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TAXONOMIC REVISION OF DESMOGNATHUS WRIGHTI
(CAUDATA: PLETHODONTIDAE)
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AssTRACT:  We revise the taxonomic status of Desmognathus wrighti, which occurs in the southern
Appalachians of western North Carolina, eastern Tennessee, and southwest Virginia, USA, based on a
combination of genetic, ecological, and morphometric analyses. Previously, we reported fixed differences in
allozymic loci and mitochondrial DNA sequences between lineages geographically divided by the French
Broad River basin at the level of species divergence. Here, we show that these two lineages also differ in
ventral pigmentation and several measures of body size, including snout-vent length, body condition, and
head width. In addition, spatially explicit ecological-niche analyses of climate at more than 400 collection
localities spanning the range of D. wrighti indicate that the lineages separated by the French Broad River are
in unique environmental niche space. Ecological niche models resolved that population localities north of the
river were generally colder and drier than localities to the south, which suggests that divergent selection
pressures may exist, in addition to isolation by distance, to drive the diversification of these two lineages. The
name Desmognathus wrighti (King, 1936), for which the type locality is Mt. LeConte within the Great Smoky
Mountains, Tennessee, was retained for all populations south and west of the French Broad River, while the
name D. organi, with type locality at Whitetop Mountain, Virginia, was given to those populations north and

east of the river.
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THE cenus Desmognathus in the family
Plethodontidae consists of approximately 19
species that exhibit wide variation in body
size, life history, and microhabitat use (Hair-
ston, 1949; Organ, 1961a). The conspicuous
gradients in body size and distance from
streams that assort the species within this
genus, such that the largest species are most
aquatic and the smallest species are most
terrestrial, have been the subject of many
ecological studies that focus on competitive
and predatory species interactions and niche
partitioning (e.g., Hairston, 1980, 1987; Riss-
ler et al., 2004). The long-held assumption
that these interactions were the selective
forces driving speciation within the genus
from an aquatic basal lineage to more derived
terrestrial lineages (e.g., Dunn, 1926; Hair-
ston, 1949; Organ, 1961b) has been refuted by
recent phylogenetic studies (Kozak et al.,
2005; Rissler and Taylor, 2003; Tilley and
Bernardo, 1993; Titus and Larson, 1996).
Specifically, these studies showed that the
most diminutive, terrestrial species with direct
development, Desmognathus wrighti (the
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pygmy salamander; King, 1936), represents
the most basal lineage of the Desmognathus
genus of salamanders.

Desmognathus wrighti also has one of the
most geographically fragmented distributions
of desmognathans, because populations of
highest abundance are found at higher
elevations (above 1600 m) in the southern
Appalachians coincident with red spruce
(Picea rubens)-Fraser fir (Abies fraseri) for-
ests (King, 1936; Organ, 1961b). Because of
the conspicuous codistribution of D. wrighti
and spruce—fir forests, the fragmentation of
populations was thought to have occurred
with the vicariant isolation of spruce—fir
forests to higher elevations after the regres-
sion of the Wisconsin glacier (Hairston, 1949;
Organ, 1961a; Rubin, 1981; Tilley and Harri-
son, 1969) toward the end of the Pleistocene
more than 10,000 years ago (as documented
by paleobotanical data; Delcourt and Del-
court, 1984). This scenario would be likely if
D. wrighti was physiologically adapted to the
colder climates of the cloud forests at these
high elevations.

However, other data suggest that the
apparent association between D. wrighti and
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spruce—fir forest distributions in the southern
Appalachians is a recent phenomenon that is
likely an example of pseudocongruence (sensu
Soltis et al., 2006), in which different causal
factors associated with maintaining concor-
dant species boundaries co-occur. First, many
populations of D. wrighti have been found at
lower elevations (between 950-1400 m) in the
Great Smoky, Unicoi, Nantahala, and Cowee
Mountains of North Carolina and Tennessee,
USA (Bruce, 1977; Hining and Bruce, 2005;
Rubin, 1981; Tilley and Harrison, 1969), so
the association between spruce-fir and D.
wrighti is not as tight as initially thought. In
addition, we found that the divergence of both
mitochondrial sequence and allozyme allele
frequencies reflect isolation of population
clusters prior to the Pleistocene (Crespi et
al., 2003), the time of spruce—fir range
restriction to high elevations in the southern
Appalachians (Delcourt and Delcourt, 1984).

Other ecological factors may be more
important in establishing the distribution of
D. wrighti. Because of the diminutive size of D.
wrighti, it is plausible that migration and
successful reproduction is restricted to smaller
seepage areas at high elevations because larger,
predatory salamanders (e.g., D. monticola and
D. quadramaculatus) inhabit streams at lower
elevations (distributions originally documented
by Hairston, 1949; Organ, 1961a); however,
this hypothesis has yet to be fully examined.
Interestingly, even without obvious population
fragmentation like that of D. wrighti, gene flow
among populations of many other terrestrial
and semiterrestrial plethodontid salamanders
is generally low due to home-range fidelity and
limited dispersal, especially when competing
congeners occupy surrounding niches (Tilley,
1997). Isolation by distance due to these
ecological and biological factors has led to
taxonomic revisions of many taxa into species
complexes based on molecular divergence data
(e.g., Highton, 1995; Tilley and Mahoney,
1996; Weisrock and Larson, 2006), although
Tilley and Mahoney (1996) also showed that
ethological reproductive isolation was also a
factor within the Desmognathus ochrophaeus
complex.

Our previous genetic analyses also showed
that the deepest divergence of D. wrighti
populations was between the two population

groups divided by the French Broad River
and the surrounding Asheville Basin (Crespi
et al.,, 2003). Phylogenetic reconstruction
based on mtDNA sequence and multidimen-
sional scaling analysis, which combined phy-
logenetic signals of the nuclear and mitochon-
drial data sets, strongly supported the
hypothesis that populations north and south
of the Asheville Basin were genetically dis-
tinct, monophyletic lineages with divergence
on the level of species designations made in
other plethodontid salamanders (Crespi et al.,
2003). In this study, we examined two
additional data sets to determine whether
the genetic differences resolved between D.
wrighti populations north and south of the
Asheville Basin indicate species-level diver-
gence. We report significant environmental
differences between populations north and
south of the French Broad River that reveal
distinct ecological niches of these two lineag-
es. In addition, we present significant, albeit
subtle, morphological differences between
animals of these two groups. Using an overall
evidence approach, we propose a taxonomic
revision of D. wrighti to reflect these signif-
icant genetic, ecological, and morphological
differences across lineages, such that the
populations north of the French Broad River
deserve species-level status (employing the
Evolutionary Species Concept; Frost et al.,
1990).

MATERIALS AND METHODS
Ecological Divergence Analysis

We examined the extent of ecological
divergence between populations separated
by the French Broad River to determine
whether variation in environmental factors
coincides with patterns of variation in genetic
and morphological diversity associated with
these regions. To do this, we generated
ecological niche models, which combine data
sets of population site localities with georefer-
enced climate data sets to characterize the
environmental conditions at a resolution of 30
arc-second within each region. Following the
methods of Rissler and Apodaca (2007), this
fine-scaled analysis may resolve ecological
differences between these two sets of popu-
lations that might not otherwise be revealed
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underground aquatic or seepage area aggre-
gations for overwinter hibernation. Offspring
hatch without gills and completely round tails.

Etymology.—The word organi is derived
from the surname of James Organ, who wrote
the first article describing the life history of
the populations of this species (formerly D.
wrighti) that live in southwest Virginia (Mt.
Rogers—Whitetop Mountain area) in 1961,
where the type locality of the new species is
designated. Organ is retired and resides in
Troutdale, Virginia, in the vicinity of Whitetop
Mt. and Mt. Rogers.
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