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ABSTRACT. Slender salamanders, genus Batrachoseps (Caudata: Plethodontidae), are a taxonomically
difficult group widely distributed in California as well as in Oregon and northwestern Baja California.
Here we describe four new species from the Sierra Nevada based on analyses of allozymes, mitochondrial
DNA, and morphology. Specimens of the new species previously have been assigned to other taxa, most
recently to Batrachoseps nigriventris and Batrachoseps pacificus relictus. One of the new species, a relative
of B. nigriventris, is distributed along the central and southern Sierra Nevada at low to middle elevations.
We recognize B. relictus, a taxon currently treated as a subspecies of B. pacificus, as a distinct species that
ranges from the lower Kern River Canyon and Greenhorn Mountains in northern Kern County to the
Sierra Nevada in southern Fresno County. Populations of Batrachoseps occurring at low elevations in
canyons along the west slopes of the Sierra Nevada from the American River to the Kings River that were
previously included in B. relictus show substantial biochemical differentiation from that taxon and from
each other, and they are described as new species. Although each of the new species is morphologically
distinct, the differences are subtle and they are appropriately considered cryptic species.

INTRODUCTION

The slender salamanders, genus Batrachoseps Bon-
aparte, 1841, are widely distributed in the Sierra
Nevada of California, and they were long consid-
ered to be members of the species B. attenuatus
(Eschscholtz, 1833), both in formal taxonomic
treatments (Hendrickson, 1954) and general works
(Stebbins, 1966). The description of three new spe-
cies from the southern Sierra Nevada and nearby
mountains by Brame and Murray (1968) changed
the picture radically. In addition to the new taxa,
these authors chose to recognize both B. major
Camp, 1915, and B. pacificus Cope, 1865, as taxa
distinct from B. attenuatus. Sympatry was found
between two of the new species (B. relictus Brame
and Murray, 1968, and B. simatus Brame and Mur-
ray, 1968) in the lower Kern Canyon. They found
no sympatry elsewhere in the Sierra Nevada, al-
though both their B. attenuatus and their B. relictus
occurred from Mariposa County south to the Kern
River, the former at lower elevations than the latter,
which in turn did not range as far north.

Yanev (1980) separated Brame and Murray’s B.
attenuatus in the Sierra Nevada into northern and
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southern forms, retaining the former in B. attenu-
atus and placing the latter in B. nigriventris Cope,
1869. Furthermore, B. relictus was reduced to a
subspecies of B. pacificus, which was treated as a
widespread complex of named and unnamed sub-
specific entities. Yanev identified an additional area
of sympatry in the Sierra Nevada, between B. ni-
griventris and B. pacificus relictus in the Kaweah
River drainage. Yanev (1978) presented a pheno-
gram of genetic distances based on extensive allo-
zyme surveys that showed relatively large amounts
of differentiation within B. nigriventris (which also
included coastal forms) and B. p. relictus. We have
conducted DNA sequencing studies (Jockusch,
1996), as well as additional electrophoretic and
morphological analyses of the Sierran forms and
have concluded that the distinctive populations first
identified by Yanev (1980) merit description as spe-
cies-level taxa. In addition, we believe that B. pa-
cificus relictus merits recognition at the species lev-
el.

The slender members of the now relatively spe-
ciose genus Batrachoseps comprise at least four ma-
jor clades (suggested in the phenogram of Yanev,
1980; our conclusions are based on the analysis of
DNA sequence data of Jockusch, 1996; see Jock-
usch, 1997, and discussion). The species described
in this paper belong to two of these clades, which
we call the nigriventris and relictus groups.

Similarity in gross morphology of many of the
species, including those described herein, makes the
genus Batrachoseps taxonomically difficult. Geo-



graphic variation in morphology can be great with-
in taxa, and past workers (e.g., Hendrickson, 1954)
assumed that some of what we now recognize as
interspecific variation was intraspecific. Osteologi-
cal data, useful in distinguishing between taxa at
the level of subgeneric clades, are of limited utility
in distinguishing species within the subgenus Batra-
choseps, even between relatively remote relatives
(Yanev, 1978). Consequently, molecular data are
crucial in determining the limits of species and
clades. Once species are identified, some relatively
invariant morphological traits usually can be dis-
cerned. We have used such traits in the diagnoses
and descriptions that follow, but it may be difficult
to classify future discoveries in this region without
conducting molecular studies.

MATERIALS AND METHODS

Specimens used in this study have been collected since the
detailed report of Brame and Murray (1968) and are
mainly stored in the Museum of Vertebrate Zoology
(MVZ), Berkeley. Paratypes of the new species are depos-
ited in the Natural History Museum of Los Angeles Coun-
ty (LACM). Tissues extracted from these specimens were
used for studies of protein variation using starch-gel elec-
trophoresis (detailed methods as in Yanev and Wake,
1981) and for studies of DNA differentiation using direct
sequencing of up to 786 base pairs of the mitochondrial
gene cytochrome b (detailed methods as in Jackman et al.,
1997). Sequences from one individual of each of the five
species treated in this paper have been submitted to
GenBank {Accession numbers AF057549-AF057553).
Results of these studies are contained in two unpublished
dissertations (Jockusch, 1996; Yanev, 1978) and are sum-
marized here. Proteins are identified by name, abbrevia-
tion, and their Enzyme Commission numbers (see Murphy
et al., 1996) on first use, and subsequently by abbrevia-
tion. Genetic distances (Dy) for protein comparisons are
those of Nei (1972), and divergence in DNA sequence is
reported as Kimura two-parameter distances (K2P) (Ki-
mura, 1980). Morphological comparisons are presented in
Table 1. All measurements are in millimeters. Standard
length (SL) is the distance from the tip of the snout to the
posterior angle of the vent. Limb interval is the number
of costal folds uncovered when the forelimbs and hind
limbs are adpressed toward the trunk. Tooth counts in-
clude only visible teeth, and gaps are not counted.

SYSTEMATICS

The genus Batrachoseps is a member of the family
Plethodontidae and shares with all members of that
family many morphological synapomorphies, in-
cluding lack of lungs, lack of ossified pterygoid
bones, and a nasolabial groove (the last two unique
to the family). The genus is monophyletic (Jackman
et al., 1997), and among the numerous morpholog-
ical synapomorphies are the presence of a large
frontoparietal fontanelle, only four toes on the hind
limb, and an attached, projectile tongue that has
extremely elongated genioglossal muscles. There
are two monophyletic subgenera, Plethopsis and
Batrachoseps (Jackman et al., 1997). The latter
subgenus has three osteological synapomorphies:
no prefrontal bone, either no or an extremely short
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preorbital process of the vomer, and a single pre-
maxillary bone (Wake, 1989). These synapomor-
phies characterize the species described herein; ac-
cordingly, they are assigned to Batrachoseps (Ba-
trachoseps). This assignment is also strongly sup-
ported by phylogenetic analysis of mitochondrial
DNA sequences (Jockusch, 1996, 1997).

Batrachoseps nigriventris group

Batrachoseps gregarius, new species
Gregarious Slender Salamander
Figure 1

Batrachoseps attenuatus attenuatus (part), Hen-
drickson, 1954:23.

Batrachoseps attenuatus (part), Brame and Murray,
1968:14.

Batrachoseps relictus (part), Brame and Murray,
1968:7.

Batrachoseps nigriventris (part), Yanev, 1980:535;
Stebbins, 1985:55.

HOLOTYPE. MVZ 224581, an adult female
from Westfall Picnic Ground east of Highway 41,
Sierra National Forest, Madera-Mariposa county
line, California, collected by Elizabeth Jockusch
and Gabriela Parra-Olla on April 3, 1995. 37° 26’
43" N, 119° 39’ 01" W, 1400 m elevation.

PARATYPES. MVZ 158210-12 (May 25-26,
1980), 224551 (April 25, 1993), 224557-58
(March 25, 1994), 224563, 224576 (April 8,
1994), 224578, 224591-94, 224596, 224606
(April 3, 1995), 224611 (April 28, 1995), 224614
(April 1, 1996), LACM 144219 (April 1, 1996),
from same locality as holotype, collected at differ-
ent times, as indicated.

REFERRED SPECIMENS (specimens used in
study of mtDNA). MVZ 224617, same location as
holotype; MVZ 224516, Sugar Pine, Madera
County, California, 37° 26’ N, 119° 38’ W, 1350
m elevation; MVZ 219157, meadow ca 3.2 km SW
Dinkey Mountain, Fresno County, California, 37°
00" N, 119° 08’ W, 1900 m elevation; MVZ
157350, along South Fork Kaweah River, 7.7 km
SE Highway 198, Tulare County, California, 36°
23’ N, 118° 52’ W, 430 m elevation; MVZ 154077,
Old Stage Road along Arrastre Creek, 2.3 km SE
White River, Tulare County, California, 35° 48’ N,
118° 52’ W, 600 m elevation; MVZ 167636, 4.5
km N Kern River bridge on Rancheria Road, Kern
County, California, 35° 28’ N, 118° 49’ W, 350 m
elevation.

DIAGNOSIS. A relatively short-bodied (usually
18 trunk vertebrae in males and 19 in females) slen-
der salamander with short limbs (8-11 costal folds
between adpressed limbs); distinguished from all
other members of the genus by presence of a mental
hedonic gland in most adult males and by allozymic
and mitochondrial DNA markers. Most closely re-
lated to B. nigriventris, from which it is distin-
guished by having a more rapidly migrating variant
(a fixed difference) for the protein aspartate ami-
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Figure 1. An adult Batrachoseps gregarius from near Fountain Springs, Tulare County, California. Photo by M. Garcia

Paris, April 1994.

notransferase-1 (AAT-1, #2.6.1.1) and by many dif-
ferences in the sequence of the mitochondrial gene
cytochrome b (K2P ca 9-10%). Distinguished from
geographically neighboring species B. relictus, B.
kawia, B. regius, and B. diabolicus by having short-
er and narrower hands and feet; from B. regius and
B. kawia by having shorter limbs and fewer max-
illary teeth; from B. regius and B. diabolicus by
having a narrower head (Table 1, Fig. 2). Further
distinguished from all of these geographically
neighboring species by fixed differences at several
allozymic loci (D > 1.0) and by many sequence
differences in the DNA of the mitochondrial gene
cytochrome b (K2P > 0.12)

DESCRIPTION. Batrachoseps gregarius is a
small (adults less than 50 mm maximum SL), slen-
der species with a relatively narrow head and only
a slightly narrower neck. The facial region (area
from the eyes to the snout) is small and inconspic-
uous, and the eyes are moderately protuberant. The
nostrils are small and males have only slight naso-
labial protuberances. Barely evident to pronounced
mental hedonic glands are present under the chin
of most males. Grooving patterns of the head,
throat, and neck are typical of the genus. The rel-
atively few vomerine teeth usually are borne in a
single row. Small maxillary teeth are borne in a
long row extending to the posterior margin of the
eye. There are relatively few, small (same size as
maxillary teeth) premaxillary teeth in females, and
there are fewer teeth in males, but they are rela-
tively enlarged. Males have 17-18 costal grooves
between the limbs, and females have 18-19. SL is
from 7.9-9.8 (x = 8.8) times head width in males
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and 8.8-10.0 (x = 9.5) times in females. The tail
is long and tapers toward the tip. The tail is 0.5
1.3 (x = 1.0) times SL in males and 1.1-1.5 (x =
1.2) times in females. There is no basal tail con-
striction. The postiliac gland is evident. The limbs
are relatively short; SL ranges from 5.6-6.8 (x =
6.0) times hind limb length in males and 5.8-7.1 (%
= 6.6) times in females. The hands and feet are
relatively small. The digits are well formed and dis-
crete, with expanded tips that bear subterminal
pads. Webbing is insignificant. Fingers and toes in
order of decreasing length are 3-2-4-1.
MEASUREMENTS OF THE HOLOTYPE (in
mm). Maximum head width 4.5; snout to gular
fold (head length) 7.5; head depth at posterior an-
gle of jaw 2.8; eyelid length 2.1; eyelid width 1.0;
anterior rim of orbit to snout 1.4; horizontal orbital
diameter 0.9; interorbital distance 1.4; snout to
forelimb 9.4; distance separating external nares 1.1;
snout projection beyond mandible 0.3; snout to
posterior angle of vent (SL) 43.7; snout to anterior
angle of vent 41.6; axilla to groin length 29.0; tail
length 63.3; tail width at base 3.1; tail depth at base
3.1; forelimb length 5.8; hind limb length 6.4; limb
interval 10; width of right hand 1.2; width of right
foot 1.4; foot length 1.7; length of third toe 0.6;
body width behind forelimbs 3.5. There are 12 pre-
maxillary, 36 maxillary, and 14 vomerine teeth and
19 trunk, 2 caudosacral, and 46 caudal vertebrae.
COLORATION OF THE SPECIES (in alcohol).
These are blackish animals with a lighter, generally
brownish dorsal band. The ground color of the
body and tail is usually black at the lateral borders
of the dorsal band grading steadily into a dark to
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Figure 2. Scatterplots of morphological data for males of
species described in this paper. A. Foot width compared
to SL. B. Hind limb length compared to SL. C. Head
width compared to SL. Symbols: O B. gregarius, + B.
regius, @ B. diabolicus, B B. kawia, A B. relictus (to-
potypic), ¥ B. relictus (Greenhorn Mountains).
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pale gray ventrally. The ground color is heavily
marked with small white spots or flecks, especially
dorsolaterally where they form a diffuse lateral
band. The spots are tiny and well separated ven-
trally but are most numerous on the gular region
and on the tail. In some individuals the midventral
region is a flat pale gray, unmarked by white. A
distinct dorsal band arises from a zone of golden-
brown to tan coloration in the nuchal region. This
band occurs well onto the tail, extending nearly to
the tip in some specimens. Coloration of the band
is variable; in general it is pale brown with golden
and tan highlights and some dark flecks. In some
individuals the band is very dark and thus relatively
obscure. The band is usually streaked or spotted
with color that is both lighter and darker than the
main band color. In some individuals the band cov-
ers the head, extending to the tip of the snout. A
dark, inverted triangle that originates near the eyes
and ends in the nuchal region is present in some
individuals.

HABITAT AND DISTRIBUTION. This species
ranges from the southern boundary of Yosemite
National Park south nearly to the Kern River on
the west slope of the Sierra Nevada and Greenhorn
Mountains (Fig. 3). The northernmost localities are
Feliciana Mountain and Jerseydale Ranger Station,
Mariposa County (specimens in MVZ). In the
northern part of its range it occurs from near the
eastern margin of the Central Valley up to about
1800 m (in the Dinkey Creek drainage, Fresno
County). The species appears to occur only at low
elevations on the eastern margins of the Central
Valley in the southern parts of its range (below 300
m in the White River drainage, Kern-Tulare county
line).

This species occupies a wide range of habitats,
from mixed Sierran coniferous forests at high ele-
vation (Pinus ponderosa, P. lambertiana, Abies con-
color, Calocedrus decurrens, Sequoia giganteum,
Quercus kelloggii), to open woodlands, and even
to open grasslands at low elevations. In the latter
regions it occurs in habitats that would normally
be considered highly improbable for plethodontid
salamanders, because of the long, very hot and dry
summers and low precipitation. A weather station
(South Entrance Yosemite National Park; 37° 30’
N, 119° 38" W, 1560 m) near the type locality, but
at a slightly higher elevation, has an average annual
precipitation of 113 cm, with some snow often
present from early November to the end of April.
In sharp contrast, a weather station (Kern River
Pump House; 35° 28" N, 118° 47" W, 296 m) very
near the southernmost sites at which the species has
been collected receives only 27 cm of precipitation
annually, with no snow, and with average daily
temperatures exceeding 27° C (a near lethal tem-
perature even when conditions are moist) for 5.5
months. At this site average monthly rainfall is on
the order of 25 mm or less for seven months.

ETYMOLOGY. The name gregarius is the Latin
word for flock or herd and refers to the habit of
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Figure 3. Distribution of four species of salamanders of the subgenus Batrachoseps in the Sierra Nevada of California.
Type localities are indicated by ®, populations sampled for allozymic or DNA sequence analysis are indicated by @, and
estimated ranges are outlined. Additional species occur in the Kern River Canyon region, in the mountains to the south
and southwest, and along the eastern edge of the Central Valley north of the Stanislaus River. Illustration by K. Klitz.
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