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REVISION OF NORTH AMERICAN SALAMANDERS OF
THE GENUS PLETHODON

Riciiarp. HicHTON !

Synopsis:  Systematic study of the North American salamander genus Plethodon
reveals three major groups in the genus, designated the western plethodons, the
eastern small -plethodons, and the easten large plethodons. -The western
plethodons occur in the northwestern United States and adjacent Canada and
include five species (vandykei, larselli, dunni, vehiculum, and elorigatus) in three
species groups. Five species in three species groups also comprise the eastern
small p]ethodons Four of these (welleri, dorsalis, cinereus, and richmondi) occur
in eastern North America; the fifth (néomexicanus) is knéwn only from the: Jemez
Mountains of New Mexico. The eastern large plethodons include six species
(wekrlei, yondhlossee, ouachitae, caddoensis, jordani, and glutinosus) in three
species groups and occur only east of the Rocky Mountains. The eastern Jarge
and small plethodons are more closely related to each othéf- than either is to the
western plethodons, but of the two, the small group appears to be closer to. the
western plethodons.

Special emphasis has been placed on -a study of geographic variation. in
pigmentation and segmentation characteristics of the eastem species. The use of
the trinomen to describe geographic variation has been found unsatisfactory be-
cause of nonconcordance of geographically variable characters in species formerly.
considered polytypic. Seveén: isolated allopatric populations are still recognized as
subspecies because of their apparent close relationship to the nominotypical sub-
species, but the taxonomic- status of each is still uncertain. Some of these forms
are weikly differentiated and all are in need of further study. )

! The author is. Associate Professor of Zoology at the University of Maryland.
He did much of the work repoited here while a graduate student at the University
of Florida, and .an earlier version was accepted as a doctoral dissertation in 1956.
Although primarily a student of salamanders, the author contributed a paper in
this journal on the snake genus Stilosoma (1956). Manduscript submitted 2
April 1961.—Ep.

Highton, Richard. 1962. Revision of North American salamandeis of the genus
Plethodon. Bull. Florida State Mus,, vol. 6, no: 3, pp. 235:-367..
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INTRODUCTION

The North American salamander genus Plethodon is the type genus of
the lungless family Plethodontidae, today the most successful group
of salamanders, for it contains more than half of the known living
species of the Order Caudata. The family’s center of distribution is
North America; one genus, Hydromantes, also occurs in southern
Europe, and representatives of several genera enter ‘the Neotropical
Region. Plethodontid salamanders occupy widely varied habitats. Some
are strictly aquatic cavetnicoles (Typhlomolge and Haideotriton);

others live only in mountain streams (Leurognathus); and still others,

like Plethodon, are terrestrial even to the extent of depositing their
eggs on land and dispensing with the aquatic larval stage.

Here recognized in the genus Plethodon are 16 species. Most live
on the forest floor in the leaf mold and under stones and rotting logs;
ten occur in wooded areas of eastern North America, five. more in the
Pacific Northwest, and one is known only from the Jemez Mountains
of New Mexico. Of the 25 genera in the family Plethodontidae, only
two others show as great or greatér disjunctions in their distribution:
Hydromantes, with two spe01es in Europe and three in California, and
Aneides, with four species in western North America and one in the
Appalachian Mountains of the eastern United States. :

The last revision of the entire genus was that of Dunn (1926),
when only a fraction of the presently known forms and material was:
available. His review of the family led him to consider’ Plethodon the
most primitive -existing genus in the attached-tongue branch of the
Plethodontidae. He considered Hemidactylium, Ensatina, Batracho-
seps, and Aneides as more specialized derivatives of a Plethodon like
ancestor.

Grobman (1944) studied the distribution and systematics of the
eastern species and divided them into two groups, the large plethodons
and the small plethodons He suggested that these groups might
actually represent distinct genera or subgenera, but he teserved judge-
ment until their relationships with the western species could be
determined. Since the revisions of Dunn and. Grobman, many new

 species and subspecies have been described. A review of these forms
offers a valuable opportunity to study speciation in this important
group of North American salamanders and to clarify the relatlonshlps
of the eastern and western species.

An earlier draft of this paper based mainly on material in the Uni-
versity of Florida Collections was presented to the University of
Florida as a degree requirement in 1956. "Since then I have studied
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the Plethodon material in all of the major eastern museuins, and have
borrowed additional material from a number of other collections. It
thus has been possible to expand the study into a more nearly com-
plete generic revision. Several changes have been made in the system-
atic conclusions and nomenclature of the earlier draft, particularly in
the treatment of infraspecific variation.

Most recent workers have emphasized the importance of studying
" the pigmentation characters of plethodons in life.. Many species, partic-
ularly the large eastern forms, are extremely difficult to 1dent1fy after
years of preservation. Few other vertebrates exhibit after preservation
so few dlﬂerentlatmg characters. Living specimens of all 16 species
have been examined, plus representatives from many geographic areas
for most of the widely ranging eastern forms. Living specimens repre-
senting all of the previously recognized geographic races have also
been studied.
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jordani. The Chairman of my Graduate Supervisory: Committee,
Arnold B. Grobman, has been a constant source of intellectual stimula-
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Foundation, the General Research Board of the University of Mary-
land, the Florida State Museum and the Graduate School of the
University of Florida, and the Highlands Biological Statieni. Collecting
in the Great Smoky Mountains National Park, in the Shenandoah
National Park, and along the Blue Ridge Parkway was permitted
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METHODS

The necessity of studying living material made a considerable amount
of field work imperative, particularly on the eastern large plethodons.
Specimens‘were kept alive in the laboratory at low temperatures for
long periods for later comparison with other living material.

Detailed descriptions of many living and preserved specimens were
‘made during the course of this study. Similar data for many forms are
“available in Bishop (1943), Stebbins (1951), or in the original descrip-
tions. These are not repeated here as the concern is with variation in
populations, not detailed descriptions of individual specimens.

Many recent workers have given considerable weight te variation
in the number of costal grooves. Analysis of published data often
reveals lack of agreement in the number of grooves in some forms. A
method for determining body segmentation by counting costal grooves
consistently has been suggested (Highton, 1957).

Snout-vent length is measured always from the tip of the snout
to the anterior end of the vent. .

The distribution maps are based on literature records (hollow sym-
- bols) and specimers examined by the writer (solid symbols, unless
otherwise noted). Many new records and several range extensions are
included.

- During the coursé of this study I examined more than 40,000
specimens, about 25 percent of them of my own collecting. I have seen
all type specimens known to exist with the exception of the holotype
of P, neomexicanus.

PIGMENTATION IN THE GENUS PLETHODON

The pigmentation of living specimens .of all prevfously recognized
forms in the genus was studied under a dissecting microscope. The
great variety of coloration in these salamanders is prodiiced by only
three different types of pigment cells. Following Hertzler (1958), these
are referred to as melanophores, iridophores, and red or yellow chro-
matophores. In his histological and bioéhemi‘qal study of the pigmen-
tation of Plethodon cinereus, Hertzler identified black melanophores;
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* iridophores, and red chromatophores. He presents evidence that the
black pigment cells in the red-backed salamander contain melanin, and
that the white or brassy pigmentation is p_roduced by pigment cells
that contain no guanme althOugh herpetologists have long referred
to these cells as “guanophores.” As the granule-bearing cells responsi-
ble for the white pigment of these salarhanders have not yet been
analyzed chemically, Hertzler prefers the nonspecific term, iridophore.
Finally, the red chromatophores, usually referred to in the literature
as “lipophores,” are not lipid in nature, but are chemically related to
melanin, although they differ from melanin in having smaller
amounts of the elements magnesium, calcium, and iron.

Although no biochemical studies have yet been conducted on the
pigmentation of other species of the genus, their pigments as com-
pared under a dissecting microscope show no significant difference
from those of Plethodon cinereus, other than in distribution of the cells.
Color and black and white photographs, and drawings of*most of the
forms of the genus are available in the literature (see especially
Bishop, 1943; Conant, 1958; and Stebbins, 1951 and 1954).

Melanophores are present in all members of the genus and are
responsible for the dark ground color of these salamanders. The other
pigments generally occur in gaps in the melanophore background.
Partial ‘albinos of five species, glutinosus, jordani, cinereus, dorsalis;
and véhiculum have been reported (literature summarized by Hensley,
1959).

Iridophores are responsible for the white spottlng and brassy
flecking - present on the dorsum, sides, and belly of most species. Little
difference is apparent in the structure-of the differently colored
iridophores, though the amount of light reflected by the spots varies

considerably. Hertzler (1958) finds that small brassy iridophores lie
deeper in the dermis than do the larger white ones and suggests that
the color is altered because light must pass through the pigmented cori-
um twice. Possessmg uldophores is a condition that has been described
as “brassy flecking,” “metallic golden spotting,” “golden blotchmg, ‘
“bronzy mottling,” and “frosting.” Brassy iridophore plgmentauon is
present in the iris of most species, though it is often reduced in the
eastern large plethodons. It is responsible for the small brassy flecks of
some glutinosus, jordani, ouachitae, caddoensis, wehrlei, cinereus, rich-
mondi, welleri, dorsalis, neomexicanus, larselli, and véhiculum. The
larger white spots are present on the dorsum of at least some popula:
tions. of most of the forms in the genus; but in some, especially welleri,
hubrichti, caddoensis, and some glutinosus, even the largest spots have
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a brassy appearance. The dorsum of a single glutinosus may show'
every type of intermediate between the brassy and the white type.
Lateral and ventral iridophore pigmentation, when present, is almost
never of the brassy type.

“Red chromatophores” of Hertzler may vary from yellow to red,
but red is the prevailing hue. They are present in yonahlossee,
ouachitae, cinereus, dorsalis, elongatus, vehiculum, dunni, vandykei,
larselli, and in some populations of richmondi, jordani, and wehrlei.

The variety of coloration in the genus seems due entirely to variation
in the presence, location, and abundance of these three pigments. Some

forms lack the red chromatophores or iridophores or both. Pigmenta-
tion characters may vary widely within a species—individually, onto-
genetically, and geographically—but are constant enough within most
populations so that a. person familiar with the variations can identify
most living specimens easily by color pattern alone. The phylogenetic
significance of the distribution of these pigments is discussed in the
accounts of the various groups.

VARIATION IN NUMBER OF VOMERINE TEETH

The number of vomerine teeth is often used as a systematic character
in the genus Plethodon. In a series of three papers on glutmoms
yonahlossee, and ouachitae published in 1949, 1950, and 1951, Clifford
and Sarah Pope demonstrate that the total number or vomerine teeth
of all three species is correlated with size. The study of variation in the
number of vomerine teeth within and among species of Plethodon
must therefore consider the rate of ontogenetic change in number of
teeth as well as the absolute number of teeth at any given body length.

The Popes fitted rectilinear regression lines to their data on the
three species of eastern large plethodons. The teeth of the specimens
of glutinosus counted by Pope and Pope (1949:253) were recounted
and. it is found that our counts aré comparable. The data for yonah-
lossee and oudchitae areé taken duectly from the Popes’ original data
sheets. Using the same statistical technique, I have fitted regression
lines to data on the relationship between the total number of vomerine
teeth and snout-vent length for every species in the genus. Geographlc
variation in the number of vomerine teeth was studied in seven species
previously considered polytypic, vandykei, dorsalis, cinereus, richmon-
di, wehrlei, jordani, and glutinosus. Significant geographic variation
occurs only in glutinosus.

Two values must be calculated to obtain a regression line, the
Y-intercept and the slope of the line. The slope estimates the rate of
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increase in the teeth-size relationship; the Y-intercept is an estimate of
the initial number of teéth the animal possesses early in development.
Rectilinear regressions are used rather than curvilinear regressions
because graphical plots of the data show that linear regressions
describe the variation adequately. No species shows significant sexual
dimorphism in vomerine tooth counts. The number of teeth is con-
:sidered the dependent variate and the snout-vent length the inde-
pendent variate.

The ontogenetic change in the relationship of vomerine teeth and
snout-vent length in different species is often similar, particularly in
closely related forms. The rate of increase tends to be greater in the
larger species, with the exception of wehrlei, elongatus, and neomexi-
canus. The last species has a negative slope, but it does not differ
significantly from zero. (A real negative slope would be produced by
a loss of teeth in old individuals.) The eastern small plethodons have
the lowest rate of increase in the number of vomerine. teeth during
growth.

Regression lines for each species are calculated by the method of
least squares. The data for the several geographic samples of. each
of the seven polytypic species listed above are combined to obtain a
single regression line for each species. Several factors may lead to
bias. Geographic samples of each species were not chosen at random,
but were often selected because of availability of material, and in some
instances because of indications of geographic variation in other
characters. Sizes of the various geographic samples were seldom equal.
P. glutinosus shows such significant geographic variation that the pool-
ing of the 12 geographic samples does not reflect the vomerine teeth—
snout-vent length relationship in ‘any one region. In spite of these
shortcomings, the estimates of the slopes and Y-intercepts of the
regression lines, together with their 95 percent confidence intervals,
have value in 1llustrat1ng patterns of variation in the genus and are
included in table 1.

TREATMENT OF INFRASPECIFIC VARIATION

Several types of geographic variation occur in the genus Plethodon.
The gradual clinal type occurs in some species. In others abrupt
changes are apparent over short distances where the ranges of two
nominal subspecies meet. Some populations are isolated from their
nearest relatives by unoccupied regions. In this event the nature of
intergradation cannot be used to determine whether or not the species
level of differentiation is attained.



TaBLe 1. Slopes and Y-intercepts of regression lines for

number of vomerine feeth on snout-vent length in the species of

Plethodon.
Slope Y-intercept
Sample
Species Size Estimate 95% confidence interval Estimate. 95% confidence interval
. Lower limit Upper limit Lower limit Upper limit

vandykei 51 237 .156 .318 5:22. 1.87 8.57
larselli 25 292 142 442 0.54 -5.14 6.23
dunni. 49 146 067 224 5.43 1.27 9.59
vehiculum ~ 68 (151 .058 .243 3.18 -0:83 7.19
elongatus 49 .028 -.024 .080 9.42 6:73 12.12
neomexicanus .20 =027 -.235 .180 14.78 4.17 25.39
dorsalis. 182 .057 -.005 118 9.10 6:83: 11.37
welleri 31 -.054 -.221 113 11.18 309 17.28
cinereus 398 .054 . .025 .084 8.10 7.01 9.18
richmondi 237 101 .069 134 7.16 5.82. 8.50
wehrlei 183 .065 029 101 10.27 8.52 12.02
yonahlossee 125 410 372 447 0:88 -1.49 3.25
ouachitae 125 267 218 321 6.67 3.83 9.52
caddoensis 43 .168 .011 .326 13.00 6.66 19.34
jordani 683 :232 214 251 4.97 4.08 - 5.87
glutinosus 1117 197 184 210 6:25 - 5.56 6.94

WNASAW HALV.LS vAIMOTd ‘HHL 40 NILATINA
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All three types of geographic variation have been used in the past
as a basis for naming subspecies of Plethodon. The large amount of
material now available permits more detailed analysis of geographic
trends than have heretofore been possible. Results indicate that inde-
pendent characters in Plethodon often do not show concordance in
their geographic variation. This is probably because environmental
factors modifying the phenotype directly or modifying the genotype'
through natural selection rarely affect the independent characters of
the organism in the same way.

Systematic literature reflects considerable controversy about the
usefulness of the trinomen (see Wilson and ‘Brown, 1953, and Mayr,
1942, for opposing viewpoints ).

Nomenclatural recognition of geogr_aphic subspecies based on
characters showing nonconcordant variations has little objective value
because the use of different sets or combinations of characters resilts
in different infraspecific classifications. Geographic variation in Pletho-
don is sometimes great; spectacular examples occur. Even so it is
necessary to be so arbitrary in the choice:of characters used to demar-
cate subspecxes that I fail to see the advantage of their continued use.
Therefore T have not used subspec1es to describe geographic variation.

The treatment of isolated populatlons I still recognize as subspecies
remains to be considered. It i$ not known whether reproductive isola-
tion would be established or maintained ‘if the area between the
disjunct ranges became habitable and isolated forms came into contact.
Seven forins p_res‘ently recognized ‘as subspecies—P. v. idahoensis, P. r.
hubrichti, P. r. nettingi, P. d. angusticlavius, P. c. polycentratus, P. c.
serratus, and P. g. albagula—are clearly more closely related to the
species with which they are associated nomenclaturally than te any
other form. In all there is morphological overlap in the systematic
characters used to differentiate the two subspecies. However, this may
also occur between full species of Plethodon. As each isolated form is
apparently closely related to its nominotypical subspecies and was
probably isolated from it relatively recently, I think that the recogni-
tion of these forms as subspecies should be continued. An alternative
some herpetologists might choose would be to recognize some or all as
full species, but this would not reflect their relationships so well.
Further research on each of these cases is greatly needed.

SYSTEMATICS ‘
Plethodon Tschudi

Plethodon Tschudi (1838:58). Generic type by original designation: Salamandra
glutinosa Green.
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Phatnomatorhina Bibron in Bonaparte (1839:256). Substitute name. R

Sauropsis Fitzinger (1843:33). Non Sauropsis Agassiz, 1832, Jahrb. f. Min., p
142. Generic type by original designation: Salamandra erythronotus Rafm-
esque.

Diacnosts, Plethodontidae with tongue attached in front, pre-
maxillae separate, teeth on posterior portion of maxillae, tail not con-
stricted at base; five toes on hind feet, no palmar tubercles, terminal
phalanges normal, and no aquatic larval stage.

ReMaRks. According to Dunn (1926), the closest relatives of Pleth-
odon are Batrachoseps, Ensatina, Aneides, and Hemidactylium. All
four of these genera differ from Plethodon in important characteristics.
Batrachoseps and Hemidactylium have only four toes on the hind feet.
Ensatina and Hemidactylium have a basal constriction of the tail, a
provision for urotomy. Ensatina has palmar tubercles. The premaxillae
are fused in Aneides and Batrachoseps (except B. wrighti). Hemi-
dactylium is the only genus in the group with an aquatic larval state,
but this may not represent a primitive condition for its larvae differ

Ficure 1. Distribution of the western plethodoné (stippling), the eastern large
plethodons (vertical lines), and the eastern small plethodons (horizontal lines)
in North America. .
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from those of most other plethodontids. Aneides lacks teeth on the
posterior portion of the maxilla and has expanded terminal phalanges.
Most of the characters by which these genera differ from Plethodon
appear to be specializations. For this reason Dunn (1926:22) considers
Plethodon the most primitive of this group of genera, with the possible
exception of Ensating. Plethodon _is the largest genus in number of
species, and shows within itself more divergence than most related
genera.

The genus Plethodon has three major natural subdivisions: the
western plethodons, eastern small plethodons, and eastern large pleth-
odons. The distribution. of these groups is shown in figure 1. These
might be considered subgenera in some animal groups, but hérpetolo-
gists have rarely used subgenera in their classifications, so only common
names are given them in keeping with current herpetological practices.
Each of these subdivisions is further divided into groups of closely
related species. A few species are distinct enough to warrant mono-
typic grouping,

Grobman (1944:266) suggests that the relationship between the
eastern large and small plethodons is not close and. lists size and costal
groove differences between the two groups. Actually variations in these
characters overlap somewhat, but thére are other important differ-.
ences. The mental gland of the adult male is usually better developed
in the eastern large plethodons (fig. 2). Most eastern small plethodons
have characteristically’ more elongated bodies and shorter legs; they
have fewér vomerinie teeth; and the number of their trunk vertebrae

f‘,m\u\!'
i 't

3,
s

A ‘ B Cc D
FIGURE 2. Chms of adult male Plethodon showing variation in the presence

and shape of the mental gland. (A) P. larselli, (B) P. glutinosus, (C) P. rich-
mondi, (D) P. dorsalis. Drawirigs not to sanié scale.
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varies greatly within the group (16-24), whereas the eastern large
plethodons show little variation (16-19, usually 17-18). The small forms
usually have more webbing on the toes than the large ones. Eastern
. large plethodons usually have an unpigmented parietal peritoneum;
in the small ones the peritoneum is plgmented with melanophores.
Premaxillary teeth of adult males of some eastern small plethodons

are highly modified (fig. 3).

A B C D
Ficure 3. Modifications of premaxillary teeth of adult male Plethodon. (A)
P. vehiculum, typical of western plethodons. (B) P. glutinosus, typical of eastern
large plethodons. (C) P. dorsalis; P. welleri similar. (D) P. cinereus; P. rich-
mondi. similar. Anterior cusp shown _at right, posterior cusp at left.

Plethodon wehilei, usually included with the eastern lafge. pletho-
dons on the basis of size, is intermediate between the two groups in
several ways. It has more costal grooves and fewer vomerine teeth
than other eastern large plethodons. Its toés are webbed between the
proximal phalanges, as in the eastern small plethodons, and the
peritoneum has some melanophore pigmentation. The intermediacy of
this species suggests the two groups have not become sufficiently dis-
tinct to justify taxonomic separation and shows their close relationship.
Despite the characters linking it with the eastern small plethodons,
P. wehrlei is probably more closely related to the larger species, and
~ is therefore listed as a separate species group under the eastern large
plethodons.

Series of skeletons are available for most forms, and the vertebrae
of all the species of the genus have been examined. The two eastern
groups show differences in their body vertebrae. The height of the
trunk vertebrae is proportionately less in the eastern small plethodons
and their vertebrae usually lack the neural spines present on those of
the large eastern species (fig. 4). P. wehrlei closely resembles the other
eastern large plethodons in this regard.
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I mm-

I -

I mm
Ficure 4. Variation in the trunk vertebrae of Plethodon. (A) P. glutinosus; (B)
P. welleri, (C) P. dunni, representing large eastern, small eastern and western
groups respéctively. -
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Comparison of these differential characters also clarifies the rela-
tionship of the western to the eastern species. As in the eastern forms,
size varies within the western group, but 4 (vandykei, dunni, elonga-
tus, and neomexicanus) of the 6 western species are as large as most
eastern large plethodons. The number of their trunk vertebrae varies
considerably (14-20). Vertebrae of the 5 species from the Pacific
Northwest are-proportionately lower and longer and have longer trans-
verse processes than any of the eastern species (fig. 4). The vertebrae
of neomexicanus are like those of the eastern small plethodons. The
peritoneum of all western plethodons is pigmented with melanophores,
and the mental gland is absent or poorly developed in all adult
males. Body form varies from short and stout in vandykei to elongate
in elongatus and neomeéxicanus. The vomerine teeth are few in num-
ber, and the premaxillary teeth of males are unmodified except. in
neomexicanus. The toes of dunni and vehiculum are slightly webbed,
while the other 4 species have webbing between the proximal
phalanges. Two, larselli and neomexicanus, have the number of
phalanges in the fifth hind toe reduced, presumably a first step in
its. evolutionary loss, a characteristic of some related genera.

As a group the western species vary morphologically more than
either of the eastern groups. In vertebral structure the 5 species from
the Pacific Northwest are distinct from the rest of the genus. Although
the eastern and western groups probably share a common ancestor,
their degree ‘of differentiation suggests they have been separated a -
long time. In assessing the relationships of these salamanders I place
more weight on vertebral differences than on other characters. As
they are more stable evolutionarily, vertebrae are more reliable indica-
tors of phylogenetic relationship.

P. neomexicanus, known only from the Jemez Mountains of New
Mezico, is the most geographically isolated species. In. their original
description Stebbins and Riemer (1950:77) consider the species prob-
ably close to P. cinereus, an eastern small plethodon. Blair (1958:450)
postulates a late Pleistocene connection between the New Mexican
species and the nearest cinereus localities in eastern Oklahoma. Though
this hypothesis appears more plausible than a recent connection with
the Plethodon populations in the Pacific Northwest, the amount of
differentiation 'in néomexicanus suggests it has been isolated muich
longer than since the Wisconsin stage of the Pleistocene: Still, resem-
blances in structure of the trunk vertebrae and in body proportions
support the contention that neomexicanus is most closely related to
the eastern small plethodons. It is not possible to say which eastern
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species it most: clesely resembles, as it has differentiated - greatly from.
them all. It is larger and has a reduced fifth toe. In some adult neo-
mexicanus males the premaxillary teeth have two cusps as in the east-
ern plethodons, but the mental gland is poorly developed as in the
western plethodons.

In several ways the eastern small plethodons resemble the west-
ern group more closely than do the eastern large ‘plethodons.
The red or yellow dorsal stripe is more frequent. Both show
greater variation in the number of trunk vertebrae and degree
of body elongation. Both have low counts of vemerine teeth
and a pigmented parletal peritoneum. The common ancestor of
the genus probably resembled these. two groups more closely
than. it did the eastern large plethodons. It is unlikely ‘that con-
vergence can account for so many similarities between the two.
The eastern large plethodons therefore have diverged most radically
from the ancestral type, becoming specialized by an increase in size,
increase in number of vomerine teeth, development of the mental
gland, and in the loss of pigmentation in the peritoneum. Yet similar
vertebral structure in the two eastern groups, as well as the inter-
mediate position of wehrlei, suggests that both are more closely related
to each other than either is to the western plethodons. Dunn (1926:23)
suggests that yonahlossee, one of the eastern large plethodons, is the

.

EASTERN
SMALL PLETHODONS
dorsalis richmond! ‘EASTERN

welléri

WESTERN PLETHODONS: neomexicanis LARGE PLETHODONS

ougchitee,

g

vehiculum
" slongatus

dunni glutinosus

larselli wehrlei

vandykei

Ficure 5. Dendrogram showmg the suggested phylogeny of the species of
Plethodon. .
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most primitive member of the genus, but I consider it one of the most
highly specialized. Morphological relationships suggest the phylogeny
shown in figure 5.

The relationships of the western plethodons with the other pleth-
odontid genera in western North America need further study. West-
ern plethodons may be more closely related to Batrachoseps, Ensatina,
or western Aneides than to any of the eastern plethodons. The western
genera probably have been isolated from their eastern relatives for
a long time. The two geographic groups now included in the genus
Plethodon, one in eastern and one in western North America, both
retain many primitive characteristics. This does not necessarily mean
that they are congeneric. Each group has more species displaying more
diversity than any other plethodontid genus in its region. A review of
this entire problem is needed, especially an investigation of the rela-
tionships of each group to the genera Aneides, Batrachoseps, Ensatina,

Vo

Ficure 6. Relationship between trunk vertebrae and costal grooves. Radio-
graph of a spetimen of P. glutinosus from Florida with 17 trunk vertebrae, and
a lateral view of the same individual showing its 16 costal grooves including
two that run together on the groin.
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and Hemidactylium. Such an inquiry, which is beyond the scope of
this study, should be completed before erecting a new genus for the.
western plethodons, a course which seems indicated by the present
data.

_ The systematic arrangement I propose for the genus Plethodon
is shown in the table of contenits.

KEY TO SALAMANDERS OF THE GENUS PLETHODON

The following key is based main]y on _the average number of costal
grooves in each form of the genus. ‘The number of costal grooves is
one less than the number of trunk vertebrae if counted to include the
groove over the front limb (even if it is not well developed) and all
dorsolateral grooves anterior to the hind limb (even when two of the
grooves join ventrally on the groin). See figure 6. A small percentage
of some forms may not be correctly identifiable by the number of
costal grooves, but a small series usually suffices to key out correctly.
Ranges are included because locality data may prove more helpful in
identifying preserved specimens than pigmentation characters which
often disappear after preservation. 2

1. Costal grooves usually 14; parotoid gland well deveIOped i eieeeineeas 2
" Costal grooves usually 15 or more; no parotoid gland ............ .03
2: Proximal segment of limbs dark in colot (northern Idaho) . P v. uiahoens:s
Proximal segment of limbs red or yellow, similar to plgment in dorsal
stripe (western Washington) . .i..:.c.ooiian. .. P. o vandykel
" 3, Costal grooves usually’ 15 ......... et i heeeeee e 4
' Costal grooves usually 16 or more ................................... 5
4. One phalanx in fifth toe of hind foot; belly reddish- (Multnomah and
Hood River Cos., Oregon, and Skamania Co., Washington) . ... P. larsélli
Two phalanges in fifth toe of hind foot; belly without red plgment (west- .
ern Oregon and southwestern Washmgton) ) P. dunni
5. Costal grooves usually 16 ....... T
Costal grooves usually 17 or more :
6. Belly mottled with yellow or fed, and white and black;. adult size small,
usually less than 50 mm. snout-vent length; often a red tan, or yellow
dorsal stripe (southwestern British Columbia, mcludmg Vancouver
Island, western Washington and westérn Oregon) . P: vehiculum
Belly usually dark, at least posteriorly, or with scatte_red small whité
spots; adult size usually greater than 50 mm. (except welleri -and cad- .
doensis); dorsal stripe usually absent (except yonahlossee and oua-

chitae) (eastern United States) .............c.c.iviiiinenenenn... 7
7. Red pigment on back, legs, or cheeks e e N - |
No Ted PIgMEnt «.o....vuin i iinraiersrivesnarannsiainigmenion. 10

‘8. Red pigmeiit on legs or cheeks on dorsu.m only in very young 1nd1v1duals
(southern Appalachian Mountains) . ................ ver... P, jordani
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10.

11.

12,

13.

14.
15.
16.
17!

18.

19,
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Red pigment largely restricted to dorsum .............oiiiiiiien. 9
White pigment lacking in dorsal chestnut-colored stripe (Blue. Ridge
Mountains of southwestern Virginia, northeastern Tennessee, and

northwestern North Carolina) ................... ..., P. yonahlossee
Abundant white piginént occurring within the dorsal stripe (Ouachita
Moiintains of Arkansas and Oklahoma) .................. P. ouachitae

Size 'small, adults not over ‘50 mm. snout-vent length; dorsum with large
coalescing brassy spots usually covering at least half the. dorsum; dark
parietal peritoneum (Blue Ridge Province of southwestern Virginia,
northeastern Tennessee; and northwestern North Carolina) ... P. welleri

Back without brassy spots; or if present, small in size and, occupymg less
than one-quarter of the dorsum; parietal peritoneum with a slight
‘amount of melanophore pigrentation of none .......,..........:. 11

Body entirely black, completely lacking iridophores; chin usually lighter
than belly (Blue Ridge Mountains: of western North ‘Carolina and

adjacent portions of Tennessee and Virginia) . ............. P. jordani
Dorsum or sides or both with white or yellow spotting; chin as dark as

belly, sometimes 3 1) 12
Dorsum with large conspicuous white or brassy spots ........... U 138
Back usually without such spottmg, spots ‘present are of very small

size ...... fe e te e e e i e e ... P. jordani
Melanophore plgment"mon on. chm much less than on belly ...... SN 14

Melanophore pigmentation on chin similar to that on belly (eastern
United States from .southwestern Connecticut to northern Florida, west
to Louisiana, Missouri, and Illinois, also éastern Oklahoma and eastern

TEXAS & v vt vttt e P. g. glutinosus
Dorsum. with small white spots (central Texas) ...:........ P. g. albagula
Dorsum with large white spots and smaller more numerous brassy

.flecks (Caddo Mountains of Arkansas) ........ e P. caddoensis

Costal grooves usually 17 (Cattaraugus County, New York, south

through western Pennsylvania, ad]acent Ohio, West Virginia, and

southwestern Virginia) . . ... N e e P. wehrlei
Costal grooves usually’ 18 or more . ... e e . 16
Costal grooves usually 18 ... .civcinvnnrenemnsennnnn. e 17
Costal grooves usually 19 or more ........cc.ovene.nse ey 21
Size large, to 70 mm. snout:vent length (northwestem Cahfomla and
southwestern OFEZON) . e ivseesen s ireeanensn e e P. elongatus
Size small, to 50 mm: snout-vent" length (eastem United States) ....... 18
Belly mottled with black and yellow or white; or belly with red, black
and yellow or white pigment . ........ii. iinimiiineriiineennaan 19
Belly black - with small white spots (Cheat Mountams of West Vir-
L1113 NN v P. 7. nettingi
Red pigment abundantly present on belly ..... e e eee. 20

No red pigmeiit on belly except occasionally between front limbs (MlS-
souti, Appalachian Plateaus, and Catskill Mountaing, New York) P. cinereus

Dorsal stripe narrow, less than one-third the width of the body (south-
western Missouri, northwestern Arkansas, and adjacent Oklaho-
11 1) P. d. angusticlavius

Dorsal stripe. much -wider than oné-third the width of the body, edges
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of stripe usually irregular except in individuals from Georgia ~and
southwestern Illinois (southern Illinois, Indiana and southern Ohio,
south through Kentucky and Tennessee to mnortheastern Mississippi,

northern Alabama and northwestern Ceorgla) feme ey . P. d. dorsalis
21. Costal grooves osually 19 ....... .. i diiiiii i e 22
Costal grooves usually 20 OF MOTE .. .eoureneeneernrnimeeeenennnnes 25

29. Fifth toe of hind foot usually with one phalanx (]emez \/Iountams
New MeEXICO) vurneiiinerrie e iieaiaraenannnans . P. neomexicanus
Fifth toe of hind foot with two phalanges (eastern North America) .... 23

23. Belly black with small white spots (Peaks of Otter region of Virginia
Blue Ridge Mountains) .......ceevvvvieeceenenenes «. P. r. hubrichti

Belly mottled with equal -amounts of black and yellow or white pig-
71 1=) oL S e 24

94. Dorsal red stripe with stralght edges (southeastern Canada south to North
Carolina, eastern Tennessee; Ohio; Indiana, southeastern Hlinoeis, and

eastern Missouri) ....... e B, vei.ees. P.oc cinereus
Dorsal red stripe with regular ‘serrations assoc1ated with costal grooves
(western Arkansas and eastern Oklahoma) ................ P. é. serratus
95. No stripe or a red dorsal stripe present; belly mottled with equal amounts
of black and white or yellow pigment ...............c..oieill., 26
No stripe present; belly dark with small white. spots (Pennsylvama and
Ohio south to North Carclina and Tennessee) +...... ... P, 1. vichmondi

96. Red striped, or if unstriped (léad backed color phasg), red pigment
present on sides and dorsum (northwestern Georgia) .. P. c. polycentratus
Réd striped, or if unstriped, no red pigment on the sides' and .dorsum
(Coastal Plain and Piedmont fiom Long Island to North Caro-
HDa) «vvveeirenennnn R e veu....P. c. cinereus

THE WESTERN PLETHODONS

The five species of western plethodons are well differentiated except
for dunni and vehiculum, which appear to be fairly closely related.

P. vandykei has two isolated races, vandykei in western Washington,

and idahoensis in northern Idaho. P. larselli is known only from Mult-
nomah and Hood River Counties, Oregon, and Skamania County,
Washington. P. dunni occurs in southwestérn Washmgton and coastal
Oregon. P. vehiculum ranges along the coast from central Oregon to
southern British -Columbia, including Varcouver Island. P. elongatus
ocecurs in a small area in northwestern California and southwestern
Oregon. ’

In his recent summation of knowledge of the amphibians of west-
ern North America, Stebbins (1951) gives detailed descriptions of four
of the five species in life. I have had no field experience with these
animals and can offer little new information on individual or geograph-
ic variation. The. modal number of trunk vertebrae differs in each of
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the species (table 2) except dunni and larselh None of the known.
forms has a modal number of 18 trunk vertebrae, and they show less
vertebral variation within. species than do the eastern forms. Each
species has a mean number of vertebrae close to a whole number, in-
dlcatmg that strong selection restricts variation from the modal num-

ber.

TapLE 2. Number of trunk ve:tebrae in western forms of the genus Plethodon.

.

Form . Number of trunk vertebrae
14 14/15 15 15/16 16 16/17 17 17/18 18 18/19 19 19/20 20 Mean

VP". V..

vandykeil — 54 1 4 - - 15.06
P‘ V. ) . PR

idahoensis 29 1 4 15.13
P: larselli 3 22 1 4 - 16.05
P. dunni : 56 1 3 16.06
P. vehiculum 17 2 116 2 17 17.00

P. elongatus 4 — 41 — 31898

All the western plethodons except vehiculum and larselli are fairly
large. All have a striped phase, although in larselli, dunni, vehiculum,
and elongatus some individuals of some populations are unstriped. -
All but dunni and vehiculum have webbed toes, and their vomerine
tooth counts are low compared to most eastern large plethedons of
similar size; vehiculum and elongatus have especially low vomerine
counts. P. vandykei is unusual in having a parotoid gland and the
fewest vertebrae in the genus. P. larselli is the only one with reduced
fifth hind toes, a character shared by P. neomexicanus.

Of the closely related pair P. dunni and P. vehiculum, the former
attains a larger size, has more vomerine :teeth, and is more aquatic.
P. vehiculum xsually has one more trunk vertebra ‘than dunni. The
dorsal stripe in- dunni is usually greemsh yellow, while that of
vehiculum varies from reddish tan to yellow. The toes are slightly
webbed in both; the othier western plethodons have more: webbing.
Increase in webbmg does not appear to be associated with aquatic
habits, as the most. aquatic form, dunni, has the least webbing, and
vehiculum and elongatus, both less aquatic, differ greatly in the amount.
of webbing. Some eastern forms have webbed toes while others do
not, yet all are terrestrial.

As dunni and vehiculum occur sympatrically over an extensive area
with no evidence of interbreeding, they must be regarded as distinct
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species. A study of possible differences in the niches of the two forms,
as Stebbins (1951:65) suggested is much needed.

Burns (1954) considers the form larselli a geographic race of
vandykei. 1 agree with the unpublished donclusions. of Douglas Burns
and David Wake (in letters) that larselli be considered a full species.
. The differences between it and vandykei are so great that it is doubt-
ful that the, two would interbreed if they were sympatric. In addition
to the plgmentatlon characters noted in the original description, it .
differs from vandykéi in having a smaller parotoid gland, 1 instead
of 2 phalanges on the fifth hind toe, and 18 instead of 15 trunk
vertebrae. While I place larselli tentatively iri the same species group
as uandykez its relatlonsh1ps with the other western plethodons need
further stidy: )

P. elongatus differs from the other western plethodons in pig-
mentation characters and in having more trunk vertebrae than the
.other forms. It has no close affinities with any of the others and is
placed in a separate species group.

L

Vanpyker Group

Plethodon vandykei vandykei Van, Denburgh
Washmgton Salamander

" Plethodon, vandykei Vin Denburgh (1906:61). Dunn. (1926:151-3); Slevin
(1928 57-9); Blshop (1943: 975- 8). ’

Plethodon vandykei. umdykez, Lowe' (1950:93); Stebbins (1951 80-4), (1954:
56- 7)

Hororyepe. CAS 6910 (destroyed in the San Francisco fire of 1906),
collected at Paradise Valley, Mount Ranier National Park, Wash-
ington, by E. C. Van Dyke, July 1905.

Slevin and Leviten (1956:535) designate a neotype, CAS 47495,
from Forks, Clallam County, Washmgton more than 130 miles from
the type locality and at the extreme opposite end of the known range
of P: v. vandykei. According to the Intérnational Rules of Zoological -
- Nomenclature, a neotype should be designated only when required
forstability or for solving a confused zoological problem, and it should’
' come from as near as possible to the place at which the holotype

was collected. As the neotype was not properly selected in this case,
later workers do not have to recognize it.

DracNosis. A western plethodon with a parotoid gland and a modal.
number of 15 trunk vertebrae. It differs from idahoensis in having a
wider dorsal stripe, lighter ground. colqr and yellow pigment on. the
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proximal segments of the limbs similar to that in the dorsal stripe.

DistriBuTioN. Western Washington from Clallam County south to
Pacific County, east to Pierce County (fig. 7): The populations in the
Olympic Mountains, the Cascades, and the Willapa Hills may now
be isolated.frem one another.

o
m]
. P. vandykei
© vandykei

W ida hoensis

Ficure 7. Distribution of P. vandykei in Washington and Idaho

DescripTioN. Specimens from Lewis County, Washington, have pale
yellow dorsal stripes in life. The chromatophores vary from reddish
yellow to yellow. Those in the ‘dorsal stripe are unusual in having
small dark granular inclusions, Similar yellow pigment also occurs
on the legs, head, sides, and belly, but is greatly reduced on the chin.
Melanophores are plentiful on the- sides, but less so in the stripe region
and on the legs. Melanophore pigmentation on the belly varies; ‘it is
heavy in some black-bellied individuals, while in others it is greatly
reduced. White iridophore spots occur on the head, legs, dorsuin, belly,
and sides, and are largest and most abundant on the sides. Brassy
flecking is heavy in the iris, both above and below the pupil. This
is the only species examined that has silvery white pigment in the
iris. It occurs above the pupil. Usually a large area including most
of the chm is almost plgmentless The dorsal stnpe in adults has

Probably the ,remnants of embryomc dors_olateral sPots similar to those
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found in the young of some of the eastern species cause this
irregularity.

Costal grooves usually number 14 and trunk vertebrae 15; vomer-
ine tooth counts range from 8 to 19 (fig. 8). The largest individual
examnined is 56 mim. in snout-vent length.

_Plethbdon vandykei tdahoemns Slater and Slipp
Coeur d’Alene Salamander

Plethodon. idahoensis Slater-and Slipp (1940:38). Bishop (1943:259-61).
Plethodon vandykei idahoensis, Lowe (1950 93): -Stebbins (1951: 80-4) (1954:
56-7).

HoroTyee., USNM 110504, adilt male, collected at the northeast
corner of Coeur d’Alene Lake, Kootenai County; Idaho, elévation 2160
feet, by JTames R. Slater, 13 September-1939. :

Diacnosis. A race in which the yellow or orange dorsal stripe is
narrower than in P. v. vandykei and contrasts sharply with the lateral
black 'grOundcolor. The proximal segmentsao’f‘ the limbs are dark.

DistriBuTiOoN. Known only from Benewah and Kootenai Counties
in northern Idaho (fig. 7). '

Descriprion. The dorsal stripe contains orange or yellow chroma-
tophores. The remainder of the body is pigmented with melanophores,
except for gaps on the chin where there are yellow: chromatophores.
The, iris has brassy iridophores, and the belly :and sides have a. few
scattered white ones.

35r asr

sof P v. vandykei . 2o}  P-v. idahoensis

- ~n ~
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Ficure. 8. Vatiation in the number . Ficure 9. Variation in the nuniber

of vomerine teeth of P. v. -pandykei. of vomeriné teeth of P. v. idahoeiisis.
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Costal grooves usually number 14, the trunk vertebrae 15. Vomer-’
ine teeth range from 7 to 22 (fig. 9). The largest specimen examined
is 54 'mm. in snout-vent length.

» o % " &

P. v vandykez is known from the Willapa Hills, Olympic Mountains,
and west central Cascade Mountains of western Washington; a dis-
junct population, P. v. idahoensis occurs in northern Idaho. The three -
populations in western Washington now appear to be isolated from
one another. The Idaho population was originally described as a dis-
tinct species, idahoensis, by Slater and Slipp (1940), but Lowe
.(1950:93) and more recent workers consider it a subspecies of.
vandykei. Although the Idaho form is usually believed to be isolated
from the Washifigton populations, Savage (1952) suggests. that they
may be connected by a corridor of high himid eountry along the |
international boundary between Washington and British Columbia.

The forms idahoensis and vandykei apparent]y differ mainly in
‘plgmentatlon

Stebbins (1951:80-1) points out the presence of two color phases\
of P. v. vandykei. The light phase is rather uniform in color with slight
contrast between the dorsal stripe and the belly and sides; the dark
phase has a greater concentration of melanophores on the belly and
sides closely resembling the pattern in idahoensis. A third color phase
recently discovered in the Willapa Hills is similar to the light phase,
except that the ground color is pinkish rose. Although freshly ‘pre-
served specimens of all three color phases have been examined, only
specimens of the light phase of P. v. vandykei have been studied jin
life. Therefore detailed pigmentation comparisons cannot be given. -

One specimen, PL.C 626, appears to have only one phalanx in each
fifth hind. toé, thus resembling the normal condition in neomexicanus
and larselli: -

This species usually lives in damp places accordmg to Stebbins
(195175, 82), and may replace P. dunni ecologically as well as geo-
graphlcally However, Storm (1955) shows that their ranges do overlap
slightly in Pacific County, Washington.

Plethodon larselli Burns
Larch Mountain Salamander -

' Plethodon vandykéi larselli Burns (1954:83-7).

‘HorotypE. USNM 134129, adult male, collected on the rioith slope
of Larch Mountair, 3 miles from the summit on the Multnomah. Falls
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Trail, Multnomah County, Oregon, 24 May 1953 by Douglas M.
Burns.

Dracnosis. A wester plethodon with only one phalafix in the fifth
hind toe, a inodal number of 16 trunk vertebrae, reduced parotoid
glands, and a cardinal red to reddish-orange venter:

DistriBuTION. Known from the typelocality and from Wyeth, Hood
River County, Oregon; Wahkeena. Falls, Multriomah County, Oregon,
and from Aicher Falls, Skarmania Cotinty, Washington (ﬁg 10). This’
récently discovered species may have a wider range; it should. be
looked for in adjacent areas of both Washmgton and Oregon.

Descrrerioy. The dorsal stripe vaties from bright red to yellow,
and in some specimens is almost completely obscured by ‘melano-

phores. Many specimens show a concentration of melanophores inthe ~

middorsal region forming a dark black line. Small brassy iridophores
are present on the dorsum of some specithens, particularly those with
a heavy diffusion of melanophores in- the: dorsal stripe region. Red
or 'yellow chromatophores similar to those on the dorsum occur on
the sides. On the belly and the ventral side ‘of the. tail ‘these chroma-
tophores are bright red, even in specimens with a yellow or dull-red
dorsal stripe. Large white iridophore spots are present on the lower
sides, limbs, and to. a variable extent on the.chin, but they are absent
from the be]ly Most of the 1r1dophore plgment on the upper 51des
‘SldeS Brassy uldophores are abundant m the iris.

Costal grooves usually number 15 and trunk vertebrae 16; vomer-
ine teeth range from 5to 17 (fig. 11). The largest individual -exam-
ined is 49 mm. in snout- vent length C
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VeHIcuLUM Group

Plethodon dunni Bishop
Dunn’s Salamander

Plothodon dunni Bishop (1934:169-71). Bishop (1943:242-6); Stebbins (1951:
68-72), (1954:54-5).

Horotype. USNM 95196, adult female, collected just outside the

city limits of Portland, Clackamas County, Oregon, by Stanley G.
' Jewett, Jr., 13 ]anuary 1934.

Diacnosis. A western plethodon with two phalanges in the. fifth
hind toe, 2 modal number of 16 trunk vertebrae, and a greenish-yellow
dorsal strlpe

DistriBuTioN. Curry County in southeastern Oregon, north to
Pacific County, Washington, east to the western slope of the Cascade

Mountains (fig. 12).

Descrierion. The dorsal stripe is composed. of greenlsh ye]low
chromatophores; in contrast to the red chromatophores: usual in
vehiculum. This pigment also occurs abundantly on the sides, but
dirninishes on the belly. The lower sides and belly show a few yellow-
ish iridophores, and the brassy type occurs in the iris.

The costal grooves usually number 15, the trunk vertebraé 16.
Vomerine teeth range from 8 to 21 {fig. 13). The largest specimen
examined is 66 mm. in snout-ventlength.

P. dunni is closely related to P. vehiculum, but differs in size, colora-
tion, average number of vomerine teeth, and number of body segments.
This species occurs sympatrically with P. vandykei in southwestern
Washington, with P. elongatus in southwestern Oregon, and with
P. vehiculum throughout most of its range. P. dunni is apparently the
most aquatic plethodon Stebbins (1951:70) states it is almost in-
variably found in’ places saturated with water and that it often takes
to the water to escape capture. '

Most individuals have a greemsh yellow dorsal strlpe but Stebbins
(1951:69) reports melanistic specimens from Benton County, Oregon,
lacking the stripe.



Ficure 12. Distribution of P. dunni in
Washington and Oregon.
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Plethodon vehiculum ( Cooper)
Western Red-backed Salamander

Ambystoma vehiculum Cooper (1860:pl. 31, fig. 4). No description accompanies
the figure published by Cooper. The salamandgr fllustrated clearly has the
appeararice of the weéstern réd—backed salamander, and Bishop (1934:171)
assigned Coopér’s name to this species. However, the salamander Cooper
figures has only 13 costal grooves, a lower number than known in this species
or in larselli or dunni. Occasional specimeris of vandykei may have 13 costal
grooves, but Astoria, Otegon, the collection site of ‘Cooper’s animal, is out-
side the known range of vandykei, Most likely the specimen figured by
Cooper is‘a western red-backed salamander ‘with the number of costal grooves
drawn ‘incorrectly. ‘Thus no change in thé currént nomenclature is necessary.

Plethodon intermedius Cope (1867:209-10). Type locality: Fort Tejon, California;
obviously in érfor. Dunn (1926:154-6); Slevin (1928:51-5).

Plethodon vehiculus, Bishop. (1934:171). v

Plethodon “vehiculum, Slater (1940:43); Bishop (1943:278:81); Stebbins (1951:
'84-7), (1954:57-9). , .

'H"OLomE. Apparently no longer extant. The type lbcaiit_y‘ ‘is
Astoria,” Oregon. - :

DiacNosis. A western plethodon with a modal fiumber of 17 trunk
vertebrae. : - , b

DistriBuTioN. From Coos County in southwestern Oregon north to
southwestern British Columbia, including Vancouver. Island (fig. 14).

DescriprioN. ‘Two color phases occur, a striped phase and a uni-
colored phase. The dorsal stripe varies from light yell_qw through ’yel-r
low, orange, and red to brown. It is never greenish yellow as in dunni.
The chrdmafoph_orés that color the dorsal stripe are absent from the
sides but present on the belly. The sides are black with a few smiall
white iridophore spots. These also occur on the belly, and combined
-with the melanopliores and _'red,_chromatophores give it. a mottled
appearance. Unstriped individuals have small white iridophore spots
on the dorsum similar to those on the sides and smaller brassy flecks
as well. Brassy iridophores are presént in the iris.

Costal grooves usually number 16, trunk vertebrae 17, Vomerine
teeth range from 5 to 14; one unusual speécimen has 22 vomerine
teeth (fig: 15). The largest specimen examined is 53 mm. in snout-vent
length. -

This species and P. larselli are the smallest of the. western plethodons.
P. vehiculum is the most widespread of the western plethodons, and
the ‘most .abundant member of the genus over much of its range.
P. wehiculum is superficially similar to the eastern P. cinereus;



Ficure 14. Distribution of P. vehicu-
lum in British Columbia, Washington,
and Oregon.
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both have striped and unstriped color phases and mottled bellies.
These similarities are probably due to convergent or parallel evolu-
tion, because in all other characters P. vehiculum is morphologically
more similar to the othér western plethoedons. No characters yet found
vary significantly geographically.

ELoncaTus GROUP

Plethodon elongatus Van Denburgh
Del Norte Salamander

Plethodon elongatus Van. Denburgh (1916:216-8). Dunn (1926:156-8); Slevin
(1928:55- 7Y; Bishop (19483:246-9); Stebbins. (1951:72-6), (1954:55-6).

Dumeril, Bibron, and Bibron (1854:84) first published the name Salamandra
elongata Valenciennes, which has since appeared in the synonymy of Plethodon
glutinosus (Dunn, 1926:137).. As elongata is merely a manuscript naine, not pro-
poseéd validly under the International Rules of Zoological Nomenclature, it i§ not
available for P. glutinosus. Thus Plethodon elongatus Van Denburgh (19186) is not
a junior homonym and can remain the valid name of the Del Norte Salamander.

Hororype. CAS 29096, collected at Requa, Del Norte County,
California, by] R. Slevin, 22-26 May 1911.

Diacnosis. A western plethodon with a modal number of 19 trunk
vertebrae.

DistriBuTIiON. Southwestern Oregon and northwestern California
(fig. 16).

gDESCRIPTION The belly is very dark w1th a few scattered white
iridophore spots. The orange to reddish-brown dorsal stripe is usually
brighter in juveniles than in adults, where it is usually reduced or
obliterated by melanoptiore suffusion. Often medial melanophore pig-
ment divides it into a right and left dorsolateral stripe. The head
usually has a.few small white iridophore spots, which may occur rarely
on the dorsum. Occasional individuals show a few brassy flecks in the
. iris, but most have none.

Costal grooves usually number 18, trunk vertebrae 19. Vomerine
teeth range from 8 to 15 (fig. 17). The largest specimen exarnined is
70 mm. in snout-vent length.

This species is the most elongated of the westetn plethodons. Its
greater number of body segments distinguishes it from vandy_kei,
larselli, dunni, and vehiculum; its webbed toes distinguish it from
the last two also. Known only from Trinity; Humboldt, and Del Norte
Counties, California, and Curry County, Oregon, its distribution is



Ficure 16. Distribiition of P. elongatus in
‘Oregon and California.
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rather limited. Stebbins (1951:76) believes that specimens from the
interior of the range differ in several respects from those on the coast.

THE EASTERN SMALL PLETHODONS

As the relationships of P. neomexicanus to the four other species of
eastern small plethodons are not clear, it is considered as a separate
species group. The remaining eastern small plethodons are charac-
terized by their small size. With the exception of welleri, they have
more trunk vertebrae and are relatively more elongated than the
eastern large plethodons. P. welleri has a restricted range in the south-
ern Blue Ridge Mountains, and iis known only from a few counties
in northwestern North Carolina and adjacent Tennessee and
Vlrglma .

P. richmondi is an elongated species whose range centers in the
Appalachian Plateaus Physiographic Province of western Pennsylvania,
Ohio, eastern Kentucky, and West Virginia. It also occurs in adjacent.
physiographic provinces in parts of Pennsylvania, Maryland, Virginia,
North - Caroling, Tennessee, Kentucky, Indiana, and Ohio. P. r.
hubrichti occurs in the Blue Ridge Province of Virginia, and P. r.
nettingi in the Cheat Mountains of West Virginia. The range of the
latter subspecies is surrounded by that of P. r. richmondi, and thus ap-
parently represents a Rassenkreis overlap.

P. c. cinereus is widely distributed over most of the eastern United
States and southeastern Canada, except for the region occupied by
dorsalis. Two disjunct populations are recognized as subspecies, P. c.
polycentratus in the Piedmont of western Georgia, and P. ¢. serratus
in Arkansas and Oklahoma. A third disjunct population in southeastern
Missouri is distinct from the nearest cinereus ‘populations, but is similar
to certain other populations in the central part of the range of P. c.
cinereus.

The range of P. d. dorsalzs is centered in the Interior Low Plateaus
Physiographic Province, and an isolated subspe01es P. d. angusticlav-
ius, occuis in the Ozark Plateau.

The four species welleri, dorsalis, cinereus, and richmondi: form a
natural group of rather closely allied forms. All have webbed toes, a
pigmented peritoneum, low vorerine tooth counts, brassy flecks on
. ‘the dorsum, and white iridophore spots on the belly and sides. Both
cinereus and dorsalis typically show at least as much white as black
pigment on their bellies, and both have two color phases, a unicolored
dark or unstriped phase and a striped phase with a dorsal band of
red or yellow on the body and tail. Both richmondi and welleri
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resemble the unstriped phase of the other two species dorsally, but
possess much more- black pigmenit ventrally; the white pigment of the
belly is usually limited to small spots. The mental glands of mature
male cinereus and richmondi differ in shape from those of all other
Plethodon including the other eastern small plethodons (fig. 2). The
premaxillary teeth of mature males of these two species are highly
modified (fig. 3), another characteristic they share with no other
species of Plethodon. They have the greatest number of trunk verte-
brae in the genus, and significant geographic variation in this charac-
~ ter occurs only in these two species. Doubtless they are closely re-
lated. The two are sympatric over more than half of the range of
richmondi, and character displacement occurs in color pattern over
" much of the area of sympatry.

P. welleri is the least elongated and has the fewest trunk vertebrae

of the eastern small species. It is unusual in having melanophore pig-
. mentation in the ovaries and an extremely dark ‘parietal peritoneum.
The brassy flecks on the dorsum of welleri coalesce to form large
patches, giving it an exceptional appearance found only in one other
form, P. r. hubrichti.

‘ Throughout most of their ranges cinereus and dorsalis are allopatric,
but they overlap in several areas. As they apparently do not hybridize,
they are usually considered distinct species. They differ in several pig- -
mentation characters, in the shape of the premaxillary teeth and
mental glands of adult males, and usually in the average number of
trunk vertebrae. Dunn (1926:24) suggests that the striped pattern
of dorsalis. is more primitive than that of cinereus, as the paired dorsal
spots of a primitive plethodontid probably pass through a zigzag phase
similar to that of dorsalis before evolving into a straight-edged stripe
as in.cinereus. '

The elongation and increased trunk vertebrae in richmondi and
cinereus appear as a marked departure from the usual plethodontid.
condition. The forms welleri and dorsalis, therefore, have retained
more primitive characteristics. ‘

With-mammalian gonadotropic hormone injections I have induced
gravid female cinereus, richmondi, nettingi, hubtichti, and welleri to
deposit: eggs in the Jaboratory. Embryos and newly hatched young of
dorsalis are available in museum collections. Embryonic welleri, rich-
mondi, hubrichti, and nettingi have abundant red pigment on the
dorsum. In richmondi and nettingi the red remains after hatching.
The young have a straight-edged stripe, though it is less well defined

“than in striped cinereus and dorsalis. Embryos of welleri have a series



TabLE 3. Number of trunk vertebrae in eastern small plethodons. (See tables 4, 5, and 7 for geographic variation in dorsalis,

civeretis, and richmondsi.)

Species 16 16717 17 17/18 18 18/19 19 19/20 20 20/21 21 21/22 22 22/23 23 23/24 24 Mean

Plethodon: _
neomexicanus. 2 3 16 1 19.89
welleri 4 1 154 4 14 17.06
dorsalis 295 16- 905 34 327 8 4 19.25
cinereus 2 114 41 4591 674 18335 672 4571 34 163 2 7 20.00
1190 82 592 30 516 25 731 39 839 25 174 12 20.71

richmondi.
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of alternating dorsolateral red spots, similar to those found in
embryonic dorsalis. In welleri these spots disappear. In dorsalis they
enlarge and coalesce'to form a stripe in which the original spots appar-
ently produce the lobular edges characteristic of most populations of
dorsalis. Similarities in embryonic dorsal color patterns, mental glands,
and premaxillary teeth of males are the basis for placing welleri and
dorsalis in a single species group.

Grobman (1944) divides the eastern small plethodbns into two
species groups, the “cinereus group” including cinereus and dorsalis,
and the “welleri group” including richmondi, nettingi (then considered-
a full species), and welleri. This grouping is based mainly on the
presence of the red or yellow dorsal stripe in cinereus and dorsalis
and its absence in the other species, and on the.presence of dorsal
brassy flecks in the “welleri group.” Rabb (1955) and Muchmore
(1955) correctly point out that the brassy flecks characteristically
present in richmondi and welleri also occur in the unstriped phase
of cinereus. Indeed they occur in many species of Plethodon. More-
over, richmondi, nettingi, welleri, and hubrichti as embryos have con-
siderable red.pigment on the dorsum. As pattern dimorphism (stripe
or no stripe) is rather widespread in this genus and. occurs in other
genera as well, it is not particularly useful in evaluating relationships.
The presence of two color phases in some western as well as eastern
species suggests that the dorsal stripe has probably been present in the
genus for a long time or has reappeared repeatedly: The two color
phases of cinereus may be due to a smgle pair of alleles (Highton,
1959).

NEoMExICANUS GROUP

Plethodon neomexicanus Stebbins and Riemer
~ Jemez Mountains Salamander

Eurycea multiplicata, Dunn (1926:313-6; part).
Plethodon neomexicanus Stebbins and Riemer (1950:73-80). Stebbins (1951:
76-9), (1954:56).

Hovrotype. MVZ 49033, adult male, collected 12 miles west and
4 miles south of Los Alamos, Sandoval County, New Mexico, altitude
about 8750 feet, by Robert C. Stebbins, 14 August 1949,

Diacnosss. A Plethodon with a modal number of 20 trunk verte-
brae and with a single phalanx in the fifth hind toe.

DistriBuTION. Known only from the, Jemez Mountams of New
Mexico (fig.18).



Ficure 18. Distribution of P. neomexi-
canus in New Mexico. :
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Descrrerion. Dorsal and lateral melanophore pigmentation’ is re-
duced so that the ground color appears brown, rather than black as
in most other species. Pigmentation is so reduced on the belly that
thé internal organs are visible through the belly wall, Brassy irido-
phore flecking is heavy on the dorsum of the body and tail, particularly
in gaps in the melanophore background. These gaps are more numer-
ous in young animals and often occur most abundantly in two dorso-
lateral longitudinal lines. Brassy flecking is so heavy here that some
young specimens appear to have a brassy dorsal stripe. Lateral irido-
phore spots are yellow and small, not much lafger than the dorsal
brassy flecks. A few of these small: yellow spots occur on the belly
also. The iris contains abundant brassy pigmentation.

Costal grooves usually number 19, trunk vertebrae 20 (range,
.19-21, ‘mean 19.9). Vomerine teeth range from 11 to 18 (fig. 19).
The type is ‘more than 70 mm. in snout-vent lerlgth. According to
Stebbins and Riemer (1950:75), sexual maturity is attained at approx-
imately 50 mm. snout-vent length.

WEeLEERT Groupr

Plethodon welleri Walker
Weller’s Salamander
Plethodon welleri Walker (1931:48-51). Bishop (1943:285-7); Grobman (1944
313). '
Plethodon welleri welleri, Thurow (1956a:343-56).

Plethodon welleri ventromacilatum ‘Thurow (1956a:344). Type locdlity: Mt.
Rogers, Grayson County, Virginia.

Hovroryre. USNM 84135, adult male, collected at an altitude above
5000 feet on Grandfather Mountain, near Linville, North Carolina,
by W. H. Weller and Ralph Dury, 27 August 1930.

Dracnosis. A dark-bellied eastern small plethodon with 17 trunk
vertebrae and abundant dorsal brassy spotting: In adult males the
mental gland is round and the ‘premaxillary teeth have small anterior
cusps. _

DistrisBuTioN. From Yancey County, North Carolina, northeast-
ward in Tennessee and North Carolina to Mt. Rogers and White Top
Mountain, Virginia (fig. 20). o

Descrierion. The dorsal pattern consists of large anastomosing
patches of brassy spots almost entirely made up of brassy iridophores.
Brassy pigment is more abundant in welleri than in any other
Plethodon; in some specimens it occupies more than two-thirds of the-
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dorsum. White iridophore pigmentation present on the dorsum of most
plethodons is lacking in welleri except on the sides and belly. Small
white spots (0.1-0.2 mm.) are scattered over the belly. Lateral irido-
phore spots (to 1 inm.) are white with an occasional slight brassy
ﬂe’cking. Four of eight specimens from Mt: Rogers, Virginia, in life
had small red spots on the proximal segment and at the base of the
front legs.

Costal grooves usually number 16, trunk vertebrae 17. Vomerine
teeth range from 7 to 12 (fig. 21). Maximum snout-vent length is
between 45 and 50 mm. Sexual maturity is reached at about 35 mm.
snout-vent length. '

P. welleri has the same modal number of trunk vertebrae (17) as
most of the eastern large plethodons and resembles them more in
body form than does any other eastern small plethoden. Yet its small
size, vertebral structure, webbed toes, pigmented parietal peritoneum,
and other pigmentation characters associate it most closely with the
small eastern forms.

This species, long thought to be restricted to high elevations, may
occur in suitable habitats at lower altitudes throughout its range.
Hoffman (1953) collected it at 2500 feet in Johnson County,
Tennessee.

P. welleri has pigmented ovaries. Its closest relative is probably
dorsalis, whose ovaries also are occasionally pigmented. The coloring
of welleri is similar to that of adult P. r. hubrichti, which is not far
separated geographically from welleri and occurs in similar habitats.
Only P. r. nettingi is closer to welleri in number of body segments
than is P. 7. hubrichti.

Thurow (1956a) describes geographic variation in the amount of
ventral white spotting in awelleri. He shows, as previously noted by
Walker (1934), that individuals from Graridfather Mountain, North
Carolina, the type locality of welleri, have less white spotting on the
belly than those from White Top Mountain and adjacent Mt. Rogers,
Virginia. Thurow examined few specimens from other localities; for
little material is available. It seems wise to await additional informa-
tion on geographic and individual variation before recognizing races
on the basis of such limited material. One specimen from Flat Top
. Mountain, Yancey County, North Carolina (CU 4768) has a dark
belly and chin without white mottling, but Spyder (1946) describes
a specimen with conspicuous mottling on the belly from this locality.
Specimens from 5.3 miles north of Carderview, Johnson County,



‘Ficure 20. Distribution of P. welleri in Virginia, North.
Carolina, and Tennessee.
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Tennessee, have a moderate amount of ventral spotting. Specimens
from Mt. Rogers average much more dorsal brassy spotting than those
from Grandfather Mountain. I have not examined living material from
other localities, except for a young salamander from near Carder-
view. Description of a juvenile from this locality by Hoffman (1958)
actually is based on a richmondi (USNM 132325).

Plethodon dorsalis dorsalis Cope
Zigzag Salamander

Plethodon cinereus dorsalis Cope (1889:138-9). Blanchard (1926:269-70);
Bishop (1943:236-9). -

Plethodon erythronotus, Garman (1894:38).

Plethodon dorsalis, Stejneger and Barbour (1917:15); Dunn (1926:158-62);
Grobman (1944:308-11).

Pletho’don dorsalis dorsalis, Thurow (19565:17’7.-82), (1957b:91-9).

LecroryrE. USNM 3776A (one of four syntypes listed in the orlg-
inal descnphon here designated as the lectotype), collected at Louis-
ville, Jefferson County; Kentucky.

D1aGNosis: An eastern small pléthodon with the modal number of
trunk vertebrae 19, usually with a wide dorsal stripe with irregular
borders, a round mental gland in mature males, premaxillary teeth
with. small anterior cusps in both sexes, and red chromatophores on
the belly in addition to black melanophores and -white iridophores.
It differs from P. d. angusticlavius in having a wider dorsal stripe:

DistriButioN. From southern Illinois, Indiana, and southeastern
_ Ohio, south through Kentucky and Tennessee to northeastern Missis-
sippi, northern and central Alabama, the Piedmont of western
Georgia and the French Broad River Valley of North Carolina
(fig. 22).

DescripioN. The dorsum of both color phases of P. d. dorsalis has
small white spots (0.2-0.4 mm.) as well as smaller brassy flecks. The
red-backed phase has abundant red chromatophore pigment in the
stripe region and on the sides and belly. All the chromatophores are
similar to those of P. cinereus. Color differences between the two
species involve mainly the abundance and distribution of the three
plgments The méelanophore background in dorsalis is somewhat re-
duced, giving the animal a lighter appearance over-all than cinereus.
On the belly an increase in the number of red chromatophores pro-
duces a mottling of red, black, and white, instead of black and white
alone as in cifiereus. On the head of dorsalis' red pigment is concen-
trated in front of the eyes. Lateral iridophore pigment is often yellow.
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P. dorsalis
@ dorsalis

A angusticlavius

Ficure 22. Distribution of P. dorsalis in the eastern United States.

The dorsal red stripe varies in the amount of melanophore encroach-
ment and in the degree of irregularity of its edges. Brassy pigment
is. present in the iris.

Costal grooves -usually number 18, trunk vertebrae 19. Vomerine
teeth range from 5 to 18 (fig. 23). This is a small species; sexual
maturity is reached at about 30 mm. snout-vent length. The largest-
specimen measured is 50 mm. in snout-vent length:
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Plethodon dorsalis angusticlavius Grobman
Ozark Red-backed Salamander

Plethodon dorsalis, Black and Dellinger (1938:7).

Plethodon cinereus, Black and Dellinger (1938:7; part).

Plethodon cinereus angusticlavius Grobman (1944:302).

Plethodon dorsalis angusticlavius, Thurow (1956b:177), (1957b:99).

HororyrpE. AMNH 40366, adult male, collected at Mud Cave, near
Fairy Cave, Stone County, Missouri, by B. C. Marshall, 1 October
1927.. .

DiacNosts. A race of Plethodon dorsalis in which the width of the
dorsal stripe is usually less than one-third the width of the body.

DistriBuTION, Southwestern Missouri, northwestern Arkansas and
“adjacent Oklahoma, north of the Arkansas River (fig. 22).

DescripTioN. More than 50 percent of the individuals in some lo-
calities lack the dorsal stripe. The narrow dorsal stripe of the striped
phase may be yellow or red, and it usually widens on the tail. Some-
times the stripe becomes completely suffused with melanophores in
the body region and remains visible only on the tail. The stripe is
sometimes irregular anteriorly as in dorsalis. Pigmentation of the belly
and sides is -also similar to dorsalis. Red lateral and ventral pigment is
reduced or absent.

Costal grooves usually number 18, trunk vertebrae 19. Vomerine
teeth range from 8 to 16 (fig. 23). The largest specimen measured is
43 mm. in snout-vent length.

% * * L L

The distribution of P. dorsalis centers in the Interior Low Plateaus
Physiographic Province, but the species ranges various distances into
every adjoining physiographic province. It occurs in the Coastal Plain
of Mississippi and western Tennessee, the Piedmont of western
Georgia, the Cumberland Plateau of Alabama and Tennessee, the Blue
Ridge Province of North Carolina, and the glaciated region to the
north in Indiana and Illinois. A disjunct subspecies, P. d. angusti-
clavius, occurs in the southern section of the Ozark Plateau of south-
western Missouri, northwestern Arkansas, and adjacent Oklahoma.
Grobman (1944) originally described angusticlavius as a race of
P. cinereus, but all available evidence supports its transfer to dorsalis
by Thurow (1956b, 1957b).. Number of trunk vertebrae, male second-
ary sexual characteristics, ventral red pigmentation, and habitat all
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associate it closely with dorsalis. Thurow (MSb) found that dorsalis in
Indiana is usually associated with wetter habitats than cinereus, an
animal of the forest floor. P. dorsalis is usually associated with
canyons, ravines, and escarpments, in exposures of naked rock around
springs and seepage areas. Both subspecies of dorsalis often are found
in caves.

The species cinereus and dorsalis are so similar in appearance in-
dividual specimens are often difficult to identify, particularly after
preservation. Thurow (1956b) lists a number of differences between
them, but most differential characters show some overlap. The two
species are sympatric in Georgia, eastern Tennessee, Indiana, Illinois;
and Oklahoma. Though hybridization is not reported, studies to de-
termine whether it occurs in these. areas are desirable. In Georgia the
stripe of dorsalis often has straight edges, resembling that of the local
cinereus, but a similar condition also occurs in southwestern Ilinois,
where cinereus is absent. Differénces in number of trunk vertebrae
between the two species are greater in Georgia than in other areas
of sympatry.

In some areas of sympatry ecological differences may isolate
cinereus and dorsalis. The two are generally separated altitudinally
where they occur together in the Great Smoky Mountains of Ten-
nessee, with cinereus at higher elevations (1600 to 5000 feet) and
dorsalis restricted to lower elevations (below 2200 feet) (King,
1939:551, and Grobman, 1944:310-1). The two species occur together
at White Oak Sinks and Little River Sinks. They also occur sym-
patrically in the Piedmont of western Georgia in at least two localities—
3.8 miles north of McDonough, Henry County and 8.5 miles south of
Thomaston, Upson County. Bragg (1955) reports specimens of P. c.
serratus and P. d. angusticlavius from about 4 ‘miles east of Eldon,
Cherokee County, Oklahoma. This is the only record of sympatric
occurrence and of P. ¢. serratus north of the Arkansas River. Thurow
(MSb) reports that near Bloomlngton Indiana, the two species differ
markedly in seasonal activity, in habitat, moisture, and temperature
preferences. Apparently where the two species are geographically
sympatric, they are usually ecologically isolated.

The most- useful character for distinguishing between striped in-
dividuals of the two species is the nature of the stripe border. It is
straight in cinereus, but lobular or zigzag in dorsalis. The unstriped
phase of dorsalis differs from that of cinereus in having small amounts
of red pigment on the dorsum, sides, and belly, often. enough to out-
line the characteristic dorsal lobular stripe. Unstriped cinereus rarely
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have red pigment except in the subspecies polycentratus and
serratus. Adult male cinereus and dorsalis usually show two striking
differences, the shape of the mental gland (fig. 2). and the modifica-
tion of the premaxillary teeth (fig. 3), but these characters are of no
usein distinguishing females and immatures.

The modal number of trunk vertebrae in dorsalis is 19; that in
adjacent and sympatric populations of cinereus is 20, except in Georgia
where it is 21 or 22: Some ‘populations of cinereus also have a modal
number of 19 trunk vertebrae, but none of these occurs in areas of
overlap. As a small percentage of specimens in most cinereus popula-
tions have 19 trunk vertebrae and a similar percentage of dorsalis
have 20 (tables 4 and 5), this character often is not definitive for
individual specimens.

Red. chromatophores are present on the belly of living dorsalis,
but absent in living cinereus except occasionally in the pectoral area
between the front limbs. As the red pigment is soluble in preserva-
tives, this valuable character cannot be used to identify museum speci-
'mens. Other differences Thurow (1956b) lists are of little value in
identifying individual specimens because of the great variation within .
both species.

Dunn (1926:162) states that the unstriped dark phase of dorsalis
is confined to adults and is lighter than the dark phase of cinereus.
Apparently the dark phase is due to the suffusion of melanophores
into the dorsal stripe. In dorsalis this invasion may occur at a very
early age. Five juveniles from Van Buren County, Tennessee (UF
8394) that are only 16 to 18 mm. in snout-vent length have very
dark stripes in contrast to other young and adults of the same series.
I have seen similar young from Monroe County, Indiana (AMNH
52433-6). I previously classified similar specimens of" cinereus as
* striped (Highton, 1959:34). If the unstriped dark phase of dorsalis
is homologous to the indistinctly striped cinereus, then no truly un-
striped phase occurs in dorsalis corresponding to the lead-backed phase
of cinereus.

Geographic variation in the number of trunk vertebrae is slight
in different populations of dorsalis (table 4). Samples from the south-
ern part of the range (Alabama, Mississippi, and Georgia) have a
slightly lower average vertebral count than those from the northern
parts of the range (Kentucky and Indiana). The difference appears
attributable to a gradual clinal increase from south to north rather
than to hybridization of dorsalis and cinereus in Indiana.

'Neill (1957:44) reports dorsalis from Dade County, Georgia, in
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TasrLE 4. Geographic variation in the nuimber of trunk veitébrae in P. dorsalis.

Subspecies . Number of trunk vertebrae :
and 18 18/19 19 19/20 20 20/21 21 Mean
State

P. d. dorsalis

Mississippi 8 19.00
Alabama 4 36 1 2 18.97
Georgia 2 1 53 1 8 19.02
North Carolina 6 19.00
Tennesseé 7 3 226 5 49 1 19.15
Kentucky 1 57 1 33 19.35
Ohio . 1 —

Indiana 5. 6 261 22 196 2 4 19.42
Illinois ) 6 3 164. 3 34 19.13

P. d. angusticlavius

Arkansas 1 77 1 10 19.11
Oklahoma 1 10 ) 18.95
Missotiri 7 : 19.00

the Appalachian Plateau region of the extreme northwestern part of
the state. The species also occurs in the Piedmont of western Georgia,
~but in this area most specimens have a rather straight-edged dorsal
stripe at least posteriorly, similar to that of cinereus. Only in this char:
acter do they show an approach to cinereus. Georgia material of the
two forms is easily distinguishable by the costal groove counts, ranging
from 17 to 19 in dorsalis and 20 to 22 in cinéreus. Living speciinens of
dorsalis have much red pigment on the venter, and the bellies of pre-.’
served specimens are usually lighter than those of cinereus because
fewer melanophores afe present. Georgia dorsalis are unusual in having
few melanophores in the dorsal stripe at the base of the tail; so the
stripe is much brighter there than in the body region. In this char-
acter they résemble many P. d. angusticlavius. A series of 18 specimens
from near Oxford, Cleburne County, Alabama (BDV) approach the
dorsal stripe condition of Georgia dorsalis.

In southeastern Illinois most dorsalis have a typical lobular stripe,
but those in southwestern Illinois usually have a straight-edged stripe,
as in cinereus. Many workers familiar with the typical striped patterns
of dorsalis and cinereus would assign southwestern Illinois material to
cinereus, as did Smith and Minton (1957:347). However, Thurow’s
(1957b) analysis of specimens from the area and my own study of
additional living and preserved material indicate that these salaman:
ders resemble dorsalis in all other characters and should be assigned



Ficure 24. Geographic variation in P. dorsalis. (Upper) Hatched ‘area rep-
resents region where species has a narrow dorsal stripe. (Lowef) Hatched .areas
represent regions where species has a straight-edged dorsal stripe.
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to that species. Thurow (1957b:94) regards most of these populations
as P. c. angusticlavius. Others from southern Union County, Illinois,
he considers intergrades between the races angusticlavius and dorsalis
because they have wider stripes than those from farther north. They
also have what he calls “semi-lobed” borders to the dorsal stripe.
Rossman (1960:211) reports the average width of the stripe in a
series from the Pine Hills of Union County, Illinois, to be closer to
P. d. angusticlavius as defined in the original description by Grobman,
but he compares the stripe to the width in cinereus rather than in
dorsalis. The average width of the dorsal stripe when measured be-
tween the lobes is less in P. dorsalis than in P. cinereus.

The southwestern Illinois populations have a straight-edged wide
stripe. Georgia dorsalis material also has a wide straight-edged dorsal
stripe (fig. 24). It seems reasonable to conclude that the straight-edged
stripe has evolved separately in, southwestern Illinois and in Georgia,
and that the subspec1es angusticlavius developed through an increase
in the frequency of the narrow striped pattern from a population
similar to that now existing in southwestern Illinois. Geographically
the two races are closest in southwestern Illinois and. western Ten-
nessee. Southeastern Missouri and northeastern Arkansas may yield
additional intergrade material between the two races. Lack of speci-
mens rather than real isolation is possibly responsible for the apparent
disjunct distribution of the two forms.. '

CiINErREUS GROUP

Plethodon cinereus cinereus (Green)
Red-backed Salamander

Salamandra erythronota Rafinesque (1818:4). Type locality: Hudson Highlands
of New York. ‘Green (1818:356). ' ’

Salamandra cinerea Green (1818:356-7). Type locality not listed, but'presumably
the vicinity of- Prmceton New Jersey.

Salamandra erithronota, Smith in Hitchcock (1833:552).

Pléthodon cinereus, Tschudi (1838:58); Dunn (1926:163-80).

Salamandia agilis Sager (1839:322-3). Type locality not: listed, but presumably
Detroit, Michigan. ‘

Sauropsis erythronota, Fitzinger (1843:33).

Plethodon erythironota, Baird (1850: :285).

Arbystoma érythronotum, Gray (1850:37-8)."

Plethodon erythronotus, Storer (1852:138).

Plethodon eryjthronotum, Duméril, Bibron, and Duméril (1854:86).

Salamandra puncticulatd Valenciennes in Duméril; Bibron, and Duméril (1854;
87). Nomen nudum.

Plethodon erythronotus cinereus; Cope (1869:100).
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-Plethodon erythronotus erjthronotus, Cope (1869:100).
Plethodon cinereus cinereus, Davis and Rice (1883:12); Bishop (1941a:196-219),
(1943 232-8); Grobman (1944:330-2).
Plethodon cinereus erythronotus, Davis and Rice (1883:12).
Plethodon cinereus erythronota, Britcher (1903:120).
Plethodon huldae Grobman (1949: 136). Type locality: Hawksbill Mountain,
Madison County, Virginia. '
Marny think the names Salamandra cinerea and Salamandra erythroriota, based
on the unstriped and striped color phases of this species respectively, were
sunultaneously proposed by Green (1818:356). During the 19th century the
two color phases were considered variously as species, subspecies, and varieties,
but Stéjneger and Barbour (1917:15) conclude that cinereus should be the
valid name for both, as the first revisor (Tschudi, 1838:58) used this name.
Since 1917 cinereus has béen régarded as the valid name of the species, and a.
large literatureé has accamulated using this name. Reed (1960) and Goodwin
(1960) have shown that the name erythionota has clear priority over the name
cinerea. Green (1818) clearly stated that Raﬁncsque (1818:4) had already
validly described the species as. erythronota. Though the name cinereus is thus a
‘junior synonym, a change in this long established name would be extremely un-
desirable and.an appeal has been submitted to the International Commission on
Zoological Nomenclature to validate cinereus and suppress erythronotus (Highton,
1960b). Pending a decision by the Commission, it is suggested that zoologists
continue to use P. cinereus for this species.

Hororype. Dunn (1926:165) states that the type is not known to
exist. He refers, of course, to the type series of Green’s species,
Salamandra cinerea. In the Academy of Natural Sciences of Phila-
delphia collection are 12 specimens from the Green collection (ANSP
1227-38), among them one that is probably Eurycea bislineata
(ANSP 1238) and another Desmognathus fuscus (ANSP 1228). A
third specimen (ANSP 1229) is in such poor condition I cannot iden-
tify it. The other 9 are red-backed salamanders, 5 of the striped
phase and 4 of the unstriped phase. I propose that the unstriped
specimens (ANSP 1232, 1233, 1234 and 1237) be considered the syn-
types of Salamandra cinerea, and here designate ANSP 1232 as the
lectotype. The types of Rafinesque’s Salamandra erythronota, orig-
inally supposed to be: in the Ly¢eum Collectlon are probably no
longer extant.

Dracnosis. An ‘eastern small plethodon with a black and white
mottled belly; a modal number of 19, 20, or 21 trunk vertebrae, de-
pending on geographic locality (fig. 27); and a straight-edgeddorsal
stripe in the striped phase.

DisTriBUTION, In eastern Canada, from Nova Scotia including Cape
Breton Island, Prince Edward Island, New Brunswick, southern Que-
bec and Ontario, southward through the eastern United States to
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P. cinereus
o cinereis
= ‘serrotus

a polycentratus,

Ficure 25. Distribution of P. cinereus in eastern North America.

North Carolina and eastern Tennessee, Ohio, Indiana, and southeast—
ern Illinois; southeastern Missousi (fig. 25).

DescriprioN. The dark lead-backed or unstriped phase is charac-
terized by the absence of red chromatophores, the presence of small
white spots on the dorsam (0.07-0.2 ‘mm. diameter), and numerous
smaller brassy flecks on the head, back, and tail. The be]ly is mottled
with black melanophores.and yellow or white 1r1dophores Lateral irido-
phore pigment is similat to that on the belly and contrasts sharply
with the brassy pigment.on the dorsum.

The red-backed or striped phase has sides and ‘belly similar to
the unstriped phase. Thé white spots and brassy flecks are reduced
in the dorsal stripe region, but not on the head and tail. Chromato-
phores in the dorsal stripe are somewhat variable in color. Some speci-
mens lack red in the stripe. Abundant brassy pigment is present in
the iris of both color phases.

The modal costal groove count-varies geographlcally from 18 to 20,
and the number of trunk vertebrae from 19 to 21. Vomerine teeth
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range from 5 to 20 (fig. 26)
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. Maximum size is 52 mm. snout-vent
length. Sexual maturity is reached at about 35 mm. snout-vent length.

Plethodon cinereus serratus Grobman
Ouachita Red-backed Salamander

Plethodon cineréus serratus Grobman (1944:306-8). Thurow (1957b:91-9).
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Hovroryre. CNHM 39464, female, collected on Rich Mountain, Polk
County, Arkansas, at 2500 feet, by Karl P. Schmidt and C. M.
Barber, 23 March 1938.

Dracnosts. A race of Plethodon cinereus in which the edges of the
dorsal stripe have a serration at each costal groove. In the unstriped
phase red pigment is present on the body and sides. The modal
number of trunk vertebrae is 20.

DistriBuTioN. West-central uplands of Arkansas and adjacent
Oklahoma south of the Arkansas River (fig. 25). Also reported by
Bragg (1955:28) north of the Arkansas River in Cherckee County,
Oklahoma.

DescriptION. In striped md1v1duals the serrations of the dorsal stripe
are present on thie body, but not on the tail, Serrations are produced
by the red pigment in the dorsal stripe extending ventrolaterally at
the top of each costal furrow. Absence of melanophores in these ex-
tensions makes the saw-tooth edge of the stripe conspicuous. In all
other ways this form resembles P. c. cinereus except for the presence
of red pigment on the sides and dorsum in the unstriped phase This
statement is based on preserved speciimens; I have examined no living
unstriped P. c. serratus:

Costal grooves usually number 19, trunk vertebrae 20. Vomerine
teeth range from 4 to 15 (fig. 26). The largest specimen examined is
46 mm. in snout-vent length.

Plethodon cinereus polycentratus Highton and Grobman
Georgia Red-backed Salamander

Plethodon cinereus polycentratus Highton .and Grobman (1956:185-7).

- Hovroryre. UF 8376, adult male, collected 2 miles. northeast of
Palmetto, Fulton County, Georgia, by Albert H. Highton and Richard
Highton, 2 Februaty 1954.

 Dracnosis. A race of Plethodon cinereus in which the usual num-
ber of trunk vertebrae is 21 or 22, and with red pigment on' the sides of
unstriped specimens.
DistrisutioN. The Piedmont of western Georgla (ﬁg 25).
DescrrprioN, This subspec1es is similar to the nominate subspecies
in color, but usually has more red pigment on the anterior part of
the belly, especially between the front limbs, than do the other two.
subspecies. Unstriped specimens have red pigment, unlike unstrlped
P. c. cinereus. Trunk vertebrae range from 21 to 23, vomerine teeth
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from 7 to 15 (fig: 26). The largest specimen is 46 mm. in snout-vent
length. Sexual maturity is reached at about 35 mm. snout-vent length.

A T T

Throughout much of its extensive range the red-backed salamander is
the commonest terrestrial urodele. Two distinet color phases occur in
many populations, one with a prominent dorsal stripe (usually red,
but sometimes yellow or colorless), the other unstriped. Geographic
variation in color. phase frequenmes is discussed below. Recent evi-
dence (Highton, 1959) shows that the difference between the striped
and the unstriped phases may be due to one pair of alleles with the
gene for striped pattern dominant:

An erythristic color phase, similar to the strlped phase. except for
a reduction of melanophore pigmentation, is feported from several
localities in the northern part of the species’ range (Thurow, MSb,
summarizes literature records). In most areas this “scarlet phase” ap-
pears only as a rare variant, but is abundant in some populations in
Litchfield County, Connecticut ( Matthews, 1952; Reed, 1955).

Another color variant is a rare spotted phase. This type is similar
to the unstriped phase except that it hias small red spots scattered over
the dorsum. In one specimen from Frederick County, Maryland,
these spots vary from 0.3 to 0.8 mrn. in diameter. Specimens from some .
other localities have. largér spots. This phase appears infrequently in
populations sampled so far.

Grobman (1944) recognizes the Arkansas and Oklahoma popula-
" tions as a separate subspecies, P. c. serratus: This form differs from
other red-backed salamanders by the presence of regular serrations at
each costal groove alorig the borders of the dorsal stripe. The unstriped
phase is rather rare in serratus populations, so most specimens can be
identified readily. Occasionally a specimen from outside the range of
serratus exhibits a “slightly serrated dorsal stripe, but the serrations
are usually irregular. w - ‘

Highton and Grobman (1956) point out that Georgia populations
of P. cinereus differ from others in having a greater number of trunk
vertebrae and describe them as a separate subspecies, P. c. polycentra-
tus. It was not known then that many other populations of P. cinereus
have a high vertebral count. Such populations occur in the Piedmont
and Coastal Plain of Virginia and North Carolina, the lower Coastal
Plain of Maryland, the eastern part of Long Island, and. probably also
on Staten Island. The average number of trunk vertebrae in most of
these populations is less than in Géorgia (table 5). The ofiginal
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brae in Plethodon cinereus. (Refer to figure 27 for boundaries of the
- regions ).
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description of P. c. polycentratus notes that considerable red pigment
is present on the legs and the sides of the head and body of unstriped
specimens. These red spots are usually lacking on unstriped speci-
mens from all parts of the range except Arkansas and Oklahoma. The
basic diagnostic character of P. c. polycentratus—number of vertebrae
—therefore fails to separate the Georgia populations from those of
several other areas. Another characteristic present only in the un-
striped color phase—red spots—can be used to distinguish Georgia
populations from all others except those in Oklahoma and Arkansas.
The recognition of polycentratus as a valid subspecies is therefore
open to serious question, but it is retained here tentatively as there
is no question that the Georgia populations have differentiated signifi-
cantly from the nearest cinereus populations in North Carolina and
Tennessee.

Red pigment-in the unstriped phase of cinereus from two isolated
populations southwest and southeast of the main body of the range is
of interest as this character may likely be a primitive one. Red chroma-
tophores occur regularly in the unstriped phase of P. dorsalis.
The races polycentratus and serratus may be relict populations at the
periphery of the range of a successful species (see Brown, 1957, for
a discussion of centrifugal speciation), though they differ from each
other in number of trunk vertebrae and dorsal stripe shape. Prob-
ably a long period of isolation. has permitted their differentiation
from the parent stock.

GEOGRAPHIC VARIATION IN GOLOR PHASE FREQUENCIES. Thurow analyzes
geographic variation in the frequency of the striped and unstriped color
phases and summarizes the results in a distribution map (MSb:217).

His data consist mostly of museum specimens and. literature reports.

Many published records are unreliable because. P. richmondi is often
wrongly identified as unstriped P. cinereus. Grouping data from large
areas prevented Thurow from evaluating variation among popula-
tions within each region. My field studies on color phase frequencies
in the Chesapeake Bay area show much variation within single
physiographic regions. One extreme example illustrates the type of
microgeograplhic variation that may occur: of 81 spécimens from a
single wood lot near Skipton, Talbot County, Maryland, 80 (99%)
were striped. Only 5 of 49 specimens (10%) collected 14 miles away
(2.3 miles north of Trappe, Talbot County, Maryland) wefé striped.

The average for the entire Chesapeake Bay region is about 50 percent
of each color phase. About half of approximately 100 series, ‘each of
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more than 25 specimens, differ significantly from a 50 : 50 ratio, rang-
ing. from 0 to 100 percent striped individuals. Obviously the averaging
of data from museum material and literature reports for several locali-
ties within a physiographic region cannot reflect accurately the color
phase frequencies in that region.

Series in collections indicate that the unstriped phase is scarce in
parts of Canada, New England, eastern New York, Georgia, Arkansas,
and; Oklahoma. Large samiples of P. cinereus from many localities
consist entirely of striped specimens. Test (1952) reports this for upper
Michigan, Bogert (1952) for southwestern Virginia. Except for those
few noted, all available individuals from the following areas are
striped: Missouri (115), Minnesota (16), Wisconsin (65), western
‘North Carolina (438), Tennessee (55), West Virginia except for the
extreme eastern and northern parts (1366), western Maryland (93),
‘western Pennsylvania except’ the southwest' section from Lawrence,
Butler and Westmoreland Counties southward (505), eastern and
southern Ohio (259), southwestern New York (460). The only
unstriped individuals from these areas are from Yancey County, North
Carolina (AMNH 2212, which may be a young richmondi, but is too
young to be identified with certainty), Trumbull County, Ohio
(USNM 57023, a J. Hurter specimen ); and Allegany State Park, Cat-
taraugus County, New York (CU 8515 and-CNHM 91807). Also 6 of
19 specimens from the French Broad River, North Carolina, (ANSP
1167-86) are unstriped, but the data are questionable. So few speci-
mens are available from some parts of these regions that large series
from many more localities are needed to confirm the rarity of the
unstriped phase the above data suggest (fig. 27).

The unstriped. phase is known to be aburdant in only a few scat:
tered areas. From 1% miles southwest of Hutsonville, Crawford
County, Illinois (INHS 5553-73, and others), 32 of 33 specimens are
- unstriped. From South Bass Island in Lake Erie, Ottawa County, Ohio

(UMMZ. 95998), all of 40 are unstriped, as are 41 of 44 specimens

- (UMMZ 95994, 98745) from nearby Catawba Island. The unstriped

phase is also common in eastern Long Island (Weber, 1928:108, and

unpublished data of Ernest E, Williams and Donald Cooper) and

in parts of the southern Coastal Plain of Maryland (Prince Georges,

Anne Arundel, Charles, and St. Marys Counties). High frequencies of

~ unstriped specimens also occur near Ottawa (Carleton and Russell

Counties, Ontario), and Montreal (Montagres County, Quebec)
(Patch, 1918; Paul S. Martin, personal communication ).

In some areas the frequency of the striped phase is less.than 5 per-
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Ficure 27. Geographic variation in P. ¢inereus. Darkened area represents re-
gions where species has: (A) red pigment in unstriped specimens, (B) a ser-
rated dorsal stripe, (C) absence of the unstriped color phase, (D) variation in
the number of trunk vertebrae. )

cent. By ssome current taxonomic procedures these could be -recog-
, nized as racially different from populations more than 99 percent
striped. Clearly variation of this type cannot be described best
by naming geographic races, for by this interpretation more than half
the range of P. cinereus becomes a Zone of intergradation.

Both color phases occur in most of the range of the red-backed
salamander, with the striped phase usually the more plentiful. But
the local variation in some areas is so great that the biological
significance of the species’ pattern dimerphism should be investi-
gated. Certain geographic correlations between color phase frequen-
cies and trunk vertebrae variation will be pointed out later.

Test (1952) suggests that the dark-phase is of more recent origin
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‘than the striped phase. He bases this on the fréquencies of the two
patterns in Michigan populations. It seems unlikely that the unstriped
phase is a recent' evolutionary development as it occurs in so many
species of Plethodon. Moreover, some populations in the center of the
range of cinereus lack the dark phase, while others on. the periphery
do not. The unstriped phase seems poorly adapted to some areas,
as in the Allegheny Plateau region, although it occurs on both sides
of the area. _

The closely related species, P. richmondi, occupies a large part
of the area from southwestern New York southward through Pennsyl-
vania and western Maryland and eastern Ohio into West Virginia
where the unstrlped phase of P. cinereus is apparently almost absent.
P. richmondi is known only in the unstriped phase. Probably some in-
teraction between the two species in this area of sympatry results
in increased pattern divergence. Whether color pattem is an isolating
mechanism cannot be determinéd at present, as nothing is known of
its role in these species’ reproductive biology. Character displacement .
(Brown and Wilson, 1956) in a zone of geographic overlap between
two closely related species is often due to reinforcement of species
barriers to prevent gametic wastage through hybridization. In many
areas where richmondi and cinereus are sympatric they are ecologically
segregated; where the two occur together in the same habitat, the
rarity or absence of the unstriped phase of cinereus is striking. This
relationship greatly needs quantitative study in the area of spec1es
overlap.

GEOGRAPHIC VARIATION IN' NUMBER OF TRUNK VERTEBRAE. In my recent
study of the heritability of the number of trunk vertebrae in P.
cinereus (Highton, 1960a ), I induced gravid females from dlﬂerent
regions to deposit eggs in the laboratory and incubated the embryos
under uniform conditions. A significant correlation between the num-
ber of vertebrae in the parental populations and the offspring demon:
strated that much of the geographic variation is due to genetic differ-
ences. Other data obtained from field-collected broods from Giles
County, Virginia, indicate a correlation between the number of trunk
vertebrae in females and their offspring. An estimate of the percent-
age of the variance due to heredity in these parent-offspring correla-
tions is 61, 1nd1cat1ng that more than half the variation in number of
trunk: vertebrae within a single population is due to genetic factors.

Variation in the number of trunk vertebrae in cinereus is summarized
in table 5 and figure 27. There is rarely a variation of more than three
vertebrae, within any one population, and the class with the medial



TasLE 6. Mean number of trunk vertebrate per county® for all counties with eight or more P. cinereus.®

19-vertebrae areas

20-vertebrae areas

21-vertebrae areas

Mean.niumber.of Appalachian Catskill Arkansas & Remainder Eastern Georgia
trunk vertebrae: Missouri Plateaus Mits., N.Y. Oklahoma of range Coastal
18.8 2
189 1
19.0 3
19.1 1
19.2 2 4 -
19.3 1 9 2 1¢
19:4 5 1°
19.5 8!
19.6 10
19.7 1 23
19.8 38 -
19.9 1 33
20.0 1 36
20.1 1 39
20.2 24 1!
20.3 . 22
20.4: 11
20.5 48
20.6 1" 2
20.7 6
20.8 6
20.9 3
21.0 1
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211
21.2
213
21.4
21.5
21.6

Counties are used rather than samples from single localities in
order to reduce geographic bias. If means of samples from
all localities were used, some geographic areas would be
represented by many series, others by few.

Data for 9 counties were. divided into two groups because. of .a

significant difference in vertebral counts. Those counties -

counted ‘twice are: mnorthemn and southern Calvert and St.
Marys Counties; Maryland; eastern and western Greeéne,

Suffolk, and Ulster Counties, New York; eastern and western _

Westmoreland Courity, Pennsylvama, eastern and western
Monongalia, Pendleton, and Randolph Counties, West Vir-
ginia. Exceptional county means: are listed in footnotes.

Ste. Genevieve County, Missouri.

Logan County, Arkansas.-

¢ Clark County, Illinois.

Emmet and Oakland Counties, Mlchxgan Franklin County; Oth
Criawford and Fulton Countiés, Pennsylvania; eastern Pen-
dleton County, West Virginia; Victoria County, Nova Scotia;
and Brome County,, Quebec.

d

¢ Monmouth and Ocean Counties, New Jersey, Clark and Fairfax'

Counties, Virginia.
" Crawford County, Illinois.
! Currituck County; North Carolina.-

G961
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number of vertebrae usually includes the majority of the sample.
Therefore the mean number of vertebrae is close to a whole number
in most populations. Grouping all 308 sample means together (table 6)
shows three modeés, one just above 19 trunk vertebrae, another around.
20, and another a little below 21. The 19 and 21 modes are smaller
than the mode at 20 because the red-backed salamanders with these
counts occupy smaller geographic areas, and a smaller number of
séries is available. I know no reason why natural selection should

- favor a population with a high frequency of one particular vertebral
number over a population with two equally frequent vertebral num-
bers. As numerous populations have a high frequency of specimens
with 19 trunk vertebrae while many others have specimens mostly
with 20, it is surprising that so few populations do exist that have
equal numbers of specimens with 19 and 20 vertebrae and a mean
around 19.5. The reason for the trimodality might be that three isolates
have diverged sufficiently to produce three geographic races each
with a mean number of trunk vertebrae close to the whole numbers
19, 20, and 21. This thesis is not supported by the fact that the modal
frequency of 19 probably evolved at-least three times—in the Catskill -
region of New York, in the Appalachian plateaus and in southeastern
Missouri (tables 5 and 6 and fig. 27). The 2I-vertebrae populations
along the eastern coast may have been continuously distributed at
a time when sea level was lower, perhaps during the glacial stages of
the Pleistocene, so there is no need to postulate a separate derivation
for each of the now isolated populations. One exception may be the
isolated Georgia race, which probably is derived independently from
nearby 20-vertebrae populations. It is difficult to account for the
former isolation of 21-vertebrae populatlons from ad]acent ones with
20 vertebrae.

Note that the county means (table 6) are not normally distributed.
Many samples are large and a difference of as little as 0.2 of a verte-
bra is often statistically significant. Distribution of means is not ran-
dom since adjacent p,opulations usually resemble one another in verte-
bral counts. Standard deviations of most of the: large samples are
similar and range from 0.4 to 0.6. No evidence indicates that popula-
tions with means midway between 19 and 20 vertebrae show greater
variability than those from the centers of the 19-, 20+, or 21-vertebrae
areas. For example, at a locality near Fort Littleton, Fulton County,
Pennsylvania, 79 of a sample of 176 specimens have 19 trunk vertebrae,
86 have 20, 1 has 21, and 10 are asymmetrical (19 and 20). This
locality is near the boundary between areds occupied by 19- and
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20-vertebrae populations. Another intermediate sample of 87 speci-
mens from Reddish Knob, on the boundary between Pendleton
County, West Virginia, and Augusta County, Virginia, is similar in
that 41 haye 19 vertebrae, 43 have 20, and 3 are asymmetrical (19
and 20). This series is intermediate between one of 129 specimens
with a mean of 20:41 vertebrae, from Natural Chimneys, Augusta '
County, Virginia (CM 31002-3), and another series of 521 specimens
from the Cheat Mountains of Randolph County, West Virginia, which
has a mean of 19.05 vertebrae. A study of microgeographic variation
in the region where the 20- and 21-vertebrae populations come in
contact in southern Maryland and Virginia is now in progress. The
three areas with a modal number of 19 trunk vertebrae are widely
separated by populations with a modal number of 20 vertebrae.

The mean number of trunk vertebrae in 110 specimens of cinereus
from southeastern Missouri is 19.45. There appears to be some varia-
tion within the area, however. A series of 18 specimens (INHS 8396)
from 6 miles southeast of Weingarten, Sté. Genevieve County, has a
meéan of 19:72 trunk vertebrae. Seven specimens fromh Meramec State
Park, Franklin County (CWM 1306-11; 1443), have a mean of 1975
" trunk vertebrae. The remaining 85 specimens from Bollenger, Butler,
Dent, Iron, Jefferson, Oregon, Perry, Reynolds, St. Francois, St. Louis,
Washington, and Wayne Counties have a mean of 19.36 trunk verte-
brae. The Missouri populations of cinereus are geographically situated .
between the dorsalis populations of southwestern Illinois and those of
southwestern Missouri (angusticlavius). Since their modal vertebral
number is 19, the same as that of both dorsalis and angusticlavius,
it might be suggested that they actually represent a population of
dorsalis rather than cinereus. The straight-edged dorsal stripe of the
southwestern Illinois dorsalis is very similar to that of cinéréus, so this
diagnostic character is of no aid in identification of the Missouri mate-
rial. All of the southeastern Missouri specimens are of the red-backed
phase. There remain only two other good diagnostic characteristics that
may be used to differentiate preserved dorsalis and cinereus and these
are present only in matire males. Only 28 of the available specimens
from Missouri are mature males, and all of these possess the type
of mental -gland and modified premaxxllary teeth typical of cinereus.
On this basis, all of the southeastern Missouri specimens are tentatively
assigned to cinereus. However, the possibility exists that some popu- -
lations from which no males are presently represented in collections
are actually dorsalis. Or, dorsalis may be present in the area, but
may not have been collected yet. A thorough field study of the eastern
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small plethodons of southeastern Missouri is greatly needed. Habitat
information and belly pigmentation data on living specimens would
provide valuable additional information relative to the taxonomic allo-
cation of these Missouri populations. The possibility that the eastern
small plethodons of this area represent a primitive relict population
should also be considered, for such a population might possess some
of the characters of both species. The same might also be true of a
population that arose through hybridization of the two species and has
~ since been stabilized with some of the. characters of one species and
other characters of the other species. Probably both species ranged
throughout the entire area during a more favorable. climatic period,
judging from their present distributions.

In Garland, Yell, and Logan Counties, Arkansas, the mean of 19.
specimens of serratus is 19.26, while the mean of 95 specimens from
Montgomery and Polk Counties is 19.91. The mean of 49 specimens
from LeFlore and McCurtain Counties, Oklahoma, is 19.99. The speci- '
men reported by Bragg (1955:28) from Cherokee County, Oklahoma
(MUOZ 30678) has 20 costal grooves (probably 21 trunk vertebrae).

Presently available material does not show a good correlation be-
-tween increasing altitude and a reduction in the number of trunk
vertebrae. Almost all samples from the Allegheny Mountains section
of the Appalachian Plateaus Physiographic Province have a modal
number of 19 trunk vertebrae, but populations from still higher alti-
tudes in the Blue Ridge Province of Virginia, North Carolina, and
Tennessee have a modal number of 20. In the Appalachian Plateaus
Province . of northeastern Pennsylvania the modal number is 20, as
it is in the glaciated section of the Allegheny Plateau of New York.
In the Catskill Mountains, however, it is 19.

Barden (MS) reports on a study of the zone of contact between
the high-altitude populations of cinereus in the Catskill Mountains that
have a modal number of 19 vertebrae and consist of almost 100 percent
striped phase, and the lower altitude populations with a modal num-
ber of 20 and both color phases. He finds a narrow zone of intergrada-
tion and fair geographic concordance between change in number of
vertebrae and color phase frequencies in the east, but not in the south
and west. The type of forest vegetation, itself correlated with latitude
and altitide, seems to be the most important factor influencing the
distribution of this zone. Barden discounts the effects of selection or
ecophenotypic variation in influencing the variation in cinereus popu-
lations: of southein New York and attributes the variation to a double
invasion and secondary contact of two differentiated populations that



1962 HIGHTON: REVISION OF PLETHODON ' » 301

were isolated during the Pleistocene. As there are no nearby popula-
tions with a low vertebral count, it seems likely that selection has pro-
.duced the low-count populatlons at high elevations in the Catskill
Mountains. Whether selection is responsible for varlatlon in _color
phase frequencies is not yet clear.

There are few available series from the glaciated section of the
Allegheny Plateau in Ohio, Pennsylvania, and southwestern New
York. A total of 77 specimens from Chautaugua, Erie, Wyoming,
Livingston, Ontario, and Steuben Counties, New York have an average
of 19.2 trunk vertebrae, while 21 specimens from Ashtabula, Trumbull,
and Mahoning Counties, Ohio have a mean of 19.4 trunk vertebrae.
The modal number in the Finger Lakes Region of New York is 20,
so apparently a rather abrupt change in average number of trunk
vertebrae occurs just ‘west of the Finger Lakes. Variation through the
remainder of northeastern Ohio is not determined because of the
paucity of material.

Populations of red-backed salamanders with a modal number of 21
trunk vertebrae along the Atlantic Coast from Long Island to North
Carolina are .now discontinuously distributed. They occur on the
eastern half of Loeng Island (187 specimens, mean 20.7) and Staten
Island (7 specimens, mean 20.9), but not in the intervening area.
Specimens from western Long Island (316) have a modal number of
20 vertebrae (mean, 20.1). Several series from four coastal counties
-of New Jersey (Monmouth, Ocean, Burlington, and Capé May) have
a higher proportion of individuals with 21 trunk vertebrae than other
New Jersey material. In the southern Del-Mar-Va Peninsula, in the
southern Coastal Plain .of Maryland, the Coastal Plain and eastern
Piedmont of Virginia, and parts of the. Coastal Plain and Piedmont of
North Carolina, the modal number is 21. :

" The species P. cinereus and P. richmondi exhibit character dis-
placement in color pattern, but a comparison of the number of trunk
vertebrae of the two species does not indicate a consistent increase in
divergence in areas of sympatry (figs. 27 and 30).

The usual taxonomic treatment of geographic variation of the type
found in the number of trunk vertebrae in P. cinereus is to separate
the populations with different modal numbers of trunk vertebrae into
named subspecies. However, the 19-vertebrae populations do not oceur
in a single continuous geographic area, but in three (or four if the
Arkansas populations are included) rather widely separated regions.
They do not differ consistently from one another in any other known
character and therefore have to be considered as one polytopic sub-
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species. Of 2108 speciimens from the three areas, 1703 (81%) have
fewer than 20 trunk vertebrae; from the regions where the modal
number of vertebrae is 20, 21,897 (86%) of 25,612 specimens have 20
or more trunk vertebrae. Separation would be even greater if speci-
mens from near the boundaries of these areas could be called

“intergrades” and omitted. No evidence indicates that populations of
cinereus with a modal number of 19 trunk vertebrae represent a uni-
form race, but rather that the phenotype has evolved independently in
more than one region. The estimate of heritability of variation .in
trunk vertebrae (Highton, 1960a) indicates that only 61 percent of
the variation within one population is due to heredity. If the remainder
is due to geographically variable environmental factors, then part of
the geographic divergence may be ecophenotypic rather than genetic.
Moreover, geographic variation in color phase frequencies is not con-
cordant with that of trunk vertebiae. Though all three areas in which
the modal number of trunk vertebrae is 19 are included in regions
where the frequency of the striped phase is over 99 percent, the
frequency of the striped phase is often equally high in adjoining areas
where the modal number of trunk vertebrae is 20. Hence the factors
that select for the high frequency of the striped phase must not have
the same distribution as those that select for the lower number of
vertebrae.

On Long Island, where abrupt change in the color phase frequencies
occurs, there is concordance in the variation in vertebral number and
color phase frequency. Of 12 specimens from Queens County, 11 (93%)
are striped (mean number of trunk vertebrae, 20.4); of 125 from
Nassau County, 102 (82%) are striped (mean number of vertebrae,
20.1); and of 173 from western Suffolk County, 167 (97%) are striped
(mean number of vertebrae, 20.0). In the eastern part of Suffolk .
County only 4 of 199 (2%) are striped (mean ‘number of vertebrae
20.7). A sample of 17 (DC 480-496) from Gardiners Island off the
eastern end of Long Island is 100 -percent striped and has a mean
number of trunk vertebrae of 19.6: Thus the concordance between the
unstriped populations with 21 trunk vertebrae and the striped popu-
lations with 20 trunk vertebrae on Long Island is nearly perfect.

In other areas where the frequency of the unstriped phase is high,
as in Crawford County; Hlinois; and Catawba Island, Ottawa County,
Ohio, the average number of trunk vertebrae is also high (20.6 and
20.5 respectively), but on South Bass Island, Ottawa County, Ohio, the
mean number of trunk vertebrae is only 19.7. Though many popula-
tions in Maryland and Virginia have a h1gh frequency of the unstriped
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phase, these do not occur with any consistently higher frequency in
the area where the modal number of trunk vertebrae is 21 than in
adjacent areas where the modal number is 20. Canadiani samples with
a high proportion of dark phase specimens have about the same mean
vertebral counts as adjacent’ mixed populations. Therefore geographic
variation - exists in the correlation between high frequency of the
unstriped phase and presence of a modal number of 21 trunk vertebrae.
One area shows a high correlation ( Long Island), while in others
(Maryland, Virginia, Quebec and Ontario) there is little or no
correlation.

OTHER GEOGRAPHICALLY. VARIABLE CHARACTERS: A series of 30 specimens
from Crawford County, Illinois, includes 12 individuals with a type
of belly pigmentation not seen in any other P. cinereus. This series
differs from other Illinois cinereus in being 97 percent unstriped and .
in having a high average vertebral count. Instead of the usual ventral
white mottling of cinereus, these 12 specnnens have a medial pigment-
free area on the belly. As the belly is unmottled, I thought at one time
they might represent an aberrant isolated population of P. richmondi,
and Conant’s (1958) distribution map plots them as a questionable
record of this species. They are probably properly assigned to cinereus;
however, for one red-backed individual has been found, and the other
18 specimens have typical cinereus-type mottled bellies.

In the Blue Ridge Province of Virginia and Maryland and to some
extent in adjacent areas (Bogert, 1952), the: usual brassy iridophore
flecking present on the unstriped phase of P. cinereus is highly
developed. This led Grobman (1949) to regard these populations as -
related to P. richmondi and he described them as a full species, P.
huldaé. Rabb (1955) and Muchmore (1955) presént evidence that -
P. huldae is based on unstriped specimens of cinereus. Rabb found both
color phases in the offspring of a striped female. These brassy flecked
_ P. cinereus resemble richmondi dorsally and can be distinguished from
that species only by the lower average number of trunk vertebrae and
by the greater amount of yellow iridophore mottling on the belly and
chin.

Living specimens from Graham, Swain, Haywood, Macon, and
Jackson Counties of western North Carolina have red pigment on the
sides and belly in front of the forelimbs. This pigment fades in pre-
servatives, so the geographic extent of its occurrence is not yet known.

Specimens from New Kent County, Virginia, and a few in
adjacent areas have a median dark band within the dorsal stripe. Some
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eastern North Carolina specimens have exceedingly wide stripes.

Sanders and Smith (1949) report a specimen of P. cinereus from
Fern Lake, near Nacogdoches, ;Naco_gdoches County, Texas. This
specimen (OS 556) has 19 trunk vertebrae and lacks the serrated
edges of the dorsal stripe present in the nearest populations of P. c.
serratus. Mr. Sanders writes me that he collected the specimen by dip
net from fruiting sphagnum moss near the lake shore, an unusual
habitat for this terrestrial species. This record may be the result of an
accidental introduction by man and confirmation by additional speci-
mens is necessary before Texas can be mcluded in the natural range
of the species.

All eastern small plethodons I examined from southwestern Illmms
are clearly referable to P. dorsalis except one (UIMNH 16706), a
unstriped female from Alto Pass, Union County, Illinois, collected by
. A. Cahn in 1928. Thurow (1957b:96) reports two other specimens
from the same locality (UIMNH 16707-8). Additional material from
southwestern Illinois is needed to confirm these records before
including this area in the range of the red-backed salamander.

Bleakney (1958:15) cites unconfirmed réports of local residents
that P. cinereus occurs in the Lake Melville area of Labrador. Since
environmental conditions there are similar to those where cinereus
occurs farther south, further search is desirable. Four unstriped speci-
mens from “Hudson Bay' Territory” sent to the National Museum in
1861 (USNM 5963) represent the only record from this northern area.
Grobman (1944 281) points out that cinereus must have extended its
range rather rapidly to penetrate so far north following the retreat of
the last Pleistocene glaciers. No records from Newfoundland or Anti-
costi Island are known.

Most of the literature records of P. cinereus from Kentucky are
probably based on P. richmondi. The only Kentucky specimens of
cinereus examined are from Boone and Kenton Counties-in the extreme
northern part of the state. There are no cinereus records from western
West Virginia; the specimen Grobman (1944:299) records from Mingo
.County (CM 15998) is a richmondi. P. cinereus should occur in the
mountains of northeastern Georgia and northwestern South Carolina,
but it has not yet been found there.

Plethodon richmondi richmondi Netting and Mittleman
Raviiie Salamander

Plethodon richmondi Netting ahd Mittleman (1938:288). Bishop (1943:272:5);
Grobman (1944:312); Duellman (1954:40-5).
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Elethodon richmondi richmondi, Highton and Grobman (1956:187-8).
Plethodon richmondi popei Highton and Grobman (1956 187-8). Type locality:
Comers Rock, Grayson- Wythe County lirie, Virginia.

HotoTypE. CM 14189, adult male, collected in Ritter Park, Hunting-

ton, Cabell County, West Virginia, elevation 600-700 feet, by Neil D.
Richmond and N. Bayard Green, 15 October 1938.

: Diacnosis. A dark-bellied eastern small plethodon, usually with 21
or more trunk vertebrae, and lackmg the striped color phase.

DistriBuTioN. From Centre County, Pennsylvania, south through
western Maryland, West Virginia, western Virginia, northwestern
North Carolina, and northeastern Tennessee, west to Oth southeastern
Indiana, and eastern Kentucky (fig. 28).

o P.r. richmondi

B P.r. hubrichti

A P.r. nettingi_

Ficure 28. Distribution of P. richinondi in the eastern United States.

DescrrpTioN. The dorsum is covered with small brassy flecks and
with larger white spots (0.1-0.3 mm. diameter ). Lateral white or yellow
iridophore spots are similar in color to those on the belly and chin. The

iris has brassy flecking above and below the pupil. Red chromatophores
are often present anteriorly on the sides and head of adults, of eastern
populations, but have not been noted in living material from the

. western part of the range. Red pigment is present on the dorsum also
in young individuals.
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Ficure 29. Variation in the number of vomerine teeth in 6 geographic samples

of

"P. richmondi.

The modal costal groove count varies geographically from 19 to
29, and the modal number of trunk vertebrae from 20 to 23. Vomerine

“teeth range from 6 to 16 (fig. 29). The largest specimen examined,
from Alleghany County; Virginia, is 60 mm. in snout-verit length, but
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Duellman (1954) records.a 72 mm. specimen from Ohio. Sexual matur-
ity is reached at about 40 mm. snout-vent length.

Plethodon richmondi hubrichti Thurow
Peaks of Otter Salamander

Plethodon nettingi, Thurow (1955:102-3). -
Plethodon hubrichti Thurow (1957a:59).

Hororype. USNM 139087, adult male, collected at mile 80.9 Blue
Ridge Parkway, Bedford County, Virginia, at about 3100 feet, by
Gordon R. Thurow, 9 December 1956.

DiacNosis. A race of P. richmondi with a modal number of 20
trunk vertebrae, and with more dorsal brassy ﬂeckmg in the adult
than in other populations of richmondi.

DistriBuTioN. Known only from the type locality and from Green-
lee, southern Rockbridge County, Virginia (fig. 28).

DescripTiON. More than half the adults and subadults have so
much brassy spotting on the dorsum in life that it forms an almost
uniform dorsal stripe. In others the brassy areas are separated into
spots; though many fuse ‘with adjacent spots. Dorsal brassy flecking
is less marked in juveniles, which resemble adults of other richmondi
populations. Newly hatched young have a reddish dorsal stripe. The
amount of white spotting on the belly and chin varies considerably
and is sometimes absent. Within the brassy patches are’ small (0.1-0.3
mm.) white spots Larger ‘white spots (0.2-0.9 mm. in diameter) are
present dorsolaterally. Brassy flecks pattern the iris.

The modal costal groove count is 19, and the aumber of trunk
vertebrae usually 20. Vomerine teeth range from 6 to 19 (fig. 29). The
largest specimen examined is 55 mm. in snout-vent length. Sexual
maturity is usually reached between 40 and 45 mm. snout-vent length.

Plethodon richmondi nettingi Green
Cheat Mountam Salamander -

Plethodon nettingi Green (1938:295-9). BlSl‘lOp (1943:266- 9), Grobman (1944
813); Brooks 1948:239-44); Thurow (1957a:65). .. -
Plethodon richmondi nettingi, Highton and Grobman (1956 187),

Hovrotype. CM 10279, adult male;- collected on Barton Knob niear
Cheat Bridge, Randolph County, West Virginia, -elevation about
4000 feet, by M. Graham Netting, 29 June 1935. :

Diagnosis. A race of P. richmondi that has a modal number of
19 trunk vertebrae ' - : Co :
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DistrisuTioN. Known from altitudes above 3500 feet in the Cheat
Mountains of Randolph and Pocahontas Counties, West Virginia
(fig. 28).

DescripTion. Coloration in life is similar to P. r. richmondi. Costal
grooves usually number 18, trunk vertebrae 19. Vomerine teeth range
from 6 to 17 (fig. 29). The largest specimen examined is 46 mm. in
snout-vent length. Sexual maturity is reached at about 85 mm. snout-
vent length

L4 % » * &

Netting and Mittleman (1938:288) and Green (1938:295) respec-
tively described P. richmondi and P. nettingi. Highton and Grobman
(1956:187) named a southém race, P. richmondi popei, and recog-
nized nettingi as a.subspecies of P. richmondi. Thurow (19572:59) sub-
sequently described another member of this group, hubrichti, as a full
species; it is here considered as a subspecies of P. richmondi. All P.
richmondi have brassy dorsal flecking and are characterized by the
lack of a striped phase except in the young. Most have dark bellies.
These characters show much variation in other eastern small plethodons
and they are not diagnostic for .P. richmond;i. Variation in the closely
related P. cinereus is so great it is impossible to identify all specimens
of cinereus and richmondi without aid of locality data. Where they are
sympatric the two species usually differ in color pattern and number
of trunk vertebrae. Thus though they cannot always be identified by
morphological criteria, they are certainly distinct species.. (See dis-
cussion of character displacement under P. cinereus.)

GEOGRAPHIC VARIATION IN NUMBER OF TRUNK VERTEBRAE. The number
of trunk segments is the most easily analyzed geographically variable
character of P. richmondi. Extremes of variation are found at localities
only 100 miles apart in West Virginia. At Bickles Knob in the Cheat

" Mountains of Randolph County, the mean number of body vertebrae

is 18.8 in a sample of 421 P. r. nettingi, while 7 miles north-northeast
of Sandyville; Jackson County, the mean number is 23.6 in a sainple of
9 P. r. richmondi, an average difference: of almost five vertebrae.’
Extremes of variation at the two localities are 18 to 20 and 23 to 24.
Table 7 summarizes geographlc variation in samples from different
parts of the range of the species.

Populations from the Cheat Mountains of West V1rg1n1a (P. .
nettingi) have the lowest number of trunk vertebrae. The modal count
of all samples of this form is 19. Leslie Hubricht discovered a high



TaBLE 7. Summary of ‘g'é()graphic variation in number of ‘trunk vertebrae in Plethodon richmondi.

Geographic region
18 18/19 19

Number of trunk vertebrae
19720 20 20721 21 21/22 22 22/23 23 23/24 24 Mean

Modal
number

P. r. nettingi
Cheat Mountains; W. Virginia 118 30 537
P. r. hubrichti :
Bedford County, Virginia 1 2 53
P. r. richmondi
Smyth Co: slope of Whitetop
Mountain, Virginia 1
Southwestern Virginia, north-
western North Carolina, north:
eastern Tennessee, southeastern
Kentucky, and southern West
Virginia
Paddy and Reddish.Knobs, West
Virginia—Virginia- state line 1
Eastern Ohio
Western Ohio, southeastern
Indiana, northeastern Kentucky;,
and vicinity of Huntington,,
West Virginia
Ridge and Valley Province of
Pennsylvania, Maryland, West
Virginia, and Virginia®
Appalachian Plateau of western
Pennsylvania
Appalachian Plateau of West
Virginia

11 23

18 244

.24

218

23 581

103

19

18

20

12

.9l

498

316

31

31

11

4

3

7

65

42

14

52

38

1

8

18.85

19.82

20.07

20.87

20.96
21.13

22.05

22.36

22.75

19

20

20

2L

21
21

22

22
22

23

¢ Includes 3 specimens from Mills. Gap, Botetourt-Bedford County line, Virginia, in the Blue Ridge Physiographic Province.
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altitude population with a modal number of 20 between the James
and the Roanoke Rivers in the Blue Ridge Mountains of Virginia.
Thurow (1955) reported this find and referred the specimens to P. .
nettingi. Thurow (1957a) later described them as P. hubrichti.

All southern populations of P. richmondi—thoseé in northwestern
North Carolina, northeastern Tennessee, southwestern Virginia, and
adjacent-areas of Kentucky and West Virginia—have a modal humber
of 21 trunk vertebrae with one exception, a population on the Smyth
County slope of Whitetop Mountain, Virginia, with amodal number
of 20. All other samples from Whitetop Mountain have a modal numbex

~of 21. When describing salamanders from this region as P. r. popei
. (Highton and Grobman, 1956), we were unaware that the modal
" number of trunk vertebrae is also 21 in at.least two other areas, in
" eastern Ohio, and in the mountains along the Virginia-West Virginia
- state, line—Paddy Knob and Reddish Knob, west and southwest of
~ Harrisonburg, Virginia. The salamanders in each of these ‘regions

resemble adjacent 22-vertebrae populations in belly pigmentation,

which may be interpreted as evidence against close relationship of
these disjunct populations with the same modal vertebral count. Hence
I no longer regard popei as a valid subspecies. To recognize the three
isolated 21-vertebrae populations as the same subspecies would be to

“ignore differences in belly and chin pigmentation.

The remainder of the range of P. richmondi is occupied by popu-
lations with modal counts of 22 and 23 trunk vertebrae, The highest
numbers occur in the Appalachian Plateau Province of West Virginia
(fig.-30).

Data on vertebral variation in P. richmondi may suffer from
sampling bias. From several regions we have many small samples, but

" only one or two large ones. Thus the mean value for a region may be
: :unduly influenced by only a few samples. The extent of local variation
* in many areas is therefore still poorly known.

GEOGRAPHIC VARIATION IN VENTRAL PIGMENTATION. Salamanders from
the Ridge and Valley Physiographic Province of Pennsylvania, Mary-
land, West Virginia, and, Virginia show more white mottling on the
belly and chin than do other P. richmoridi. This is in sharp contrast to
all adjacent populations of richmondi, which have the darkest bellies
and chins in the species. On belly and chin pigmentation a mixed °
group of Pennsylvania specimens sorts easxly into ‘those from the Ridge
and Valley Province and those from the Appalachian Plateaus Prov-

. ince with more than 95 percent accuracy. A similar separation is possi-

" ble when matenal from southwestern Virginia (formerly P.'r. popei)
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FiGure 30. Ceographlc variation in P. richmondi. (Upper left) Hatched area
représents region where species has -a light chin, (upper right) hatched area. rep-
resents region where species has a dark belly, (lower left) stippled area represents
region where species occurs at high -elevations -and is active at the surface in the
surmmer; {lower right) geographic variation in the modal number of trank verte-
brae. .

is compared with P. r. richmondi from the Ridge and Valley Province
of Virginia. Mottled-bellied P. richmondi occur in other parts of the
range, but nowhere else is the chin so heavily mottled with white as
in the Ridge and Valley Province.

The number and. size of the white ventral spots is noticeably
greater in Ohio and northern Kentucky populatlons than in the rest, ex-
cept for the Ridge and Valley populatlons which also show ‘much
greater contrast between the amount of mottling on the belly and
chin, Ontogenetic and individual -variation in the. amount of belly
motthng is so great that it is difficult to measure its geographic 'varia-
tion quantitatively. Further evaluation is warranted.
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. GEOGRAPHIC VARIATION IN HABITS AND HABITAT REQUIREMENTS. Brooks’
(1948) study of the ecological distribution of P. r. nettingi shows it
to be restricted to spruce forests at high elevations in the Cheat
Mountains. The lowest altitudinal record is 3550 feet. P. r. hubrichti
is also a high altitude form, the elevation at its type locally is 3160
feet. In the southern part of its range—southwestern Virginia, north-
western North Carolina, and northeastern Tennessee—most specimens
of P. r. richmondi have been collected at high elevations, although the
apparent abundance at high altitudes may be due merely to more
collecting in mountainous areas. Most records from other regions are
from ravine habitats at low elevations.

Few P. 7. richmondi are recorded for the summer months, except
from the mountains in the southern part of the range. Apparently over
much of its range this form is not active on the surface in summer.
Near the town of Bedford Valley, Bedford County, Pennsylvania, 9
series of P. glutinosus and P. richmondi were collected each month of
the year except during the hibernation penod Table 8 illustrates the
relative seasonal abundance of the two species at this locality. Although
glutinosus was abundant during the entire activity period, richmondi
was taken infrequently in summer.

TasLE 8. Relative seasonal abundance of P. glutinosus and P. richmondi at a
. locality 2.8 miiles south, 0.9 miles west of Bedford Valley,
Bedford County, Pennsylvania.

Date Number of Number of

P. glutinosus P..richmondi
27 April, 1957 44 2
25 May, 1958 81 22
14 June, 1958 59 3
19 June, 1959 . 4 1
8 July, 1959 18 1
3 August, 1958 68 4
1 September, 1959 ’ 65 3
21 September, 1958 ‘ 151 32
25 October, 1958 ' 32 11

P. r. nettingi is active during the summer. Little is known about
the habits of hubrichti. A clinal change in summer activity is apparent
from the high-altitude spruce-forest populations (P. r. nettingi) to the
low-altitude ravine-inhabiting northern P. 7. richmondi. Southern P. r.

" richmondi are more like nettingi in this respect than they are to
northern P. r. richmondi. This cline corresponds to the variation in the
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two geographically variable morphological characters. Number of
trunk vertebrae is lowest in P. r. nettingi and highest in some northern
P. r. richmondi. P. r. hubrichti and southern P. r. richmondi are inter-
mediate. P. r. nettingi, hubrichti, and southern P. r. richmondi have
dark bellies, while northern P. #. richmondi have mottling on the
belly. :

It is clear that nettingi is most closely related to hubrichti, and that
hubrichti is related to the 21-vertebrae populations of P. r: richmondi
in the southern part of the range. All three have almost identical belly
pigmentation. The dorsal patterns of nettingi and southern P. r. rich-
mondi are similar, but hubrichti has abundant brassy flecking. To
recognize nettingi and hubrichti as full species because of their appar-
ent reproductive isolation from distantly related but sympatric popu-
lations of the same stock, would ignore the close. morphological
similarity and actual morpholo’gical overlap in the only characters that
differentiate nettingi, hubrichti, and southern richmondi. P. r. nettingi
and hubrichti may be regarded as relict mountain populations sur-
rounded by more specialized derivatives of the same parental stock:
P. r. richmondi is considered more specialized because of its more
elongated body. '

Of great interest' would be a study of the ecological relationships
of P. richmondi in the Cheat Mountains of West Virginia and between
the James and Roanoke Rivers in the Blue Ridge Mountains whpre
the ends of the richmondi Rassenkreis overlap. Reproductive isolation
may be established, as no hybrids between P. r. #ichmondi and either
P. r. nettingi or P. r.-hubrichti have been found. Records show that
P. r. richmondi occurs in -adjacent areas to the east, west, and. north
of the Cheat Mountains in West Virginia.

P. 7. richmondi is recorded from Mills Gap, 2400 feet, on the crest -
of the Blue Ridge, Bedford-Botetourt County line, Virginia, only 8
miles west of the type locality of P. r. hubrichti, Grobman (1949:135)

“has recordéd P. r. richmondi. from Natural Bridge, Rockbridge County,
Virginia, 9% miles north of the type locality of P. r. hubrichii.

I collected eggs and newly hatchéd young of P. r. nettingi near
the headwatets of Condon Run on Bickle’s Knob, Randolph County,
West Virginia, and incubated more than 100 embryos-in the laboratory.
The dorsum has reduced melanophore pigmént and sparsely dis-

- tributed red chromatephores. These young P. r. nettingi differ from

newly hatched unstriped P. cinereus from Virginia, Maryland, and

. New ]ersey‘, for the latter lack red pigment in the stripe region. Young

P. r. richmondi from Fulton County, Pennsylvania, and Washington
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County, Maryland, also have red pigment on the dorsum in life. This
may be a reténtion during ontogeny of red chromatophores similar
to those found on newly hatched P. r. nettingi. Red pigment also
occurs in newly hatched P. r. hubrichti. Red is not present on adults
of the subspecies nettingi and hubrichti, but is frequently found on
‘the head and anterior sides of P. r. richmondi from Pennsylvania,
Virginia, and West Virginia. One specimen from Mingo County, West
Virginia, (WVBS 615) may have had ‘some dorsal red spots.

. The largest specimens of P. r. richmondi examined are from the
Ridge and Valley Province of Virginia. Populations with the smallest
average adult size are from southwestern Virginia and adjacent North
Carolina. P. r. nettingi is a small animal. Adult P. r. hubrichti are
l}eavy bodied, but short in snout-vent length. Geographic variation in
size may be similar to the clinal variation in number of body vertebrae,
belly pigmentation, and habits.

THE FASTERN LARGE PLETHODONS

This group, as defined by Grobman (1944:266) on the basis of its
larger size and fewer costal grooves, incliides 6 species that inhabit the
eastern United States. Plethodon glutinosus is the most widely dis-
tributed, and all the other species occur within its range. P. yonahlossee
occurs in the southern section of the Blue Ridge Province north of the
French Broad River. P. ouachitae, superficially similar to yonahlossee,
lives in the Ouachita Mountains of Arkansas and Oklahoma. P! cad-
doensis is known from the Caddo Mountains and adjacent areas of
Arkansas. P. jordani occurs in the southern section of the Blue Ridge
Province and enters the adjacent Piedmont Province in North and
South Carolina -and the Ridge ‘and Valley Province in Virginia. The
range of P. wehrlei centers in the unglaciated Allegheny Plateau
section of the Appalachian Plateaus Bhysiographicr'l?rovince. Two
recently described speéies, P. dixi and P. jacksoni, are local variants
of P. wehrlei and are here s'yn’onymized with it. Grobman (1944) has
analyzed the distributional patterns of the eastern large plethodons.

Much’ speculation exists on relationships ‘within this section of the
genus. Dunn (1926:23) considers it the most primitive group, with
P. yonahlossee the most primitive form. Dunn as well as Grobman
(1944:276) think the relationship between yonahlossee and iwehrlei
close. ‘Hairston and Pope (1948:276-7) suggest that yonahlossee is
closely related to jordani and that the similarity between some jordani
and glutinosus may be due to parallel evolution. Others think the
closest relative of jordani is glutinosus. Bishop (1941b:19) considers
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one geographic race (P. {. shermani) a subspecies of glutinosus rather
than of jordani. Grobman (1944) thought that jordani and closely
related forms (then considered full species, but now known to be
conspecific with jordani) are different enough to warrant separation as
the metcalfi group, distinct from all other- eastern large plethodons.:

Characters studied in determining thé morphological similarities
and relationships of these forms include size, number of vomerine teeth
number of costal grooves, degree of sexual dimorphism, and pigmen-
tation. Several characters were found extremely variable and not
diagnostic of any oné form. For example, Bishop (1941b:18) and.
Grobman (1944:287) think that those forms now considered Plethodon
jordani have fewer vomerine teeth than P. glutinosus. Comparison of
the number of vomerine teeth in large series of each species from
several geographic areas (including localities within the ranges of all
named subspecies ) shows that for a given size, the range of variation
is similar, and that greater difference occurs within glutinosus than
between some populations of glutinosus and jordani (figs. 39 and 42).
As.average adult size in some sympatric populations of glutinosus and
jordani differs considerably, the two forms often show a difference in
the average number of vomerine teeth. As adults of the same size have
a similar average number of vomerine teeth, this character is not
definitive. This similarity between the two species probably indicates
a close relationship, for the numbeér of vomerine teeth of some of the
other eastern large plethodons differs markedly.

Figures 33, 35-37, 39, and 42 illustrate intra- and inter-species dif-
ferences in the ontogenetic variation in number of vomerine teeth in
eastern large plethodons. P. wehrlei has the lowest rate of increase in
number of vomerine teeth with increasing size, and in this closely
resembles some of thé eastern small plethodons. The rate is greater
in jordani- and glutinosus, and northern samples of glutinosus are
similar to jordani. The highest rates are found in yonahlossee and
ouachitae. In spite of being a small species, caddoensis has a high
number of vomerine teeth.

Some other supposed differences discussed in the literature are
useless in determining relationships of eastern large plethodons. Except
for wehrlei, all have a similar number of vertebrae (see table 9).
Sexual dimorphism in size is present in several forms that have been
studied critically, but as females in each average slightly larger than
males no species differences exist. The type of lateral pigmentation
varies somewhat within each species both individually and geographi-
cally, but consistent differences between species are rare. Each species
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TaBLE 9. Variation in the number of trunk vertebrae in the eastern
large plethodons.

Species Number of trunk vertebrae
16 16/17 17 17/18 18 18/19 19 Mean

Plethodon .
wehrlei : 16 144 © 1 5 17.94
yonahlossee ’ . 22 2 17.08
ouachitae 1 36 16.99
caddoensis 1 38 2 2 17.05
jordani 41 3 429 1 14 16:94
glutinosus 64 11 855 9 42 16.98

is geographically sympatric and often coexists in the same habitat
with one or more of the other species. Each of the sympatric pairs
appeats to be genetically distinct, with the possible exception of glu-
tinosus and jordani, and much evidence indicates that different
species have different ecological requirements. Preserved specimens
that have lost some pigmentation are often extremely difficult to iden-
tify because of the. morphological similarity among most of these sala-
manders. Indeed, identification by the field collector familiar with the
animals in life is often more valuable than painstaking study of a
preserved specimen. The importance of studymg these animals in life
is readily apparent.

A B

Figur 31. Right hind feet of two eastern large plethodons showing variation
in, amount of webbing on toes. (A) P. wehrlei, (B) P. glitinosus.
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P. wehrlei is distinguishable from the rest of the group by having
the most webbing on the toes (fig: 31), one more trunk vertebra on
the average, a greater development of melanophore pigment in the
parietal peritoneum, and the lowest average number of vomerine teeth.
P. yonahlosse, P. ouachitae, and P. caddoensis may be recognized by
their distinctive color patterns in life. They also differ from the other
species in having a larger average number of vomerine teeth. No
known character will separate all glutinosus and jordani consistently.
The chin of glutinosus is usually darker than that of jordani, but not
always. The morphological similarity among the forms indicates they
are closely related, with only wehrlei separated from the others by
several characteristics.

The young of yonahlossee, some wehrlei, and jordani from the
Great Smoky Mountains and the Nantahala Mountains have dorsal
red spots. These usually disappear in jordani, and in wehrlei too éxcept
in the southern part of its range, and become incorporated into the
dorsal stripe of yonahlossee. No information is available on the very

~ young of ouachitae, caddoensis, and several geographic populations of
jordani, but young ouachitae may also have red spots (see Pope and
Pope; 1951:145). Red dorsal spots are absent in the hatchlings of P.
glutinosus in Florida (Highton, 1956). Very young specimens from
other parts of the range of glutinosus also lack red spots. Dunn (1926:
139) records a glutinosus from Clayton, Georgia, with tiny paired red
dorsal spots, but this may well be a jordani, known to occur within
10 miles of Clayton in the Nantahala Mountains. Cope (1889:141)
records young specimens of glutinosus with red spots from caves in
Montgomery County, Virginia, but these were probably wehrlei.

Melanophore pigmentation on.the chin is less than that on the
belly in most species except P. glutinosus. Certain populations of
glutinosus from Texas and the Blue Ridge and Piedmont Provinces
south. of the Potomac River also have light chins. Most. species have -
dark bellies, but northern populations of jordani and southern wehrlei
are light bellied.

P. yonahlossee, and P. glutinosus except for its southeastern Coastal
Plain populations, attain a larger maximum size than do the other
species. P. caddoensis-is the smallest eastern large plethodon. Individ-
uals of some northern populations of jordani are also relatively small.

Red pigment occurs in adult yonahlossee, ouachitae, caddoensis,

- southern wehrlei, and the populations of jordani from the Nantahala
Mountains and the Great Smoky Mountains. Dorsal iridophores occur
abundantly as white spots in most glutinosus, ouachitae, caddoensis,
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and wehrlei. P. jordani from the Snowbird and adjacent mountains of
North Carolina have small white spots, while those from Oconee
County, South Carolina, have small brassy flecks abundantly scattered
on the dorsum. Lateral white iridophores usually are present in all
eastern large plethodons except jordani in the northern part of its
range and southern South Carolina glutinosus. '

Some P. caddoensis and P. ouachitae have more toe webbing than
is usually present in the glutinosus and yonahlossee groups, thereby
resembling P. wehrlei. All members of the yonahlossee group average

more vomerine teeth than do members of the wehrlei and glutinosus
~ groups. They resemble the glutinosus group in having 17.trunk verte-
. brae, compared to the 18 of wehrlei. It is clear that the glutinosus and
yonahlossee groups are more closely related to each other than either
is to wehrlei, and that glutinosus and wehrlei are the least: closely
related.

In summary, P. wehrlei is the most distinct species of the eastern
large plethodons. The others are morphologically similar to each other.
The hypothetical ancestor might have been a moderate-sized animal
with a light chin, red dorsal spots, 17 trunk vertebrae; a short vomerine
series, and webbed toes. P. wehrlei is closest to this hypothetical
ancestor, although its body is slightly elongated by the addition of
an extra trunk vertebra. The chin is still light in all except some glutino-
sus and a few populations of jordani. Red dorsal spots remain only in
adult southern wehrlei and in the young of several other forms. Large
size is attained by yonahlossee and glutmosus while dwarfing occurs
in caddoensis and northern jordani. Adult yonahlosee have a much
longer vomerine series than the othérs. The suggested Phylo_genetlc
relationships are shown in figure 5. ' |

WEHRLEI Group

Plethodon wehrlei Fowler and Dunn
‘Wehrle’s Salamander

Plethodon wehrlei Fowler and Dunn (1917:23-4). Dunn (1926:133-6); Bishop
(1941a:232-9); (1943: 281-4), Grobman (.1944:285- 7)

Plethodon dixi Pope and Fowler (1949: 1-4). Type loc_ahty: Dixie Caverns,
Roanoke County, Virginia.

Plethodon jacksoni Newman (1954:9-14). Type locality: 1 mile east of Blacks-
burg, Montgomery County, Virginia. .

Plethodon wehrléi, wehflei, Conant (1958:234).

Plethodon wehrlei dixi, Conant (1958:234).

HovrorypE. ANSP 19123, collected in the Two Lick Hills, Indiana
County, Pennsylvania, September 1911, by R. W. Wehrle..
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Diacnosis. An eastern large plethodon with webbing between the
toes on the hind foot often extending to the joint between the first
and second phalanges (fig. 31), a modal number of 18 trunk vertebrae,
and a moderate amount of melanophore pigmentation in the panetal
peritoneum.

DistriButioN. From Allegany State Park, Cattaraugus County,
New York, south in the Allegheny Plateaus section of the Appalachian
Plateaus Physiographic Province through western Pennsylvania and
West Virginia to southwestern Virginia, where it occurs in the Ridge
and Valley, Blue Ridge, and Piedmont. Physiographic Provinces (fig.
32). This species also occurs in Monroe and Washington Counties,
Ohio (Walker, 1933).

~ Dgzscrrerion. The ground color is usually lighter in wehrlei than in
the other eastern large plethodons; the belly has fewer melanophores.
Often large gaps exist between melanophores anteriorly on the belly -
and chin; yellow iridophores occupy these gaps. Yellow pigment is

FiGURE 89, Distribution of P. wehrlei in the e,ast,er.n; United States.



320 " BULLETIN OF THE FLORIDA STATE MUSEUM Vol. 6

usually abundant laterally and the yellow often peisists in preservatives,
unlike that in the.other eastern large plethodons. Usually small white
iridophore spots occur on the dorsum. In the southern populations
numerous brassy flecks occur as well, especially among the fed dorsal
spots. The red dorsal spots occupy gaps in the melanophore bed.
Brassy iridophores are usually present in the iris.

Costal grooves usually number 17, the trunk vertebrae, 18.
Vomerine teeth range from 6 to 20 (fig. 33). Moderate in size, ‘the
- largest specimen examined is 65 mm. in snout-vent length. Sexual
maturity is reached between 45 and 50 mm. snout-vent length.

* o * & #*

Plethodon wehrlei inhabits the unglaciated Appalachian Plateaus
Physiographic Province in southwestern New York, western Pennsyl-
vania, extreme southeastern Ohio, West Virginia, and adjacent Virginia
(where it occurs a short distance outside the Appalachian Plateaus
Province). The most distinct of the eastern large plethodons, it appears
to occupy an isolated position, differing from the other species in
several respects. Webbing on the toes is usually extensive although
occasional specimens of other species, particularly caddoensis and
ouachitae, show a similar development. P. wehrlei is the only eastern
large plethodon that normally has 18 trunk vertebrae; the others
usually have 17. P. wehrlei has fewer vomerine teeth than any other
eastern large plethodon, and it has the greatest development of peri-
toneal melanophores.

Two populations from southwestern Virginia were described as
distinct species by Pope and Fowler (1949) and Newman (1954).
P. dixi differs from other southern wehrlei only in proportions and
pigmentation, and occurs only in Dixie Caverns and nearby Blanken-
ship Cave, Roanoke County, Virginia. Differences from adjacent
wehrlei populations are slight. Certainly P. dixi is conspecific with
wehrlei, and little is gained by retaining this extremely localized popu-
lation as a named geographic race. One juvenile from Dixie Caverns
(UF 8445) had dorsal red spots in life similar to those in other southern
wehrlei. P. jacksoni, named from a population less than 15 miles from
the dixi locality, differs from other southern wehrlei only in retaining
the juvenile red spots in the adult. Some adults in West Virginia also
retain their red spots (Brooks, 1945). Red dorsal spots are completely
absent in juvenile and adult wehrlei from New York and Pennsylvania
(Bishop, 1941a:238). Geographic differences in the occurrence of red
dorsal pigmentation in wehrlei are significant and clinal. Detailed data
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on the nature of the cline are not available. I have examined living
specimens from Cattaraugus County, New York; Lewis, Randolph, and
Pendleton Counties, West Virginia; and Alleghany, Roanoke, and
Montgomery Counties, Virginia. Populations from each of these locali-

ties show striking

différences in pigmentation and local variation
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Netting (1936:91) compares West Virginia P. wekirlei with
topotypic Pennsylvania specimens. The former have white spotting on
the throat and chest which the latter lack. Lateral white pigment is
also more abundant in West Virginia material. Grobman (1944:287)
- suggests that southern wehrlei may grow larger than northern ones.

Two erroneous literature records of wehrlei are based on specimens
of glutinosus. One (CNHM 57029) is from the Blue Ridge Province of
Virginia (Grobman, 1949:136), the other (CU 4132) is from Mercer
County, Pennsylvania (Lachner, 1942).

A specimen (CNHM 60010) from White Top Mountain, Virginia,
typical of southern wehrlei, has 18 costal grooves, webbed toes, dorsal
red spots, pigmented parietal peritoneum, and reduced melanophore
pigmentation. anteriorly on the belly. It is the southernmost record of
wehrlei and is the only record of the sympatric occurrence of this
species with yonahlossee. Newman (1954:13) refers a specimen
' (USNM 143219) from Smith Mountain Gorge, Pittsylvania County,
* Virginia, in the Piedmont Physiographic Province, to P. jacksoni. It is
. a typical southern wehrlei. Apparently this species is not plentiful in
the southern part of its range.

i
YoNaHLOSSEE GROUP

Plethodon yonahlossee Dunn
Yonahlossee Salamander

Plethodon glutinosus, Brimley (1912:137-8, part?).
Plethodon yonahlossee Dunn (1917:598-603). Dunn (1926:129-33); Bishop
(1943:287-90); Grobman (1944:287); Pope (1950:79-1086). '

Hororyre. AMNH 4634, collected near the Yonahlossee Road,
about 1% miles from Linville, Avery County, North Carolina, at an alti-
tude of 4200 feet, 16 August 1916, by E. R. Dunn and W. S. Nevin.

Disgnosis. A large species with paired dorsal red spots in the
young and a dorsal chestnut-colored stripe in the adult. Iridophores
are. lacking in the region of the dorsal stripe, but are concentrated on
the sides to form a white or light gray lateral stripe.

DistraBuTioN. Nottheast of the French Broad River in the Blue
Ridge Province of North Carolina, Tennessee, and southeastern Vir-
ginia (fig: 34). Pope (1950:82) indicates this species has never been
found east of the New River in Virginia, but more recently, Newman
(1954:13) Teports it from Kibler Park, Patrick County, Virginia. Possi-
bly it may occur farther north in Floyd and Franklin Countles
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Ficure 34. Distribution of the species of the yonahlossee group in the eastern
United States. .

DescriprioN. The belly is black with few to many small white
spots. The throat is usually light. The dorsal chestnut-colored stripe
results from a mixturé of red and black pigment. The red pigment
appears similar to that found in other plethodons. Dorsal melanophores
are concentrated around the mucous glands in the skin. The young have
paired dorsal red spots that are often visible after several years of
preservation, unlike the chestnut band of the adults, owing to the
melanophore-free spot that remains. When the red pigment of the
adult disappears in preservative the animal appears uniformly black.
Occasional specimens have reduced red plgment on. the dorsum in life,
and Pope (1950:97) reports one specimen that lacks red pigment
completely. Lateral iridophores are so nurierous that they form a light
- gray or white lateral stripe in most individuals.
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Costal grooves usually number 16, trunk vertebrae, 17. Vomerine
teeth range from 12 to 43 (Pope, 1950:108), the largest number in
the genus (fig. 35). The largest specimen Pope (1950) records is
a female, 85 mm. in snout-vent length. Sexual maturity is apparently
reached between 55 and 65 mm. snout-vent length.

Plethodon ouachitae Dunn and Heinze
Rich Mountain Salamander
Plethodon oudchitae Dunn and Heinze (1933:121-2). Bishop (1943:269-72);
Grobman (1944:285); Pope and Pope (1951:129-52). .

HoLoTYPE. USNM 92484, adult male, collected on the north side of

" Rich Mountain, Polk County, Arkansas, 30 May 1933, by Albert A.
Heinze and Dorothy A, Boyer

451 :

401

P. yonahlossee ' .
From Pope (1950) oo o
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Figure 35. Variation in the number of vomerine teeth of P. yonahlossee. Data
from Pope (1950).
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Diacnosis. A moderate-sized species with a dorsal chestnut-colored
stripe as in yonahlossee, but with numerous white spots and brassy
flecks on the back. The lateral stripe is oftén yellow, in yonahlossee it is
usually white or light gray.

DescriprioN. Known only from Rich Mountain in Polk County,
Arkansas, and LeFlore County, Oklahoma (fig. 34). Dundee (1947:
118) reports it from McCurtain County, Oklahoma, but Pope and
Pope (1951:134) believe this record is based on an undescribed form,
not ouachitae.

DESCRIPTION. Pope and Pope (1951) describe variation in more
than a hundred individuals. Having examined only three living speci-
mens, I give their data for the frequency of occurrence of. plgmenta-
tion characters.

The belly is dark. Melanophore pigmentation on the chin ranges
from heavy in a few specimens to little or none in 27 peréent. Of the
Popés’ specimens, 93 percent have yellow or white spots on the chin
and more than half have spots on the belly. Lateral white or yellow
pigment is so heavy that in 85 percent it forms a continuous stripe.
On the back, black pigment is concentrated around the. glands of the
skin, as in yonahlossee. Red pigment is distributed uniformly between
these glands. Two kinds of iridophores—small white spots ( “white
. speckling” of Pope and Pope), and smaller brassy flecks (¢ ‘frosting” ) —

are also present. White spotting is absent in 2 percent of their speci-
ments and brassy flecks in 19 percent. Variation in the abundance of
both types of mdophores' and in the amount of fed on the dorsum is
considerable. In 21 percent of their specimens. the back was essentially
black, not chestnut. A 26-mm. ]uvemle showed two rows of faintly pink
. spots on the back after preservation, indicating that juveniles probably
have dorsal red spots as do the young of several other eastern large
plethodons. :
Costal grooves usually number 16, trunk. vertebrae, 17. Vonierine
teeth range from 9 to 80 (fig. 36). The largest specimen, a female, is |
67 mm. in snout-vent length. Sexual matutity is reached between 45
and 55 mm: snout-vent length.

Plethodon caddoensis Pope and Pope
Caddo Mountain Salamander

- Plethodon ouachitae, Grobman (1944:285; paré),
Plethodon caddoensis Popé and Pope.(1951:148).

Hororype. CNHM 61959, a female coilécted at an altitude of 1200
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feet on Polk Creek Mountain, Montgomery County, Arkansas, by Sarah
H. Pope, 9 May 1950.

DiacNosis. A small species with melanophore pigmentation almost
entirely absent on the chin and venter anterior to the forelegs. Dorsal
spots are larger and more numerous than in glutinosus. Vomerine teeth
are more numerous than in any other plethodon in its size range except
ouachitae. The toes are slightly webbed at the base.

DistriBution. Known from the Caddo Mountains of southern
Montgomery County and southeastern Polk County, Arkansas. Re-
ported by Blair (1957) from the south side of Poteau Mountain,
near Oliver, Scott County, Arkansas (fig. 34).

DEscrrprioN. I have examined only 2 living specimens, both from
Bard Spring Recreation Area, Polk County, Arkansas. The belly is
dark, but anteriorly with large melanophore-free. spots occupied by
white iridophores. The chin is almost completely devoid of melano-
phores and iridophores. Large white spots and smaller brassy flecks
are scattered over the back, but the latter are most numerous in and
around the white spots. One individual has a little red on the dorsum,
much as in ouachztae and ionahlossee. White pigment is abundant
on the sides:. '

Costal grooves usually number 16, trunk vertebrae, 17. Vomerine
teeth range from 15 to 25 (fig. 37). The largest of 46 specimens
-examined is 52 mm. in snout-vent length. Sexual maturity is reached
at about 40 mm. snout-vent length. .

» & L k. L]

Most previous workers have considered the yonahlossee group closely -
related to P. wekirlei, and Grobman (1944:276) suggests that yonah-
lossee and wehrlei may eventually be proved conspecific. I think the
. yonahlossee group is more closély related to the glutinosus group than
either is to the wehrlei group. The species in the yonahlossee group—
- yonahlossee, ouachitae, and caddoensis—differ from the glutinosus
group mainly in pigmentation and in having more vomerine teeth.
No other differentiating characters-are known, although size and some
other characters vary considerably within each group.

Gaps between the ranges. of the. species. of t‘he'yon,ahlossee group
suggest that the prototype was once widely distributed in the eastern
United States, and subsequent environmental changes isolated the '
three forms. In external appéarance yonahlossee is similar to ouachi-
tae. P. caddoensis, though occupying an area adjacent to ouachitae,
differs from it conspicuously. This suggests that the two forms,
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ouachitae and caddoensis, have been differentiating from one another
for a long time. Pope and Pope (1951) suggest that two additional
undescribed forms of this group occur in Oklahoma and Arkansas.

P. yonahlossee is most abundant at. intermediate altitudes in the
southern Appalachians, -being rare or absent in the high altitude
spruce-fir forests and below 2500 feet (Pope, 1950:81). In Arkansas
and Oklahoma, ouachitae is known from 1700 to 2800 feet on Rich
Mountain; caddoensis occurs from 950 to 1200 feet. Both ouachitae
and yonahlossee are abundant in some places where glutinosus occurs.
As they are able to -coexist under some conditions, competition with.
glutinosus is apparently not the sole factor responsible for the absence
of the yonahlossee group at low altitudes in the eastern United States.
- -Possibly high temperatures at low elevations restrict them, but too
little is known of their life history, physiology, and ecological require-
ments to further speculate on limiting factors. Knowledge of the three
species in this group is summarized by Pope (1950) and Pope and
-Pope (1951). Little new information on their vanatlon ecology, and
life history has been presented in the last 10 years.

- Grobman (1944:278) discusses the relationship between ouachitae
and yonahlossee and suggests the need for ‘morphological and experi-
mental studies to determine whether they should be considered
separate species, subspecies, or undifferentiated populatmns The
Popes have demonstrated that these forms differ in size at maturity,
and in maximum size, pigmentation, and number of vomerine teeth,
although overlap in the last two characters exists. Consequently, they
certainly are not undifferentiated populations of the same species.
Pope and Pope (1951:149) suggest that the relationship between cad-
doensis and ouachitae may be subspecific. As differénces in size and
color pattern are greater than usually found between ad]acent geo-
graphic populations of a single species of Plethodon, I consider them.
separate spec_les :

Grutivosus ‘GRouP

Plethodon jordani Blatchley
Jordan’s :Salamander

Ambystoma jeffersonianum, Rhoads (1895:402-3).

Plethodon jordani Blatchley (1901:;762). Dunn (1926:145-6); Bishop (1943:
261-4); Grobman (1944: 294).

Plethodon shermani Stejneger (1906:559-62). Type locality: Wayah Bald, Macon
‘County, North Carolina, Dunn (1926:146-8); Grobman (1944:294-6).
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Plethodon metcalfi Brimley (1912:138:9). Type locality: Sunburst, Haywood
County, North Carolina. Dunn (1926:148-51); Bishop (1943:264-6); Grob-
man (1944:289-92).. )

Plethodon clemsonae Brimley (1927:73-5). Type locality: Jocassee, Oconee
County, South Carolina. Bishop (1941b:20), (1943:239-42); Grobman
(1944:293-4). '

Plethodon glutinosus, Bailey (1937: 3-4 part).

Plethodon glutinosus shermani, Bishop (1941b:18-9), (1943:253-6).

Plethodon sheriani’ rabunensis Pope and Hairston (1948:106-7). Type locahty
Rabun Bald, Rabun Courity, Georgia. Hairston and Pope (1948:274-5):

Plethodon shermani shermani, Pope and Hairston (1948:106-7).

Plethodon shermani melaventris Pope and Halrston (1948:107). Type locality:
‘Highlands, Macon County, North. Carolina. Hairston and Pope (1948: :274-3).

Plethodon metcalfi inetcalfi, Mittleman (1948:418).

Plethodon metcalfi clemsonae; Mittleman (1948:418).

Plethodon. shermani clemsonae, Hairston and Pope: (1948:274-5).

Plethodon jordani jordani, Haiiston (1950:271).

Plethodon jordani metcalfi, Haitston -(1950:271).

Plethodon. jordani shermani, Hairston (1950:271).

Plethodon jordani clemsonae, Hairston (1950:272); Schwartz (1957:94-107).

. Plethodon-jordani rabunensis, Hairston (1950:272).

Plethodon jordani melaventris, Hairston (1950: 272).

Plethodon jordani teyahalee Hairston (1950:269:70). Type locahty Teyahalee
Bald, Graham- Cherokee County line, North Carolina.

HorotypE. Dunn (1926:145) states that the type specimen was
originally in the collection of W. S. Blatchley, but that it has been
destroyed. It was collected between 3000 and 5000 feet on the slope
of Mt. Collins or Indian Pass, Sevier County, Tennessee, by L. E.
Daniels.

Dracnosis. An eastern large plethodon w1th 17 trunk vertebrae, no
dorsal red pigment except in young specimens from the Nantahala
and Great Smoky Mountains, and. white spots lacking on the dorsum
except in examples from the Tusquitee, Snowbird, and Cheoah Moun-
tains, where the spots are small.

DistriBuTioN. The southern Blue Ridge Province-from northeastem
Georgia to Mt. Rogers, Virginia. Also recorded from Tazewell, Bland,
and Giles Counties in the Ridge and Valley Province of Virginia, "and
in the Piedmont Province from Burke County, North Carolina, and
Greenville, Pickens, and Oconee Counties, South. Carolina (fig. 38). '

DescriprioN: This variable speciés was previously divided into
seven geographic races, but none is recognized here. The vatiable
“characters are discussed below. Refer to the maps (fig. 40) for data
on pigmentation at any given locality.

Costal grooves. usually number 16, trunk vertebrae, 17. Vomerme
teeth range from 6 to 80 (fig. 39). Size is geographically variable; the

i
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'Ficure 38. Distribution of P. jordani in the southern Appalachian Mountains.
Living specimens were examined from localities represented by sqlid symbols.
Hollow symbols represent localities of museum specimens and literature records.-

maximum snout-vent length of the northern light-bellied populations
is 66 mm. (UF 8121, from Heintooga Ridge, Swain County, North
. Carolina), and. of the southern dark-bellied populations is 82 .mm.
(ChM 56.117.6, from Jack Gap, Brasstown Bald, Union-Towns County
line, Geoigia). Sexual maturity is reached between 40 and 60 mm.
snout-vent length, and this also apparently varies geographlcally,
maturity is reached at a smaller size in the north than in the south.

& L] * ® *

In 1901, Blatchley described a red-cheeked salamander from the
Great Smoky Mountains as- Plethodon jordani. During the next three
decades, three additional related forms were described by Stejneger
. (1906) and Brimley (1912, 1927) as separate species, although each -
was obviously closely related to jordani and inhabited an adjacent
region. Both Dunn (1926:146, 151) and Grobman (1944:289) com-
ment. on the. close relationship of these forms and suggest that inter-

Ficure 89. Variation in the number of vomerine teeth in 8 geographic samples
of P. jordani. Data for the sample from Jocassee, Oconee County, South Carolina
are from Schwartz (1957).
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grades between them might eventually be found. Brimley (1928:23)
also recognizes their close relationship and mentions that “they hardly
seem distinct enough to be full species.” Studies by Hairston and Pope
(1948), Pope and Hairston (1948), and Hairston (1950) added three
new geographic races to the group and demonstrated that intergrada-
tion occurs between several adjacent forms. In 1950 Hairston recog-
nized seven subspec1es of jordani. Another supposed member of this
group, P. kentucki, was described by Mittleman as a full species in
1951. It was later listed as a subspecies of jordani by Schmidt in 1953,
but Clay, Case, and Cunningham (1955) show that the kentucki
material is actually P. glutinosus.

Many gaps remain.in our knowledge. of the distribution and rela-
tionships of populations of P. jordani. I spent several weeks collecting
in' the southern Appalachian Mountains during the summer of 1955
and made a special effort to obtain this species from critical areas.
These and a large number of P. jordani in the University of Florida
Collections demonstrate the close relationship between some popu-
lations of jordani and glutinosus, and provide much information on
geographic variation. This species formerly was' believed restricted to
the southern section of the Blue Ridge Province, but recent collecting
indicates it has a. more extensive range ( Hoffman and Kleinpeter, 1948;
Hoffman and Hubricht, 1954).

Important geographically variable characters include intensity of
melanophore pigmentation of the belly, presence and distribution of
red on the body, presence of dorsal brassy flecking, and presence and
abundance of lateral and dorsal white spotting. I have considered
the geographic variation in each of these characteristics separately for

the entire species’s range without regard for boundaries of previously

named subspecws
I made detailed descriptions of pigmentation in life on specimens
collected in 1955, and re-examined the entire collection critically after

preservation. Living specimens were examinéd from locahtles indi-

cated by solid symbols in figure 38.

GEOGRAFHIC VARIATION IN BELLY PIGMENTATION, Variation in the
intensity of the melanophore pigmentation on the belly is regarded by
Bailey (1937), Grobman (1944), Hairston and Pope (1948), and
Hairston (1950) as important in the analysis of raciation in jordani.
They regard the subspecies jordani, melaventris, clemsonae,
rabunensis, and teyahalee as dark-bellied races, metcalfi and shermam
as light-bellied.
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TaBLE 10. Intensity: of ventral melanophore pigmentation of freshly preserved
samples of P. jordani, based on readings taken ‘with the color atlas of
Villalobos and Villalobos (1947). Low readings indicate dark bellies
and high readings indicate. light bellies. Only sexually mature individuals

are iicluded in order t6 minimize ontogeretic. variation,

Sample . . Crayness Readings
5 6 7 8 910 11 12 13 14 Mean
White Top Mt., Grayson.Co., Va. ' 3 11 9.6
Northeast of French Broad River, 1 2 5. 4 4 1 9.6
N.C. . S
Crest of Balsam Mountdins (be- 155 7 1 1 9.3

tween Beech Gap.and Mt. Pisgah),
Haywood and Transylvania Cos.,

N.C.

Max Patch Mountain, Haywood ) 1 1 1 10.0
Co., N.C. )

Cowee Bald; Macon and Jackson 1 : 2 123
Cos., N.C. - .

Soco Gap and Heintooga Ridge, 113 3 2 1 97

Swain Co., N.G. - i

Chiltoskie Ridge, Swain Co.,; N.C. 11 2 . 9.3

Spruce Mountain, Haywood Co., ) 2 2 1 _ 7.8
N.C. .

Mt. Sterling, Haywood, Co., N.C; 1 5 2 2. 8.5

Indian Gap, Sevier. Co., Tenn. 3161922 19 7 2 1 8.8
and Swain Co., N.C.

Spence Field, Blount. Co., Tenn. 1 1 21 2 1116

Gregory Bald, Blount Co., Tenn. 1 3 2 1 2 1 10.8

Unicoi Mountains, Monroe Co., 1 2 5 2 1 1 8.8.
Tenn. and Graham Co., N.C. _ :

Tellico Gap, Macon Co., N.C. S | ‘ 6.0.

Wayah Bald, Macon Co., N.C. 2 1 2 9.4

Black Gap, Macon and Clay 1 4 4 1- 9.5
Cos., N.C. A

Mooney Gap, Macon Co., N.C. 2 3 92 1.1 9.6

Highlands, Macon Co., N.C. 12 25 6 & ‘ 6.0

Rabun Bald, Rabun Cé., Ga. 5 5 2 : 6.8

Teyahalee: Bald, Cherokee and 22 ‘ 8.5
Graham Cos., N.C.

Junaluska Gap, Macon Co.; N.C. 1 1 4 -° 75

To study the ventral pigmentation objectively, I compared the
bellies of freshly preserved material with a standard color guide
(Villalobos and Villalobos, 1947). As immatures of all forms are
lighter-bellied than adults, variation is analyzed only in mature indi-
v1duals Table 10 summarizes the data on individual and geographic
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variation in this character. Much variation exists within most popula-
tions, but with the exception of those from the Great Smoky Moun-
tains, populations previously considered datk bellied have much darker
bellies than the light-bellied races. The Great Smoky Mountain popu-
lations have an average belly pigmentation well within the range of
the two light-bellied races. So do two other populations not previously
studied. One of these occurs in the northern Cowee Mountains, North
Carolina, a range flanked by the Nantahala and Balsam Mountains
inhabited by light-bellied populations. The other occurs in the Unicoi
Mountains .along the North Carolina-Tennessee state line southwest of
the Little Tennessee River.

The distinction between populatlons with light and dark bellies is
not absolute, but is only an average difference detectable by examin-.
ing series preserved in the same maner. Living specimens cannot be
compared with freshly preserved speciméns. Additional color change
probably occurs, depending on type of preservative’ and exposure to
light, after years of preservation.

Ten living specimens from Grandfather Mountain, Avery County,
and 10 more from Highlands, Macon County, North Carolina, were
divided into groups of 5 each and placed in 4 quart jars with
moistened paper toweling. Two jars containing 5 specimens from
Grandfather Mountain and Highlands, respectively, were placed in a
light-proof box. The other two jars were placed outside the box and
exposed to constant light for 8 days. At the end of this period the
intensity of ventral pigmentation of the four groups had not changed
detectably. In a similar. experiment, Grobman (1950) found the light
and dark belly pigmentation of different races. of Desmognathus
fuscus changed. .

Any boundary between hght-belhed and dark-bellied populations
~ is an arbitrary one that can be drawn at different places- ‘depending
on what intensity of ventral melanophore development is arbitrarily
chosen as the point of separatlon Indeed, the description of the
variation in terms of hght and “dark” is itself arbitrary, for the
variation could just as easily be described in terms of three or more
classes, e.g, “light,” “medium,” and “dark.”

If populations averaging 7.5 or less are considered ‘dark bellied
and those over 7.5 light bellied (see table 10), most of the southern
populations are dark bellied and the northern populations light bellied
(fig. 40). Some other point of separation would yield a different
distribution, but the trend toward darker belly pigmentation in the
southern part of the range of P. jordani would still be apparent.



HIGHTON: REVISION OF PLETHODON 335

1962

Ficure 40. Geographic variation in P. jordani. Darkened areas. represént re-
gions where more. than 95 percent have: (A) red cheeks, (B) red legs, (C)

is region where

)

dorsal red spots in newly hatched young, (D) lateral ‘iw‘hiters‘pots, (E) a dark
belly, (F) small dorsal brassy flecks. Stippled area in (F

P. jofdani has small dorsal white spots.

GEOGRAPHIC VARIATION IN PRESENCE OF RED CHROMATOPHORE PIG-

MeNT. Red pigment is present on the cheeks of all P. jordani in
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most samples from the Great Smoky Mountains, but is absent in most
samples from the remainder of the species range. Young specimens
from the Great Smoky Mountains possess paired dorsal red spots and
often lack red on the cheeks (Wood, 1947a). The amount of red
pigment on the cheeks of P. jordani from localities in the Great
Smoky Mountains varies considerably, both indi\(;idually and geo-
graphically. Some individuals have red not only on the cheeks but also
on the gular region, shoulders, and forelimbs. Others have the red
restricted to only the upper half of the cheek. The amount of red
pigment is most often reduced in the extreme eastern and western
parts of the Great Smoky Mountains, and in the Balsam Mountains,

south of the Smokies. In a seriés of 14 specimens (UF 8141) from Mt.

- Sterling; Haywood County, North Carolina, 2 lack red cheek pigment,

6 have it greatly reduced, and 6 are similar to specimens from the
central part of the Smokies. Dunn (1920:131) reports that 3 of 37
specimens from this locality lack red cheeks. In a series of 33
(UF 8125) from Gregory Bald, near the Little Tennessee River at
the opposite end of the Great Smoky Mountain range, all have some
red on their cheeks, but 22 (67%) have the amount of red greatly
reduced.

King (1939:551) reports that only two of several hundred speci-
mens he examined from the Great Smoky Mountains lack red cheeks.
Hairston (1950:263) reports specimens with reduced red, cheek pig-
ment from Hyatt Ridge extending south from the vicinity of Mt.
Guyot in the maifi Great Smoky Mountain chain. Material from nearby
Hughes Ridge has red cheek pigment. King (1939:553) reports taking
red-cheeked P. jordani on Hyatt Ridge only a mile from a population
lacking red pigment, without any evidence of intergradatien, but
data now available indicate that red-cheeked populations, interme-
diates, and populatmns lackmg red occur on Hyatt Ridge.

-A similar situation occurs also on the néxt ridge east, Balsam
Mountain. Ten specimens (GSMNP Pj 96 and UF 8150) from Spruce
Mountain, 7 miles east of Hyatt Ridge, all have bnght red cheeks.
Four miles south of Spruce Mountain at Hemtooga Ridge, 15 specimens
(UF 8121 and 8250) lack red cheeks. At Chiltoskie Ridge, about
halfway between these two localities, 6 specimens (UF 8147) are
intérmediate: 1 has no red, 4 have a reduced amount, and 1 has
much red. The zone of intergradation between the two forms appears
to be narrow on both Hyatt Ridge and in the Balsam Mountains.

The red- legged populatlons from the Nantahala Mountains
(formerly known as P. j. shermani), occur from. Tellico Gap south to
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about the Georgia. state line. More than 99 percent of specimens
froin this area have extensive red areas on the legs. Rarely a small
amount of red is also present on the cheeks. Most red- -legged P.
‘jordani from the Nantahala Mountains have light bellies, but Hairston
(1950:268) reports several dark-bellied series from the periphery of
the range. One of these series is from Tellico Gap, in the northern
Nantahala Mountains. Hairston postulates that because dark-bellied
forms occur to the south and southeast (P. j. mbunemis), east (P. f.
melaventris), and northwest (P. f. teyahalee), the dark-bellied popu-
lations on the periphery of the range of the red-legged populations -
may result from intergradation with these adjacent dark-bellied .
populations. Dark-bellied red-legged populations also occur near the
Georgla—North Carolina state line.

Hairston (1950:269) describes a dark-bellied population from
Teyahalee Bald in the Snowbird Mountains of Cherokee and Graham
Counties, North Carolina, as a subspecies, P. j. teyahalee. Comparison
of living topotypes (UF 8166 and 8168) from above 4000 feet on
Teyahalee Bald with specimens from Tuni Gap and Junaluska Gap
in the Tusquitee Mountains of Cherokee, Macon, and Clay Counties,
North Carolina, reveals no consistent differences. All possess red
spots on the legs, usually so small that they are barely visible. The
presence of small white dorsal spots is another similarity (see below).
Only one specimen of 99 from Junaluska Gap in the Tusquitee
Mountains has as much red on the legs as most. Nantahala Mountain
populations. -

A series of 8 specimens from Cheoah Bald, Graham County; North
'Carolina, collected along Beech Creek between 32,000 and 38,000 feet,
are similar to those from Teyahalee Bald except that only two have
red spots on the legs. One. of these also has red pigment on the cheeks
and upper and lower eyelids. Cheoah Bald is located almost equi-
distant from the Snowbird, Nantahala, and Great Smoky Mountains.

At high elevations in the Unicoi Mountains along the North
Carolina-Tennessee line, in the vicinity of Haw Knob and ]ohns'
“Kiiob, a light-bellied population of P. jordani was discovered in 1950
by Arnold B. Grobman. This population differs from that on Teyahalee
Bald in having a lighter belly and a reduction in the frequency of
red spots on the legs. Only 1 of 26 living specimens from the Unicoi
Mountains has red pigment on its legs.

Newly hatched young from the Tusquitee, Snowbird, Unicoi, and
Cheoah Mountains are not available. Wood (1947b) deseribes the
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pigmentation of young from the Nantahala Mountains as similar to
those from the Great Smoky Mountains in having dorsal red spots

GEOGRAPHIC VARIATION IN IRIDOPHORE SPOTTING ON THE DORSUM.
Brimley (1927) named a population with dorsal brassy flecking from
the vicinity of Jocassee, Oconee County, South Carolina, as P. clem-
sonae. The brassy flecking completely disappears in most preserved
specimens. This population differs from nearby populations of P.
jordani only in the presence of the brassy flecks. Much variation in
the amount of brassy flecking exists in the Jocassee population
(Schwartz, 1957). As specimens from Highlands, Macon County,
North Carolina, also occasionally have this type of flecking. (Gordon,
1960:27), the Jocassee population is certainly conspecific with other
jordani and it has been so regarded by all workers since Grobman
(1944).

Dark-bellied individuals from the Tusquitee, Cheoah, and Snow-
bird Mountains ‘usually have small white spots on the dorsum, about
0.15 mm. in diameter, and smaller than those of most glutinosus.
These spots differ from those of Oconee County, South Carolina
material both in size and color. Similar spots, sometimes larger in size,
occur in a small percentage of P. jordani from northem Georgia and
from the Unicoi Mountains, but are rarely found in other populations.

GEOGRAPHIC VARIATION IN AMOUNT OF LATERAL PIGMENT. All light-
bellied P. jordani lack iridophore spotting on the sides except those
in the Nantahala and Unicoi Mountains. Dark-bellied animals in
the Highlands area (described as P. j. melaventris by Pope and

Hairston, 1948) also lack th1s type of plgment All other dark-be]hed
uals in the Umcm Mountains have similar lateral mdophore plgmenta-
tion, as do some of the red-legged light-bellied jordani from the
Nantahala Mountains (Hairston and Pope, 1948:269). Lateral irido-
phores therefore occur in both light- and dark-bellied populations as
well as in.some that have red pigment. In the original description of
P. j. teyahalee, Hairston (1950:269) states that the lateral color of -
specimens, from the Snowbird Mountains differs from that of other
P. jordani. Comparing live specimens from Teyahalee Bald with other
lateral white-spotted populations reveals no significant differences in
pigmentation. Sometimes the lateral pigment of large specimens is
more yellowish than in small ones, but structurally the pigment
appears the same. :
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RacraTioN IN PLETHODON JOrRDANI Figure 40 summarizes geographic
variation in the pigmentation characters of P. jordani. Formerly 7
subspecies were recognized on the basis of this variation. A combi-
nation of characters is needed to diagnose each named race. If only
a single character were used, only two races could be recognized, and
_in some instances the boundary between subspecies would be arbitrary
(e.g light- and dark-bellied races, size of red spots on legs). If one
recognizes subspecies on the basis of nonconcordant variation of this
type, then all these forms could be considered valid races. Indeed,
certain populations as yet unnamed have unique combinations of
characters (e.g. light-bellied, without dorsal spots, with lateral spots;
red-legged, dark-bellied, without dorsal and lateral spots; red-legged,
light-bellied, without dorsal spots, with lateral spots; etc.). Other
characteristics of these animals .vary geographically, but are more
difficult to analyze. These include size, sexual dimorphism in size,
altitudinal distribution, ecological occurrence in the same habitat as
glutinosus, and othets. mentio'ned in the papers of Pope and Hairston.

Pigmentation differences among the named subspecies are often
great. Rapid change in the frequency of occurrence of a character
may be apparent within a few miles. '

The boundary between the dark- and light—bellied populations is
indicated in figure 40. It is a rather irregular line, and its .somewhat
arbitrary position depends on which (populafions are considered dark
and which light bellied. The population of Cowee Bald is light bellied,
although this mountain range is connected to other high altitude
areas only to the south were jordani populations are dark bellied.
Perhaps the Cowee Mountain populations ‘were connected across the
Tuckasegee River valley with the light-bellied Balsam Mountain
populations during a cool period when they were able to survive at
low altitudes. Perhaps they represent a parallel development.

Populations in the Great Smoky and Nantahala Mountains are
obviously closely. related. Both have young with similar dorsal red
spots (Bailey, 1937:5-6; Wood, 1947a, 1947b). Both have fairly light
bellies and red pigment in the adult. Hairston (1950:270) suggests
that intergradaﬁon across the Little Tennessee River valley may have -
occurred during the Pleistocene. If the Nantahala populations were -
derived from the north, intergradation between them and adjacent
dark-bellied forms is probably secondary. Change from the light-
bellied red-leggedJ form (P. j. shermani) to the dark-bellied form
with small red spots on the legs and tiny white spots on the dorsum
(P. j. teyahalee) is abrupt. and appears to result from secondary
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contact between formerly isolated populations. Contact occurs in the
Nantahala River valley, which is elevated enough to support this
species. It is in this valley that Bishop (1941b:18-19) found inter-
grades between the two forms. Bailey (1937:5) also reports interme-
diate material in the same area, as well as red-legged populations
from Tusquitee and Weatherman Balds, west of the Nantahala River. ’

Hairston and Pope (1948:271) point out that material from the
southern Nantahala Mountains (Mooney Gap) is intermediate
between the more northern Nantahala Mountain populations and
those from Georgia. Martof and Humpbhries (1955:246) report red-
legged specimens from extreme northwestern Rabun County, Georgia.

Pope and Hairston (1948) point out that most specimens from
Highlands, Macon County, North Carolina, lack lateral white spotting,

~while 85 percent of those from Rabun Bald, Rabun County, Georgia,
have this type of iridophore spotting. These two localities are only
9 miles apart and they ar€ not isolated by any obvious barriers.
To the southwest, populations of large dark-bellied salamanders have
even more lateral spotting. ' '

Hairston (1950:267) presents evidence for intergradation between
the light- and dark-bellied populations in the southern Balsam
Mountains of North Carolina. He compares specimens from the north-
ern and southern slopes of the Balsams in the vicinity of Beech Gap
and finds an apparent increase in dark_ness of the belly frorr_l north
to south. There is no apparent geographic variation in the unspotted

- and light-bellied populations that occur from the Balsam Mountains
to the northeast into- Virginia. These occur throughout the Blue Ridge
Mountains at high elevations as far as White Top Mountain and Mt.
Rogers, Virginia. Additional localities have also been discovered by
Richard L. Hoffman at Burkes Garden (Hoffman and Kleinpeter,
1948:605), and 2 miles southeast of Bluefield, Tazewell County,
Virginia (UF 8422), less than 1 mile from the West Virginia line.
One specimen from near Mountain Lake, Giles County, Virginia,
(AMNH 59214) may represent an artificial introduction but we have
taken 4 specimens at Flattop Mountain, 4 miles west of Thassalia,
Giles County, Virginia.

The, average size in the northern populations is less than that in
the southern populations. Hairston and Pope (1948:272) think a more
marked sexual dimorphism exists in the amount of snout swelling .in
males in the northeastern populations. The northern populations are
generally restricted to high altitudes, while the southern dark-bellied
populations occur at lower elevations. Hairston. (1951) presents evi-
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dence that somé of the southern populations occur in the same habitat
as glutinosus, but that the northern populations usually replace gluti-
nosus altitudinally. His data are based on altitudinal transects ‘taken
at a number of localities scattered through the range of P. jordani.
In the northern part of the range, where jordani is light bellied, there
is usually little altitudinal overlap between the two species, although
considerable difference in replacement altitude may exist even on
different sides of the same mountain. Hairston attributes this alti-
tudinal replacement to compeétition between the species, althoigh he
presents no evidence to indicate what type of competition is involved.
Two or more species of Plethodon are regularly found in the same
habitat, but each species seems to have different ecological require-
ments. Thus the apparent relative abundance of two sympatric species
varies from one locality to another, within habitats at.one locality,
and from season to season. P. glutinosus is rare at high elevations in
the southern Appalachians, and it can easily be overlooked. I have
collected it in the same habitat as the light-bellied and more abundant
jordani at five high-altitude localities in North Carolina—Soco Gap,
Swain-Haywood County line; Cove Creek Gap, Haywood County;
Barnett Knob, Swain-Jackson County line; Max Patch Mountain,
Haywood:Madison County line; and at Cowee Bald, Macon-]Jackson
County line. If only a few specimens are collected glutinosus well
'might be missed.

It is assumed generally that P. glutinosus and P. jordani are dlstmct
species. Bishop (1941b) thinks he had intergrades between jordani
(this population was then called shermani) and glutinosus, but these
are now considered intermediates between the Nantahala and Snow-
bird Mountain populations. At localities mentioned above, as well
as at places where Hairston (1951) finds light-bellied jordani sym-
patric with glutinosus, the two forms are easily distinguished. There
is marked difference in the amount of melanophore pigment on the
bellies of the two species; white iridophore pigment is abundant on
the sides of glutindﬁsus but absent on jordani; dorsal white spots are
present on glutinosus but absent on jordani; and adult glutinosus
are much larger than adult jordani. Difficulty in distinguishing these
two forms is limited largely to the southwestern part of the range of
jordani where dark-bellied populations exist. There is overlap in the
range of variation of glutinosus and dark-bellied jordani in every
character that easily separates the two in the northern part: of the
range .of jordani. Some North Carolina glutinosus even have small
red spots on the legs like those present on dark-bellied jordani in the
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Snowbird and Tusquitee Mountains. The latter intergrade with light-
bellied red-legged populations of jordani in. the Nantahala Mountains,
so without doubt they are conspecific. But as these dark-bellied
populations are practically indistinguishable from the “glutinosus” of
the Balsam Mountains to the northeast, they may be conspecific with
them also. If true, this is another case of a ring of populations with
the terminal forms overlapping without intergradation.

It is possible that the light-throated, white-spotted, Blue Ridge
and Piedmont populations of glutinosus from South Carolina, North
Carolina, and Virginia are derived from dark-bellied jordani, and
that these are not conspecific with glutinosus as presently recognized
in other parts of its range. No evidence indicates that the white-
spotted Blue Ridge glutinosus intergrade with any adjacent glutinosus
populations. They are the most differentiated group ‘of glutinosus
east of the Mississippi River, if in fact they belong in that species.
The relationship between jordani and glutinosus in the southern
Appalachians is now under study by the writer.

Plethodon glutinosus glutinosus (Green)
Slimy Salamander

Salamandra glutinosa Green (1818:357). _

Salemandra variolata Gilliams (1818:460). Type locality: southern States.
Schmidt (19538:34) restricts the. type locality to Charleston, South Carolina.
Salamandra variolata was described as inhabiting the “southern States,” and
Gilliams (1818) stated that the specimens on which the description was
based were received from the “Florida Party.” ’

Salamandra cylindracea Harlan (1825:156-7). Type locality: South Carolina,
probably the vicinity of Camden. Schmidt (1953:34) also restricts the type
locality of this form to the vicinity of Charleston, South Carolina, but in the
original description it.is stated that specimens weré sent to Harlan by Dr.

" Blanding of Camden, South Carolina, who collected other herpetological speci-
mens referred to in the same paper in the vicinity of Camden.. Camden there-
fore more likely would be the type locality of S. cylindracea than Charleston,
South Carolina.

Plethodon glutinosus, Tschudi (:1838:58); Dunn (1976 136-44); Bishop (194la:
219-32).

Triton porphyriticus, DeKay (1842:pl. 16, fig. 37).

Plethodon. ghitinosim, Gray (1850:39). .

Cylindrosoma glutinosum, Duméril, Bibron, and Duméril (1854:80-1).

‘Salamandra albopunctata Valenciennes in Duméril, Bibron, and Duinéril (1854:
81). Nomen nudum. Type locality: Savannah, Georgia.

Plethodon variolosim, Duméril, Bibron, and Duméril (1854:83).

Salamandra elongata Valenciennes in- Duméril, Bibron, and Dumerll (1854:84).
Nomen nudum. Type locality not designated.

Salamandra melanoleuca Wied (1865:130-1). Type locality: Nazareth, Penn-
-sylvania. '
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Plethodon glutinosus glutinosus, Dunn (1920:131); Bishop (1943:250-3); Grob-
man (1944:278-83). :

Plethodon glutinosus grobmani Allen and Neill (1949:112). Type locality: Half-
mile Creek Swamp, about % mile northeast of Silver Springs, Marion County,
Florida. ‘

Plethodon kentucki'Mittleman (1951:105). Type locality: Big Black Mountain,
'Harlan County, Kentucky.

Plethodon glutinosus chlorobryonis Mittleman (1951:108). Type locality: 13
miles north of New Bern, Craven County, North Carolina.

Plethodon jordani. kentucki, Schmidt (1953:37).

Hororype. Dunn (1926:138) states the type is not known to exist,
but that the type locality is obviously Princeton, New Jersey.

Diacnosis. A dark-bellied, dark-chinned, eastern. large plethodon
with dorsal and lateral iridophore spots and no red pigment.

DistrisutioN.  Southeastern Connecticut and central New York

west to central and. southern Illinois, south throughout all the states
east of the Mississippi River except for southern Florida and the
Atlantic Coastal Plain of Long Island, southern New TJersey, southern
Maryland, and the Del-Mar-Va peninsula. West of the Mississippi
River it occurs in east-central and southern Missouri, northwestern
Arkansas, éastern Oklahoma, and eastern Texas (fig. 41). :

DrscrreioN. This species variés in several characters. Descrip-
tions of glutinosus in the various parts of its range are given in the
section on geographic variation. Most populations have large
white, light gray, or yellow lateral iridophore spots, and small’ white.
or brassy dorsal iridophore spots. The dense melanophore background
pigment gives the animal a dark appearance. Brassy pigment usually
is distributed sparsely in the iris or may be absent. The belly is dark
and in most populations the chin is also. White or yellow iridophore
spots are often present-on the chin, occasionally also on the belly.

Costal grooves usually number 16, trunk vertebrae, 17. Vomerine
teeth range from 7 to 32 (fig. 42). Size varies geographically. The
largest peninsular Florida specimen (from Eureka, Marion County),
is 69 mm. in snout-vent length. The largest specimen on record
(Orton, 1946), from Allegheny County, Pennsylvania, measures 88
mm. in snout-vent length. Sexual maturity is reached between 40 and
56 mm. in the southern Coastal Plain, and between 47 and 65 mm.
in the northern states.

Plethodon glutinosus albagula Grobman
. White-throated Slimy Salamander

Plethodon glutinosus albagula Grobman (1944:283).
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FrcuRe 41. Distribution of P. glutinosus in the eastern United States. Living
specimens were examined from localities represented by solid symbols, Hollow
symbols- represérit localities. of museum specimens and literature records.

Horotype. CM 9652, adult male, collected 20 miles north of San
Antonio, Bexar Couhty, Texas, 24 F ebruary 1935, by Wesley Clanton.

Diacnosis. A subspecies of Plethodon glutinosus that differs from
the typical race in having less melanophore pigmentation on the chin.
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DistriBuTION. Known from Bexar, Kendall, Comal, Hays, and Travis
Counties, Texas.

DescriprioN. Living specimens from a sink hole dbout 5 miles
southwest' of Austin, Travis County, Texas, besides having greatly
reduced melanophore pigmentation on the chin, have exceptionally
yellow lateral iridophore spots. These spots -are often so large that
adjacent spots merge to form a lateral band of yellow pigment,
particularly in large specimens. The dorsal iridophore spots are small
and white.

Costal -grooves usually number 16, trunk vertebrae, 17. Vomerine
teeth range from 8 to 26 (fig. 42). The largest specimen examined
is 76 mm. in snout-vent length.

& & e e B

The slimy salamander is the most widely distributed of the eastern
large plethodons. Workers have long realized that glutinosus is variable
throughout its range. Bishop (1943 19) thinks several salamanders,
including glutinosus, are each “a complex of species or subspecies
requiring additional study before its components can be properly
delimited.” Three geographic races have been named: P. g. albagula
Grobman (1944:283), based on a series of light-chinned populations
from the region of the Balcones Escarpment of Texas, P..g. grobmani
Allen and Neill (1949:112) from southeastern Georgia and penin-
sular Florida, and P. g. chlorobryonis Mittleman (1951:108) from the
Coastal Plain of North Carolina. The range of each race, as delimited .
by the above authors, is rather small, and the remainder of the
species, including animals from every eastern physiographic province
from Connecticut to Florida and Illinois to Texas is currently assigned
by most workers to P. g. glutinosus. Geographic variation in this
species is discussed by Grobman (1944); Neill (1948), Allen and
Neill (1949), Thurow (MSa), Mittleman (1951), Clay, Case, and
Cunningham (1955), and Humpbhries (1956).

Studying geographic variation in glutinosus is difficult because
much of the variation invelves pigmentation characters. As preserva-
tives alter most of these pigments, data must be taken from living
material. In addition to miy own collecting, many other herpetologists

.have sent me live specimens from various parts of ‘the country. This
has allowed me to examine living individuals from all states in the
known range of glutinosus except Connecticut and Ohio. Figure 41
shows the distribution of -this species and the collecting sites of
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living material examined, Comparison of living specimens reveals
considerable local variation, but few differences remain constant:
among animals from different geographic regions.

GEOGRAPHIC VARIATION IN CHIN MELANOPHORE PIGMENTATION. P. g
albagula is diagnosed by Grobman (1944:283) on the basis of a great
reduction in the melanophore pigmentation on the chin of material
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available from the Balcones Escarpment region of Texas. New material
collected since 1944 indicates populations occur in Texas with chin
pigmentation as dark as that in the remainder of the species’ range.
Figure 43 shows the distribution of the. dark- and light-chinned popu-
lationis of central Texas, based on preserved museum material. The
only living specimens examined are 31 of the light-chinned form
from 5 miles southwest of Austin, Travis County. '

VOMERINE TEETH

VOMERINE TEETH

"VOMERINE; TEETH

35

P: glutingsus
Texas

§

SNOUT-VENT LENGTH (mm)

( F. glutingsus’
Louisiang

8

-5

&

L L N L y
‘0 20 30, 40 70 80 90

SNOUT-VENT' LENGTH (mm.)

P. glutinosus
Florida . »

]

L L 1 " ‘, .
30 40 . 30 00 70 80 ‘50
SNOUT-VENT LENGTH {mm)

VOMERINE TEETH

VOMERINE TEETH

VOMERINE TEETH

38

( F. glutinosus
Coastal Plgin, Virginia

30 40 50 60 T0
SNOUT-VENT- LENGTH (mm.)

s
4 giu'inosus
O Coastal Flain, North Carolin

|

[¥] 20 30 4 50 &0 70 . 80 ‘90
SNOUT:-VENT LENGTH (mm)

35p

[ P ‘glutinosus.
" Coastal_Plain, South Caroling

——tee b 0 -,
° o 20

SNOUT-VENT LENGTH:(mm.)

teeth in 12 -geographic samples of P. glutinosus.



348

BULLETIN OF THE FLORIDA STATE MUSEUM

Vol. 6

P. glutinosus

@ dork-chinned

A light-chinned
Nl t H
I ! i
1 ) :
PR R = !
1} t 1
] 1 ‘l
[} R ]
H =3 Lemrommemm—
) ¥ )
' .
i ! H
| 1 I
,--,r _____________ d t
g 1 '
1 1 ' 5 ! s
: L | 3 ] mu.mmson\ Sl
! R R ozt 3 \ 2 A% -
i i BLANCO ./A TRA\,,§~,‘,, .
1}
1 ! i X S =
S S ; . o le S :
H 1 [l HAYS . 4 M /
1 i 1 i ~ s . A
H L cmmmcnmeneaad, 4 K S , Y R N
,—....4-.’ KERR | KENDALL N . / ‘\’,(\ A’ ;
N
: 1 : \\ ” \'\ I, \\ ”
)J L Q ! 3/ COMAL ; N e J
......... - .
- ; % AA . /
; ‘00 - A7 AM y
3 . J " -
\ . 1 Sna et an / Pl N, Rodha W s/
! ] » A A"’ o e N 5
! \_REAL _ _!BANDERA 4 T~ Drmmse 4
F-=er AL__LBANDERA oo = P % .
] ~ 7 ! \\
) hlr) II 't *J
' E / 2
1 Yomemrmg SN
g ) \ " N
ll XAR ! > -
' ] ~s / >, e * ’
1 1 i ’ s N 4 ~ o
] 1 ) ~a/ SN e
h __IMEDINA_ _____.r hed 4 > Mt
[T T T T TR E syt 1 A , s Pia ~
1 | ! N s, 4 4 \
1 1 ! NS N - \
\ ., ) 2N - ~
1 1 No 0 Pl g N
: | : \\ N2 Sey 'y
] : ! A /f-, I;’
| K ! L5 NS | -]
i e e bl e e m e ———— . [ =N H P ad
[~ L ialnie o i N 3 4 4

Ficure 43. Distribution of dark- and light-chinned populations of P. glutinosus
in central Texas.

Another area in the range of glutinosus where most specimens
have light chins is the Piedmont and Blue Rldge Provinces of South
Carolina, North Carolina, and Virginia (fig: 44).

GEOGRAPHIC VARIATION IN NUMBER OF TRUNK SEGMENTS. Allen and Neill
(1949:112) and Mittleman (1951:111) state that in the southeastern
Coastal Plain glutinosus has one or two fewer costal grooves than in
more northern populations, which usually have 16 costal grooves
(i.e. 17 trink vertebrae). The numbers of trunk vertebrae in geographic
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samples of glutmosus including topotypes of the two subspecies
described by Allen and Neill (grobmani) and Mittleman (chloro-
bryonis), are listed in table 11. Apparently these workers compared
their counts with previously published counts made in a different
manner, as little geographic variation in the number of trunk vertebrae
occurs.

GEOGRAPHIC VARIATION IN sizE. Allen and Neill (1949:112) and
Mittleman (1951:111) note. the small size of southeastern Coastal
Plain glutinosus. Size is a difficult character to analyze in cold-
blooded vertébrates unless large series are available and an accurate
estimation of maximum size is possible. Average. size of mature
animals varies from season to season, as thie average is lowered every
time a group of young animals matures, and increases during the
growing season. Life history data on this species in Louisiana, Illinois,

TasLE 11. Geographic variation in the number of trunk vertebrae in Pléthodon

glutinosus.
Numbeér of trunk vertebrae

16 16/17 17 17/18 18 Mean

Coastal Plain Province .
Louisiana 1 1 20 4 17.10
Mississippi 3 15 16.83
Alabama 1 B A 16:88
Florida 22, 2 128 4 16.88
Georgia 6 1 28 1 1 16.86
South Carolina 2 1 28 2 16.98
North Carolina 3 c 7 1 1 16:88
. Virginia 4 27 ‘1 1891

Blue Ridge and Piedmont Provinces

Georgia 14 2 17.13

‘South Carolina 1 19 16.95
North Carolina -1 87 - 16.97
Virginia 1 28 1 16.98

Other Provinces .

* Texas _ ' ) 1 150 4 11 17.08
Oklahoma, Arkansas, and Missouri 2 40 1 16.98
Kentucky and Tennessee 3 i 52, 6 17.04
linois: 2 82 1 4 17.04
Ohio . . 8 17.00
Pennsylvania 8 17.00
New York . . 10 1 17.09
New Jersey : : 18 17.00
Maryland . 6 59 1 16.92

Virginia (Ridge and Valley Province) 8 2 75 1 3 16.94




Ficure 44. Geographic variation in P. glutinosus. Darkened areas represent
reégions where more than 95 percent of P. glutinosus have: (upper left) a.light




chin, (upper right) white dorsal spots, (lower left) absence of -iridophore spot-
ting, (lower right) small dorsal spots.
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Virginia, Maryland, and Pennsylvania are compared in a paper in
press with data from Florida (Highton, 1956). Maximum size in
northern populations is greater than in southern ones, but whether
this change is a gradual cline or if an abrupt change occurs is not
known. The largest 'specimen examined from northern peninsular
Florida is 69 mm. in snout-vent length; more northerly individuals
may ‘grow to 88 mm.

"GEOGRAPHIC VARIATION IN NUMBER OF VOMERINE TEETH: Mittleman
(1951:109) points out that the number of vomerine teeth in the
typé series of. P. g. chlorobryonis is much lower than in most other
populations of glutinosus. He also suggests that the number of vomer-
ine teeth in southern coastal material (P. g. grobmani) may be even
lower. Actually the average number. of vomerine teeth of glutinosus
in Florida is larger than that in North Carolina, but most samples
from the south have fewer teeth than those from northern areas.
. Figure 42 shows the slopes of the regression lines of all southern
Coastal Plain samples aré lower than northern samples. In many
instances this difference is statistically significant, but considerable
overlap exists in the actual number of teeth in most samples of
adults. There is undoubtedly a significant difference among glutinosus
populations in number of vomerine teeth,. but this character obviously
cannot be used to separate the North Carolina Coastal Plain popula-
tions as a different subspecies. Most southern samples have fewer
teeth, but the variation is not concordant with the variation in other.
characters.

GEOGRAPHIC VARIATION IN SIZE OF DORSAL spots. The size of dorsal
spots in living or freshly preserved specimens was measured with an
ocular micrometer (1 micrometer unit = 0.0685 mm.). As spot size
increases with total length, the ratio between of the average size
of 10 random dorsal spots on the right side of the animal to* the snout-
vent length was used as a basis of comparison. 'Individuals of
different lengths in the same population usually show similar variation
when compared in this manner. The data are summarized in table
12, o ‘

In the Atlantic Coastal Plain the spots apparently’ decrease in
size from south to north. There is wide overlap between adjacent
populations, and nowhere is an abrupt change from small to large
spots appa.rent ,

Average size of the dorsal spots is large throughout the range of
glutinosus, except in Texas and in the eastern Coastal Plain. In North
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TasLE 12. Geographic variation in dorsal spot size in P. glutinosus.
. . . True mean
Geographic area Ratio VMeap spot S}Z¢° x 100 (not th &
’ Siiout-vent length -
mean
. of the
1.0- 5.0- 9.0- - 13.0- 17.0- 21.0- over categories
4.9 8.9 129 169 209 249 25.0 to the left)
Coastal Plain:
Virginia 2 12 1 1 7.2
North Carolina 1 7 5 8.3
* South Carolina 3 12 ) 1 11.1
Georgia 1 2 12 5 8 3 3 15.7
Florida (peninsula) 1 7 10 16 10 9 17.9
Florida (panhandle) 1 4 3 11 20.5
Alabama 2 1 2. 19.5
Mississippi 1 1 14.6
Louisiana 1 14.3
Other Provinces:
New York 1 1 1 1 . 12.9
New Jersey . 1 1 24.5
Pennsylvania 1 4 14 10 4 20.9
Maryland 1 2. 29.6
Virginia .
Blue Ridge 3 5 . 7 2 ) 3. 160
Ridge and Valley B 6 1 21.6
North Carolina : s
Piedmont 7 9 1 1 15.0
Blué Ridge 1 12 18 5 1 104
South Carolina, 1 7 14 5 1 T 15.1
Georgia 2 6 7 6 2 1 15.3
Tennessee 7 7 6 3 2 16.8
Kentucky ) 3 1 23.3
West Virginia 1 4 4 20.7
Ilinois 1 2 1 14.8
Indiana 1 -4 2 174
Texas 8 2 8.6

* Measured in micrometet units, 1 tnit-équals 0.0685 mim.

Carolina the spots of 18 specimens from the Piedmont avérages 15.0
units; those of 37 from the Blue Ridge Province 10.4. Available speci-
mens do not support the contention that a west:to-east reduction in
spot size exists in North Carolina, as the Piedmont series” spots average

slightly Jarger than those from the mountains to-the west.

GEOGRAPHIC VARIATION IN COLOR OF DORSAL SPOTS. In.their déscription
of P. g. grobmani Allen and Neill (1949:112) consider the “metallic
golden color” of the dorsal spots of specimens from southeastern

.
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Georgia and peninsular Florida its most conspicuous diagnostic fea- -

ture. Many specimens from the range they assign to grobmani do have
dorsal spots with numerous brassy iridophores, but this type of
spotting occurs elsewhere, as in Shelby County, Tennessee (Sinclair,
1950). Living specimens from many other localities throughout the
range of glutinosus show brassy flecking as heavy as in topotypical
grobmani, and it is even heavier in many individuals from northern
Georgia and southeastern Tennessee. However, even though some
specimens are heavily flecked, the average amount of brassy
flecking is usually less than in northern Florida. All living specimens
examined. from the Blue Ridge and Piedmont Provinces of Virginia,
North Carolina, and South Carolina have white dorsal spots with
_ reduced brassy ﬂeckmg occurrmg, if at all, usually only on the edges
of the spots.

The Potomac River is the northern limit of the white- spotted
Piedmont and. Blue Ridge populations. Specimens from the Mary-
land Piedmont and Blue Ridge Provinces have moderate to heavy
brassy.spotting. The white-spotted populations seem restricted to areas
of crystalline rocks, for specimens from areas of sedimentary for-
mations to the east (Coastal Plain) and west (Ridge and Valley)
have brassy flecking in the dorsal spots. Two individuals from Stone
County, Missouri, the only living glutinosus examined from that state,
have white dorsal spots.

GEOGRAPHIC VARIATION IN ABUNDANCE OF LATERAL PIGMENT: Grobman
(1944:282) discusses the north-south cline in the amount of white -
lateral pigment.in this.species. Specimens from-the southeastern Coastal
_Plain have large lateral spots and in many adults the spots coalesce to
form a band of white. Specimens from the southern Appalachlans
have smaller lateral spots, and farther north the spots are not much
larger than those on the dorsum. Grobman states that some Texas
specimens have a large amount of lateral plgment that may form a
band in adults.

The pigment is much more concentrated in the center than on
the edges of the lateral spots of many adult specimens from New
York, New Jersey, Pennsylvania, Maryland, and West Virginia. In
southern specimens with larger spots the pigment is usually more
evenly distributed.

It is difficult to meéasure and evaluate the size of the lateral spots
especially when they fuse. Though no measurements were made,
examination of specimens from different areas confirms the observa-

tions of earlier workers. A lateral band seems most prevalent in
\ .
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specimens from the Coastal Plain of Virginia, North Carolina, and -
South Carolina, and from Texas." Allen and Neill (1949:113) report
that specimens from Burke, Jefferson, Washington, Glascock, and
Richmond Counties, Georgia, also have much white on the sides. -

GEOGRAPHIC VARIATION IN COLOR OF LATERAL PIGMENT. The color of
the lateral spots is used as a diagnostic character in the original
descriptions of both P. g. grobmani and P. g. chlorobryonis. Those
of grobmani are described as grayish, those of chlorobrijonis as green-
ish ‘white or yellow-green. Analysis shows the lateral spots of many
hvmg specimens from Florida are gray, those of most Coastal Plain
specimens of North Carolina. and Texas yellow to orange. ‘Though
_ the lateral spot color varies greatly in other samples it shows no
geographic trends.

Yellow lateral pigment is not due to the presence of brassy irido-
phores; but to a difference in the color of the. iridophores. Young
individuals of all samples examined have white lateral spots, so pre-
-sumably an ontogenetic change in the color occurs in those that have
yellow pigment as adults.

GEOGRAPHIC VARIATION IN PRESENCE OF IRIDOPHORES. Individuals with
no dorsal and lateral 1r1dophore pigmentation occur occasionally in
various parts of the species’ range. In at least two areas this character-
istic is present in many individuals. Neill (1948) reports a population
in Jasper County, South Carolina, characterized by the absence of
" iridophore spotting. Iridophores are absent in some individuals from
adjacent areas, but normally spotted individuals also occur (Hallowell,
1858:343; Cope, 1889:142; Schmidt, 1924).

Many individuals from anothei Coastal Plain locality lack spotting.
On the east side of the St. Johns River, about 1 mile south of Astor,
Volusia County, Florida, 14 of 30 specimens are entirely black. In
Lake County on the west side of the St. Johns River at three localities
within 10 miles of Astor, only 1 of 107 specimens has no spotting.
Apparently the genes responsible for this condition occur with low
frequency in some glutinosus populations, but have become fixed in
the Jasper County, South Carolina, population and are present in
~ unusually high frequency in the Volusia County, Florida, population.

Grobman (1944:281) states that preserved specimens of glutinosus
ranging south from the Cumberland Plateau in Alabama, Georgia,
Kentucky, Mississippi, South Carolina, North Carolina, and Tennessee
are devoid of white pigmentation. I have examined living specimens
from some of the counties listed by Grobman and many others within

)
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the range of the supposedly unspotted form, and all have both dorsal
and lateral iridophore pigmentation. The apparent difference noted
in some preserved specimens is not present in life and must result
from the disappearance of the spots after preservation.

P. glutinosus without iridophore pigmentation are not easily’
distinguished from dark-bellied southern P. jordani. Perhaps literature
records of dark-bellied jordani (subspecies melaventris) from east of the
French Broad River, North Carolina are based on unspotted glutinosus.
Only one hvmg specimen of this type has been, examined—from the
Swannanoa Mountains—and it appears more like sympatric spotted
glutinosus in size, proportions, and chin and cheek ‘melanophore pig-
mentation than it does to dark-bellied jordani. from west of the French
Broad River.

SUMMARY AND DISCUSSION OF GEOGRAPHIC VARIATION IN PLETHODON
GLUTINOsUS. (eographic variation is present in some of the characters
previous workers used ds a basis for naming geographic races. Certain
populations in Texas have.reduced melanophore pigmentation on the
chin; others do not. Reduced chin pigmentation occurs in other
populations of glutinosus in the Piedmont and Blue Ridge Provinces
from Virginia to South Carolina. Southeastern Coastal Plain specimens
are significantly smaller than northern material. The number of
vomerine teeth is low in most samples from southern parts of the range,
including Texas. Dorsal spots exhibit clinal variation in the Atlantic
Coastal Plain increasing in size from north to south. Dorsal spots
of other populations, except those in the Blue Ridge Province of
-North Carolina and those in Texas, are about the same size as in
southern Coastal Plain animals. The color of the dorsal spots is
extremely variable, but uniformly white in the Piedmont and Blue -
Ridge Provinces from Virginia to South Carolina, and uniformly brassy
in the Gulf Coastal Plain from Mississippi to Florida. Lateral spots
are larger and more yellow in parts of the Atlantic Coastal Plam and
in Texas, and are smaller in the north.

Populatlons along the Balcones Escarpment in Texas now seem
isolated from the remainder of the species. Living Texas specimens
are the most distinctive of all glutinosus examined. The relatlonshlp_
between the dark- and light-chinned populations in Texas is not -
clear; no living material of the dark-chinned form was studied. It -
may be that the Balcones Escarpment area was invaded. twice, the
earlier invasion differentiating into the light-chinned form. (albagula)
and the later one remaining dark-chinned as the Arkansas and Okla-
homa populations. Whether ‘the light- and dark-chinned populations
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are different species, subspec1es or ecophenotypes cannot be
determined from the evidence at hand. For the present no change
is recommended in the current nomenclature, and the light-chinned
populations should continue to be called P. g. albagula until their

status is clarified. Available specimens from Upshur County in north-

eastern Texas and from Walker County in southeastern Texas have "
dark chins. These populations also may be isolated now from the
- main range of glutinosus.

Specimens from the Virginia, North Carolina, and South Carolina
Coastal Plain differ from most other glutinosus in several ways. Few
vomerine teeth, small dorsal spots, a lateral row of yellow spots,
and small size serve to distinguish many of them from those of most
other populations of the species. None of the characters is limited
to this area, however, and all but size show a gradual clinal change
from south to north in the Coastal Plain with wide overlap between
adjacent populations. Difference in size is negligible from Florida to
Virginia in the Coastal Plain. Most systematists do not recognize the
ends of such a cline as separate subspecies. If the northern end of
this cline is so designated, the name cylindracea Harlan (1825:156)
is available; its type locality is probably Camden, South Carolina. -
P. g. chlorobryonis Mittleman, based on speciméns from' the North
Carolina Coastal Plain would be a junior synonym, as there is wide
morphological overlap between the North and South Carolina popula-
tions. If the southern end of the clifie be recognized. as a valid sub-
species, the name variolata Gilliams (1818:460) is available; its type
locality is - probably Georgia. or Florida. P. g. grobmani Allen and
Neill (1949:112) is a junior synonym. The naie variolata is available
for all Coastal Plain glutinosus if, in the future, it is shown that these
populations should be designated nomenclaturaily. At present no
known characters adequately diagnose a southern race. ‘

" Florida and Georgia samples are closer to non-Coastal Plain sam-

ples than are those of the Virginia and. Carolina Coastil Plain in

every character except maximum size. If wide-ranging glutinosus were

first able to adapt itself to the Coastal Plain in Georgia or farther
west, it might have migrated northeastward. thirough coastal areas of
the Carolinas and southeastern Virginia. This could explain.the great
morphological differences between adjacent Piedmont and Coastal
Plain populations of North Carolina and Virginia, as these ‘populations
are rather distantly related. No records of glutinosus exist from Long
Island, southern New Jersey south of Ocean County, the Coastal Plain
of Maryland, the Del-Mar-Va peninsula and the northern Coastal
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‘Plain of Virgihia. The sole exception is a series from Essex County,
Virginia (USNM 143088-96), that appears to be of the Piédmont
form. Apparently glutinosus of the northeastern Piedmont rarely has
been able to expand its range into the adjacent Coastal Plain, though
P. cinereus has adapted to Coastal Plain conditions in all these areas.
Because glutinosus of the Virginia Coastal Plain are so different from
Piedmont animals, the hypothesis of a southerly origin of the former,
rather than a closer relationship to the adjacent upland populations,
gains support. It would be:of interest to study the relationship between
the two in the area of probable secondary contact along' the Fall
Line in Virginia and North Carolina.

In addition to the lack of iridophore spotting, Neill (1948) mentions

. several other differences between thé unspotted glutinosus from Jasper-

. County, South Carolina and other adjacent populations. I can detect
no consistent differences in number of costal grooves, proportional
length of tail, paravomerine teeth, melanophore' pigmentation, size,
head shape, or structure of the vent in males. However, while collect-
ing specimens at the locality mentioned by Neill, 7 miles north of
Tillman, Jasper County, South Carolina, I was impressed by thie
unusual agility of the animals in escaping the collector, and by the
apparent delicacy of the skin compared with other Coastal Plain
glutinosus. Histological examination of the skin might reveal structural
differences other than the absence of white spots.

Nicholls (1950:310, 312) suggests more than one altitudinal form
of glutinosus occurs in eastern Tennessee, but does not describe them.
In ‘western North Carolina, Blue Ridge glutinosus invariably have
white dorsal spots. This form has been collected ‘also at several local-
ities in. eastern Tennessee. Elsewhere in eastern Tennéssee glutinosus
with much brassy flecking occur, and they also have been taken in.
northern Georgia on Potato Patch Mountain, Murray-Gilmer Counties,

and in Tallulah Gorge, Rabun County.

" - The complex relationship between P. jordani and P. glutinosus-
like populatmns in the southern Blue Ridge Mountains was discussed
earlier. These “glutinosus-like” jordani may be conspecific with white-

“spotted glutinosus from the Blue Ridge and Piedmont Provinces. The
latter differ greatly from glutinosus from surrounding areas in having -

. reduced melanophore pigmentation on the chin and in the color of

the dorsal spots. No truly intergradient populations are known between

these white-spotted glutinosus and adjacent populations of sup-
posedly the same species.
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