.ilamander .ind 
bec:.use it was strongly suspected that it was a dis­
tiruJ taxon. Re3earch complete,;! since 1994 sugsests 
that these popufaliom; do not form a distinct lineage 

but instead are part or the more broadly distributed 
H. plaly<:cphafas lineage (Rovilo 2.010) . As with H. 
plalyc:cphalus, additional loc.ilities have been found 
and populations appear to be stable, leading LlS to 
conclude tha.t Specle':I of Special Concern dl"signa­
tion is not required at the present time jWakc and 
Papenfuss 2.005j. 

Southern Ca rforn ia mountain kin g:s.na kes 

(Lumpropr:ltis zonulu ,:,tJrJ.'irubra and L z_ ,:,1.1fohrtJ) 

The two smithern California subspecles L z. ptm,J­
rnbrn and L z. pulchra were considered Species of 
Special Concern by Jenni1113s and Hayes (1994a) on 
the basis of suspecr.ed declines due to illeg;il colll"C.t• 

ing and habitat destruction from some collectors. We 
agree that this has occurred, although the current 
scale of eiqilmt.1tion does 11ot appear to threaten this 
spcdcs' long-tctm sutvival. We placed thi: species on 
the Watch Listi n recognition that colll"Ction pre5su~ 
and/or habitat destruction could cause the need to 
provide add1tmnal protections in the future . 

Santa Cruz Island gopher snake 

{Pituoplm r:flttr11fer purni'lis) 

Jennings and Hayes {1994al includ.eJ this taxon pri­
marily because of its small range (it is restricted to 
Santa Cruz and Santa Rosa islands) and threats from 
fer;i.l ungulates and pigs- We removed this species 
from special concern status because the invasive 
mammals causing, the prim.iry threats h.ive been 
removed from the largest part of rhe range, Santa 
Cruz Island (USN PS 20Jo). This island i5 also "lell 
protl"cted from future development bl!Glu~ it is a 
nalional park. 

Coronado skink 

(Pfe~tiodori tkiltonirlrrus in terparieto/is) 

Jennings and Hayes (r994aj included P. s. inlerpari· 
.:talis primarily becanse it h.as 3 relatively restricted 
range .ind has disappeared from some areas. As with 
A5pidoscdi.s hyperytkra, we agree that some declines 
have oocurrd. although their severity appears bJ be 
modest. If these declines continue, further prob:::c· 
tions may be warranted in the future. 

Del Norte salamander 

(Plcthodon elo11g11t~s) 

Jennings and Hayl"s (1994:i) included the D1"1 Norte 
salamander because of concerns regarding habitat 
specialization by inland populations and the poten­
ti;i.l for timber harvest to destroy these habitats. 
Although these are valid concerns, as well as for two 



dose relatives of P. dongiitw, the Scott Bar salaman­
der ( Pl~tkodon asupal=) and Siskiyc,ll Mountains sala­
tl1fl(lder (P. stonn.i}, population statu.s across most of 
the range of this taxon appears lo be stable. Inl.and 
populations are patr:hy and likely more vulnerable tu 
babitat degradation, which is why we place this taxon 
on our W;atch List (H. Welsh. pe~. comm.) . 

Mountain yellow•legged frogs 

(Rana muscosa and R. siurae) 

Mountain yellow-legged frogs were designated as 
Species of Spc<:ial Concern by Jennings and Hayes 
{1994a) under the name R. ,1nmosa. Vredenburg et 
al. (2007) divided R. musco~a (sensu lato) into two 
species on the basis of morphometric measure­
ments. differences in advertisement call, and mito­
chondrial DNA: the Sierra Madre yellow-legged frog 
(R. mll$Cosa) in the south and the Sierra Nevada yel­
low-legged frog ( R.. sierrat) in the north. Both species 
were state listed in 2013, superseding Species of Spe­
d al Cor1cem su.tu~. See Bonham and Lockhart 
(2.01.1) for the CDfW's recent status review of these 
taxa. 
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APPENDIX 4 

Additional Taxa in Need of Research and 
Monitoring 

We identified the following taxa that did not qualify 
for Species of Spe·dal Concern status bl.lt no11cthe­
less would benefit from some level of additional 
research and/ or monitoring- We provide a brief 
description of our concerns for each of these tai.:a 
below. ' 

Orange-throated whiptail 

(Aspidoscelii hypuythra) 

Aspidoscdi, hyp~rythm occurs in California in a re:la­
tively narrow region of southern California. Much of 
ill. available habitat has been deslroyed or is threat• 
ened by ongoing urbanization and development. 
Further, many of the areais where habitat persists 
have become fragmented by development in inter· 
vening areas. The taxon remains loully common in 
sevetal areas. although this should be ~valuated 
period ica \ly. Further ha bi tat modification could lead 
to more declines that warrant additional protections. 
Additional tb1eats may arise from incre.asing inten­
sity and./or f~uency of wild Ii re in the region. 

San Gabriel Mountains slender salamander 

(Ba tracnoseps ga&rieli) 

Btilra,ho-..eps giibrieJj occurs in a small area in Los 
Angeles and San Bernardino Counties (Stebbins 
20031. Very few localiti~s art" known for thls taxon, 
and its range is probably not fully characterized 
(Goodman l!t al. 199&, Hansen et al. 2005d). The 
salamander appears to be limited to talus slopes in 
the vicinily of oak, big cone spruce, i!nd pine (Wake 
1996, Goodman et al. 1998J. 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 tht- boundaries of the Ange• 
le~ and San Bernardino Nation.al Forests and a()pears 
to be well protected al the [>resent time. Howf!ver, 
other narrowly distributed spec:ies of 8rztrad1ost:ps 
have undergone large and unexplalncd dcc1ines. and 
it is possible that similar de:clines could occur for 
this .species (Jennings and Hayes 1994a). For this 
rea~on, periodic monitoring and reev,1luation of sLa· 
tus of 8- gabritli is warranted. 

Baja California rat snake 

(Bogeriophis rosaliae) 

Bogutophis rosiI.Hae: is known only from a single road­
killed specimen in California along Interstate 8 
(spec:imen SDNHM 64416). 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 Ngula1, infrequently encountered 
component of the California reptile fauna. Tf a popu­
lation does e11ist in California, ongoin~ development 
a)ong the border in both the United States and Mex­
ico i'> likely to isolate these populations from the 
main part of the range, which occurs farther south. 
Ir so, the California populations c:ould be susce'ptiblc 
to stochastic effects :is;o,:i;it<>d with small popula­
tions. as well as habitat loss from development. In 
some areas this species appear,: oo be associated with 
palm oases, which are uncommon habitat patches, 
so any d~gradalion of thi, habitat may have severe 
impacts on the tai'°n. 



If this species is native to California. ii appears 11> 

be encountered exceedingly rarely :ind is never 
reported. Given this complete uncertainty concern­
ing its status and validity as a native element of the 
California fauna, we place this taxon on the Watch 
List, primarily lo highlight research needs. Surveys 
for this taxon should be encouraged. ;i.Lthough in the 
absence of additional data, specimen collection 
should be strictly limited to only what is needed to 
learn more aboul it~ natural history and status 
within the state. Ho~ver, ~ emphasize that ti5sue 
samples might help determine if any California 
specimens are native or introduced. 

Yellow-blotched ensatina 

(Er1satina m:hscholr.z.ii croclla ter) 

En5atina. eschsrJwlLzU crocc:aier occurs ill a relalively 
small area of Kern and Ventura Counties in south­
ern California. Some localized populations may have 
undergone declines or extirpations due to develop­
merll, -!though data on this ~re scarce. Workers have 
ei-:pressed concerns about land use pr.ict.ices and 
development in the Tehachapi Mountains, Bear Val­
ley, C11mmLngs Valley, an<l Tejon Ranch, particularly 
in areas of oak woodlands (pers , comm. in Jennings 
arid Hayes 1994a). One oft he main coriccms for this 
taxon was that a large fraction of its range occurs on 
property owned by the Tejon Ranch Company, the 
largest c.onh(!uous private landholding in California, 
,md thilt tbis land would be developed in a way that 
was i11compatible with the salainauder's survival. 
Since the previous evaluation, a la~e fraction of 
Tejon Ranch has been set aside fo-r prcsnvatian 
areas in which sra2ing, bul nol development may 
con1in1-1.e (Tejon Ranch Conservancy 2008). In addi­
tion, many popu.lations oc.cur ort Nation a.I Forest arui 
other public lands that :ue unlikely to experience 
intense habitat modification. The availability of suit­
:ible habLtat sho11ld be monitored periodically, and 
habit.at modification within its very restricted r::inge 
should be avoided. 

So uther11 California mountain ki ngsna ke 

(Lamproptltir zonalo a southern Clade" or 
L rn1,1!tif1Jsciata) 

The southern dade of L ui:11Mt1 includes the Kif· 
merly rcrogni'Zed subspecies L. z. pulchrri and L . .::, 
pflrviruhro (Rodriguez-Robles et al. r999b], and has 
more recently been recognized at 1he species level as 
L. rnultifasciate1 (Myers et al 2.013), This snake spe­
cializes on rocky outcrop habitats occurring primar­
ily in a variety of woodland and chaparral habi1ats 
from sea le-.el to nearly 3000 m (Stebbins 2003). It is 
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a popular species among hcrpetoculturists and c.ol­
lectcin, arui some have voiced concerns that habitat 
destruction has caused. localized declines. Over.zeal­
ous collection of this snake does tend to destroy the 
microhabitats with.in rocks , which can deg1ade 
the quality of sites for a long period of time, although 
the species exhibits a relatively narrow window of 
surface activity, and much of its habitat may be rela­
tively inac<:cssiblc to collectors . Staub and Mulks 
(2.009) surveyed the Mount Laguna region, San 
Diego County, from 2006 to :.008 and found that 
75% of .all rock piles surveyed had some degree of 
damage. They concluded that colll"cting is ongoing 
and is not restricted to the vicinity of roads, support 
ing the concerns dtat the intensity of cmgoing ool­
lecti ng cO\lld harm this species. Managen; should he 
v.•ar)' of signs ofhabil.at destruction, stemming from 
either collectors or other sources, particul.irly in 
c1re~s that experience hea,·y human traffic such as 
Mount Laguna. If survi:ys demonstrate that the~e 
collecting activities are depleting populations, ti.J.r. 
ther management and enforcement of existing col· 
lee ting prohibitions may be needed. 

Del Norte salamander 

{P/e1hoda11 e!ot1gfli1JS) 

Plethodon i:longatu~ occurs from the Californi.i­
Oregon border south into Humboldt and Trinit}' 
Counties. Optimal habitat for th,s taxon appears to 
be la~ succ:essional and mature forests. which may 
be increasmgly unpacted by limber harvest in the 
coming years (Welsh and Lind 199,: H. Welsh, peri;, 

comm.] . Prior to 2002, 1h1s species was managed 
under Lhe Northwest Forest Plan (Welsh antl Bury 
200>, Survey and mam1ge program 2010). These 
protections haV1! now been removed, althoush much 
of the habit;it that supports this taxon rem3ins pro­
tected under the Plan [Northwest Forest Plan 1994). 
Monitoring efforts should fucus on the impact of 
timber hnveston this species' ability to persist, par­
ticularly at inland sites. 

Western black-headed snake 

(T,m ti JI a pJanicep1) 

The natural history of T. planiceps is poorly ullder­
stood in California. We have almost 110 information 
concerning this species· nat1.ual history, habitat 
requirements, or population densities, The snake 
seems to be patchily distributed and rarely se<:n, 
ma kins the deteclion of population declines or extfr­
pations difficult. ln addition, much of its range 
ocrn rs in areas that have experienced heavy de~lap­
rnenl and habitat modification. Some workers have 



suggested that changing wildfire regimes in south• 
ern California could be having a negativE' impact on 
this species; however, relevattt data are very sparse. 
An important priority for this taicon is an increased 
research effort focused on distribution and habitat 
surveys so that tts ecologkal requirements and popu• 
lation dynamics can be better characterized. As 
populations are discovered, tissue samples should be 
collected for molecular analyses of the degree of JSO· 

lation and di!Terentiation of these apparently dis• 
junct populatioru. 

Baja Calirornia night lizard 

(Xantusia 111iggin~i) 

Xanlusin wiggimi was not known to be a part of the 
California lizard fauna until recent genetic studies 
establ ishe<I its pre:3ence in extITmc southern Califor­
nia (LE'avitt et. al. 20071. Virtually nothing is known 
about this taxon·s range, life history, habitat require· 
ment.s, or conservation status withi.n California. 
Further research ori this spH:ies is needed before 
assessments of its conse1vation sL.r.tus and manage­
ment nE"eds can be made. 
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GLOSSARY 

A0F'RESsEo LIM&s Posi1ion of the limbs snch that 
the forelimbs are pressed backwards against the 
trunk of the animal, and the hind I 1mbs arc 
pres.3ed forward against the trunk. The distance 
bt>tween adpressed limbs, a cha~cter which 
measures the relative limb length with respect to 
the trunk length, is usually best measu~ in 
p~served spedme11s, since the limbs may be 
damaged in living animals. 

Al LOF'"-TRIC Occurr:ng in separate area5; ~fl'rs to 

species ranges that do not overlap 

ALLOZYM r Alleles of an enzyme that vary in tl1eir 
speed of migration through an elt:!ctrnphoretic 
gd. A common way to quantify genetic variation 
bcfoce DNA Si:<Juencins became routine. 

AM PLEXUS Mating behavior in many aqnatic 
anurans and some salamanders in which the­
male grasps the female with the front legs. 

so Biurachoc.Ji~trium dtn~robahdis. A pathosenic 
fungus that causes the di!'A!ase chytridiamycosis 
in many amphibians. 

CA !IA.PACE The dorsal half of a tunle shell. 

cosTAL <;RoovEs lateral indentations along the 
trunk of many salamanden;, 

C~ITICAL THE~MAL MAXIMUM The temperature 
above which a given species ceases to be able lo 
maintam normal body function. Extended 
tempera I ures above tfus point generally lead to 
death. 

CRITICAL TH tAMAl MINIMUM The ternperatnrc 
below which a given species ceases to be able to 
maintain norm a I body function. Extended 
Lempeialures below this point generally lead to 
death. 

CRYPTIC: TAXA Evolutionarily distinct lineages 1bat 
are morphologically consen,ed and He di flicult to 
distinguish from one another on the basis of 
morphology alone. 

CIAPAUSE A delay in Lhe life cyde of an organism, 
often occurring in response to adverse 
e11vironmental conditions. 

D0RS0LAHRAL FOLDS Ridges of the skin that run 

a long citl~r side of the back in man:, froga. 

rxTANT A ta.i<on that is still in existence, opposite of 

exlinct. 

H!BERNAC:ULU 1,1 A place used by one or more 
individuals to hlbernate or ltndergo a period of 
dormancy. Freqnently used to refl!T" to areas 1hat 
house many hibernating individuals of the same 
species, especially sites that are used repeatedly 
over many year.1. The plural is hibei:nacula_ 

INHOC: RESSI ON Transfer of genetic molecules 
from one species to ;mother. ln ournsage, this 
most com mo11ly refel:l lo the transfer of the 
mirochondria,I genome among species due to 
hybridization. 

ISOLl'.TION II~ DISTP.NCE The genetic signature that 
tends to arise from the teridency ofindividuals 
within a population lo mate with nearb)· 

m 



individuals, eventually leading to the gn1dwil 
accumulation of genetic differentiation acro~s the 
land!!Clpe. 

I< EE LE o A spine or ridge structure that runs along 
the central axis of a scale or scu1e. 

LATE·SER"L Used to describe forests that are in a 
later stage of succession. Typified by the presence 
of Jar~, old {:> 100 years) trees in the overstory. 

MICROSATELLITE Short repetitive regions in the 
DNA thit often exhibit a large amount of 
variation due to the very high rate ormu1ation in 
these regions <Jf the genome. Frequently 
employed to measure popltlation genetic variation 
within species, l>ecausl! thl!ir high mutation rate 
allows them to track <:hangcs in gene A.ow and 
population si:ze quickly. 

mtoN.., An abbreviation for mitochondrial DNA. 
the sep,uate chromosome found in the 
mi.tm:hondria of all plants and animals. Until 
recently, it has bc<:n the standard molecule of 
choke for most systematic, population genetic, 
and phylogcographic research. 

N"SOLABIAL C.Roov~s Characteristic grooves that 
run from each naris !external nostril) dowr, to 
the ltpper lip in plethodontid salamandf'rs. 

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

OCELlUS An eye-Ii~ spot. 

ov I PA ROI.JS A mode of reproduction in which 
embryos devdop inside of eggs. 

OVOl/~YI PA ROU s A mode or reproduction in 
which embryos &velop inside of eggs which 
are retained in the mother's body until 
hatching. 

P..,EDOMOII.Pt-lOSl5 The retention oflarval traits 
into adulthood. [n ambystomatid and 
dicamptodontid salamanders, il is also used to 
refer to reprodllction in the farval condition. 

PARAPHYLETIC A group oftaxa, all descending from 
of a common .incestor, that does not contain all 
descendants of that ancestor. For examples, 
"reptiles'' as traditionally defined a re pa~phyletic 
becausr !hey do not rnntain birds as a contained 
taxon. 

PAR 4.TO ID c LAN Ds External skin glands that lie 
along the back of the head or neck region and are 
promi11ent in most toads and several species of 
salamander. 
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PCA Principle component analysis. A multivariate 
ordination app1oach that red1,1.ce<l the variabllity 
among huge sets of measured variables down to a 
(usually) smaller number of independent 
(orthogonal) variable?!. 

PIT TAG Passive integrated transponder tag. A small 
injectable tag that emits a unique electronic 
signal that an be read usin~ specialized 
instruments. A frequently used method for 
uniquely labelinK individual organisms in a 

popula.tion. 

PLASlRO N The ventral put or a turtle shell. 

POL'ITYPIC Having several morphological forms. 
These may or may nor correspond. to evolutionary 
lineages. 

PO ND TYPE L"RVA E Salarrnrnder larvae that devc:lop 
in ponds are characterized by h:wi.ng relatively 
large 1ong fins associated with a relatively strong 
swimming abili1y. 

scun An enlarged scale, such as those <Jn a turtle 
shell. 

SCL Straight carapace length. The distance from 
the anterior to the posterior end or the carapace 
taken along the midl.ine and measured as a 
straight distance (i.e .. not measuring along the 
curvature of the shell). A standard way of 
measuring body length in turtles. 

51-lP Single nucleotide polymorphism. A 
homologous nudeotide position in a DNA 
se(Juence that is variable among con specific 
individuals. SN Ps are im:rt"asingly used. imle.id 
ofallozymes. microoatellites, and mtDNA ror 
population genetic and species clelim'itation 
studies. 

STFi;fAM iYl'E LARV1U Salamandcrlarv .. e that 
develop in streams are typically smaller than 
pond type larvae and ha\Oe smalifr tail fins. 
Behaviorally, they tend not to swim in the open. 
water .md inste.id remain near the substrate. 

svL Snout to vent length. The distance from thl" tip 
of the snout ta the anterior edge of the doaca. A 

standard way of measuring length in many 
amphibians and repti.les. 

lL Total length. The dcstam:e from the tip of the 
snout ta the end of the tail. 

v1v1 ~A mus A moW! of reproduction in which 
fcmaks give birth to live young that are not 
retained ln shelled eg~ {compare with 
ovoviv1parous). 



agrkultural runoff. 116, 122 
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as Prlority :1. Species of Spt:dal Conl~rn. 1}6 
ranavirus infections, 140 

recoloniu1ion of. 140 
reprod-uclion, 138 
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in spring-fed water bodies, 139 
status of, 136, 141 
susccplibllity 10 local extirpati.ons, I}9 
uxonomy of, 138 
threats faced by, 140 

trends in abundance. 140 

upl.md habit .. t, 139 
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mitigating effe-:ts of roads, 41-47. 
protection of 

aquatic habitats. 39-40 
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distribution of, 143(m), T44-45 
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habhat requirements, 144 
identification of. 14z-44 
life history of, 144 
managernenl of. 14s 

initochondrial DNA analysis, 144 
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risk factors, 142 tt) 

status of. 142. 145 
stn:amside microhabitats, 144 
taxonomy of, [44 
threats faced. by. 145 
trends in abundan~, 145 

Am1ir.l/a p:dchra, 186-91, 186 (f) 
breedingse~son, 188 

chmat~ change. impact of. 190 
distribution of, 187(m), 189 
feeding ernlogy of, 188 
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genetic markers, 191 
gestation period, 188 
habitat tequirem<erits 188 89 
habitat su1tab1lity for, 189 
human-disturbed habna1s, 190 
identification of, iS6-88 
life history of, 188 
man;igement of 190 

rnating activity, 188 
microhab1tat su1tab1hty, 18-9 
rnitochondnal DNA analpu, 18& 
monitoring, researth, and sur,oey needs, 190-91 
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sexual maturity. c88 
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surfiic~ i!<:tivity, 188 
taxonomy of. 188 
threats faced by, 189-90 
trends in abundance_ 189 

Anza.-Eorrego Desert Stale Park, 248 49 
Apalo11t spinifera, 302,307 
aquatic habitats, in California. 31 

acidilication of, 73 
aquatic invasive predatorS, JI 

aquatic invertebrates, 307 
Argentine ant. See un~pithtmcz hwnile 

Arizona dfians randid11, 2.57 

Atiz,01111 tltia11s ,bunu:zta, 257 

Ariz:onu ae811MOCcidt=ruulis. 255 59, 255jf), 368 
breeding activity and egg laying, 257 
coloration of, 255 
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ecological specialization and endemum, .1.58 
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management of. 2.59 
monitoring. research, and sur.-ey nceilii, 259 
pilfall trapping of, 258 
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prey of, 257 
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reproductiveacti~ity, 257 
risk factors, 255(t) 
status of, 255, 1.58-59 
taxonomy of, 2. 57 
threats faced by. 258 
trends in abundance , 2;& 

Arr-oyo toad. Sec Hufi,cabfornicm 

Au-1,p/111~ lrne,, 5J-58, 51 (f) 
breedine beh.t~ior, SJ 

dimate change, imp.a.:t of, 5> 
dutch site, 53 
distnbu11on of, 5.i.(m). 55 
habitat rC<Juirements, 53-55 
iden11fintion, 51 5-3 
larvae of, 51, 55 
life huwry. 53 
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sensitivity to warm temperatures, 54 
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status deterrninalion, 57 
st~tu~ surnmny, Sl 

in streams. 54 
taxonomic relationships, 53 
thermal tolerances or, 54 

threats faced by, 55-57 
timber harvesting, impact of, 56 
time to rneumorphosis, n 
trends m a.bundam:e, 53 

Asp1do~relis h1p"ylhra. j68 69. 371 
habitat destruction, impact of, 371 

Asp1doscd1s tigns Sti!J~~ri, 192-96, 192 jf) 

dislribu1ion uf. 19}(m), 195 
hab,tat loss and fragmentatlun, 195 
habitat requirements for, 194-95 

identification of. 192.-94 
life history or, 194 
managemen1 of, 196 
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California legless hzard. See Atinitll~ pulclmz 

California Natural Community Conser~alion 

Planning. 41 
California Natur;il Diversity Dat.-base, >· 13,, 15, 33,, 216 
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reproducti~ ;i.ctlvity, 204 
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foothill yellow-legged frog. See .Ilana bo~lll­

forest ecosrstems, 11 

G,u,.belill copci,, 2.07-11. 207 (f) 

breedingse.uon, 209 
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f-fo/e>duma susprctwm, 2t2-17, 21:i.(I) 

daily acHvity ptttern, 215 
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lowb.nd leopard frog. See JI.an" yi:n.,.-;,p11foisis 
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diurnal behavior. 277 
foraging behavior, z77 
habitat requirements for. 277 
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Sonora mud turtle. See Kinoslcrnon sonorien~c 
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behavioral di!Tcll:rn;c5 in ca.pti.,.11y, 24'l 

di sti 11ctivene ss of. 246 
distribution of, 247fml, 248 
habitat nquin:menl3, :248 
idelltifiu.tion of, 24G-48 
life history of. 248 

management of. 249 
monitoring, research, and ~urwy ne,e,ds, 249 
as Priority 3 Species of Special Concern, 246 
risk factors. 246 [t) 
st.1tus of, 246, 249 
taxonomy of, 248 
threatg faced by. 249 

trends in auundance, 2.41!-49 
XirntLUia lltn~hawi, 199 

X"nti+sw vigilissiermc, i.~0-54, zsoll) 
daily activity c~clcs, 252. 

dietof,252 

distributi1mof. 2.51(m), 253 
elev.itio11al nnge, 2n 

habitat requirements for, 2~2-53 
identification or, 250-52 
life hMoryof, 252 
management c,f, 253 
migration corridor-a, 254 

mitochondrial and nuclear DNA s~uence, :.52 
monitoring, research, and survey needs, 253 54 

phykigcographk/spedes bo,1ndary, 2n 

as Priority 3 SP6'.ie~ of .Special Conc.ern, 250 

risk factori;, 2.5o(t) 

seKual matudty t>f, 252 
status of, 250, J.S3 
taxonomy of, 25.z 
thre.ats faced by, 253 
trends in abundan<e, 253 

Xanlusia w(gs(mi, 373 

yellow-blotched en~lina. See EMati,ia ~sdm:-holi..:,i 
,ro,ralcr 

yellow.legged frogs. See Ra1111 b~~lii 

Yoseml~ National Park, 71, 74-76 
Yos~mitt, to.ad. See Bufo ca11,;1rus 

Yuma Desert, 2p 
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California - Great Basin Region 
Migratory Birds Program 

Recommended Buffer Z.Ones for Ground-based Human Activities around 
Nesting Sites of Golden Eagles in California and Nevada 

May202I 

For most ground-based human activi1ies, we reccmmend a one~mile no-disturbance buffer surrounding golden eagle nesting 
sites in CalifornLa and Nevada; see table below for specifics on activity and buffer recommendations. Recommended buffers 
may increase or decrease, depending on specific site or activity circumstances. Buffers may be reduced in consuhation w tth 
the U.S Fish end Wildlife Ser\lice (Service) when the nest i5 not in use or activities are not in line-of-sight of the nest a. In 
parts of California, eagles maintain year-round territories that may require 9dditional protection. We recommend 
consultation with the Servi:e for determining buffer zones for high intensity or long duration activities, unique 
circumstances, activities not IL.'lted in the table below, or when historic levels of human activity are a consideration. 

Activity 

Use of Motorized Vel!ldes off-road and on water. 

I nc:I oo ing, but not I imited to, passer,gervehides, all-terrain ..,ehicles, dirt bikes, and 

snowmobiles. Any passenger i.-ehicle drivingon dirt or gravel roads that are not i;ia rt of a 
rouli nely used transportation ca-rida. Al soi ncludes motorized boating activities. 

Pedestri.-. and Non-Motorized Activityb: 

Incl I.ding, but not II mlted to, wa I king, ru nnlng. h iklng, blklrg, campins, rock climbing. bird 
wa Lc:h ins, fishing, hunting horseback ridng,ca noeing, kayaking, and biologicals urveys•. 

Developed Sites: 
Incl u:::ling, but not I imilEd to, fac:iliti~, deYeloped campgrnund sites, and designated snowmctJile 
and off-road vehicle col.l"ses. 

Industrial, Municipal, and Construction Activity: 
Incl udln&, butnotllmited to, urbaniz.ation; minlrt1:; ol I andsa~ development;solardevelopment; 

I oggi ng; power line construction; JOad constrllction & maintenance; fa cilitie:s constructioo; and 
agricultural operations. 

Blasting and other loud non-reg1.1lair noise: 

Including, but not limited to, detonation devices, firewaks classified by the Federal Department 
of Transportation as Class B explosives, recreational shooting, a rd outdoor concerts. 

Recommended 
No-Disturbance Buffer 

1mile 

lmile 

lmile 

lmlle 

2 miles 

• An in-use 11estis defined as a"goldeaeagle nestch,m1c~rized by the presence ofoneofmoreeggs, dependen1.young,oradult eagles on 
the nest in the past IO days during the bre'2d ing season" (50 CFR 22.J) and "{b )reeding begins ... with the start o fcourtship ... " 
(Programmatic Environmental Impact S/c,tement/01· the Eagle Rifle Revision, United States Department o fthe Interior, Fis Ii and Wild life 
Service, December 2016). 

' Many e>tis1ing nests ites experience some level ofintennittent at\d on-going low le\lels of disturbance frorn these types ofhun-nn 
act ivil ies, am.I the resident pair of eag Jes may liaveacclimated to these existing levels ofd isturbBOCe. However, increases in hu 1rnn 
activity may not be to le rated by nesting eagles. 

"Qualified biologists conducting ground-based eagle monitoring may follow distance recorrmm detia1s in Pagel et al (20 I 0). 



~IENCE 

Joshua tree (Yucca brevifolia) seeds are 
dispersed by seed-caching rodents1 

S'lcphm 8. VANDER WALL2, [)opulm,:ala!Biol.<lg)' ...i ._ .....,_, ia Eoalo.,-, E...,klritu 
Md ~1)1 BiQ!oey, llllmniryol'lfflada. llffll,, w.......i. 11'1'51. 1J$A. e-lll!lil: 9"@1«.<d>i 

Todd E:SQUE, lJub! Stab Onil~•al s~n-c:r, Hcodcrma, :N•...i., USA 

Dustin HAINES, ~or~. E-.olllbOII, &K&ba'flDI'. llru•mily 
or~ Mianoapolia, Miaaaola 5S4SS, us.-.. 

Megari GARNETT, Uni.led Stale:! ~ .. 1 Su,vey.. H~ 
N--i..USA. 

Ben A. WAITMAN, D.p,m,n1 of810iom' ...i Ibo"""""' ,a 
&olos)', Hva!lllim ...... c-tio:, Bialoa, lJII.IW2riy 

arNOl-adt. RIDI), NeYWffl51, USA. ud Uak4d hllM 
Ge,,lnp,,11 Swwy, a......,,,_ )jffllla., U!Ll. 

Alutnrr. Jvabw. 1Rc I lloccd ~ ii a 4i1Lirdiw aDd cunlllllllio plal af die Mujart ~ Abbolip llolll blolot)' 
..i .....i ~lion or .Jaoba u,e,e one! odm )'IIOOll ore well midontood, Ck 1w ..t1o4111 nr -a. ... ,..,,.,.IM,m AWlecl. 
Wr; iesed 1he bVIN)1betit IUI lotbua --ism llla:,med by telld--1:ill& ~ We tadll.aiotly labelled loom Ila '""° aad f..U,,w,4. 6icir r.tC> 11 Ji-. N111W plu,. ill~ Wub, Clut c:..w,,y, t,I~ USA. Ra.w,a DIido & meaa c,f 
JM Oldlet. awl])' lWhla 311 m orlho .,_. or""""' plllnlt c.ci-C0<11alned a meu .:,(S.! ~t...ied l-JOwn 4Mp. A 
vulery or...,.. lpecleo~ 10 ,,..,, prq,,nl lk Cld!el. lluw orii.c 1136 Josb.a irce-11 (OA'K) .., .. pmi,aled 
die roi~~S.c!J.enilDadaollSillallNllll1 uci.o.u.wu~1S% M0ttdmll%or~ill()J'CDploli­
..........i II)' JlallVIRI, ow.,...., micmsite nor 1Upplo:meial - 1ifLnjficamly affeoted prmkNlion, J........, no pn,,ru.e, 
S<edl In hwlulKell( JW>ds Cl etpt,tll ... wllkl Mdttb dJwar,de lO bl.r.lttt ateds. Bea.use dom: iJ DO all...- lmo-n - or 
Ned dkpenal, !I II po11lble 111.ata JNllua lNHodlDt seed dl!pffAI ~ 11111 Gbliplf m1llllllna fbr lhc pltll 
K~: J01!U!I l?W, M>lller IM>enl1q, ~,;ldn111, 1el'd di,peml, lllccd ~ 

,U.,,,,,.: L'mln-o de J...,.. (Ki.em ~bl es! 111e pi.nto <liolinc:ti..., •• clmri1rnatiqm, 411 dhm di: Ma)a=. Quai,f,o I• 
lriaqi• do la kniloa ei lo~ de IP'llo"I"" Cl'I we"' ........... yuua IOIII bien ......,.;.a, .. sm""" .... 
dt l'tRtt dt Ja••t n'a jLllilliil i!li! i!luih!. Nom avm-a lclflo l'k~ qs I=! &ni.uo!i tie eel uboe ltlllll di~ J)tr det 
lffl'Clln eacbcm, de pm,a. N""' avm, m,uqir radi~ lb pamet d.lllbm de Josal! ct 111M Int 1ll'll • i,,nir de 
ci"'lpWU ~ • l'<ICO!li Wuh, Oat C01111ty, N_., Lot! l.anqeun oa1 f1itm ~ 30.6 a1tkshabi!iKUa,en1 
.Ir. 30 m de lt booe deo plants ....,__ Le,o caom ooataai..i m _.,., 5 .2 poiia mlofflel ,l do, pm(Ollole.,. <lo 3 • 
3011111. Ule l'Jrle<t d'~ de 10A11C1111 tetmlJlcm l\ollil 1111 ;,c, ttebn. TNlb 4n ~ lftlllll,'ffllfel d< Jou! cacb6e$ 
(0.4%) uni a--, le prune,mpo oui•111L Lt aenniulion de pmeo <ku de, ••.d111 t l'ODlflU1 eatipll Pl"ICIM U%. Plut 
de 112'16 dell p,ines dam )el Sileo OIJWffS <1111 !II! emov&s pu de:s ~ el Di le mictoli1e lli l'&joul d'eau n'fll ~ 
slplllcallnl!lfflt I ■ llffll)lltr,loD. L'tlbR 4t Jof1IC produi. ~CJ a,aiMt dall$ da c.~ io4lllllceaH q"° los ........,. 
briMm po11r~I...- i...,.._ Du, 11-c.,do l'~lk~pm,p,e MlelllllUU. ~<ltd~,._pillMn'en 
"""""' ~ .. t "°"'l,lo qao la 11>,pen\lm par loo rD11F111 IOitw,o llrlencllm 111\ltlalislo ol>li&'"'po ■r""-Fla!A, 
M<,....,u.,, ubredl lD1u,cach• depmu. d~-,.6",nrilles. ~IIM""dlwnDIICheo, Bl«G~. 

~: Hfctman, 1993; 111.lmjlr. 20lll. 

l1Urodutdoll 

Yoo!C11.11 (llli:ca wxl Hupffflyatta) are prominenl wxl 
~alic pluilli gf Wllllll LICwpcra.lc 1md arid n:giom 
of lhe so"d.,m Unii.od S11tu an.d Mui0Q. YU1.,.a. ban 
m;c:ivcd • RRBI- deal of 111;:lffllill~ rnemlon, ~ i11 
llu: area of Doral biology. The yucca lllDlh t\occo l1DW« 
~llillaliOll ~ion, on1111 ~i1ed in *\boob m:I Jl'OV,,­
br wurb, i, 011; of thi:: muat co11virn:in_g i:umpll:5 of a 
ccnol,;al. obligate mutualism (Pellm.)'l' ~, al .. 1996). ~ 

'ar.2006,.M.ll:""'--­
..,_ .. !Wllr......._.~ 
•-r. .. m~---

lna:rxtlon, which may have arum man: than 40 milhoo 
ye1m ■go (l>ellmyr Ir. Lccbcm-Mu:k, I 999), w111 finit 

dncribed by ~ Enif]maan and Cliatln Rilty in the 
1870s and iJ still .an ob~ of iMlmi= si:ienlifie mvestip­
tion (Pcllmyr, 2003). Although mw:h is known ■haw thcir 
ieunis. virtuall)' nolhini i, known 1100'.ll th, Cate or YII~ 
8eeds (~.go., 1eed d~r1111, post-dispi::n■ I 111:cd praiatiDD, 
1ccdling cllablisbmi:nt). 

!iomi:: )'UCQIII (11',g. • .klmwl UH, ~ brwvifo(iaJ pro­
dllt'C mst1vely larse seeds. 1'heR lqc lilXdt ~ lik~l)' to 
be mnctlvc !hod Imm far gnmi11on1u mmnu, birds, BDd 
imm. Fl&Rber, 11 number of mad-midiiny rvdcabl livi: m dm 

Tiu, oontoe~l <b"- ~lo'""'-1 f, '"" 
IH.L"H.2>-1 ll'rl on Sun,(18 Jno mi~ ID~r.:09 UTC: 

All Utic: ~11~1 ta hllp!!:, 0i11bo11I.J:!ilDr.o~t.t:rrru 
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same hllbiw M dlt,ge yi.iccas. ~cl it i, p,>$$i.bl.c: that a frllc­
tioa or ltie )'IK;CI. scedl 8J'C scatter boarded by rodenlll and 
11!.e.t mdl'm~ might - as dls(WW agenu tor these )"I«U. 
:Smne alremative m=alll or seed ~I ha~ been 111g­
gffled. ln 1193. William Treleast: wrote oi JO&hua ttte fruits 
that "'their mllllded tbrm and vr;ry li&fll ~ific gr&vity rai­

der tbetn well developed "tumble fraib' &lid p;>illl tv t!Kir 
di11Serninaliuo across lhc dcsicn by lh.c aid of •tn.m& wind, 
that prevail t~re," A number of aulllQn st3t, lhat yucau; 
(I.e., Y. ela1a, Y. filameruo,a, Y. whlppft1i, Ind Y. glattea) an: 
windlpvlty diSpened (Powell & Mactic, 19'6; Welltm & 
Ludwig, 1978; Aker, 1982; Dodd & Linhart, 1994; Massey 
&. Hamrick, 1998, Hurh & Pellmyr, 2000), blll lhe e ~Ii YC• 
Deal! of thi1 mechanism hu never been as.Kssed. Wallen and 
Ludwig ( I 97!) susgesttd lllal Y. boecala i~ dispersed hy 
berbivon:s. but did DOI preac:ol cone luaive C'I' tdmce. Yeaton 
er al. (191S) also noted lbat Y. schidigero, in additiiin Ht 
Y. hacc{JJ(J, is diipenoo by -..:rtcbrate means, but neither 
produced evidto.ce or specif~ whi,;b. vertebralCII, Janzen 
(19Kli) suuesled that the see4ls or r. d«ipitns in the soulb· 
em Cbihuahuao Desert, Mexico. might have h«n dispersed 
by extinct mepfa11.1111, 

A novel end imponmt reprod11Cti~ feature of 50ml: 

fffcca 1ped~ is the prodlaclian or indeh.isoent lo!e4 pod.I.. 
This is a dmvcd oondilion, nestod within llre AJ:avaceae, 
while Bil o4hcr members have dry, deh.lscent (aJISllle&. Thert 
are two types gf indehiBccmcc: one found in lhe neshy• 
fruited )'IICCU or the section Sarcocarpa and the alher in 
the spongy-froib>d lucca brr."rfalia, 1hc sole member of 1hc 
1,:,;lioo Clis~. Developrn~II)'. lhey difier in 1hM the 
mesocarp layer lhicl:ens in .sate«IUpS,, wheree.s th.e exocarp 
l~r thickens in r. bnvj/olia, crgting a I= dcme l'ruil in 
tbe lllllff_ Many yucu species produce dehiscen1 seed pods. 
and these may well be dispersed by lli'ind or some other ahi· 
otic vmor. but it is uneie. bow seeds lrom the species with 
indehiscenl pod:!l arc dispencd. The yuccas with imlehilK:ffll 
pods prod~e rel11•i~ely ~ 5-1:l; 1h41 would appear to bo: 
sought after by g,ranlvorcs, how~vcr. The conjunction of 
theu IWO lnlt!I, indehiscenl pods and la.ge ~~. li,d U5 kl 
hypathcsiu that these yuccu, which tDCludc fO!M n.c, 
an: diapened by eeed-caching rodents thou remo~ th& Jee& 
directly &om podi. The go11l of this study was to asse5.S 
wh1t1h,tr JOShD8, ll"ee, one ◊f lbe rno&t familiar and illlp(l1talll 
yu,;,c;u i.a It.: suutbwestem United SW.:S, is di1pCrsed by 
~ngroden". 

Method& 

~ slUdJed the dispenal of loshua Im: seedii at Potosi 
Wu:b on the southwcsl slope of1b11 Spring Mou.ntains, 
llhout ~o Ian soul~ of Las Vegas, Claril O>unfy, Nevada 
(35" 52' N, 115~33' w. cln. 1660-1700 m}. The site is 
Mojave Omen scnab d(lminated. by bb.okbMh (Colwgyne 
romoswima), Ne¥11da ei:ibedra (Ep}ledra IUWIJderuJs), des­
ert ahnooit (l'l'llnw fesctrolo&J). and creosote bush (Larrea 
tridentat~). with modeTal.ely dmse Jlopulations or Josb111 
ttee and baolml! yucca ( I' b«cdta) j1ut hi!ktw pi oon-juni• 
per woodlwnl.. The siti:, iJ federal land administered by 
the US Dqianment of AJri,culture, Foru1 SeJvice mid US 
Departmcnc oflhe Interior, Bureau ofLMd Mamgement We 
studied ~line m:ruilmmt af JIISbua bee aJIID8 Waiting. 

BM ltanl:h Road off Nevada ro~ 1&6 ■bout 12 tm wat of 
Seudilighl, Nend.,. 

On IS Augusl 2002, we ph1ei:d 200 J1»bua tm: seeds 
around each of two source plants (=20 eec,cls a1 ee.clh of 
LO iso:;r11pea in the 11011 wilhin I m af die Im: Inn:.). On 26 
Sepiember 2002, we placed three more ba.1Chl!.'! ~ 200 -.ia 
1roder 1hrce 01bet SQufCe pla,iis iu a similac- fuhiw. Seeds 
Mll"I! numbm!d individwilly IIJld labellll!d wilh mclialldiw 
sc11Dd1um, • gamma-emittmg nidionuclidc wilh a b.alr-1 if~ 
of 83.8 d. Scandi .. m is biologically inert (doe~ not pass 
1hcnugll lhe food cllain). ~ to 0011-todc, non-radioac-
1ive lil&nium, 8Dd IJJJlem'B b1UIDlen to rndeots and seeds. 
The way we p~ seeds WU W1lllNtll, but II is DOI fca­
•iblc to pracnt radioacti~ly labcllal 1i,eds within pods md, 
in this ~ludy. we were m~ted in llu: di:;pcrsal i:,nx:c5li, aot 
how s«d$ mllht be hJrveated from pods. We returned die 
d.J)' 11fu::r d,:ploywg 5-1 lo died 5e~ fates. We oollccted 
unhan-~slcd seed.I 1111d tb.:n scari:h.cd rar mluinl! seeds 
wirlg Ocigcr COWllets, follo,,oin& tht procedure g,f Viutdcr 
Wall (2002). We cJtCll"f'llied cachrs to dctmni.ne number of 
seeds ■nd burial depth. We recot<lcd the numben 011 die 
seeds 1Dd retumed them hi tbe cetelu: s ib:s. We recatdi:id 
caching mi~rohabila( (under ahrub [> 10 cm from CIIIIOPY 
edge).• -ufshrut, [< 10 cm <if canopy edsi:;J, or space 
between shrubs{> 10 <:in from canopy edge]) and subiilntc 
(minctll soil or plaal lim:r} and meuun:d the coordiollcs 
(Ir cache sites wing the &OWW phu11 as. the origin of a graph 
apace and cardinal dirett,om N a~. ~ "'tumed to IOUl'CC 

plants 111.tl!r in tho! !all of 2002 and spring or2003 .llld res~• 
veyed the area 10 determine which caches wen, l'"'l>li'lrt 11111d 
ro se.m for new (IICC0Dd■ry) cedu:s. A~r du! la..n survey, 
all remaining labelled seeds were galhtn:d and disJl(ISed of. 

During lall 2003, aftff production of rel ■lvely larp 
seed crops, we monilored rl\Jils of JQshua Ir~, ba11ana 
)'UCC4, and Mojave )'UOCII • our PolOSi IMllll !lllldy lllb! ~d 
111 Walla.ce C11r1yon in. the Sprins Moun••ini or southem 
Nenda 10 dclmnioe how !leed!! mi1h1 he removed. Lib 
Jinhua bee, bil.oaoa 8Dd M~II\IC ~ l'fOOIICC inda:Jwil:cnl 
51:a! pods with ~l.llliftly laqe IICCW. 

To delemlillll' rodimt !pcl.iCIJ oom?Wilion ud reb!IL Vil 

abundance! nl tn.~ Pormi Wah ,gilr!, we trapped todenlS 
on lhc evenings of JO Aplil and l May 200). We llffil 98 
Shennan live tn!ps in a 7 ~ 1 grid with 12 m spacing and 
2 traps Ill eocla point 1\ro lnlpping grids were laid out, oac 
located in bumal shnibhmds and 1bc 01hcr in unoomed veg­
etation. &it coasisted of milled bird seed. Wt: baited lllJl IICl 
traJ),9 j\l&1 bdore oosk. and we checked and closed mpi 11. 
dawn. Tntppiill): IICSli.wu 1.-:d 1i1lv uigbb. 

W., conduc:ted !Zed gmninan trials u.u.q Jodma 11te 

Jetdi. prhered from Carpenler' Cuyen (SpriDg Mowain:I, 
50IOl!m Ncvim) in OmJh:r 2003. Will! mnll'Wd seed-I fmm 
p0dl and plaool lhem. in wuer; seeds Lbal. flomed. were con­
!ilkn:d inviable md wem di5Clll'dld We also e,ccludrd MY 
leeda "'itb y1:;iblc dlllllilge fnm molh lune. Viable seeds 
Wffl ur drled and srared ID paper~ 

To prc11ent pilferage b}' roden1$, w~ tQllduc~ seed 
gcnnin■rioo. apcrilllCIILI within proieetiw. exclasures c,:,n­
,1n1e1ed widJ. 6 mm hardwm: dDlb ~O " 50 ~ 20 cm high, 
burml JO cm deep in me l!Oil. In t.Kh t.ag!!. we pl11.1111!ld ie6ds 
=3 cm deep in. • l " 10 ifld. Witt Dll::Sh lid& wen: JJ laced 

1"111< """""' ~"''""'•~•d lrom 
IJ~.!74..2:-4 16-1 on S•n .08 ran lOi.5 oo:i6:0'l l1TC 

1111 U>< >~~~ l(J hl,..., .' 'abuUlplD<.UrsJlemL' 



ove:r Im (UeS. We~ Olia procedure io 24 eJt~IM~ 
(1 :ttJCI rads), spacing lhetti =JO m apart I IQO& • uoa~. 
We pt~ mir ( ll) of tb.c ~ undel' shrubs- aJNI the 
lid\er half in the opetl, altel'llating llile eopdjt(<>IUI aloiiJ the 
triiMecl , Siit ~cklsum! in each micrO!'lite tten,tmea.r were 
watered eech -week fut fi.,,c wcieb with !lJl~ lttre of waler. 
api11 ~lffl2alin111 ~11'Q: tbe trmse(;t , The orhex ~ix received 
n~ supplen\enllil w11cr. We UJQDilored exel.QsQfl:a weckl_y 
tor sg:dl~ el'lu:rgenee, We initiated this study ill Macch. nr 
2004 and gathered the ti1111l dala m 19 January i:00~. 

Ntatb)'\ we establi&hed r2 u11fcnecd plQI.$ ttt fll!;ll· 
llll'll tile r•te or NJdent sNtd pilferage, Fifiy Joshua tree 
wa. win llutied ~ cm deep lo a S-l< LO palt~ wilhin 11-

50- " ~m plot As with IIM e.xdasures, llalf or these plots 
~re \llattted each wtet, We cltei;~ pll:$ weekly fol,- seed 
rcmoviil ~nd ~lill,g 4111ergence; however, 1111!1 nUliibtr of 
seedl l'ttnOVed WU difficull to det""11rte wilblnlt dimstlln@ 
!ht: ,plou. Al lb!, ~ -of two mo~, the tqp 1 em r,f soll In 
we plou was .ttmovtd uod d.flcd tar remamina seeds. 

Wt Wt!yied &fflliinati.on. and ~ mTIQl/91 dala llSUlJ 
11- two-fador A.NOVA for m!QN>Site ud supplemeneal wattt• 
ing. Data vie"' i;qi,an: root ,lrusfono~ le;, 11111'~• .. umplioDII 
of equ.al Ya~8 wh8re 11ee-eumy (Box & Coit. 191>4}. om 
a,-e rtpo,:,ed •s meui t: 1 SD uolc,is o~rwi~ notw. 

Result• 
RQ<lcol$ n:!Dlm:d labdlicd 1=k &um !our of lbe source 

plutl wi111in Id, alld &CCdB al Oi.c lillb 10Lm:c planl ~rt 
removed durin& tu second day. Only 5 of 1000 seeds 
({J.S%) were not han'1:,t<:d by rodl:nla. Nooe of !ht sc:c,;h 
had been ~ten 1111dcr die 30111cc plaoll. Wllcn we searched 
for s«ds with Geiger c'"'~ 'tll'e fourid 11-4.1 j: 13.1"-' of 
remo\'cd aco:b {mip 67.7 tu ~i.S" ■) io t:Klu.r We li:lund 
11 lolll. of Bl primary c a,chu (30.6 :1: 7.4 cachea plant 1) 
located 0.5 56.6 DI away f19m lbc base of IO\ll'CC plutl 
(Table I) Primary caches CA:intalned .l mean of 5.2 ± 3.9 
secoh (rauae I 16 ,cods) ind were widely scatrered 
IIIJ'llWld souroe planll fFipre I). Me-8n maimnum di,pers11t 
dis1en~ wq 30 O ;1c 16.8 m (raop 12 5 56 6 m) Five· 
lmnaoa yucca m!(b we~ bm.d among lhlce <Jr tbc cathr:.-, 
iodicatio& that rodeo~ were fo~sing for uu1 caching indig­
enous ~ca stNta. We .also found one harder conaaining 44 
Jomm ll'CIC eccdl ma dead, hollow, bllmla yucra stmL 

We resurveyed Ibo &ra:i arowid 101111:C pllllJt.l IAtcr in 
the 6.11 and likl.nd lmt 10 cachet WeR- Jilli 111w;1 (4S.S%), 
fo111 caches h•d fflOl1l ~ RIIIICM:ld b111 ooc er DXR acals 
lllill Jnlenl (l.6" ■ 1, 79 c1d1es we~ miuing (SJ.6,<,), .1111.d 

t.cOSCIEHCE. ~11. ll (◄), 2006 

~0 llN' c.u:bl=I !lad been made (Table I). Rooaits made ~e 
ntw (~fflNld,ry) e.achci from seeds lh8)' had Liken from the 
orisioal or primary C&Che:I. Secondwy caches were ,mail­
er, cooninio, an •vcra.&c or 3.3 ± 2.5 xedl (1-14 1ceds; 
Table IJ, and umally were widely ~red (Figu~ 1). The 
transport distance be!Wccn primary and aecondaiy c11thal 
averaaed 6-1 l m (full ~ngc = 0.2-32.2 m) (Tabi.11). 

Combinin11 bo1h primary amd iccondary cachH, 
rodl:nll placed onriy eqml nwnbenl of cadlu lll'lder ~h'I 
(32.0%). 11=- the edge ot slin.ib, (36.5%), J.ad ill lhc open 
(31.~%). C11ches were usumlly dose to or under bLM!k­
bru1h, epbedra, l}'C1um (lycrnm ander.wnii), or creosote 
bwh, wllieh m the moat abundant shrubs at the srudy site. 
Rodl!lllll Ill.Ill&! caches in sandy or gr.a\'Clly soil (68.1%) or 
under thin deJ)O$il!I ~fplant litter(31.8%), 

During die coucse or the fall and wintn, ro&11t~ ale 
any of the 1e1:d5 in primary nd ~ndary caches. On 
23 March 2003. we found only l sccdliogs emergjiiai from 
cadlti (tbt total oumber WM probllb ly gIQtcr becMISII most 
seed hid been mnoved. and roderll$ mti>' have caclted 1N1ny 
111%111 cbr:wberc~ 

From 392 trap-nights, we c~ugbt ooly 21 rodentl 
(13 illdividuJls ~ph.lRd). Trapping yielded lwo longwl 
pocket mice {Chaewdlpus form~u.r), one canyon 111001C 

(Pe,omyscw crirrituz), and 10 Merriam•, kangaroo rats 
(Dipodomys merrloml). AJI but ooe of die Merrianl 's kens•· 
roo rats we~ found on the blnn~ Site, and all 0th.er roomls 
wen: cau11ht on lhc unburned lit&. ThP diurnal whitetail 
imlclopc ground 54u11rc:I§ (At1111tasµrmophiluz leuc:rrn.11) 
were seen on w slit but nor ca~~, 

The fniill of Joshua trot. bllllAIIJ yw.,.a. ~11d Mojave 
yucca 1ha1 we monitored in fall 2001 had b~n ga.awd 
on by rodeDU, boch still 11t1ached to the planlll and on !ht 
ground nearby. Rodenll had dragged gome poth away fium 
producliYe plania, ()JlCntd the pod~ _, ~ppclllN to have 
removed seeds. BBKd oo teeth marks an the pods and fuo1 
pnnt.11 in the IQil, dli$ activil),' ap~ to ~ cmm:d by ante­
lope ground aquim:ls and perhaps woodrats {~ot(lni,Q ,p.), 
but <lther species i>f rodent, (~.g .. mice or kangaroo rals) 
m1y have n,movecl seeds fiom the partially opened pods. 
Ovu • period of 2 3 IIUllUhs, rod!ntc dicm.ntlcd most or 
the pods, and IIIOIII of die ,eeds in lhe,e powi disappcaml. 
We did twl o~l"YC ID)' olbe:r 111e1ns of seed ,emova I. 

A toMI of 178 Jwlna ln:e Redliogs (14.83/o} cmetged 
in th germination cxclosure m1dy. More seedlings 
emerged under slacub$ (22,3 :ic 19.4%1 cba in the open 
(8.8 ± 8.6%), bv.t w diffcrero: is only m&rJillally s.ignili• 
c:alll (F1_ 20 - 3.~58, f> < 0.070}. :Mort xcdling, emcrscd in 

TAIILlt I RoulL■ ofrada<>aW~e -.411'1d• arourul fiYCO WIIIU'pl~ Diilaare means,. I SD l'rimaycacbe1 aic 1tom lmil lMDI rrom 
bmnlh EOU1C$ pllllll; lil!CClllduy cadi.a ■.re r,.,m -=J. ._ffl fiom J'IWWJY Cima, Di:itan« i; ~ ,harlcs: dil!IQCe ~ a:Mlll:C plllal 11111 
ache, C&,t,, dcpdr was lllSl!llnd w rru! mp or Redl. Benw,,n i,7_ 7 111d 97.S'. of dir }00 ,,,o&q•■o:d •I eachoun:• pllllt - fawul 

Tre1: JI 

I 26 
2 31 
l 1? 
4 39 
s ~ 

r'lmm)lca:bm S..olldl.l)' ~••~ 
s.,,,!oume 

i41]7 

JUl3 
72.i:4..4 
ll¼O<J 
H,U 

D10.-(ltil Ian) n :ietd,..,..i,;-t 

IH 71 l".0"')1 S 5 2,6± I.~ 
111 • tJ l 19.S z21 6 6 lb~.l 
IU.C,•6.6 u.,,_3 16 l.9c1c 1.7 
1'3~95 ~-1 •S.O 0 

• .(j ,l ! , .D¼ J ~ 21 390.l 

n 1 i.: Ci."1•1a11i1 Llil\l'nJ t):Jtled rrririi 

B Z l N .25~.I~ QII Suo,o.! l•A 2n2S 00. ~6;fll> l/TC 
All tM ,U ~<tllO IM1p, //;t"°"' J""' o,~ ~ub 

Dimncclm) 

15,9±2.S 
111±80 
1),0±4.4 

l3.HH 

,1mml 

l.O U.7 
l.1±U 
7.1:1:7.9 

a.H 13.9 

}II 
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e .. 
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0 ~ 

J; .. 0 

• . .. , ft .. 
Jo .. • .. • 0 o, .. 

,..ten 
l'ka.u I ni. dllplftl!m or eadlea ammd 1 ..... 1nc j (Imp cirda,). 

o..l c!Rla ,.....1pr,mar)' .....,<vea.,.,., ... ,..,,.,.1c11p1;yJlrl-
lDIIJACD!l;llialtLltl ···••111~ .-bet .... flv&t.:a,pial 
p,i...,.cdl:t-U....-.oa...aa 

TAIL.II TT, The dillancc 1h11 iodailll moved ~tom.-~ 
IDd ll!CCl!ldMy Olllillril!il II fout - plaala. n-., &rt: incw !•~ 
2 cachldlm.-0!.K!......,,. ~{Iltllt.l} ~rndr:lib 
oftft lmia! ama hm twa prirmry c.:1- ill 1111 - lellOlldMy 
caclle. 

!lawco ploai, " Y-1:SD a..-: 
J 7 UJ1:8A O.t-23.0 
2 7 11.lti:IU 0.2-32.2 
) 18 6Jh2.I 1.~11.l 
4 0 
s l7 Jl,1)_ 6., ) .6--1U 

unwalclal uc:lll:mes (16 ,l'i :t 18.2"•) thmJ m 11'1!.temi nclo­
aua ~13.2 :I:: 13.8%}, but the diJfmnoc WU 1IOt &ignifieant 
{f'1 ::ao =< 0.301, P ; O.ffl)_ 1hl! sbntb-water intemction also 
wu ootqniflcant(f1 JP- 0.017,P= 0.897). Over a period 
of two DlODlhs. 12% 6'111e 600 lttxk ill unrtnlled plots were 
rmnovod by m111111l1. 'l'hllre w1111 no sipifiCllllt effecl of 
watcrmJ (F1, 3 -0.11, P • 0.6888) Qfl the number or IICell!J 
removed, but animab tool: !igniftcmdy more s.eed.l under 
tbnib caaoplcs (16.2 :I:: I.S.'il) 1h1111 in tru: open (I.Sa l.8) 
(Fl,I = :I.A9.P = 0.0472). 

Dhouula11 

0 111 JOUN~ ,plant Ulldl.e:! edetnoMtrallld th,t(. rodcnli rii 
,atller,and CM11ll JoGhu@ m.t«ds,.. Stace W& a.'11 ~ ­
ly tlit 8IIJne )lliltem at ·all,fi-,c l!IJlll"i:e ~ llCllift:r ~ 
of~·)'UOQII 1-C'Cdl .appcatg to·be: 11 .. ~l:deru'beba.'llournl 
IJSJ'Oll.'"- However, we II.NI 101 ~r1UUI wbfob TOd.e.Dt 5pe. 
c;ie1 .,~ ~ i~osible fot 1he cachca. At rour« plant 2, 
-,n)JITTDllltr ~ ~ pilt«i:d d.Unng ibe day I.Allllle: 
~~ ~ti-Qi P4 muwiDI primary cadles, SllQesl· 
il!,J· .:&.I ""111te, tailcd' llhtelopc ~ 3q_uh1eb, Ute '111ly 
iliumal rodent at die Mic, were probllbly ill¥Olvcd Al ioun:t 

5G 

plalit_ 4. ci(b~ wm umformly 1111111! (l--4' aoodl) Ind dial, 
low (ia>' llllD deep). s~q Chai: • !1Jlill 1'!'liltat IIUCb M 
~All m1gbr W/re:Cll(lllt,d•IM ~- Dtcl' nl.icc,aqd 

p'inyoo mice: ~ ~hes liadlar to Ult: aches 1,t ~ 
Pllnt ♦ (VlmdlrWall c tii.. 200l; Holllullles-.t:VaDder wan. 
1004). ~ DIii® al~ plants I , :3, ,11111U MICl'll lar)II:[ 
ad deeptt and mipt:have bffll ~ by t 1M'!Jff ,odca, 
,ucb•~~-

Oniy dim: ottfit~ ~~ ~ ·-~ 
~ l ·111rry· psntin.ll:ie.ll in ._.~ IPl"iu.r ud ISUlblistJed J.Oed• 
llDp. ''I'!» a cinly ·a tiny J1C1XU1a1e (0:363/,) .of tau: 11'6 
-=d:s ~ · 1'I prlmary •b.• ni Q.661'/4' l!f the "-Sf! ·~ 
-'1111 in plat» m: oUI 1-.,-1 -.utumll fl!N'J (mid,Ocicbc,r-1o mid 
lfoYembilt}, HowC¥t"r, -dm ffiUfy' tooi ptacc:111 ,tht middk.of 
an n141U.in droitg1it period • ~b ~adont foqlflinl•­
.lllii,;)n lliote f&t floi» ~ . Libaled, soeda -removed 
,tier-the ,l.iill t«be: ~• md thua Lt wu oat poanQle to 
quantify gmnim,tiQG fl'1. ~ ~ \1/Jiicb I'll~ lllW!: 
been cfoterlo ~I ~liru, 

~ . -~~ tiUdy ill.Side~,. wllfr.11. pt~ 
·~1$1 pilfffl&e- b,y root'IN, imlii:ms ilw Red. iD mallow 
'IIIIUCC eac~ milac 'to ax. liUiile l;>y rodent&, OM genii? 
llftl!ml~~Jt.. lnlhe _~.~ 
-ratd ~ ~ed Joebu& ·1n1i1: ll=dl am l)'tliwb 90-JJS% 
a\'ff -1S d (Clmmffl & Eaqum. wipuld. •a)-~~ "kiwer 
~ iu lb.~ tic,1d (14~11'1'-) ~ lhal ~ or lbt 
'\li!lhlll Mcds did not e,erroitwe- auceei&fuJ~ "lll'\DI Dial&. 
M<i_ri ~ ~IY'i"WWMOd ud JJIWll~~ 
tmdti" ~ bill ~ V&na1ioil was 90 .ll'CBI Jlia( 111i1 n111:1 
·wu not stalisoeall)' s!pfflcatu. Deui&K ..i,e ~Ullli f<1r 
th~ IM!I aroceds b1,rod'1t_1$, 'WO QffilJDII' dr,irt ~ .fffll:>1"1, 
~u illv~elinka. « mi~.mluml gi:rmmaumi. 

_ TIE pilferina of steeb from cacblls IDXI Ilk moviq of 
~ilfeted .seocb to ll!ltlDnd.m-y ~i ll!Qetl dill the dyn.tltn~ 
ills o( ~,attcr-ho&rool lffl1i I• sllnll• -rq that observod wilb 
i6ine pillCI -Medil (Vt11dcr Wlill & Joy1ter. 1998; Vanlbr 
Wall, 2002). Moil yucca 1eedt. re1ide_ .at, MVmll differ~ 
en• J.itm Mfor~ -ftnally hd11g ~iltricd -or g,;rmiluq, 
.aod removal t)f ~cd• from e~ 'Si'.tea. i1 Etot a Bt'C'D--
111tc• tneaaure-of ll@d pTW!iorl. TM ffilaalling o{ nedc 
bu irnponiult Jld!JM'tUl!11CCI$ fo r Hed ~I: U ~ 
IS?e:: dispmcd from ori$ioa1 ca~b'~ lhcY .m,y .~ movi:d 
fllrthet 'UOID the -ongio11l llO!lrCt Rl&nt ,, split into ad.di• 
rit'.iluJ teiebea, -aed ~o;,ed loll a grcau:r vuric-ty of hahilalii 
(Rowmi, Suzulii,il: s..salia 1997: Bobnlo,:~, ~ 
& ltabc:ma11111U1>a} 199~; -P.otll 4 Vii)dtr Wilt, '200S). 
B«alU~ lbW• MeclS~ 1DQ\'W 'from dicir original cub 
silt- and, probably =:im:~ M Cflhrul4e of mabll~ 
from JW1ltl1 cacbeii ia 1itdy to lie &ll Uiidffltbte of tnn1: 
91WJI~ ,establitbmmri. W,:, wm \llla'bl~ to cGn.d.vc:t llllt.n· 
mve, npealed •llr'V4!)'K of tlte ~ around ,O\li;e _planb!, 
'° llllll'Y ;11e.condlfY• (U.d. lcnwy) cacbe• wen pt0baJ>ly 
tlll1"4, and lhe ·~•t ~r the 1111: elied& 11! unlmov,,n. Alm,. IIDIIIII 
of the ::IIICllllbM, !lleM.1 .-.,re ~ly ~rrit11 filrfller 2'0111 
U.it 1111lll:C plaat,-;111.uc,tmg lbli -,t(lmml 1ml -dlll)N:l)UII 
dl!Wlen ~ )!tObillh' .i!Jft~ ihM 111• ...., muimum 
di~~1r JO ID~ for)lrimucy Qllhc;i. 

ltcdeal! d!!lllllntlcd mature podi Df Joshw! trM ~ d 
oCbff ~ qecles· ad (<Xltov<id ardis. M~ <it tbc en 
•~ lo ban been ~uricil sway .intac!t. ·b11C.ase flt!f,t 
l1l'DII 'lllttc evidmiz thal -radmt9 wete ~ ~ 1i1m" 1k 

Tht!a con1cn, OOwrilD!N.lr-rl from 
D1 I l~-":'-1 16,1 on s.- r,s h~, ~t}Z:, l"O ~Ii cPl UTC 

,I.]] u-.t :S.Ubfttl \[) tiur§; I .lbnU\ Jil()l"..nr~tm .... 
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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 Qf 

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 ('}Nater Code, § 13000 et seq.), the Wat.er 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 the state include some, but not all, features that are defined as wetlands, as 
9 well as other features, including the ocean, lakes, and ri11ers. These wetlands provide en11ironmental 

10 an<i 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 treatment. 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 loni,-term net gain in the quantity, quality, and permanence of wetlands acreage and 
21 values ... " The Water Boards are committed to increasing the quantity, quatity, 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 renects 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 4D4(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 shaf{ow 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 tha area lacks vegetation. 

1 (NOTE. These Procedures will be <n<:Qrpora!e<I into the Water Quality Control Plans tor (1) lnlan<I Surface Waleffl Enclosed Bayll aM 
Esl\laries fo, waters far which water qualrty standards are required by the Federal Water Pollution Control Ad and am amenclatoiy thereof or 
supplementary thereto and (21 Oc.ean Waters of California. Fulure incorporation of the Procedun!!s, as adopted, into the water qua~ly 00ntrd 
plans will be considered noll-$ubsl.anlive amendmems. At that time, rormattin9 and olher orvanitational edits necessary for incorporation into 
the water quality control plans will be a.cld-ed.) 

Adopted April 2, 2019 Page 11 



39 
40 
41 

42 

43 

44 

45 
46 
47 

48 

49 
50 

51 
52 
53 
54 

55 

56 

57 
58 
59 

60 

61 

62 

63 

64 
65 

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 wetlands4 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 permanent 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 the criteria 
sat 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, 

1 Tharefore, wetlands thal m~ the ~rrent definition. or any ht!!t.'><ie defin~il>n. of water$ of the U.S. are waters of lhe s1are. In 2000 the S1ate 
Water Resourcas Control Board determined thal all walers of the U.S. are also waler$ of the slate by regulation. prior to any regulatory or 
judicial llmilaiion& on the lederal definition of watere of the U.S. (California Code or Regulations title 2$, section 3831 (w).} nus regulalion has 
remained In ~ct oeepite &uba..Quent dlangas to the federal 0811nttli>n. Therefore. walbre oltne slare include$ ~lures that have been 
detennined by the U.S. EmAronmental P10tection Agency (U.S. EPA) or the U.S. Army Corps of Engineers {Corps) to be "Waters olthe u.s: 
In 31"1 apptol'ed Jurisdiction9J detennin11tion; "water& of the U.s.• iclentified in an aquatic reoouM 1epoo verified by lhe Corps upon wtuch a 
l)Grmi!tin9 decision wa& based; and fealur,;s !hat are ,:onslsl,3nl With any current or historic fmal judi<:ial interpretation of "waters of the U.S.· 0< 

.any current or hisloric lederel regu1a11on defining "Walen; of the U.S.· under the federal Clean Waler A.ct 

• ·crea1ed by modification of a surface waller of the stale' means that the wetland Iha! is be1n9 evalustetl was created by rnodlfylng an area 
that was a surfaoe water o1 the state 81 lhe line ol 6UCh modification. It does not incM1e a wetland that is created in e location where a water 
of the sl.abe had exi5'ed histnrically, but had already been completely elminalrd at S<1me time prio, lo the creation of the we1Ianc1. The wetland 
being evaluated does not become a watrr of the state due solely to a diversion ol waller from a d11fel'fflt water of lhe 6t8te. 

• Artificial wetlands are wetlands that resul from human activity. 
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ix. Log storage, 

67 x. Treatment, storage, or distribution of recycled water, or 

68 xi. Maximizing groundwater recharge (this does not include wetlands that have 
69 incidental groundwater recharge benefits); or 

70 xii. Fields flooded for rice growing. s 

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 waler$ 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 velified by the Corps shall be performed using the 
79 met.hods 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 detinition of a wetland as defined 
81 above. As described in the 1987 Manual and Supplements, an area "lacks vegetation" if it has less 
82 than 5 percent areal coverage of plants al 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. ERDC/EL TR-10-3. Vicksburg, MS: U.S. 
96 Army Engineer Research and Development Center. 

5 Fields U\'ied for lhe cult,valion of rice (including wild rice) that have not been abendoned due lo five consecoti11e years or non-use for the 
culliva1ion of rioe {tnclud,ng wikl nee) that are, determined lo be a waler of the state in acc.ordanc.& wHh these Pr.x:edure6 shall not have 
beneficial use designations applied to (hem through the Water Quality Conlrol Plan for the Sacramento and San Josqu n Riller Basins. except 
8$ otherwi$e required by federal la,w lor field$ thirt are <:ons1dered to be waters of U,e Umfed Slates. Further, agricultural tnpuls !29ally applied 
to fields used fOf' lhe culhvation of rice (including wild rice) sha'I not constitute a disd\a,ge of wute to a water of the state, AgnculN111I Inputs 
that migrele to a surtaoe waler 01 groundwater may be considered a discharge of waste and are sub;ect to was1e d scharge requirements or 
waivers of &u,;h requiremen'IS pursu&/11 lo the Wt.Mr Boaid'$ aulhottly to issue or wa,ve waste disc:ha19e requirements or lake other actions as 
appl1cabl8. 
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IV. 

Procedures for Discharges of Dredged or Fill Material to 

Waters of the State 

Procedures for Regulation of Discharges of Dredged or Fill Material to 
Waters of the State 

99 The purpose of this section is lo 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).8 This section applies to all 
108 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 diseharge of dredged or fill material to water.. of the state and/or discuss submittals that would meet the 
119 applieetion requirements listed below. Discharges of dredged or fill material or other waste material to 

6 California Code of Regulations tiUe 23, sec1ions 3830-3869 {stale's Cl&an Water Act (ONA) seciicn 401 (33 USC § 1341) waler qualtty 
O&ttification program) 

'40 C.F.R. § 230. 

8 The Slate Supplemental D<ed90 or Fill Gu delines are mclided as Appendix A. Because the State Supplemental Dredge or Fill Guiclefines 
are derived directly from the U.S. EPA's 404(bJ(1) Guidelines. rt uses sightly dill'erent terms tl\8n tem,s use<! m seclions I through V of these 
Prooedures. Tile Stal8 Suppl&mental Ored98 or fill Guldef1nes wm t,e ar,pliea in a n1anne, coos1~ent MU\ J:ectlons I through v cl llle$e 
Pr~dures. 

9 In cases where the apphcanl 1$ a state e,gency and 1s acting as the CEQA lead agency for one or more projects otherwise sui:.ect to this 
section, and that stale agency 1s a party ro an e~stin9 written agl'8emenl (e.g .. mem0<andum of under&llnding) -Mth the Stete Water Board 
that sets out alemat1Ye procedures and requirements regarding the $vbmi$s1on, review. or eppro~QI of project ar,plicat1~. tne ~rmitting 
authority shell apply the terms and condtions of the egreament in heu of the ti;,ms and condlt1on1, of !his &ection. Alter adoption of these 
Procedures. the State Waler Board may also enter inLo such wntten agreemenls alter consideration et a public meeting, such an agreement 
may incluoe. for e~amp(e. early consuhahon regarding potenttal pro,ect apphcations, early IOenttflca1k)n and analysts or project atte,nQtioes and 
mitigation measures, and di11pute reso~ion. Any wrHten agreements. whether Eo!llsllng or entered Into after the adoption of these Prooodures. 
may be amended in writing at any ~me by pint agreement of the parties. and such amended agreements shall govern in lieu of lh8 terms and 
conditions ot this sea,on. All other applicaa:ile laws ,nclud•n9 requ rements rot public nofloe an(l comment. ;pply to the permitting au1horties· 
approval cf projecis under such an agreement. 

10 Nott. lhat Callfomia Code of Regulation&. title 23. ~en 3855 appl18s only to ir,di-.;dual water quality certifications. but these Procedures 
extend lhe application of sed1on 3855 lo •ndrvidual wa~te discharge requirements for dischargess ol dredged or fdl material to waters of Iha 
state and waiven. thereof. 
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120 areas that are not waters of the state, but that could affect the quality of waters of the state, may be 
121 addressed under other Water Board regulatory programs. 

122 A. Project Application Submittal for Individual Ordel'$ 

123 The requirements set forth in sections rv.A and IV.B apply only to individual order... 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 permitting 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 with 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 indudes any of the information required in subsections 1 or 2 below. the 
132 applicant may submit the federal application materials to satisfy the corresponding state application 
133 infonnation. 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. ltems 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 resource 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) 'Nill 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 aquatic 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 water'$ 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 permitting authority may require that the map(s) 
154 be submitted in electronic format (e.g., GIS shapefiles}. 

155 f. A desaiption of the water.l 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 tocation: quantity of 
158 impacts to waters proposed to receive a discharge of dredged or fill material at each location 
159 rounded to al least the nearest one-hundredth {0.01) of en acre, nearest linear foot, and quantity 

11 Note the! Cafitornia Code of Regulatiom, liUe 23, se4rtion 3856 applies only lo indiYidual wa~r qualty oetlificatians, blA. these Proc.edures 
ell'l8nd the application of section 3856 to indivi1ual waste dill charge requirements for dil!ldla"IJ8S of dredg9d or f,I mlW!lrial to waters elf tM 
s\a1e and waivers thereof. 
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of impacts to waters ptoposed to be dredged at each dredging location to the nearest cubic yard 
(as applicable); assessment of potential direct and indirect impacts resultlng from the dlS<:harge 
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 species 12 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 indudes discharges to waters of the state out.side of federal jurisdiction, but the 
entire ptoject would meet the tenTis and conditions of one or more Wat.er Board-<::ertified 
Cofl)s' General Permits, inch.iding any Cofl)s District's regional tenns 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 diS<;harges to waters of the stat.e outside of federal jurisdiction, were 
to waters of the U.S. based on information supplied by the applicant. 

ii. The project includes only discharges lo waters of the U.S. and meets the terms 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) wellands or eel grass beds; or 

cl} Outstanding National Resource Watefs or Areas of Special Biological 
Significance. 

iii. The project would be conducted in accordance with a watel'$hed plan that has been 
approved for use by t'he permitting authority and analyzed 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 watera of the state, wetlands or eel grass 
beds, Outstanding National Resource Water$ or Areas of Special Biological Significan~. 

" -Rare, lh~atened, or endan9011!d spec1n· as u&ed in lhe Procedure• n,~ to plant and animal speaes l!Sled .s rare. lltraalened, or 
endar19ered pu1suanl la Iha Calilamia Endangerl!d Species Act al 1984 (Fi!ih & G;ame Code. § 2050 et seq.), the N;iiive Pl~nt Protedlon Al:t 
ol 1977 {Fish & Game Ccxti,, § 1900 et seq.). or th& Federal Endangered Species Act of 1973 (16 U.S.C. § 1531 et seq.). 

"•MJ,rnatives anlll),si$" as u&ed in 11tese Procedu~s !fflr to lhe anal-,&is required by section N.A. 1.h .wld is a means to 00mply wi\tt the 
State Suppl9mental Dredge or fit Guidelines. section 230.10(8}. An aHell'lllliYes analysis al!lo may be requ rad II\ order to comply wijh other 
atll\utOI)' or regulatory requiremems. sooh a, CEQA or a Regional Boiani waler queltty oontrol plan dilldlarge proh t.,ition. The elQ?fflptions and 
tile ijere e-lt forth below do not affeol any alternative:, anal:r,li$ conduc;ted pursuant 'lQ another statutory or regulatol')' requ-rement To the 
8ltant that 1118 petmltlng authority Is acting as the lead agency under CEQA, ij may be n8C88sa,y for U,e perm'1ting a~rily to conduct 
further analyGis tooamply11ttth CEQA. 
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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 altematives 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 Coflls to support an alternatives analysis. the applicant shall provide that 
information to the permitting authority. Such information may satisfy some or ell of the following 
requirements in accordance with section IV.B.3. Altematives analyses shall be completed in 
accordance with the following tiers. The level of effort required for an altematives analysis 
within each of the three tiers shall be commensurate 'Nith 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 twCHenths (0.2) of an aete or 300 linear feet of waters of the $late, 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 altematives. 

ii. Tier 2 projects indude any discharge of dredged or fill material that directly impacts more 
than one tenth (0.1} and Jess 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 water$ of the state unless it meets the criteria 
for a Tier 3 project, or any project that inherently cannot be located at an alternate location 
( unless it meets the size requirements set forth in Tier 1). Tier 2 projects shall provide an 
analysis of only on-site alternatives. For routine operation and maintenanoe 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 impects less 
than or equal to one tenth (0.1) of an acre or less than or equal to 100 linear feet of waters 
of the state, unless it meets the c!iteria 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 lose 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 delineations, as is consistent with the 1987 Manual and 
Supplements. 

b. If compensatory mitigation is required by the permitting authority. on a case-by-ease basis, a 
draft compensatory mitigation plan developed using a watershed approach 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 

"Al! used below. •impacl!s" include bolh permanent and l~arary impaC'l!I. 
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231 obligations by securing credits from approved mitigation banks or in-lieu fee programs, their 
232 mitigation plans need indude 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)(6). 
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 project 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 resouroes 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 projed, 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 
247 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 initisl 
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 'Nith climate change, and any measures to avoid 
264 or minimize those potential impacts. 

265 c. tf required by the permitting authority on a case-by-case basis. if project actillities include in-
266 water wori( 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 to 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 perfonnance standards: and maintenance requirements (e.g .. 
279 watering, weedin9, 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. asse$Sment 
282 components, and an estimated date for expected restoration, The level of detail in the 
283 restoration plan shall be sufficient to aocurately 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, 
288 consistent with section IV.8.4. 

287 For Ecological Restoration and Enhancement Projects. a restoration plan for temporary impacts 
288 provided as part of the binding stream or welland 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 timeframe and responsible party for 
293 performing 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 asse$Sment plan approved by a 
298 federal or state resoull;e agency. or a local agency with !he primary function of managing land 
299 or water for wetland habitat purposes in accordance with a bindin9 stream or wetland 
300 enhancement agreement, restoration agreement, or establishment agreement. will satisfy these 
301 requirements. An assessment plan approved by a non-9overnmental conservation organization 
302 or a state or federal a9ency that is statutorily tasked with natural resource management may 
303 satisfy some or all of these requirements. 

304 8. Permitting Authority Review and Approval of Applications for Individual Orders 

305 1. The permit1irig authority will evaluate the potential impacts on !he aquatic environment from the 
308 proposed project and determine whether the proposed projed oomplies with these Procedures. 
307 The permit1ing 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 compensate 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 wtien compensatory 
313 mitigation is permitted In another watershed as set forth in section IV.B.5(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 water-$ of the state. 

319 2. The pennitting authority shall rely on any final aquatic resource report verified by lhe 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 pennitting authority will 
325 be responsible for determining the sufficiency o1 an alternatives analysis except as desctlbed In 
326 3(b) below. In all cases. the alternatives analysis must establish that the proposed project 
327 altemative 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 wafers of the U.S. 

330 In reviewing and approving the alternatives analysis for discharges of dredged or fill material 
331 that impact waters o1 the U.S .. the permitting authority shall defer to the Corps' detarminations 
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 Officer 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 alternatives analysis addresses all issues identified by the 
343 permitting authority during the consultation prooess. If an alternatives analysis is not required 
344 by the Corps for discharges of dredged or till material to watel'8 of the U.S., the permitting 
345 authority ahaU require an altemativ8$ analysis for the entire project in aocordance 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 Stale Supplemental 
349 Dredge or Fill Guidelines. section 230.10(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 pennitting authority may approve the final restoration 
355 plan after it issues the Order. In such cases the pennitting authority shall indude 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. Compen$atory 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 circumstanoes 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. Where 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 required 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 appficant u5es to 
380 locate the mitigation site within a watershed. 

381 Strategy 1: Applicant locates compensatory mitigation using a watershed approach based on a 
382 watershed profile 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 watershed approach ba6ed on a 
386 watershed profile developed for a project evaluation area, and demonstrates that the mitigation 
387 project will contribute to the sus1ainability of watershed functions and the overall health of the 
388 watershed area's aquatic resources. 

389 Generally, the amount of compensatory mitigation 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 perfonnance 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 ona-t~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 re&tored to pre-project 
402 conditions, the permitting authority may require compensatory mitigation for temporal loss from 
403 the temporary impacts. 

" For tempora,y impacts. the minimum one-t0-<1ne mllgattcn ratio for wetland or alream losses ia not applicable for temporal lasc,ss for 
Impacts that .ire fully restored to pre-t)(OJ&cl conditions. 
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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 mitigalion should be located within the same watershed 
410 as the impact site, but the permitting 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 re<:iuiring 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 compensatory mitigation offsets the 
419 adverse impacts attributed to a project considering the overall sil:e and soope 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 resour~(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 shall indude 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 Securttv: Where deemed necessary by the permitting aulhonty, 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 Constitution 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 permiltee 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 accordance with Water Code section 13167.5 
439 for waste discharge requirements. The permitting authority shall provide public notice of an 
440 application for waler quality certification in accordance with Califomia 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 OrdeF$ 
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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 requirement:$ set forth in sections IV.A and IV.B. Applicants applying to enroll under a 
450 genernl 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 similar conditions or limitations in order to alleviate potential adverse impacts to 
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 requirement:$ 
457 of division 7 of the Water Code and the California Code of Regulations, division 3 of title 23. 

458 D. 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.8 do not apply to proposed discharges of 
461 dredged or fill material to waters of the s1ate 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 (WORs) 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 seciions IV.A and IV.B: 

466 a. Activities that are exempt under CWA section 404(f) (33 USC§ 1344(f)).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 ONA section 404(f). These regulations are hefeby incorporated by 
469 referenoe and shall apply to all waters of the state. Consistent with CWA section 404{f)(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 subjeci 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 
47 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 conducied by public agencies, 
478 water utilities, Of special districts that result in discharge of dredged or fill material to artificial, 
479 existing waters of the state: 

480 i. currently used and maintained primarily for one or mOfe of the purposes listed in section 
481 I1.3.d. (ii), (iii), (iv), (x), or (xi); or 

482 
483 

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 

•• Nabi? that nat all actill~ies identified in this section nec.esgarily resu~ In d1seharges of dredgoo or fill mater161I to wmere cC the state. 

17 Unle99 Olllerwi~e speeifted ~II federel statules and rejjulaijons !hat are ineorporated by referenee into the&$ Pr«:eduflH! are the lll.'ftions of 
those federal slal:ule1; and regulations thill are in eff8a Ii!; of Apr~ 2. 2019. 
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485 obligation to submit an application for a water quality certification consistent with California 
486 Code of Regulations, title 23. section 3856 or waste discharge requirements consistent with 
487 Wat.er 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 quali6E!$ for this exclusion based on the application 
491 submitted and other relevant information. If the permitting authority determines that an activity 
492 qualifies for this exclusion, the permitting 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 app,oJ)riate 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 discharye 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 creat.ed by modification of a water of the 
504 state, or (d} a water approved by an agency as comi:,ensatory mitigation. 

505 2. Areas excluded from awlication 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 i. Ditches with ephemeral liow that are not a relocated water of the state or excavated in a 
517 water of the state; 

518 ii. Ditches with intermittent flow that are not a relocated water of the state or excavated in a 
519 water of the state, or that do not drain wetlands other than any wetlands described in 
520 sections (iv) or (v); 

521 
522 

523 
524 

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 api:,lication 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. D.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 Water 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 waten;hed 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 lhe 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. 

547 Alternatives Analysis is the process of analyzing project alternatives, including lhe 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 demonstralions described in 40 CFR section 232.2(3l(i) shall be 
555 made to the pemiitting 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 waler.Jhed area. 

560 Ecological Reatoratlon 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 resourc:8 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 weUand 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 Ad (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 wetJand hydrology and hydrophytic vegetation, and consideration of the pu,,:,ose 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 lhe 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 weUand, 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 the 
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 
626 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 1he 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 resource&. 

638 Watershed Profile means a CQmpilation 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 1he condition 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, secondary (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 
64$ habitat loss or conservation. cumulative impacts of past development activities, current development 
647 trend~, 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 the permitting authority's decisions. 

655 Wetland Dellnea11on 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 wettand indicators at multiple points at the site and by establishing boundaries that group together sets 
656 of points that 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 where 
661 feasible. Due to jurisdictional and procedural 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 
689 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 indicated: 

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 proposed 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 
890 are generally recognized as significantly influencing or positively contributing to the general overall 
891 environmental health or vitality of the entire ecosystem of a region. {See§ 230.10 (a)(3)) 

692 § 230.6 Adaptability 

693 (a) The manner in which these 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 documentalion for a variety of activities. ranging from those with large, 
699 complex impacts on the aquatic environment to those for which !he 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 retlect the significance and complexity of the discharge activity. 

709 (c) Ari 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 ae 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 deeision 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 § 230.10 applies to this decision-making. 

716 Subpart 8- Compliance 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 wale!'$; 

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 ob1ained, utilized. expanded or managed in order to fulfill the basic purpose of 
730 the proposed activity may be considered. 

731 (3) VVhere activity associated with a discharge which is proposed for 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 dearly 
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 dearly 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; 
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742 (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: 

747 (1) Significantly adverse effects of the discharge of pollutants on human health or welfare, 
748 including but not limited to effects on municipal water supplies, plankton, fish, shelHish, wildlife, 
749 and special aquatic sites; 

750 (2) Significantly adverse effects of the discharge of pollutant$ 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 di$Char9e 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 re<luce 
757 wave energy; or 

758 (4) Significan!Jy 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 ste~. 

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 WetJands. 

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 sub$trate 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 speeies 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 rJow, 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 now, a smooth surface, and a finer substrate. Riffle and pool complexes 
788 are particularly valuable habitat for fish and wildlife. 

787 Subpart H - Action$ to Minimize Adverse Effects 

788 Note: There are many actions which c:an be undertaken in response to 230.1 O(d) to minimize !he 
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 cnteria for compensation measures are provided in subpart J of 
791 these Procedures. 

792 § 230.70 Actions concerning 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 tQ avoid a diinuplion 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 sf.anding 
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 

806 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 Oocculants 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 
B 18 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 aciions. 

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) VVhere environmentally desirable, disllibuting the dredged material widely in a thin layer at the 
832 disposal site maintain natural substrate contours and elevation; 

833 (b) Olienting 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 
847 discharge Op€1ration 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 maintenanoe 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 with 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 compaciion and rutting: 

857 (d) Designing access roads and channels spanning structures using culverts, open channels, and 
858 diversions that will pass both low and high-water flows, accommodate fluctuating water levels, and 
859 maintain circulation and faunal 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 ad11erse effects on populations of plant and animals can be achie11ed 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 ha11ing 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. Where 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 particularly 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, induding on-site and off-site parmittee-responsible mitigation, 
911 mitigation banks, and in-lieu fee mitigation to offset unavoidable impacts to waters of the slate 
912 authorized through the issuance of Orders. 

913 (d) Accounting for regional variatiorni. Where appropriate, the permitting authority shall acwunt for 
914 regional characterhitics of aquatic resouroe 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 challanges 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 ttie 
925 identification and implementation of measures to rectify those problems. 

926 Buffer means an upland, wetland. and/or riparian area that protects andfor 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 
9~ 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 resouree 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 mea&ure (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 resouroes impacted by the authorized activity. 

947 Enhancement means the manipulation of the physical, chemical, or biological characteristics of an 
948 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. 

980 In-lieu fee program means a program involving the restoration, establishment, enhancement, and/or 
981 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 mitigation 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 lhe legal document for the establishment, operetion, 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 meens 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 andlor biological attributes that are used to determine if a compensatory mitigation project meets its 
986 objectives. 

987 PermitteEHesponsible 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 retairnJ 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 resources. 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 characteri9tiC$ 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 or 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 gaim, in aquatic resource area, restoration is dilfided 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 fee program, as designated in its instrument. 

101 O Services mean the benefits that human populations receive from functions that occur in ecosystems. 

1011 Sponsor means any public or private entity responsible for establishing, and in mo5t circum5tances, 
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 function5 at the compen5atory mitigation site. 
1015 Higher compensation ratios may be required to compensate for temporal loss. '\Nhen the 
1016 compensatory mitigation project is initiated prior to, or concu1Tent 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 authorize<! by Or-!ers. 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 relatil/e 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 melhods 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 eslablishment, and the 
1044 potential gains in terms of aquatic resource functions are greater, compared to enhancement 
1045 and preservation. 

1046 (3) Compensalory mitigation projects may be sited on public or private lands. Credits for 
104 7 compensatory mitigation projects on public land must be based solely on aquatic resource 
1046 functions provided by the compensatory mitigalion project, over and above those 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 use<! 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 governmental or private entity. 

1053 (b) Type and location of compensatory mitigation. 

1054 (1) In general, the required compensatory mitigation should be located within the same 
1055 watershed as the impact site, and should be located where it 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, the 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 complelC, littoral drift cell). Compensation for impact:s 
1062 to 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 impact:s 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 compensatory 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 impads, 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 
107 4 milestones associated with the mitigation bank site's protection and development are achieved, 
1075 thus use of mitigation bank credits can also help reduce lisk that mitigation will not be fully 
1076 $UCcessful. 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 offinancial resources that is often 
1080 not practicable for many in-lieu fee programs. For these reasons, the permitting authority 
1081 shou1d 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 the service area of 
1087 an approved in-lieu fee program, 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 impacis, 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 de\lote significant resources to identifying and addressing high-priority resource 
1096 needs on a watershed scale, as reffected 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 ror mitigation bank credits, these same considerations may be used to override 
1100 this preference where appropriate. Additionally, in cases where perm ittee-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 permitlee-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-$ite 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 andfor 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 detennines 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 pennitting 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 requirements in Orders as described in the main text of the Procedures. Where a 
1127 watershed plan is available, the 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. Where 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 watersheds 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 resouroe type of compensatory mitigation projects for the 
1139 sustainability of aquatic resource functions within the watershed. Such an approach 
1140 considers hOIIII 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 impairmant, and current development 
1144 trends. as well as the requirements of other regulatory and non-regulatory programs that 
1145 affect the watershed, 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 requiremen1s determined through the wate~hed 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 resouroe. 

1152 (ii) Locational factors (e.g., hydrology, surrounding land use} are important lo 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 
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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-$ite and off-$ile compensatory mitigation. 

1160 (i11) A watershed approach to compensatory mitigation should include, to the extent 
1161 praclicable, 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 pre$ervation of 
1166 existing aquatic resources that are important tor 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 detellTlining compensatory 
1169 mitigation requirements. 

1170 (11) A watershed approach is not appropriate in areas where watershed boundaries do not 
1171 exist, such as maline 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 sensi1ive 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. 

1185 (ii} This info1TT1ation 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 critical habitat; local ecological reports or studies; 
1188 and other information souroes that could be used to identify locations for suitable 
1189 compensatory mitigation projects in 1he 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 lhose 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 facton. and appropriate locally-developed standards and critelia 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 us.es 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 oorlidors or habitat for 
1219 species of concern), water quality goals, tloodplain 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} Applicant$ 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 watel'$hed 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 lhe 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 record for the Order action. 

1258 (3) If an in-lieu fee program will be used to provide the required compensatory mitigation, end 
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 uncertainly associated 
1261 with in-lieu fee projects that 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 
1274 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 l~al instrument (e.g., easement. title transfer lo 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 andfor buffers 
1288 around aquatic resources where necessary to ensure lhe long-term viability of those 
1289 resources. Buffera 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 compensatory mitigation project, compensatory mitigation credit will be provided for those 
1292 buffers, as provided in section IV B.5 (c). 

1293 0) 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 terms 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 projects 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 purpoae 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 fj){ 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 the 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) Incorporate, by reference, the final or draft mitigation plan approved by the permitting 
1324 authority; 

1325 (iii} State the objectives, performance standarda, 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 PfOvisions 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 vmether 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 tee 
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 condilions 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) ff 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 permittee retains 
1346 responsibility for providing the compensatory mitigation until the appropriate number and 
134 7 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 spcmsor 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 req1Jire, 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. ln 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 fr<;>m a government agency or public 
1365 authority) the permitting 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 permitting 
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 
1370 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 performance 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 a<:tivity. 
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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 performance 
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 teke the form of a contracluel 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 for distribution by the trustee in accordance witti 
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 permitting authority in project 
1400 management, induding 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 imormation 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 th& 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 state. 
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 this section as Order conditions, 
1419 instead of components of a compensatory mitigation plan. For permiltees 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) lhat 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 prOOE/$$. 
1430 This should include consideration of watershed needs, on-site alternatives where applicable, 
1431 and the practicability of accomplishing ecologically self-1;ustaining aquatic resource re$toration, 
1432 establishment, enhancement, and/or pr~ervation at the compen$atory mitigation project $ite. 
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 application for an Order, lhe 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 resource 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 infonnation about lhe 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 § 230.93ffi.) 

1449 {i) For permiltee-responsible mitigation, this should indude an explanation of how the 
1450 compensatory mitigation project \.'I/ill 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 indude 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 wo;k descriptions for the 
1458 compensatory mitigation project, including, but not limited to, the geographic boundaries of the 
1457 project; construction methods, timing, and sequence; souree(s) of water, including connections 
1458 to existing waters and uplands; method& 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-1;ections), watershed size, design 
1463 discharge, and riparian area plantings. 

1464 (8) Maintenance plan. A d~cription and schedule of maintenance requirements to ensure the 
1465 continued viability of the resource once initial construction is completed. 

1466 (9) Perfonnance 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 mitigation project iG on track to meet performance Gtandan:ls and 
1470 if adaptive management is needed. A schedule for monitoring and reporting on monitoring 
1471 results to the pennitting 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).) 

1478 (12) Adaptive management plan. A management strategy to address unforeseen changes in 
1477 site conditions or other components of the compensatory mitigation 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 affec-t 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 mitilJatioo 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. feasibility. and practicability of the compensatory 
1487 mitigation project. 

1488 § 230.95 Ecological performance standards. 

1489 (a) The approved mitigation plan must contain perfonnance standards that will be used to assess 
1490 whether the project is achieving its objectives. Performance standards should relate to the 
1491 objec-tives of the compensatory mitigation project, so that the project can be objectively evaluated to 
1492 determine if it is developing into the desired resource type, providing the expected condition or 
1493 func-tions, 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 be 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 performance 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 resourceis as a result of natural processes and anthropogenic dist1.irbances. Performance 
1503 standards based on meas\Jrements of hydrology should 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 lhe compensatory mitigation project site is necessary to detennine 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 lhe 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 lo 
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. Con\lersely the 
permitting authority may extend the oliginal monitoring period upon a determination that 
performance standards have not been met or the compensatory mitigation project is not on track to 
meet them. The permitting authority may also revise monitoring requirements when remediation 
andlor 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 provideci Jong-term protection through real estate 
instrument$ or other a\lailable 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 incompatibCe uses (e.g., clear cutting or mineral extraction) that might otherwise 
1567 jeopardize the objectives of the (;(lmpensatory mitigation project. Where appropriate, multiple 
1568 instruments recognizing (;(lmpatible uses (e.g., fishing or grazing rights) may be used. 

1569 (3) The real estate instrument, management plan. or other long-term protection mechanism 
1570 must contain a provision requiring 60-day advance notification to the penmitting 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 resulling 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-responsibCe mitigation must be approved by the permitting 
1563 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) end appropriate siting to ensure that 
1587 natural hydrology and landscape context will support long-term sustainability. Where active long-
1588 term management and maintenance are necessary to ensure long-term sustainability (e.g., 
1589 prescribed burning, invasive species (;(lntrol, maintenance of water control structures, easement 
1590 enforcement). lhe 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 
1608 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 instrument may contain provisions allowing the permittee or sponsor to transfer the long-term 
1621 management responsibilities of the 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 the permitting 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 future 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 permittee-responsible mitigation. any long-term financing mechanisms must be 
1637 approved in advance of the activity causing the authorized impacts. 
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