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Abstract

Slender salamanders of the genus Batrachoseps achieverelatively high diversity inthe Kern Canyon region at the southern
end of the SierraNevadaof Californiathrough high turnover of specieswith small geographic ranges. The status of several
populations of Batrachosepsin this region is enigmatic, and both morphological and molecular data have suggested that
some populations do not belong to any of the currently recognized species. Identification of speciesin thisregioniscom-
plicated by the apparent extinction of Batrachoseps relictusin the vicinity of its type locality in the Lower Kern River
Canyon. Here we analyze a comprehensive morphological dataset to evaluate diversity in the Kern River Canyon region.
We conclude that populations from Breckenridge Mountain are conspecific with B. relictus, while populations from north
of the Kern River previously treated as B. relictus belong to an undescribed species. The morphological data also show
the distinctiveness of populations from the Upper Kern River Canyon. Thus, we describe two new species, Batrachoseps
bramei sp. nov. for populations from the Upper Kern River Canyon and Batrachoseps altasierrae sp. nov. for populations
from the southern Sierra Nevada previously referred to B. relictus. B. bramei sp. nov. and B. relictus are members of the
nigriventris group; B. altasierrae sp. nov. belongs to the group formerly called the relictus group, which we rename the
diabolicus group. We conclude by presenting allozyme and mitochondrial DNA sequence data that support the distinc-
tiveness of these newly described species and provide a hypothesis of relationships within the nigriventris group.

K ey wor ds. Batrachoseps altasierrae sp. nov., Batrachoseps bramei sp. nov., Batrachosepsrelictus, Kern River Canyon,
morphometrics, allozymes, cytochrome b

Introduction

Slender salamanders of the genus Batrachoseps (Caudata: Plethodontidae: Batrachosepini) are the most diverse
clade of salamanders in western North America, with 19 currently recognized species (Stebbins & McGinnis in
press). Batrachosepsis thought to be the sister taxon of the Neotropical salamander clade (Bolitoglossini, Vieites et
al. 2011; Pyron & Wiens 2011) which contains about 45% of extant salamander diversity. Batrachoseps is wide-
spread along the Pacific Coast of North America, with a nearly continuous range from the California/Oregon bor-
der south into Baja California, and some disjunct interior ranges from the Cascade Mountains of northern Oregon
through the Sierra Nevada and Inyo mountain systems in Californiato the Sierra San Pedro Martir near the south-
ern end of its range in Baja California. This distribution is filled by five species groups (subgenus Plethopsis and
the four species groups of the subgenus Batrachoseps: the attenuatus and nigriventris groups of Jockusch and
Wake (2002), a group renamed herein but previously referred to as the relictus group (Jockusch & Wake 2002), and
the pacificus group). Although sympatry isrelatively limited, with at most two species reported from any site, high
diversity is achieved in some regions through turnover of species over short geographic distances. The two areas
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with the highest species diversity are the central Coast Ranges of California, where five species representing two
species groups are found within 50 km of each other, and the Kern River Canyon region at the southern end of the
Sierra Nevada, California (Fig. 1), where both subgenera and two species groups of subgenus Batrachoseps are
found.
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FIGURE 1. A. Map of Cdifornia, USA, showing the ranges of Batrachoseps nigriventris group species and other species of
Batrachoseps from the vicinity of the Kern River Canyon. The range of B. relictus in the Lower Kern River Canyon is con-
tained within the range of B. simatus. Individual dotsindicate isolated populations of B. altasierrae sp. nov. from the Kern Pla-
teau (blue) and of B. robustus from the Scodie Mountains (green). B. Point localities for Batrachoseps from the Kern River
Canyon and vicinity. Localitiesinclude all identified specimens from the collection of the Museum of Vertebrate Zoology, Uni-
versity of California, Berkeley, as well as additional specimens from the California Academy of Sciences and, for B. relictus,
from the Los Angeles County (California) Museum. Lighter shading indicates higher elevation; blue indicates major streams or
rivers. Type localities are indicated by open symbols for al species except B. gregarius (whose type locdlity is outside of the
region shown). Refer to the web version of this article for color figure.

Two species, B. relictus Brame and Murray 1968 and B. simatus Brame and Murray 1968, have type localities
in the Lower Kern River Canyon, and B. gregarius Jockusch, Wake and Yanev 1998 and B. robustus Wake, Yanev
and Hansen 2002 are known from just outside the canyon (Fig. 1). The taxonomic identity of other populations
from the area, including those in the Upper Kern River Canyon (Brame & Murray 1968; Hansen & Wake 2005a)
and on Breckenridge Mountain (Jennings & Hayes 1994; Jockusch & Wake 2002), has been uncertain. Complicat-
ing identification of populations from the region was the apparent extinction of topotypic B. relictus, which has not
been seen in the Lower Kern River Canyon since 1970 (this sighting was reported as 1971 in Jennings & Hayes
1994; Jockusch et al. 1998; Hansen & Wake 2005b) and is not represented in tissue collections or molecular data-
sets. Here we use multivariate morphometrics to show that populations from Breckenridge Mountain are most sim-
ilar in morphology to topotypic B. relictus, and we refer these populations to that species. We also show that
populations from the Upper Kern River Canyon are distinct in morphology and biochemical traits from their close
relatives B. gregarius and B. simatus. We then describe two new species, one from the Upper Kern River Canyon
and one for populations formerly treated as B. relictus from north of the Kern River, and present molecular data to
confirm the distinctiveness of species in the southern Sierra Nevada.
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Taxonomic history of B. relictus

Batrachoseps relictus was described by Brame and Murray (1968), who diagnosed the species primarily on the
basis of a dslightly more robust morphology compared to the widespread attenuate morph of Batrachoseps. The
name relictus was derived from what Brame and Murray interpreted as arelict distribution, the result of extinctions
that broke a once continuously distributed and widespread species into four geographically disunct fragments: pri-
marily higher elevations of the Sierra Nevada of California, USA; the central Coast Ranges, California, USA;
Santa Cruz Island, California, USA; and the Sierra San Pedro Mértir, Bgja California Norte, Mexico. The type
locality for B. relictus is at the southern end of the Sierra Nevada in the Lower Kern River Canyon, 150 yards
above the junction of State Hwy. 178 and the road turnoff to Democrat Hot Springs Resort (Brame & Murray
1968); additional populations extended along the river for about 16 km, and sympatry with B. simatus was found at
several of these sites. Topotypic B. relictus have very short trunks and low vertebral counts, even in comparison to
other robust populations referred to B. relictus (Brame & Murray 1968). With the advent of molecular data, Yanev
(1980) showed that populations from separate geographic regions were not closely related to each other, a conclu-
sion supported by subsequent research (Jockusch et al. 1998, 2001; Jockusch & Wake 2002; Fig. 2). Populations
from central coastal California are now assigned to B. luciae Jockusch, Yanev and Wake 2001, B. incognitus Jock-
usch, Yanev and Wake 2001 and B. minor Jockusch, Yanev and Wake 2001; Santa Cruz Island populations are
included in B. nigriventris Cope 1869 (Yanev 1978, 1980) and Mexican populations are included in B. major Camp
1915 (Wake & Jockusch 2000; Martinez-Solano et al. 2012). The fourth geographic unit, which ranges along the
western Sierra Nevada from the Merced River to the Kern River, is currently called the relictus group (Yanev 1980;
Jockusch & Wake 2002). High genetic divergence within this group led to the recognition of four species distrib-
uted without sympatry along the Sierra Nevada (Jockusch et al. 1998); the southernmost of these retained the name
B. relictus, based on geographic proximity to the type locality. Thus, as treated most recently (Jockusch et al. 1998;
Jockusch & Wake 2002), B. rdictus included populations extending from the Tule River drainage to the Lower
Kern River Canyon in the southern Sierra Nevada.

Genetic analyses confirm that samples currently treated as B. relictus from north of the Kern River are closely
related to each other and are members of a single species; this speciesis also found on the Kern Plateau, east of the
main branch of the Kern River (Jockusch & Wake 2002). However, in the absence of molecular data from B. relic-
tus from the type locality or elsewhere in the Lower Kern River Canyon, it is unknown whether these more north-
ern populations are conspecific with B. relictus. Populations of B. relictus from the Lower Kern River Canyon are
morphologically distinct from more northern populations, differing in traits including vertebral number, number of
maxillary teeth and some body proportions (Brame & Murray 1968; Jockusch et al. 1998). These populations are
also differentiated in habitat, with populations north of the river occurring at mid- to high elevations in coniferous
forests, while populations in the Lower Kern River Canyon were all found below 750 m in oak woodlands, though
intimately associated with seepages and creeks (Brame & Murray 1968). Additionally, the Kern River serves as a
biogeographic break in some species (including B. simatus, which is known only from the south side of the river).
In essence, populations from north of the Kern River were retained in B. rélictus by default.

Additional populations that are relevant to the identity of B. relictus have been discovered since the work of
Brame and Murray (1968). These were found on Breckenridge Mountain (Fig. 1), a large, geographically isolated
peak on the south side of the Lower Kern River. Thefirst of these populations was discovered in 1979, high on the
mountain. After allozyme analyses (see below) revealed its distinctiveness from al other genetically characterized
populations, repeated searches of the area were undertaken on an amost annual basis; however, animals were not
observed again until 2001. A second population was discovered in 2001, lower down on the north-facing slope of
Breckenridge Mountain, along the upper reaches of Lucas Creek (which flows into the Kern River). This site is
separated from the type locality of B. relictus by less than 12 km (although there is a substantial elevational differ-
ence of more than 900 m) and old samples of B. relictus from the Lower Kern River Canyon were reported from
the major streams that enter the Kern River just upstream and downstream of Lucas Creek (Brame & Murray
1968). At both sites on Breckenridge Mountain, specimens were found only in close association with water, remi-
niscent of the “semiaquatic” habitat reported for B. relictus from the Lower Kern River Canyon (Brame & Murray
1968).

Molecular data (see below) show that the two Breckenridge Mountain populations are closely related to each
other, but distantly related to all other populations, and alow us to confidently exclude them as members of any
molecularly characterized species, including populations from north of the Kern River treated as B. relictus (e.g.,
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Brame & Murray 1968; Jockusch et al. 1998), as well as nearby B. simatus. The Breckenridge populations belong
to the nigriventris group, while populations from north of the Kern River are most closely related to B. kawia Jock-
usch, Wake and Yanev 1998, a member of what is currently called the relictus group (Jockusch & Wake 2002; Fig.
2). Attempts to amplify a fragment of cob from formalin-preserved Batrachoseps have been unsuccessful to date
(B. Stuart, pers. comm.). Thus, while the high-elevation populations from opposite sides of the Kern River belong
to distinct species, at least one of which is undescribed, molecular data do not resolve which, if any, is appropri-
ately referred to B. relictus. To address this question, we used multivariate analyses of morphometric data.

attenuatus
group B. attenuatus .
B. regius Slel’ran
B. kawia
_ Greenhorns
Sierran (B. altasierrae sp. nov.)
group
AI_E B. diabolicus
F
L
B. gabrieli
Central Coast
B. luciae
pacificus
group
—r_B. incognitus
| P——— B. minor
B. major
B. pacificus
B. major
L= B. major (Sierra San Pedro Martir)
B. gavilanensis
B. nigriventris
nigriventris
group
0.09 substitutions/site = B. nigriventris (Santa Cruz Island)

B. nigriventris

FIGURE 2. Overview of relationships in the subgenus Batrachoseps, based on cob dataset analyzed by Jockusch and Wake
(2002). The four major clades are named (attenuatus, Sierran, pacificus and nigriventris groups) and terminals are labeled in all
groups except the nigriventris group. Shaded boxes indicate the four geographic units of B. relictus, as recognized by Brame
and Murray (1968). Terminal taxathat do not contain populations previously placed in B. relictus are collapsed. Note that topo-
typic B. relictus are not included in this tree. The clade labeled * Greenhorns' has been retained in B. relictus until the present,

but is described here as B. altasierrae sp. nov.
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Analyses of mor phology

Nine linear measurements (standard length, SL, which is the length from the tip of the snout to the posterior angle
of the vent, head width, snout—gular fold length, axilla—groin length, chest width behind the forelimbs, forelimb
length, hind limb length, maximum foot width and head depth behind the eyes) were taken from eight specimens of
B. relictus from Cowflat Creek in the Lower Kern River Canyon (from the vicinity of the type locality; referred to
below as topotypic B. relictus) and 527 additional specimens. These specimens represent all species in the subge-
nus Batrachoseps known to occur in and around the Kern River Canyon, and B. kawia, the closest relative of pop-
ulations from the southern Sierra Nevada currently treated as belonging to B. relictus (Table 1). All measurements
were taken by the same individual (IMS). To study variation in shape, residuals of the regression of each variable
against SL were analyzed. Correlations between residuals were calculated, and the forelimb-length residual was
excluded because of its high correlation (R? = 0.90) with the hind limb-length residual. Principal Component Anal-
ysis (PCA) of the correlation matrix of the remaining seven residuals, as implemented by the prcomp command in
R (R Development Core Team 2008), was used to capture the main axes of morphological variation. Each PC was
subjected to ANOVA, with species as fixed factors. For PCs showing significant differences, post-hoc Tukey HSD
tests were then used to determine the probability that each pair of species differed. All statistical analyses were
implemented in Rv. 2.7.0-2.7.2 (R Development Core Team 2008). The 1% principal component (PC1), explaining
65.3% of the variance, is a measure of elongation, with axilla—groin length residuals loading positively and all
other residuals loading negatively (Table 2). The 2™ and 3“ PCs accounted for 13.8% and 7.4% of the variance,
respectively. ANOVA showed significant species effects for all PCs (Table 2).

These analyses were used to address the following questions. First, is B. relictus from vicinity of the type
locality in the Lower Kern River Canyon more similar morphologically to Breckenridge Mountain Batrachoseps or
to populations from north of the Kern River Canyon currently assigned to B. relictus? For this purpose, each of
these three units was treated as a species. Second, how do populations from the Upper Kern River Canyon differ
from their close relatives B. simatus and B. gregarius? Additionally, because samples from the Upper Kern River
Canyon do not form a monophyletic group in the mtDNA tree (Jockusch & Wake 2002, and see below), we exam-
ined morphological variation between populations in this region by conducting ANOVA followed by Tukey HSD
tests, treating populations as fixed factors. For these analyses, each of the four mitochondrial clades in the Upper
Kern River Canyon was treated as a population.

Morphometric data show that B. relictus from the Kern River Canyon (topotypic B. relictus) is more similar to
Batrachoseps from Breckenridge Mountain than it is to populations from north of the Kern River (Fig. 3). Topo-
typic B. relictus was not significantly different from Batrachoseps from Breckenridge Mountain at PC1 or PC2;
both differed significantly from all species other than the Upper Kern River Canyon populations at PC1 and from
all other species at PC2 (Fig. 3). Breckenridge Mountain Batrachoseps and topotypic B. relictus differed signifi-
cantly at PC4 (p=0.022), and there was a suggestion of a difference in PC3 (p=0.069) and PC7 (p=0.075). Popula-
tions from north of the Kern River differed significantly from topotypic B. relictusin PCs 1, 2 and 4; however, they
could not be distinguished from their sister group B. kawia using morphometric data (p > 0.48 for al PCs except
PCS5, for which p = 0.058). Because the average SL of topotypic B. relictus (30.2 £ 4.3 mm) was closer to that of
populations from north of the Kern River (34.7 £ 4.3 mm) than to the SL of populations on Breckenridge Mountain
(39.3 + 5.0 mm), differencesin body size cannot explain these patterns (Fig. 3).

Other traits that vary within and between species of Batrachoseps include the number of trunk vertebrae, atrait
that is sexually dimorphic (Jockusch 1997), and tooth counts and arrangements. Comparisons of these traits show
that topotypic B. relictus is more similar to Batrachoseps from Breckenridge Mountain than from the Greenhorn
Mountains, north of the Kern River. Breckenridge Mountain Batrachoseps and topotypic B. relictus have similar
numbers of maxillary teeth in females (p=0.90; Tukey HSD test), while Greenhorn Mountains Batrachoseps have
fewer (p<0.0004; 44.9 + 6.3 in Breckenridge; 46.5 £+ 0.7 in topotypic B. relictus, 21.9 + 3.3 in Greenhorns); the
number of maxillary teeth did not differ significantly in males, which had small samples sizes (ANOVA; F=2.15;
p=0.15). Plethodontid salamanders typically have a row of teeth on each vomer, extending from the body of the
vomer out toward the end of the preorbital process. Teeth are added posteriorly and migrate onto the bone where
they are retained until shed (Lawson et al. 1971). Batrachoseps differs from most other plethodontids in having a
rudimentary (subgenus Plethopsis) or no (subgenus Batrachoseps) preorbital process (Wake 1989). As a conse-
guence, the vomerine tooth row is truncated. In members of the subgenus Batrachoseps these teeth can be retained
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longer in the tooth replacement cycle than in outgroup taxa. This leads to a "pile-up" of teeth in two or even three
rows, giving the impression of a patch. The degree to which this occurs varies among species, and thus the teeth
may be in arow, a semi-patch, or a patch. In topotypic B. relictus and most individuals from Breckenridge Moun-
tain, vomerine teeth are arranged in a series, whereas in individuals from the Greenhorn Mountains they are typi-
cally arranged in patches. Topotypic B. relictus has the lowest numbers of trunk vertebrae recorded in the subgenus
Batrachoseps, with a modal number of 17 in both males and females (Brame & Murray 1968). Vertebral counts as
low as 17 (or costal groove counts of 16) occur at low frequency in both populations on Breckenridge Mountain,
while Batrachoseps from the Greenhorn Mountains has a minimum of 18 trunk vertebrae.

TABLE 1. Summary of populationsincluded in morphometric analyses. In most cases, samples were from the same locality or
avery small geographic region; when they were more widespread, population designations were based on mtDNA sequences
and latitude and longitude are listed for the locality from which the largest number of specimens was measured. All localities
arein Cdlifornia, USA. Shading indicates populations that are currently treated as conspecific with B. relictus from Cowflat
Creek (southern Sierra Nevada) or that are candidates for inclusion in B. relictus (Breckenridge).

Taxon Locdlity Lat (°N) Long (°W) N
B. relictus Cowflat Creek, Kern Co. 35.51 118.69
Breckenridge vicinity Squirrel Meadow, Kern Co. 35.48 118.57 8
Breckenridge Lucas Creek, Kern Co. 35.48 118.62 14
southern Sierra Greenhorn Mountains, N side of Kern River, Kern and 35.82 118.61 42
Nevada Tulare counties

southern Sierra Tule River, Tulare Co. 36.18 118.69 65
Nevada

B. simatus Kern River Canyon, below Lake Isabella, Kern Co. 35.47 118.72 18
B. simatus Erskine Creek Canyon, Kern Co. 35.57 118.40 12
B. gregarius Mariposa Co. 37.46 119.65 43
B. gregarius Fresno Co. 36.82 119.34 38
B. gregarius Kaweah River, Tulare Co. 36.39 118.88 60
B. gregarius Tule River, Tulare Co. 36.02 118.82 34
B. gregarius Arrastre Creek, Tulare Co. 35.79 118.74 40
Upper Kern Cannell Creek, Kern and Tulare counties 35.79 118.42 24
Upper Kern Fairview, Kern River Canyon, Tulare Co. 35.93 118.49 64
Upper Kern South Falls Creek at Kern River, Tulare Co. 35.97 118.49 6
Upper Kern Wofford Heights, Kern Co. 36.71 118.46 14
B. kawia South Fork Kaweah River, Tulare Co. 36.38 118.86 42

Based on the results of the PCA and comparisons of additional characters, we conclude that populations of
Batrachoseps from higher elevations on Breckenridge Mountain are conspecific with B. relictus and that popula-
tions of Batrachoseps from north of the Kern River previously included in B. relictus were inappropriately referred
to that taxon. Taxonomically, there are two options for these latter populations: they could be subsumed into B.
kawia, the sister group and geographically neighboring taxon to the north, or they could be described as a new spe-
cies. Based on high genetic divergence (Yanev 1980; Jockusch et al. 1998; and see below) and evidence for an
abrupt genetic transition between B. kawia in the Kaweah River drainage and more southern populations from the
Tule River drainage and Greenhorn Mountains, below we describe these southern Sierran populations as a new
species, Batrachoseps altasierrae sp. nov.

The PCA aso highlights the distinctiveness of samples from the Upper Kern River Canyon (Fig. 3). Upper
Kern River Canyon Batrachoseps is significantly more robust than all species (PC1; p<10”) other than the two
groups identified as B. relictus above (p>0.89), as indicated by its PC1 score; it differs significantly from all other
speciesin PC2 (p<5x107). PC1 (p<107) and PC2 (p<10”) are the only axes along which Upper Kern River Canyon
Batrachoseps differs significantly from B. gregarius. A significant difference from its close relative B. simatus was
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also detected along PC3 (p=8.9 x 10°; Fig. 3). PC2 and PC7 (p<0.002) are the only axes along which a significant
difference between Upper Kern River Canyon and Breckenridge Mountain populations was detected (Fig. 3).
ANOVA of just the Upper Kern River Canyon PCs showed that there is variation across populations in PC2
(F=7.29, p<0.0002), PC3 (F=8.11, p<0.0001) and PC5 (F=2.83, p=0.042), with the Fairview population differing
significantly from the Cannell Creek and Wofford Heights populations in PC2 and PC3. The small sample size
from the South Falls Creek population (N=6) reduces the power to detect morphological differentiation of this pop-
ulation.
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FIGURE 3. Morphological comparisons of Batrachoseps from the Kern River Canyon. A—F. Principal components analysis of
correlation matrix of regression residuals of specimens from in and around the Kern River Canyon. Each color/symbol combi-
nation indicates a population. A—C compare B. relictus from the Lower Kern River Canyon, two candidates for inclusion in B.
relictus (Breckenridge Mountain represented by the Lucas Creek and Squirrel Meadow populations and Greenhorn Mountains
1 and 2 from north of the Kern River), and B. kawia, which is the sister taxon to the Greenhorn populations. D— show differ-
entiation of the Upper Kern River Canyon populations (magenta), described here as Batrachoseps bramei sp. nov., from their
close relatives B. gregarius (gray) and B. simatus (black). G-J. Boxplots of principal components (G—) and SL (J) for species
in and around Kern River Canyon. Refer to the web version of this article for color figure.
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TABLE 2. Results of the principal components analysis of the correlation matrix of residuals of measurements regressed
against standard length. The top row shows the percent of the total variance explained by each principal component (PC). The
second row shows the results of the ANOVA testing for species effects (*** indicates p<10™; ** indicates p< 0.0015; * indi-
cates p<0.05). The remaining rows show loadings of residuals on each PC. AG=axilla—groin length; SG=snout to gular fold
length; HW=maximum head width; HD=head depth behind the eyes, CHW=chest width behind the forelimbs; HL=hind limb
length; FW=maximum foot width.

PC1(65.3%) PC2(13.8%) PC3(7.4%) PC4(4.8%) PC5(3.3%) PC6(3.0%) PC7(2.5%)

F 363.3*** 88.23*** 11.29*** 3.98** 2.36* 3.69** 4.98**
AG 0.364 -0.136 -0.739 0.493 -0.144 0.165 0.105
SG -0.398 0.350 -0.026 -0.052 -0.620 0.545 0.186
HW -0.422 -0.193 -0.096 0.259 -0.071 0.040 -0.838
HD -0.285 -0.699 -0.321 -0.531 -0.099 -0.001 0.186
CHW -0.370 -0.388 0.347 0.611 0.179 0.116 0.415
HL -0.406 0.261 -0.256 0.140 -0.214 -0.773 0.198
FW -0.384 0.338 -0.393 -0.106 0.709 0.252 0.081

Molecular data (Jockusch & Wake 2002 and see below) confirm the distinctiveness of the Upper Kern River
Canyon populations relative to all other Batrachoseps. Here, we describe these populations as a new species.

Description of new species

Batrachoseps bramei new species
Suggested common name: Fairview Slender Salamander
Figures 4-5

B. simatus (part) Brame and Murray 1968:16

Holotype. Museum of Vertebrate Zoology (MVZ) 217944, an adult female from Packsaddle Canyon, adjacent to
Kern River, 1137 m elevation, Tulare Co., California, USA (35.945°N, 118.476°W), collected 9 March 1991 by
Robert W. Hansen.

Par atypes. MV Z 168749168755, same locality as holotype, collected 10 March 1979 by Robert W. Hansen;
MV Z 217945, same data as holotype; MV Z 168756168763 and MV Z 168950 from Brin Canyon at junction Kern
River, Tulare Co., California, USA (35.952°N, 118.471°W), collected 11 March 1979 by Robert W. Hansen; MVZ
168737-168738 and MV Z 168740 from Fairview, Tulare Co., California, USA (35.927°N, 118.494°W), collected
10 March 1979 by Robert W. Hansen.

Referred specimens. MVZ 107168-107169 from 3.6 km S Fairview, E side of Kern River, Tulare Co., Cali-
fornia, USA (35.892°N, 118.464°W), collected 18 February 1973 by Samuel Sweet and Marjorie Reaka; MVZ
107170 (collected 18 February 1973 by Samuel Sweet), MVZ 168739, MV Z 168741168748 (collected 10 March
1979 by Robert W. Hansen) all from Fairview, E side of Kern River, Tulare Co., California, USA (35.927°N,
118.494°W); MV Z 217946217954 from Cannell Creek, Sside, W of Aqueduct, E of Kern River, Kern and Tulare
counties, California, USA (35.794°N, 118.434°W), collected 10 March 1991 by Robert W. Hansen; MV Z 224858—
224859 from Upper Kern River Canyon at Mountain Highway 99 bridge over Kern River at confluence with South
Falls Creek, E side of Kern River, Tulare Co., California, USA (35.968°N, 118.486°W), collected 27 March 1994
by Elizabeth L. Jockusch, David B. Wake and others; MV Z 267129-267137 from trail along W side of Kern River,
ca. 0.8-1.0 km N Mountain Highway 99 bridge over Kern River at confluence with South Falls Creek, Tulare Co.,
Cdlifornia, USA (35.973°N, 118.488°W to 35.977°N, 118.487°W), collected 28 January 2010 by Elizabeth L.
Jockusch, Elizabeth K. Timpe and Chris Evelyn; MVZ 267140-267142 from Tobias Creek drainage, along trail in
vicinity of its crossing of Tobias Creek, Tulare Co., California, USA (35.902°N, 118.516°W), collected 22 March
2007 by Elizabeth L. Jockusch and Ifiigo Martinez-Solano; MVZ 267154 from Whiskey Flat Trail, ca. 1 km N of
Bull Run Creek, W side of Kern River, Tulare Co., California, USA (35.793°N, 118.452°W), collected 20 March
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2008 by Ifiigo Martinez-Solano and Elizabeth L. Jockusch; MVZ 267118-267122 from Plater Rd., just N junction
Burlando Rd., Kern Co., California, USA (35.736°N, 118.428°W), collected 21 March 2008 by Elizabeth L. Jock-
usch and Ifiigo Martinez-Solano; MV Z 251741-251749 from WNW of Wofford Heights, Tillie Creek drainage,
Kern Co., California, USA (35.714°N, 118.476°W), collected 27 March 2005 by Brad Alexander.

Diagnosis. A small, slender species (standard length, SL, of ten adult males 34.3 mm = 2.4 mm; of eleven
adult females 35.5 mm £ 3.8 mm) distinguished from other species of the B. nigriventris group as follows:. from B.
simatus by smaller adult size, somewhat more robust appearance (including a longer, broader head, longer limbs
and larger feet) and fewer trunk vertebrae (mode 18-19 versus 20-21 in B. simatus); from B. relictus by its longer
legs and wider feet; from B. gregarius and B. nigriventris by its substantially more robust appearance including a
longer and broader head, longer limbs, and larger hands and feet; from B. stebbinsi Brame and Murray 1968 by its
much smaller size and less robust morphology. Distinguished from other species of Batrachoseps in the southern
Sierra Nevada as follows: from B. campi Marlow, Brode and Wake 1979 and B. robustus, both members of subge-
nus Plethopsis, by its unpaired premaxillary bones and smaller, less robust habitus and from B. kawia by its more
robust, longer-limbed morphology.

FIGURE 4. Holotype of B. bramei (MVZ 217944). A. Digital x-ray of skull and forelimbs. Digital x-rays were processed
using the levels and curves functions in Adobe Photoshop. B. Photo of holotypein life.

Description. Batrachoseps bramei is a small (adults generally less than 45 mm standard length), slender spe-
cies with arelatively broad, dorsoventrally flattened head and long limbs. The facial region (from the eyes to the
snout) isrelatively large and amost as broad as the posterior portion of the head; the eyes are moderately protuber-
ant and visible projecting beyond the jaw line in ventral view. The nostrils are small and the nasolabial protuber-
ances are slight to moderate. There is no evidence of a mental hedonic gland under the chins of males. Grooving
patterns of the head, throat, and neck are typical of the genus. Standard length ranges from 7.2-8.1 (mean = 7.7)
times head width in males and 7.5-9.9 (mean = 8.0) times head width in females. Teeth are relatively numerous: 6—
11 (mean = 7.4) premaxillary teeth in males, 8-18 (mean = 13.7) in females; 31-49 (mean = 40.0) maxillary teeth
in males, 32-68 (mean = 47.2) in females; 12—17 (mean = 14.8) vomerine teeth in males, 10-25 (mean = 17.9) in
females. The vomerine teeth are arranged patchily to semi-patchily. Small maxillary teeth are borne in along row
extending about to the posterior end of the eyes in females. The premaxillary teeth are the same size as maxillary
teeth in females; in males the premaxillary teeth are substantially enlarged. Both males and females have 17-18
costal grooves between the limb insertions. The tail is tapering and relatively short, exceeding body length only in
the largest animals. The tail is 1.0-1.1 (mean = 1.0) times SL in males, and 0.9-1.1 (mean = 1.0) timesin females
in specimens lacking evidence of tail regeneration. There is no basal tail constriction. The postiliac gland is visible
as an obscure pale spot. The limbs are relatively long; limb interval ranges from 4.5-6 (mean = 5.2) in males and
5-8 (mean = 5.9) in females. SL ranges from 4.5-6.0 (mean = 5.1) times hind limb length in males and 4.6-5.7
(mean = 5.0) times in females. The hands and feet are relatively large; foot width ranges from 1.7-2.2 mm (mean
2.0 mm) in both males and females. The digits are well formed and discrete with expanded tips that bear subtermi-
nal pads. Webhing occurs between the fingers and toes of some individuals, and extends to approximately the sec-
ond phalanx. Fingers and toes in order of decreasing length are 3-2,4-1. Digit 1 is very reduced.
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FIGURE 5. Color pattern variation in B. bramei. A. Specimen from the type locality; note the rust colored patches over the
shoulders. The presence of these patches istypical of B. bramei. B. MVZ 267142, from Tobias Creek, Tulare Co., Cdifornia
C—F. Four specimens from Cannell Creek, Kern and Tulare counties, California, showing range of coloration found in this pop-

ulation. The bold red coloring is not known from other populations. Refer to the web version of this article for color figure.

M easurements of the holotype (in millimeters). Maximum head width 4.1; snout to gular fold (head length)
8.3; head depth at posterior angle of jaw 1.9; eyelid length 2.5; eyelid width 1.2; anterior rim of orbit to snout 1.3;
horizontal orbital diameter 1.7; interorbital distance 1.4; snout to forelimb 10.7; distance separating external nares
1.7; snout projection beyond mandible 0.5; snout to posterior angle of vent (SL) 40.7; snout to anterior angle of
vent 37.3; axillato groin length 23.4; tail length 33.5; tail width at base 1.9; tail depth at base 1.8; forelimb length
6.7; hind limb length 7.2; limb interval 8; width of right hand 1.7; width of right foot 2.2; foot length 2.9; length of
third toe 0.8; body width behind forelimbs 2.2. There are 15 premaxillary, 46 maxillary, and 20 vomerine teeth; the
row of maxillary teeth on the right appears short, ending at the posterior border of the internal naris. There are 18
costal grooves between the limb insertions.
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Coloration of the holotype (in life). Uniformly flat black ventrally with delicate sprinkling of punctate guano-
phores; ventral guanophores are tiny and rarely connect; most numerous on gular region and at lowest density on
tail; guanophores abundant on lateral surfaces, where they become expanded and form irregular patches. On lateral
surfaces, guanophores cover more area than ground color. Dorsum metallic silver as aresult of numerous expanded
guanophores that are especially concentrated dorsolaterally; silvery coloration has metallic brassy-gold highlights;
from a distance the silver on black background appears bluish-gray. Guanophores on head more disconnected and
less concentrated, but the whole head, including eyelids and snout, is heavily spotted. Pigment most concentrated
on nape of neck and front of limbs. Limbs heavily pigmented, especially proximally, but even fingers and toes have
extensive spotting. Dark gray iris aso has some dorsal guanophores. Only face region has light spotting. Ground
color of dorsum slate black to brownish black. Under high magnification, it is clear that the lateral guanophores are
more white and superficial, while the dorsal ones are deeper and more metallic. They co-occur on the dorsum, with
the superficial cellsrare. On the tail, the metallic color becomes gold or brassy and very concentrated.

M orphological variation. Males sampled from the northern end of the range have relatively small adult body
size compared to populations from the southern end of the range (mean of 8 males from southern Wofford Heights
42.1 £ 3.6 mmvs. 33.8 = 3.7 mm for 28 males from northern Packsaddle/Brin/Fairview). No significant differ-
encesin female body size across populations were detected; however, sample sizes were <10 for three of four pop-
ulations from which series were measured. Comparisons between animals from Cannell Creek and the vicinity of
the type locality show that chest width is slightly narrower in populations from near the type locality, which
accounts for the significant differences in PC2 and PC3, described above. Wofford Heights individuals have insig-
nificant webbing compared to the type series.

Coloration is highly variable both within and between populations (Fig. 5). Many specimens have distinct
patches of color over the shoulders; these are usually coppery to gold in color, and do not fully fuse into the dorso-
lateral stripes. More northern individuals generally exhibit fairly subdued dorsal coloration, but individuals from
Cannell Creek can be boldly marked and have reddish as well as metallic coloration.

Habitat and distribution. Batrachoseps bramei is known only from the Upper Kern River Canyon, and along
the west side of the current Lake I sabella; the southern limit of its distribution is near the original junction of the
main and South forks of the Kern River (Fig. 1). The southernmost samples are from Wofford Heights on the west
side of theriver and ca. 2 km S of the Cannell Creek drainage on the east side of the river. The range extends north
at least as far as 1 km N of the confluence of South Falls Creek with the Kern River. Thus, known populations
range for about 30 km from south to north. Areas farther north, which are accessible only by trail, have not been
thoroughly surveyed; it is likely that the range extends farther north in the Upper Kern River Canyon. B. bramei
occurswithin an elevational range of 860—1280 m, one of the most restricted among all species of Batrachoseps. B.
bramei has not been found in sympatry with any other species of Batrachoseps. It closely approaches B. simatusin
the Lower Kern River Canyon (13 km between Wofford Heights B. bramei and Erskine Creek B. simatus; 20 km
between Cannell Trail B. bramei and Erskine Creek B. simatus); however, these two species are separated by a
major drainage (either the main or South Fork Kern River) aswell as by xeric, inhospitable terrain around the con-
fluence of the South Fork and Upper Kern River at Lake Isabella. B. bramei also closely approaches B. robustus,
which has been collected within 7 km of the river, but at much higher elevation (2214 m), and B. altasierrae sp.
nov. (see below).

Therange of B. bramel on the east side of the Kern River lies entirely within a prominent uplifted ridge of met-
amorphic rocks paralleling the river. Local populations of salamanders are associated with north-facing slopes and
talus. A chaparral plant community consisting of species of the genera Ceancthus, Arctostaphylos, Ribes and
Chrysothamnus, as well as Pinus sabiniana and occasionally Quercus chrysolepis, characterizes this area. Most
individuals have been found beneath rocks, often on or at the base of talus slopes (Fig. 6). However, specimens
have been found in avariety of other habitats and under avariety of cover objects, including under alog in an open
sandy flood plain, under logs and rocks in grasslands, in gravel on the river bank, and in leaf litter in protected
groves (Fig. 6). Individuals have been observed active at night during winter and early spring and have been col-
lected from beneath surface cover objects under snow. Salamanders have been found under surface cover at body
temperatures (inferred from substrate temperatures) of 2.2-16.4°C (mean = 8.4°C, N = 101).

Etymology. Named in honor of Arden H. Brame, Jr., who, along with Keith Murray, was the first to recognize
the distinctiveness of Batrachoseps in the Kern River Canyon. The species name is formed as a noun in the
genitive.
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FIGURE 6. Habitats occupied by B. bramei in the Kern River Canyon. A. Type locality, Packsaddle Canyon, 1135 m €elev.,
Tulare Co., Cdifornia (photo taken 5 March 2011). On the east side of the Kern River, salamanders are often associated with
metamorphic rock in seepage areas as shown here. B-D. On the west side of the Kern River, B. bramei has been found in a
diversity of habitats including the following: B. under isolated cover objectsin oak grassand S of Kernville, Kern Co., Cdlifor-
nia (photo taken 21 March 2008); C. in pine litter along Tobias Creek, Tulare Co., California (photo taken 22 March 2007) and
D. under rocks and in leaf litter N of South Falls Creek, Tulare Co., California (photo taken 28 January 2010; numerous indi-
viduals were found on this date). Refer to the web version of this article for color figure.

Comments. In their classic work on Batrachoseps, Brame and Murray (1968) referred animal s from the Upper
Kern River Canyon to B. simatus, but noted that they were morphologicaly different. Stebbins (1985, 2003)
followed this taxonomy. Jockusch and Wake (2002) treated populations from the Upper Kern River Canyon, all
included here in B. bramei, as undescribed lineages based on a phylogeny inferred from mitochondrial DNA
sequence data, but the high genetic diversity within the region led them to raise questions about whether more than
one species might be present. Jennings (2004) treated populations from the Upper Kern River Canyon as an
undescribed species and provided a vernacular name “Fairview slender salamander.” Bartlett and Bartlett (2009)
refer to the species as awaiting formal description but provide a short species account, a distribution map, and a
color photograph and refer to it as the “ Fairview Slender Salamander.”
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Until 2004, it was believed that Batrachoseps from the canyon proper occurred only on the eastern and south-
ern sides of the river. After specimens were found in the Tillie Creek drainage on the northwest side of the river,
exploration intensified on that side, and specimens have now been found at almost all sites north of Tillie Creek
that we have sampled with moderate effort (>4 person-hours of searching under good conditions).

Conservation. The range of B. bramei lies entirely within plant communities that naturally experience peri-
odic fire. The use of heavy equipment for fire suppression has the potential to negatively impact salamander habi-
tat. Road maintenance of Mountain Highway 99 (Kernville-Johnsondale) should take into account the intimate
proximity of some populations to road-edge habitat. Most known populations occur on public lands administered
by Sequoia National Forest. Although B. simatus has become difficult to find and is listed as a Threatened Species
by the State of California, B. bramei appears to be more abundant and can be found consistently throughout its
range.

Batrachoseps altasierrae new species
Suggested common name: Greenhorn Mountains Slender Salamander
Figure 7TA—C

Batrachoseps attenuatus (part) Grinnell and Camp 1917:137
Batrachoseps attenuatus attenuatus (part) Dunn 1926:232
Batrachoseps relictus (part) Brame and Murray 1968:5
Batrachoseps pacificus relictus (part) Yanev 1980:535
Batrachoseps relictus (part) Jockusch, Wake and Yanev 1998:13

Holotype. Museum of Vertebrate Zoology (MVZ) 59909, an adult male from 1.5 mi [2.4 km] SE Alta Sierra
[Greenhorn Mountains], Kern Co., California, USA (35.732°N, 118.538°W), collected on 26 June 1952 by Keith
Murray.

Paratypes. MVZ 190953 and MV Z 190955, both from Hwy. 155, 0.85 km N (by road) Greenhorn Summit,
Kern Co., Cdlifornia, USA (35.744°N, 118.557°W), collected 28 May 1984 by Robert W. Hansen; MVZ 190961—
190963 and MV Z 190965-190967, all from Hwy. 155, 1 km ESE (by road) Greenhorn Summit, Kern Co., Califor-
nia, USA (35.735°N, 118.554°W), collected 24 June 1984 by Robert W. Hansen and D. C. Holland; MV Z 190976—
190979 from Tiger Flat Rd. (=U.S. Forest Service Rd. 23516), 0.7 km N (by road) junction Hwy. 155 at Greenhorn
Summit, Kern Co., California, USA (35.744°N, 118.554°W), collected 24 June 1984 by Robert W. Hansen and D.
C. Holland; MVZ 190983190985 from Tiger Flat Rd. (=U.S. Forest Service Rd. 23516), 0.85 km N (by road)
junction Hwy. 155 at Greenhorn Summit, Kern Co., California, USA (35.745°N, 118.553°W), collected 24 June
1984 by Robert W. Hansen and D. C. Holland.

Referred specimens. Paratypes of Batrachoseps relictus. Los Angeles County Museum (LACM) 33082—
33090 and MV Z 184906-184908 from 1.2 mi [1.9 km] S White River Camp Grounds, Tulare Co., California, USA
(35.840N, 118.649°W), collected 31 March 1957 by A. H. Brame, Jr. (MVZ 1849068 are described as “ 3 cleared
& stained specimens in D. B. Wake collection” by Brame and Murray (1968)); LACM 33091-33093 from 1 mi
[1.6 km] above O’ Quinn Meadow, Tulare Co., California, USA (35.863°N, 118.628°W), collected 31 March 1957
by L. Hughesand A. H. Brame, Jr.; LACM 33080-33081 from White River Camp Grounds (Lower Camp), Tulare
Co., California, USA (35.845°N, 118.636°W), collected 31 March 1957 by A. H. Brame, Jr. Additiona referred
specimens: MVZ 156360-156365 from Quaking Aspen Meadows along Hwy. 190, South Fork of Middle Fork
Tule River, Tulare Co., Cdifornia, USA (36.118°N, 118.544°W); MV Z 156366—-156392 from the upper reaches of
Spear Creek along U.S. Forest Service Rd. 24506, 6.9 km SE junction of 23S05 and 3.2 km NE Portuguese Pass,
Tulare Co., Caifornia, USA (35.821°N, 118.583°W); MV Z 156393-156399 from White River drainage, at Sugar-
loaf Peak, U.S. Forest Service Rd. 23505, 0.6 km N junction U.S. Forest Service Rd. 24506, Tulare Co., California,
USA (35.843°N, 118.614°W), al collected 29 July 1975 by Kay P. Yanev and Samue S. Sweet; MVZ 224835
from road to Sugarloaf Village, 1.0 km SE Sugarloaf Village, Tulare Co., California, USA (35.820°N, 118.641°W),
collected 26 March 1994 by Elizabeth L. Jockusch, David B. Wake and others, MVZ 158244 and MV Z 158226—
158228 from 9.5 km E Cherry Hill Road on Sherman Pass Road, Tulare Co., Cdlifornia, USA (35.983°N,
118.381°W), collected 11 July 1980 and 28 July 1979, respectively, by Robert W. Hansen; MVZ 224810 from
Hwy. 155, 9.0 km NW Lake Isabella and ca. 2.2 km SE Alta Sierra, Tulare Co., California, USA (35.724°N,
118.527°W), collected 27 March 1994 by Elizabeth L. Jockusch, David B. Wake and others.
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Diagnosis. A small, relatively slender species (SL of 8 adult males 38.0 mm = 2.4 mm; of 8 adult females
40.1 mm £ 3.5 mm) distinguished from other species of Batrachoseps in the southern Sierra Nevada and vicinity
asfollows: from B. relictus by arelatively longer trunk, arelatively narrower head, shorter limbs, and smaller feet,
and by females having many fewer maxillary teeth; from B. simatus by its smaller adult body size with arelatively
narrower head and chest and fewer trunk vertebrae (mode 18-19 versus 20-21 in B. simatus); from B. bramei by a
relatively shorter and narrower head, longer trunk, shorter limbs, narrower feet and longer tail, and smaller number
of maxillary and vomerine teeth; from B. gregarius by its more robust morphology including a relatively longer
and broader head, shorter trunk, longer limbs, and larger hands and feet; from B. stebbinsi by its less robust mor-
phology and much smaller size; from B. campi and B. robustus by its less robust morphology, much smaller size,
different color pattern and unpaired premaxillary bone. Distinguished from its close relative B. kawia by having
fewer maxillary teeth; from B. regius Jockusch, Wake and Yanev 1998 by having arelatively longer trunk and tail,
shorter head, shorter limbs, smaller feet and fewer maxillary teeth; and from B. diabolicus Jockusch, Wake and
Yanev 1998 by having fewer trunk vertebrae, arelatively narrower head, shorter limbs and smaller feet.

Description. Batrachoseps altasierrae is a small (adults less than 50 mm standard length), slender species
with arelatively narrow head and short limbs. The facial region is relatively narrow, and the eyes are not generally
protuberant enough to be seen in ventral view. Mental hedonic glands are not visible under the chins of males.
Grooving patterns of the head, throat, and neck are typical of the genus. Standard length ranges from 8.4-9.5 (mean
= 9.0) times head width in males and 8.2-9.9 (mean = 9.3) times head width in females. There are relatively few
teeth, especially on the maxilla: 4-5 (mean = 4.8) premaxillary teeth in males, 4-12 (mean = 6.4) in females; 9-27
(mean = 17.4) maxillary teeth in males, 18-28 (mean = 21.9) in females; 6-13 (mean = 10.9) vomerine teeth in
males, 9-16 (mean = 11.8) in females. Vomerine teeth are arranged somewhat patchily. Small maxillary teeth are
borne in along row extending about two thirds of the way through the eye in males and to the posterior end of the
eyein females. In females, premaxillary teeth are the same size as maxillary teeth; in males, the premaxillary teeth
are enlarged. Males and femal es both have 18-19 trunk vertebrae and 17-18 costal grooves between the limb inser-
tions. The tail islong and fairly cylindrical, tapering at the tip. The tail is 1.3-1.5 (mean = 1.4) times SL in males
and 1.1-1.6 (mean = 1.3) timesin females in specimens lacking evidence of tail regeneration. Thereis no basal tail
constriction. The postiliac gland is present. The limbs are relatively short in length, and limb interval ranges from
7-9.5 (mean = 8.3) in males and 7.5-9.5 (mean = 8.5) in females. SL ranges from 6.2—7.5 (mean = 6.8) times hind
limb length in males and 6.3—7.8 (mean = 7.1) times in females. The hands and feet are relatively narrow; foot
width ranges from 1.4-1.7 mm (mean 1.6 mm) in males and 1.4-2.0 mm (mean 1.7 mm) in females. The digits are
short, well formed and discrete with expanded tips that bear subterminal pads. Webbing is insignificant. Fingers
and toes in order of decreasing length are 3-2-4-1.

M easurements of the holotype (in millimeters). Maximum head width 4.9; snout to gular fold (head length)
7.4; head depth at posterior angle of jaw 2.7; eyelid length 2.2; eyelid width 1.2; anterior rim of orbit to snout 1.4;
horizontal orbital diameter 1.8; interorbital distance 1.9; snout to forelimb 9.3; distance separating external nares
1.6; snout projection beyond mandible 0.5; snout to posterior angle of vent (SL) 42.5; snout to anterior angle of
vent 36.9; axillato groin length 25.6; tail tip broken after 33.5; tail width at base 3.3; tail depth at base 2.7; forelimb
length 6.3; hind limb length 6.8; limb interval 9; width of right hand 1.2; width of right foot 1.6; foot length 2.1;
length of third toe 0.9; body width behind forelimbs 2.9. There are 4 premaxillary, 27 maxillary, and 13 vomerine
teeth; vomerine teeth are arranged somewhat patchily. There are 17 costal grooves between the limb insertions.

Coloration of the holotype (in alcohol). The ground color is dark blackish brown dorsally and laterally (and
in the limbs), and fades to lighter brown ventrally. A prominent dorsal stripe ranging in color from dark brown to
reddish brown is present and is well demarcated on its lateral borders.

Habitat and distribution. This species is restricted to higher elevations in the southern Sierra Nevada. The
elevational range is from 900-2440 m. Populations extend from the higher elevations on the northern side of the
Lower Kern River Canyon to the Tule River drainage and upper elevations of the Little Kern River drainage in
Kern and Tulare counties, California, USA (Fig. 1). Two populations, separated by just over 1 km, are known from
the western margin of the Kern Plateau, Tulare Co., California, USA. Most populations are found in coniferous for-
est containing a mixture of pine, fir and incense cedar (Fig. 7F).
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FIGURE 7. B. altasierrae and B. relictus. A. Holotype of B. altasierrae. B. B. altasierrae from the type locdlity in life (no
voucher). C. Digital x-ray of the skull and forelimbs of an adult female B. altasierrae (MVZ 156394, SL = 39.9 mm) from Sug-
arloaf Peak, Tulare Co., California. D. Adult B. relictus from Breckenridge Mountain, Kern Co., Californiain life (no voucher).
E. Digital x-ray of the skull and forelimbs of an adult (SL = 45.3 mm) female B. relictus from Breckenridge Mountain (MVZ
267114). F. Type locdlity of B. altasierrae. G High elevation site on Breckenridge Mountain, Kern Co., California at which
specimens referred here to B. relictus were discovered. Nearly al individuals at this locality have been found within the seep
shown in the foreground. Habitat photos taken on 28 May 2011. Refer to the web version of this article for color figure.
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B. altasierrae has not been found in sympatry with any other species of Batrachoseps. It closely approaches B.
gregarius at lower elevations on the western edge of its range. B. gregariusis found within 5 km of B. altasierrae
along the Middle and North Forks of the Tule River, where B. altasierrae occurs aslow as 900 m. In the Greenhorn
Mountains, B. gregarius is known from as high as 1460 m (MVZ 266680-266683; 35.745°N, 118.598°W) and B.
altasierrae from as low as 1460 m (California Academy of Sciences (CAS) 224163, identified by morphology;
36.176°N, 118.692°W) in the vicinity of Cedar Creek; these populations are separated by less than 1.5 km. On the
eastern edge of itsrange, B. altasierrae closely approaches B. bramei, but the two species appear to be separated by
elevation, although the highest-elevation samples of B. bramei are from less than 200 m below the lowest-elevation
samples of B. altasierrae in the Greenhorn Mountains. The ranges of these species are separated by lessthan 10 km
between Alta Sierra and Wofford Heights. They may also approach each other along the Upper Kern River Canyon.
B. altasierrae on Sugarloaf Peak, Tulare Co., California occurs less than 10 km away from B. bramei along Tobias
Creek, Tulare Co., Cdlifornia. B. altasierrae is known from Peppermint Creek, Tulare Co., Caifornia; this locality
is about 2 km from the Kern River. The nearest known B. bramei is about 10 km south; however, the range of B.
bramel likely extends north from there along the Kern River. On the Kern Plateau, east of the Kern River, B. altasi-
errae has been found 1.6 km from the nearest population of B. robustus in habitat typical of both species (Wake et
al. 2002) and less than 10 km from the nearest B. bramei.

At higher elevations to the north of the Tule River drainage, B. altasierraeis replaced by its sister species, B.
kawia. To date, all robust specimens (that is, not B. gregarius) from the South Fork of the Kaweah River identified
with molecular data belong to B. kawia, whereas robust specimens from the Tule River drainage carry mitochon-
drial DNA from B. altasierrae. The northernmost specimen of B. altasierrae is from Mountain Home State Forest,
Tulare Co., California, USA (CAS 214814; 36.269°N, 118.668°W), which is 12 km southeast of the southernmost
B. kawia from entrance to Soldiers Cave near South Fork entrance Sequoia National Park, Tulare Co., California,
USA (MVZ 237285; 36.345°N, 118.7568°W). Very few specimens are available from the higher elevations sepa-
rating these drainages. Molecular sequence data show that some populations along the North Fork of the Middle
Fork of the Tule River have genes from both B. altasierrae and B. kawia, but the contact zone appears to be narrow
(Jockusch et al. unpublished).

Etymology. Named for the mountain hamlet of Alta Sierra, located at the summit of the Greenhorn Mountains,
an area where this species is particularly common. The species name is formed as a noun in the genitive.

Comments. Jockusch et al. (1998) included a rediagnosis of B. relictus based on specimens from both the
Lower Kern River Canyon and the Greenhorn Mountains. We use their series from the Greenhorn Mountains as the
paratypes for B. altasierrae.

All molecular dataidentified in previous publications as coming from B. pacificus relictus (Yanev 1978, 1980)
or B. relictus (Jockusch 1996; Jockusch et al. 1998; Jockusch & Wake 2002) are from B. altasierrae or from more
northern members of its species group. Thus, the molecular diagnoses provided by Jockusch et al. (1998) to distin-
guish B. relictus from other species all in fact apply to B. altasierrae rather than to B. relictus. Molecular differen-
tiation within B. altasierrae is limited. Yanev (1978) included six populations of B. altasierrae, ranging from the
vicinity of the type locality in the Greenhorn Mountains to Quaking Aspen Meadow, on the South Fork of the Mid-
dle Fork of the Tule River near the northern end of therange, in her allozyme study of the genus. These populations
were separated by a maximum Nei's (1972) genetic distance (D) of 0.075. Mitochondrial DNA (cob) data also
show alow level of variation (Jockusch & Wake 2002).

Conservation. By virtue of their previous inclusion in B. relictus, populations of B. altasierrae have been
listed as a Species of Special Concern by the State of California and Sensitive Species by the U.S. Forest Service.
Our impression is that populations of B. altasierrae are healthy, both in the Greenhorn Mountains and within the
Tule River drainage; individuals have been found in large numbers when surface conditions were appropriate. For
example, about 60 individuals were seen aong a single stream in the vicinity of Sugarloaf Village, Greenhorn
Mountains, Tulare Co., Californiain afew hours of searching in August 1995. B. altasierrae was also abundant in
the Tule River drainage, Tulare Co., California in April 2008: individuals were found at numerous sites, and at
Moorehouse Creek, along Hwy. 190 (36.153°N, 118.657°W), 10 individuals were found in an area of afew square
meters of moist pine needle litter in less than 10 min.
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The Satus of B. relictus

With the description of B. altasierrae, the only populations included in B. relictus by Brame and Murray (1968)
that are still recognized as B. relictus are those from the type locality and vicinity in the Lower Kern River Canyon
region of California. Thus, B. relictus (Fig. 7D, E) becomes a Breckenridge Mountain endemic, with an elevationa
range from 480 m along the Kern River to at least 2000 m. Despite this large elevational range, the total area occu-
pied by the speciesis very small, with a maximum distance of 15 km separating historic populations, and less than
5 km separating the only two known extant populations, giving B. relictus the smallest known range for a described
species of Batrachoseps (Fig. 1). Molecular data from these populations show that B. relictus is a member of the
nigriventris group (Fig. 2), not the Sierran clade called the relictus group by Jockusch et al. (2002). Historically, B.
relictus occurred in sympatry with another member of the nigriventris group, B. simatus, at low elevations in the
Kern River Canyon. Although sympatry between species is relatively common in Batrachoseps (though typically
limited in geographic extent), thisis only the second instance of sympatry that involves members of the same spe-
cies group.

Information on the natural history of B. relictusis limited, because virtually all published reports about B. rel-
ictus are from populations placed here in B. altasierrae. At the two known high elevation Breckenridge Mountain
sites (1700 and 2000 m), individuals have been found active on the surface from May to early October. The most
distinctive aspect of its biology, relative to other species of Batrachoseps, may be its association with water. Brame
and Murray (1968) described B. relictus from the Kern River Canyon as “semiaquatic” and Hilton (1948) noted
that specimens were “in a slightly unusual situation for them [Batrachoseps]; in avery wet place, in and out of the
water of a spring.” Hilton (1948) identified the locality as “Walker’s Pass, west”; in conversation with D. Wake in
1958, he confirmed that the locality was the Lower Kern River Canyon. D. Wake (pers. obs.) saw B. relictusin the
Kern River Canyon twice (11 April 1960, 22 February 1970), both times actually in water. As at low elevations, at
high elevations, animals were also found in very close association with water. At one of its extant localities (E of
Squirrel Meadow, 2000 m elev.), we typically find B. relictus directly associated with a small seep (Fig. 7G). Sda
manders have been found here beneath rocks with water underneath, typically on a sandy-gravel substrate. On 13
June 1979, RWH found a communal nest here consisting of about 125 eggsin alarge mass beneath arock resting in
seepage; approximately 20 adult salamanders were present (first reported by Stebbins (1985) in his account of B.
simatus). Several females collected on this date contained large eggs, suggesting that oviposition was still in prog-
ress. One female deposited six eggs in the lab two days post-collection. A female found on 23 May 2010 had par-
tially yolked ova. Rarely, salamanders have been found beyond surface water; two adults were found within a
moist log about 45 m upslope from the seep area. At the second Breckenridge Mountain site (headwater seepage of
Lucas Creek, 1665-1700 m elev.), al specimens have been found under cover objects directly beside the stream
over adistance of about 750 m.

The populations from higher elevations on Breckenridge Mountain have been discussed by several authors.
Stebbins (1985) placed them in B. simatus, along with populations we assign here to B. bramei, noting “animals
from Breckenridge Mt. and Fairview are somewhat different from those in Kern River Canyon and are therefore
tentatively included in this species [B. simatus].” Stebbins (2003) repeated this statement, adding the Cottonwood
Creek population from the mouth of the Kern River Canyon. (We assign the Cottonwood Creek population to B.
gregarius. Its enigmatic genetic makeup will be treated elsewhere.) On the basis of mtDNA sequence data, Jock-
usch and Wake (2002) treated one of the Breckenridge Mountain populations in their discussion of B. simatus, but
noted that it is differentiated in other respects, thus rendering its taxonomic status uncertain. Jennings (1996, 2004)
treated the Breckenridge Mountain populations as an undescribed species and provided a vernacular name “Breck-
enridge Mountain slender salamander.” Bartlett and Bartlett (2009) provide a short species account, a color photo-
graph, and a distribution map and refer to the “ Breckenridge Slender Salamander” as “formal description pending.”

A fossil trackway from the Miocene of Tuolumne Co., Californiais consistent with Batrachoseps (Peabody &
Savage 1959) and was referred to B. relictus by Brame and Murray (1968) on the basis of its limb proportions and
locality. Given the current geographic range of B. relictus, the occurrence of other species (B. attenuatus and B.
diabolicus) in the northern Sierra Nevada, and the combination of morphological conservatism and homoplasy
observed in Batrachoseps, this fossil trackway cannot be assigned to species.
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Conservation.—B. relictusis listed as a Species of Specia Concern by the State of California and as a Sensi-
tive Species by the U.S. Forest Service. However, these designations confer no legal protection. On the basis of its
limited range, small number of known populations, apparent small population sizes, and apparent extirpation at
lower elevations, we consider formal protection measures warranted. All recent sightings of B. relictus have been
from two small high elevation populations in pine-fir forest. The first site (E of Squirrel Meadow) was discovered
in 1979, but was later severely degraded by the construction of alogging road through the seepage area. A subse-
quent fire and timber harvest further compromised this site, and salamanders were not found here despite multiple
searches over the next 22 years. Recent visits suggest that the population has rebounded somewhat, but prime seep
habitat is quite small. Efforts should be undertaken to locate additional populations of this species. Intermediate
elevations on Breckenridge Mountain are virtually unexplored for Batrachoseps. Given that B. relictus occurs both
at river level and at high elevations, streamside and seep habitats that drain the northern slope of Breckenridge
Mountain into the Kern River should be surveyed.

Molecular methods and results

Allozyme data. Two allozyme datasets address rel ationships of populationsin the Kern River Canyon and vicinity.
The larger study scored 27 variable loci for representatives of B. altasierrae, B. kawia and al nigriventris group
species from the vicinity of the Kern River Canyon, including 10 individuals from a Breckenridge Mountain popu-
lation of B. relictus and 18 total individuals from two populations of B. bramei (Table 3; loci and methods are as
described in Wake et al. (2002)). The balanced minimum evolution algorithm (Desper & Gascuel 2002), asimple-
mented in the R package APE (Paradis et al. 2004), was used to infer relationships among populations. These data
highlight the deep divergence between B. altasierrae and its closest relative B. kawia (average Nei's (1978) D
(Dye) = 0.59, 11 fixed differences) and confirm that B. altasierrae and B. kawia are only distantly related to the
nigriventris group (D, > 0.935 for all comparisons; Table 4), including B. relictus from Breckenridge Mountain
(average D, = 1.26, 18 fixed differences) and B. bramei (average D, = 1.05, 15 fixed differences). B. altasierrae
from the Greenhorn Mountains and Kern Plateau, on opposite sides of the Kern River Canyon, display relatively
little differentiation (D, = 0.083). B. relictus falls within the nigriventris group (Fig. 8), but it is highly divergent
from all other species, with average D, , = 0.52 and a minimum of 9 fixed differences to five populations of B.
simatus, average D, = 0.63 and 13 fixed differences to two populations of B. bramei, average D,, = 0.72 to a geo-
graphically close population of B. gregarius, and average D, = 0.97 to two populations of B. stebbinsi (Table 4).
The two populations of B. bramei are separated by only 1.5 km, are barely differentiated from each other (D, =
0.004) and are most similar to B. gregarius (average D, = 0.52; Fig. 8). They are separated from B. simatus by
average D, of 0.611 and 11 fixed differences. Maximum differentiation within B. simatus was 0.19.

A kawia B.
_I I_ altasierrae-Kem Plateau - m DOU

altasierrae-Alta Sierra 02—
_lbranwi-Fairview ~ m ERS o nigl
bramei-Packsaddle | s ] e nig3
simatus-Hobo 2 00— g
simatus-Mill Creek g | Ao
simatus-Lucas Creek A
simatus-Stark Creek 02— AFAI YN
simatus-Democrat Hot Springs - S,:ZZ;ZZS
relictus-Breckenridge I e nig?2 | ¢ nigriventris
— o7 egarius-Rancheria | | T T I T
_:stebbinsi-Ca]iente Creek 04 0.2 0.0 02 04 06
stebbinsi-Bear Trap Dimension 1

0.2 (Dyey)

FIGURE 8. Allozyme analyses. A. Minimum evol ution tree showing the relationships of 14 popul ations based on Nei’s (1978)
D (Table 4) for 27 variable loci included in allozyme study 1. The topology of the neighbor-joining treeisidentical. B. Multidi-
mensional scaling of Nei's (1978) D (Table 5) for eight populations from the nigriventris group based on allozyme study 2.
Note the intermediate position of the Cannell Creek (CAN) population between B. bramei from Fairview (FAI) and B. simatus
from Erskine Creek (ERS). See Table 5 for abbreviations. Sampling localities are listed in Table 3.
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TABLE 3. Localities and sample sizes (N) for allozyme studies 1 and 2.

Species Locality Lat (°N) Long (°W) N
study 1

B. altasierrae Kern Plateau, 7.3 mi NE (air) Fairview, Tulare Co. 35.99 118.39 3
B. altasierrae Hwy. 155, 0.5 mi SE Greenhorn Summit at Alta Sierra, Kern Co. 35.74 118.55 12
B. kawia South Fork Kaweah River, Tulare Co. 36.38 118.86 6
B. bramei Fairview, Kern River Canyon, Tulare Co. 35.93 118.49 11
B. bramei Packsaddle Canyon at Kern River Canyon, Tulare Co. 35.94 118.48 7
B. simatus Hobo Hot Springs, Kern River Canyon, Kern Co. 35.57 118.53 4
B. simatus Hwy. 178, 1 mi. SW Democrat Hot Spring turnoff, Kern River Canyon, 35.52 118.67 1

Kern Co.

B. simatus Mill Creek, just above Kern River, Kern Co. 3554 118.62 1
B. simatus Lucas Creek at Hwy. 178, Kern River Canyon, Kern Co. 35.48 118.71 10
B. simatus Stark Creek, just above Hwy. 178, Kern River Canyon, Kern Co. 35.48 118.72 1
B. relictus Breckenridge Mountain, vicinity Squirrel Meadow, Kern Co. 35.48 118.57 10
B. stebbinsi Caliente Creek Rd., 10.4 mi E Cdliente, Tehachapi Mountains, Kern Co. 35.30 118.48 4
B. stebbinsi 2 mi (air) N Bear Trap Canyon, Tehachapi Mountains, Kern Co. 34.91 118.69 14
B. gregarius RancheriaRd, 2.8 mi N Kern River bridge, Kern Co. 35.46 118.83 9
study 2

B. bramei Fairview & Packsaddle Canyons, Kern River Canyon, Tulare Co. 35.93 118.49 2
B. bramei Cannell Creek, Kern and Tulare counties 35.79 118.42 4
B. simatus Dougherty Creek at Hwy 178, Kern River Canyon, Kern Co. 35.47 118.71 2
B. simatus Erskine Creek Canyon, Kern Co. 3557 118.40 3
B. nigriventris Mt. Pinos, border of Kern and Ventura counties 34.81 119.10 2
B. nigriventris  Santa Rita-Old Creek Rd., San Luis Obispo Co. 35.52 120.77 2
B. nigriventris  Bear Trap Canyon, Tejon Ranch, Kern Co. 34.89 118.75 2

A subsequent survey of allozyme variation included 28 loci, and small samples (N = 2—4) from multiple popu-
lations of B. bramei, B. simatus and B. nigriventris (see Table 3 for localities and sample sizes). Pairwise diver-
gences between populations within the Kern River Canyon all exceeded 0.2 (Table 5). The two B. bramei
populations, from Fairview and Cannell Creek, were most similar to each other (D, = 0.219), but were separated
by 5 fixed differences. Divergence between B. bramei from Fairview and B. simatus from Erskine Creek was high
(0.500, 10 fixed differences), paralleling the results from the larger study, but the divergence between the Cannell
Creek and Erskine populations was substantially lower (0.226, 4 fixed differences). These are the geographically
closest populations of B. bramei and B. simatus known on the southeastern side of the river (Fig. 9). Multidimen-
sional scaling (R v. 2.7.2, R Development Core Team 2008) highlights the intermediate position of the Cannell
Creek population (Fig. 8B). The average divergence between B. bramei and B. nigriventriswas 0.72.

Phylogenetic analysis of mtDNA data. A portion of the mitochondrial gene cytochrome b (cob) flanked by the
primers MVZ15 and MV Z16 was amplified and sequenced following standard methods (Jockusch & Wake 2002;
Martinez-Solano et al. 2007). After trimming of the ends because of low sequence quality, 677 base pairs (bp) were
analyzed for 62 sequences from the B. nigriventris group (Fig. 9, Table 6). Some of these sequences were aso
included in the analyses of Jockusch and Wake (2002). The dataset analyzed here contains all sequences generated
for specimens from within Kern River Canyon (25 specimens representing B. bramei and 11 specimens represent-
ing B. simatus) and Breckenridge Mountain (N = 11, all referred to B. relictus). Additional specimens were chosen
to represent the known mitochondrial and geographic diversity of the other three nigriventris group species (7 B.
nigriventris, 6 B. gregarius, and 2 B. stebbinsi). For samples from outside the Kern Canyon region, the data matrix
was essentially complete. For samples from within Kern River Canyon, a smaller portion of cob was sequenced for
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a subset of samples; in al cases, these sequences were identical or virtually identical to another, more complete,
sequence. For a subset of Kern River Canyon samples (5 B. bramei, 2 B. relictus from Breckenridge Mountain, and
3 B. simatus) and 12 of the 15 other nigriventris group samples, we also obtained sequences of a portion of three
other mtDNA genes: 16S ribosoma DNA (16S), cytochrome oxidase 1 (cox1) and NADH dehydrogenase 4 (nad4)
following the methods of Martinez-Solano et al. (2007). Alignment of 16S was straightforward, with gaps 1-2
nucleotides in length introduced at only seven positions. Combined with the cob data, this produced an aigned
dataset of 2298 nucleotides, the 4-gene dataset, which had essentially no missing data.

TABLE 5. Nei's (1978) genetic distances for allozyme study 2 based on 28 loci for seven populationsin the nigriventris group.
Figure 8B shows the results of multidimensional scaling of these values.

FAI CAN DOU ERS nigl nig2
B. bramei-Fairview (FAI) --
B. bramei-Cannell (CAN) 0.219 --
B. simatus-Dougherty (DOU) 0.448 0.253 --
B. simatus-Erskine (ERS) 0.500 0.226 0.231 --
B. nigriventris-Mt Pinos (nigl) 0.813 0.943 0.671 0.663 -
B. nigriventris-San Luis Obispo (nig2) 0.433 0.617 0.744 0.557 0.496 --
B. nigriventris-Tejon Ranch (nig3) 0.702 0.818 0.604 0.727 0.209 0.491
g z '2’, B B gregarius A B bramei B
~. & @B nigriventris m lineage 1
# ¥ B stebbinsi Alineage 2 | southFall$
7 @ lineage 3
¥ lineage 4
@ B simatus
% B. relictus
Tulare Co.
Kern Co.
N
&
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FIGURE 9. Samples included in the cob phylogeny of the Batrachoseps nigriventris group. A. Map of California, showing
topographic relief, with localities for specimens from outside of the Kern River Canyon (black symbols). Box shows approxi-
mate area of panel B. B. Kern River Canyon, showing localities for specimens from the Kern River Canyon and Breckenridge
Mountain. Major side drainages are labeled. For clarity, streams on the north side of the Lower Kern River Canyon are omitted.

When analyzed as part of alarger dataset (Jockusch & Wake 2002), a subset of B. nigriventris samples (“north-
ern B. nigriventris’) is confidently resolved as the sister taxon to the rest of the nigriventris group. This lineage
was represented by four specimens here, which were treated as a monophyletic outgroup to root the trees.

Analyses of both the cob and 4-gene datasets included equally-weighted maximum parsimony (MP) (with sup-
port estimated using 100 bootstrap replicates, 5 random addition replicates/bootstrap replicate), as implemented in
PAUP 4.1b10 (Swofford 2003), Bayesian inference, as implemented in MrBayes v. 3.1 (Huelsenbeck & Ronquist
2001), and maximum likelihood (with support estimated using 100 bootstrap replicates), as implemented in the
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Garli-partition testing version 0.96 (Zwickl 2006). For maximum likelihood and Bayesian analyses, the cab data
were partitioned into two subsets: 1% and 2™ codon positions together versus 3 codon positions. The extremely
limited variation at 2" codon positions meant that there was not enough information in our dataset to estimate
parameters for 2™ codon positions alone. The 4-gene dataset was partitioned into noncoding (16S), 1% codon posi-
tion, 2" codon position and 3 codon position. This partitioning scheme was supported over three others (single
partition, three partitions (with 1¥ and 2™ codon positions combined) and ten partitions (16S and 1%, 2™ and 3"
codon positions for each gene)) by results of stabilized stepping-stone analyses (Fan et al. 2011) obtained using
Phycas (Lewis et al. 2010). An appropriate model for each data partition was selected based on the AIC criterion as
implemented in Model Test (Posada & Crandall 1998). Parameter estimates were unlinked across partitions, except
for branch lengths, which were constrained to be proportionate (using prset ratepr = variable in MrBayes and sub-
setspecificrates = 1 in Garli), and tree topology. Default settings were used for analyses, with the following excep-
tions. In parsimony, the settings nchuck = 10 and chucklen = 1 were used to prevent the cob analyses from
spending extensive computational time exploring treesthat differed only in the arrangement of very short branches.
After 1,000 random-addition replicates, a strict consensus of shortest trees was constructed and 10,000 additional
random-addition replicates were done using this tree as a constraint to ensure that it represented the strict consensus
of all maximally parsimonious trees. For the MP bootstrap analysis of the cob dataset, the settings nchuck = 100
and chucklen = 1 were used. DeBry and Olmstead (2000) showed that this procedure does not bias estimates of
support for well-supported nodes. In MrBayes, the prior on alpha was set to an exponential distribution with a
mean of 1. Use of the default branch length prior led to trees that were more than an order of magnitude longer than
the ML tree with likelihoods far from the ML estimate and several unredlistic parameter estimates. Thus, the prior
on branch lengths was set to an exponentia distribution with a mean of 106.5 in the cob analysis and 51.0 in the 4-
gene analysis following the suggestion of Brown et al. (2010) that half the prior weight fall below the mean branch
length, which was estimated from the maximum likelihood tree.

Genetic diversity and phylogenetic relationships of B. relictus. Differentiation of mtDNA in B. relictus on
Breckenridge Mountain is limited. The eight samples from Lucas Creek have only two haplotypes, which differ at
asingle site. Divergence is also limited at the second locality, while divergence between haplotypes from the two
populations ranges from 0.9-1.2% (Kimura-2-parameter sequence divergence; this distance measure was used
because it has been reported in previous studies of mitochondrial divergence in Batrachoseps). Monophyly of B.
relictus from Breckenridge Mountain is strongly supported in al analyses (Fig. 10). Divergence between B. relictus
and B. simatus haplotypes ranges from 2.2—3.5% (mean 2.9%). This interspecific divergence is substantialy less
than the deepest divergence observed at cob in any of the other species of the nigriventris group. Monophyly of a
larger group comprising mtDNA from all B. simatus and B. relictus samples is strongly supported in all analyses.
Although the phylogenies based on cob alone do not resolve relationships among B. relictus, B. simatus from
Erskine Creek in the Piute Mountains, and a clade comprising all other samples of B. simatus (ranging along the
Kern River Canyon from Bodfish Creek, also in the Piute Mountains, to Stark Creek), the 4-gene dataset shows that
the basal split is between B. simatus from Erskine Creek and a clade formed by B. relictus and other populations of
B. simatus. Thus, B. relictus renders B. simatus paraphyletic in the mtDNA tree.

Given only the mtDNA data, one might question the distinctiveness of B. relictus. However, the allozyme
results, showing 9 fixed differences, are further supported by nuclear intron sequence data, which do not recover a
close relationship between B. relictus and B. simatus within the nigriventris group (Martinez-Solano et al. unpub-
lished). Additionally, the species are morphologically distinct and were found in sympatry in the recent past
(Brame & Murray 1968). Thus, we hypothesize that the mtDNA of B. simatus introgressed into B. relictus at some
point following the earliest diversification of B. simatus; all sampled individuals of B. relictus carry B. simatus-like
mtDNA.. In no case did we find mitochondrial haplotypes shared across species, however, suggesting that at pres-
ent, the species are fully isolated.

These data show that B. relictus is a member of the nigriventris group. B. altasierrae, formerly treated as B.
relictus, is not amember of the nigriventris group, and is instead more closely related to B. kawia, B. regius and B.
diabolicus (Fig. 2). We suggest that the clade formed by these four taxa, which was formerly called the relictus
group, be known henceforth as the diabolicus group.

Genetic diversity and phylogenetic relationships of B. bramei. High levels of sequence divergence in the
mitochondrial gene cob and strong geographic structuring characterize B. bramei. The 30 km range (linear distance
along the Kern River Canyon) of this speciesis occupied by four geographically restricted mtDNA lineages, each
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FIGURE 10. Phylogeny of the Batrachoseps nigriventris group. Tree resulting from maximum likelihood (ML) analysis
of cob (LnL = -3032.9164; preferred model was GTR + | + G for the 1% + 2nd codon partition and GTR + G for the 3 codon
partition). Inset tree in upper left shows ML tree resulting from the analysis of the 4-gene dataset (LnL = -8158.2306). Samples
are named by species followed by specimen voucher. Sampling localities are listed in Table 6. Numbers along branches are
maximum likelihood bootstrap values/Bayesian posterior probabilities; - indicates support value below 50%. In the inset tree,
the posterior probability was 1 for all interior branches except those for which the posterior probability is shown.
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of which is strongly supported in all analyses (Fig. 10). These four lineages are distributed as follows (Fig. 9): lin-
eage 1 is restricted to the E side of the Kern River extending from Cannell Creek to Corral Creek; lineage 2
(topotypic) is also restricted to the E side of the river, extending from Hospital Flat (whereit is sympatric with lin-
eage 1) to Brin Canyon; lineage 3 is known from both sides of the river just north of its confluence with South Falls
Creek, where abridge on Mountain Hwy 99 (M99) crosses the river; its range extends at |east as far south as Tobias
Creek on the W side of the river; lineage 4 is restricted to the W side of the river extending from the Tillie Creek
drainage, which enters Lake Isabella, to north of Bull Run Creek along the Upper Kern River. Divergence within
each of these lineagesis relatively limited, ranging up to amaximum of 2.1% in lineage 1, 0.6% in lineage 2, 1.2%
in lineage 3 and 1.1% in lineage 4. The within-lineage diversity generally results from fine-scal e geographic struc-
ture. Jockusch and Wake (2002) reported relatively high divergence between two lineage 1 populations, Cannell
and Corral Creeks (their localities 63—64 vs. 65). We have since determined that a portion of that Corral Creek
sequence was from a contaminant. Divergence between samples from Corral Creek and other lineage 1 samplesis
less than 1.5%. Usually, samples were more closely related to geographically distant samples on the same side of
the river than they were to geographically closer samples from the opposite side of the river, suggesting that the
Kern River poses a barrier to mitochondrial gene flow. The exception is lineage 3, in which identical haplotypes
characterized individuals from both sides of the M99 bridge.

Lineages 2—4 of B. bramei are al more closely related to each other and also to B. gregarius than they are to
conspecific lineage 1. Average divergence between lineages 2—4 ranged from 3.6-4.1%. Divergences between
these lineages and lineage 1 averaged 7.4%, while their average divergence from B. gregarius was 5.8%. Mono-
phyly of the mtDNA of B. bramei can be confidently rejected, because a clade comprising lineages 2, 3 and 4 of B.
bramei and all samples of B. gregarius received moderate or strong support in all anayses. Within this clade, how-
ever, monophyly of agroup giving rise to the three B. bramei lineages was neither strongly supported nor strongly
rejected based on analysis of cob aone. The 4-gene dataset confirms that bramei lineages 2—4 form amonophyletic
group, but does not resolve the trichotomy formed by this clade and two lineages comprising B. gregarius. Lineage
1 of B. bramei was more closely related to B. simatus, B. relictus from Breckenridge Mountain and the southern
lineage of B. nigriventris than it was to conspecific lineages 2—4 in all analyses (Fig. 10). The average divergence
between lineage 1 of B. bramei and B. simatus was 6.3%. Even the 4-gene dataset was unable to resolve the trichot-
omy among southern B. nigriventris, B. bramei lineage 1 and the clade comprising B. simatus and B. relictus. The
clades in this trichotomy demonstrate a genetic connection between coastal southern California and the southern
end of the Sierra Nevada. Similar connections have been found in severa other amphibians, including Ensatina
eschscholtzii (Moritz et al. 1992; Pereira & Wake 2009), Taricha torosa (Kuchta & Tan 2005), Pseudacris regilla
(Recuero et al. 2006) and Rana muscosa (Macey et al. 2001; Vredenburg et al. 2006). These geographic regions
are connected by the geologically complex Transverse Ranges (Chatzimanolis & Caterino 2007), which are cur-
rently occupied by B. nigriventris carrying mtDNA from the northern nigriventris lineage (Jockusch & Wake
2002).

Discussion

How many species of Batrachoseps are in the Upper Kern River Canyon? We accept the argument of de
Queiroz (2007) that taxonomists all work within the framework of the same general species concept, what he terms
the General Lineage Concept. In our work we are attempting to identify independently evolving lineages, and this
entails the deployment of several different criteria (concepts of different authors). Sympatry is the clearest crite-
rion, but is not present here; in the case of allopatric populations we proceed in an integrative manner, considering
degree of morphologica divergence, pattern and degree of allozyme differentiation, pattern and degree of DNA
sequence variation and habitat/geographic range change within versus between taxa. Given the substantial
allozyme and mitochondrial diversity found in the upper portion of the Kern River Canyon, one question is
whether there might in fact be more than one speciesin thisregion. In particular, the Cannell Creek population car-
ries a divergent lineage of mtDNA and is aimost as close allozymicaly to B. simatus as it is to B. bramei from
Fairview. Although there is some variation across populations, B. bramei (including the Cannell Creek population)
ismorphologically cohesive (Fig. 3), and well differentiated genetically from both B. gregarius (to which the clade
formed by three of the four B. bramei mtDNA lineages is most closely related) and B. simatus (to which the other
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B. bramei mtDNA lineage is closdly related) (Fig. 8, 10). Additionaly, populations of all four mtDNA lineages
assigned to B. bramei form a monophyletic group in analyses of DNA sequence data from two of four nuclear
introns we have examined (Martinez-Solano et al. unpublished). The evidence thus suggests that there has been no
recent gene flow between B. simatus and populations in the Upper Kern River Canyon and additionally that there
has been gene flow connecting all populations in the Upper Kern River Canyon. Thus, we conclude that assign-
ment of all populations in the Upper Kern River Canyon to B. bramei is supported by the available evidence.

We think it likely that two factors have contributed to the high differentiation among populations in the Upper
Kern River Canyon, and in particular to the divergence of the Cannell Creek populations. First, strong geographic
structuring is common in Batrachoseps (e.g., Jockusch & Wake 2002; Martinez-Solano et al. 2007; Martinez-
Solano & Lawson 2009), consistent with the extremely low vagility measured in mark-recapture studies (Hendrick-
son 1954; Maiorana 1978). The largely xeric conditions of the upper canyon likely reduce vagility even further and
may lead to patchy distributions. The second factor hypothesized to promote high divergence among populations of
B. bramei is historical gene flow from B. simatus into geographically neighboring populations of B. bramei. Thisis
suggested by two lines of evidence: 1) the intermediate genetic distance of the Cannell Creek population between
B. bramei from Fairview and B. simatus from Erskine Creek; and 2) the occurrence of an mtDNA lineage most
closely related to B. simatus in the populations of B. bramei that are geographically closest to B. simatus, including
the Cannell Creek population. However, it is unlikely that gene flow is currently occurring between B. simatus and
the Cannell Creek population. They are separated by a geographic gap of >20 km on the east side of the Kern River.
This gap includes more open habitat of the Kern River Valley around its confluence with the South Fork of the
Kern River (Fig. 1). Additionally, at the DNA sequence level, no alele sharing across species has been observed.
Thus, we conclude that only asingle speciesis present in the Upper Kern River Canyon and that the Cannell Creek
population is most appropriately treated as B. bramei.

Species diversity in the Kern River Canyon. The Kern River Canyon at the southern end of the Sierra
Nevada has both a high level of endemism and of diversity within the California biodiversity hotspot (Lapointe &
Rissler 2005). As a result of the endemism for both species and subspecific lineages, this area was identified as
“irreplaceable” in an analysis of Californiabiodiversity (Risser et al. 2006). The description of two new species of
Batrachoseps from this region brings the number of Batrachoseps in and around Kern River Canyon to six, repre-
senting more than 25% of the diversity of this genus. Four of the six nigriventris group species occur in or around
the Kern River Canyon, as do one species each from the diabolicus group and the subgenus Plethopsis. Two more
widespread species have ranges that closely approach the canyon: B. gregarius (which occurs at the mouth of the
canyon and in the Greenhorn Mountains, generally at lower elevations than B. altasierrae), and B. altasierrae
(occurring in the Greenhorn Mountains to the north of the canyon, and extending north to the Tule River drainage,
and on the Kern Plateau). The other four species are endemic to the Kern Canyon region: B. bramel (endemic to the
Upper Kern River Canyon), B. simatus (endemic to the Lower Kern River Canyon), B. relictus (endemic to Breck-
enridge Mountain and the Lower Kern River Canyon) and B. robustus (endemic to the Kern Plateau and Scodie
Mountains). Thus, this xeric canyon represents a center of diversification for Batrachoseps.
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