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GENETIC AND MORPHOLOGICAL DIFFERENTIATION
BETWEEN EURYCEA LONGICAUDA LONGICAUDA AND
E. GUTTOLINEATA (CAUDATA: PLETHODONTIDAE) f

JoEL L. CARLIN

Museum of Natural Science and Department of Zoology and Physiology,
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ABSTRACT: The plethodontid salamander Eurycea guttolineata has been considered to be con- '
specific with E. longicauda. However, specimens from the putative zone of intergradation could ‘
be unequivocally identified as one taxon or the other by the presence of five fixed allozyme [
differences (out of 21 loci examined). A sixth fixed difference exists between the southernmost '
locality of E. I. longicauda and the northernmost locality of E. guttolineata. No introgression was
observed at any of these six loci. Morphometric variation in preserved specimens (n = 530) of these
taxa was slight and not readily attributable to any geographic or genetic pattern. Allozyme genotype
was most concordant with the length of the longest mid-dorsal stripe. Other color pattern characters
previously used to identify supposedly intergrade populations were found to be uninformative
about genotype. Twelve specimens previously reported as intergrades fell within the range of
phenotypic variation of allozymically identified E. . longicauda. Therefore, the status of these
individuals as hybrids is considered doubtful. The distribution of specimens classified by relative
mid-dorsal stripe length within the supposed zone of intergradation indicates parapatry rather than
a broad zone of sympatry or intergradation. Without support for intergrade specimens or a zone
of intermediacy, and with the presence of six fixed differences between the closest localities of

alternate species, E. guttolineata is considered to be a distinct species.
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THREE subspecies of the plethodontid
salamander Eurycea longicauda are rec-
ognized currently (Collins, 1990); together
they are distributed across most of the east-
ern United States. Eurycea longicauda
longicauda Green and Eurycea guttoli-
neata Holbrook are distinguished in allop-
atry by color pattern. Reports of individ-
uals with apparently intermediate color
pattern have been taken as evidence of
widespread gene flow between the taxa,
and therefore the two generally have been
considered conspecific (Mount, 1975; Val-
entine, 1962). These supposedly interme-

diate specimens were collected from a -

broad belt across northern Alabama, Geor-
gia, and Mississippi, and this area has been
reported as a zone of intergradation
(Mount, 1975; Valentine, 1962) and illus-
trated as a zone of sympatry (Conant and
Collins, 1991; Ireland, 1979). In this study,
I examine allozyme variation, morpholo-
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gy, and the geographic distribution of these
taxa to test the hypothesis that the two
forms constitute separate evolutionary lin-
eages. The inferences drawn about the rel-
evance of the reported intergrade speci-
mens, and the likelihood of gene flow in
the reported zone of intergradation, in-
dicate that the two forms represent distinct
biological species, and they will be re-
ferred to as such for the remainder of this
paper.

Eurycea longicauda has a yellow to or-
ange-red dorsal coloration, an immaculate,
clear and yellowish venter, and vertical
herringbone marks on the lateral surface
of the tail. In contrast, E. guttolineata is
tan to yellow on the dorsum with a venter
showing heavy mottling over a greenish-
gray to dull yellow ground color (Bishop,
1943). The conspecific status of E. [. lon-
gicauda and E. guttolineata had been jus-
tified previously by the hypothesis that
successful and relatively widespread in-
terbreeding exists between them (Mount,
1975; Valentine, 1962).

Specimens with apparently intermedi-
ate color pattern have been reported by
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several investigators (Fig. 1), and these
specimens were assumed to be genetic in-
termediates, contradicting the reproduc-
tive isolation required by the biological
species concept (reviewed in Mayr, 1963).
Ferguson (1961) examined a series of 13
specimens from Tishomingo State Park in
Tishomingo Co., Mississippi, identifying
three as E. l. longicauda, three as E. [.
guttolineata, and seven as intergrades.
Valentine (1962) collected 18 specimens
from northern Alabama and northwestern
Mississippi which he identified as inter-
grades. Valentine (1962:47) concluded that
“E. longicauda, if present at all in Ala-
bama, occurs only in the extreme north-
eastern corner. Eurycea longicauda lon-
gicauda x guttolineata occurs south to
Marion County, Alabama and in Tish-
omingo County, Mississippi.” Mount (1975)
identified a zone of intergradation in north-
central Alabama 50~115 km in width, and
views the two taxa as “nearly perfect sub-
species,” referring to a supposed abun-
dance of intergrades in north-central Al-
abama (Mount, personal communication).
All other literature records shown in Fig.
1 are collections of only one or two spec-
imens.

In contrast, Dunn (1926) did not observe
any signs of intergradation between indi-
viduals from Tennessee and North Caro-
lina. Although their taxonomy followed
that of Valentine (1962) in recognizing the
taxa as subspecies, Huheey and Stupka
(1967) examined over a dozen individuals
of both taxa from the Smoky Mountains
of Tennessee and North Carolina and could
find no evidence of intergradation. Ireland
(1979:1) accepted conspecificity while
stating that “the evidence is inconclusive.”
Collins (1991) preferred to treat the inter-
mediate specimens as interspecific hy-
brids. He also suggested that this situation
presents a problem ideal for study by mo-
lecular systematics. I investigated the sub-
species status of E. guttolineata by an ex-
amination of three groups of specimens:
(1) individuals of both taxa from allopatric
populations, hereafter called geographi-
cally distinct population groups; (2) spec-
imens identified by allozyme pattern as E.
l. longicauda or E. guttolineata; and (3)
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F1G. 1.—Collection localities of E. guttolineata, E.
longicauda, and supposed intergrades from in and
near northern Alabama. B = supposed intergrades,
Bailey (1923); H = E. [. longicauda, Holt (1924); M
= supposed intergrade, Martof and Humphries (1955);
F = both species and supposed intergrades, Ferguson
(1961); P = E. L. longicauda, Penn (1940); V = sup-
posed intergrades, Valentine (1962); open circles =
E. l. longicauda, Mount (1975); dark circles = E. I.
guttolineata, Mount (1975); triangles = supposed in-
tergrades, Mount (1975); 1 = E. [. longicauda from
allozyme transect; g = E. guttolineata from allozyme
transect. Three allozyme collection localities are not
shown: Fritchies Bluff, Louisiana; and Betheden and
Choctaw Lake, Mississippi.

those specimens previously catalogued or

‘reported as intergrades.

MATERIALS AND METHODS
Allozyme Analysis

Specimens were collected during late
May and early June in 1993 and 1994.
Collecting activity focused on a 70-km long
transect from Bedford and Coffee coun-
ties, Tennessee, south to the Talladega
Mountains of east-central Alabama (Fig.
1). The transect runs from the range of
undoubted E. longicauda in the north to
the range of undoubted E. guttolineata in
the south (Conant and Collins, 1991;
Mount, 1975; Rubenstein, 1969), with its
central portion within the zone of inter-
gradation reported by Mount (1975). In
addition to the transect specimens, three
specimens from Louisiana and central
Mississippi were collected and assumed to
represent populations of E. guttolineata
with minimal probability of introgression
by E. longicauda. Five specimens also were
included from northeastern Mississippi, in-
cluding one individual from Tishomingo
State Park, the locality from which 11 sup-
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F1G. 2.—Population groups examined in the mor-
phometric analysis. Precise localities are listed in Ap-
pendix L. Open circles indicate geographically dis-
tinct Eurycea l. longicauda, dark circles indicate geo-
graphically distinct E. guttolineata. Triangles indi-

cate specimens collected within or near the reported
zone of intergradation.

posed intergrades had been collected (Fer-
guson, 1961; Valentine, 1962). In total, 70
specimens were obtained from 18 sites,
with 1-20 salamanders found per site (Ap-
pendix I). Tissue samples were deposited
in the Louisiana State University Museum
of Natural Science (LSUMZ) Collection of
Genetic Resources with voucher speci-
mens in the LSUMZ Collection of Am-
phibians and Reptiles. Three of the local-
ities in the allozyme analysis are within 10
km of (Brush Creek, Little River Canyon),
or duplicate (Tishomingo State Park), those
reported by Valentine (1962) from which
he collected nine of his 18 proposed in-
tergrades. Additionally, the Brush Creek
locality is 3 km from the records of E.
longicauda of Martof and Humphries
(1955) and Penn (1940).

Direct comparison of proteins was ac-
complished by horizontal starch-gel elec-
trophoresis, following the procedures de-
scribed by Murphy et al. (1990). The 21
loci examined and their electrophoretic
conditions are listed in Appendix II. Sam-
ples of liver and intestinal tissue from each
specimen were ground in an equal volume
of deionized distilled water and then cen-
trifuged. All samples were examined for
each locus at least twice, and the order of

sample loading was changed between ex-
periments to minimize subjective error.
Electrophoretic variants were named al-
phabetically according to decreasing amo-
dal mobility.

Two estimates of genetic distance were
calculated, those of Rogers (1972) and Nei
(1978), including only localities with a
sample size greater than one (Fritchies
Bluff, Tishomingo, Choccolocco Creek,
Terrapin Creek, and Keown Falls were ex-
cluded). Genetic distances were calculated
using the BIOSYS software package (Swof-
ford and Selander, 1981).

Morphological Analysis

Morphological variation was recorded
for 530 preserved specimens of E. l. lon-
gicauda and E. guttolineata borrowed
from several museums (see Carlin, 1995).
Specimens were divided into 14 popula-
tion groups to maximize within-group
sample size (Fig. 2). Seven population
groups (listed in Appendix I as the popu-
lations from Illinois, Indiana, Northeast,
Ohio, Pennsylvania, Shenandoah, and
northern Tennessee) were assumed to be
geographically distinct E. longicauda (n =
131). Similarly, six population groups (the
populations from central Alabama, Flori-
da, Louisiana, North and South Carolina,

‘and southern Virginia were assumed to be

geographically distinct E. guttolineata (n
= 192). All other specimens (n = 207) were
collected from within or near the zone of
intergradation reported by Valentine
(1962) and Mount (1975). Included in the
reported zone of intergradation group were
10 of the 18 specimens reported by Val-
entine (1962): UAHC 48-482, 48-431
through 48-434, 50-30 through 50-33, and
53-206. The specimens originally reported
by Valentine (1962) as*UAHC 50-31 and
50-32 had been recatalogued as 50-51 and
50-52. Also included were AUM 16848 and
CM 17575, the only other individuals spe-
cifically catalogued as E. I. longicauda x
E. l. guttolineata among the museum
specimens examined.

Body size and shape were characterized
using nine standard morphometric vari-
ables: snout-vent length (SVL), tail length,
torso width, snout-gular length, head
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width, front- and hind-leg lengths, and foot
width. A detailed description of these mea-
surements is given in Lynch et al. (1977).
To reduce subjective error, specimens from
each museum were randomized so that the
order of data collection was not correlated
with locality. The sex of each specimen
was determined by cloacal examination,
and the presence of cirri, if any, was re-
corded.

All measurements were tested for nor-
mal distribution and homoscedasticity us-
ing Shapiro-Wilks and Levene’s statistics,
respectively. Population means of hom-
oscedastic variables were compared in a
one-way analysis of variance (ANOVA) us-
ing the highly conservative Scheffe’s F-sta-
tistic. Non-normal variables in all popu-
lations were tested for significant differ-
ences utilizing the Kruskal-Wallis test.
Calculation procedures and assumptions of
these tests are described by Dowdy and
Weardon (1985).

Upon confirmation that SVL explained
the most variation in the first principal
component in a principal component anal-
ysis (PCA) of raw measurements, the vari-
ables were log-transformed and all sub-
sequent analyses were conducted using the
residuals from a regression against SVL.
To determine the effect of tail length vari-
ation, tail length was included in an anal-
ysis of only individuals with unbroken tails.
A PCA considering all morphological vari-
ables for whole-tailed specimens, and an-
other considering all variables except tail
length for all specimens, were then used
to detect any multivariate influence of sex-
ual dimorphism.

Residuals of morphometric variables
(except for tail length) were considered in
a discriminant function analysis (DFA) of
specimens identified by allozyme pattern
as E. longicauda and E. guttolineata, while
a second DFA compared the geographi-
cally distinct taxa. Color pattern variables
concordant with genotype were then an-
alysed. The degree of morphological in-
termediacy of the intergrade specimens
was detected by repeating the morpho-
metric and color pattern DFA’s with the
inclusion of supposed intergrades. All sta-
tistical treatments were conducted using

the ANOVA, PRINCOMP, and CANDISC
procedures in SAS (SAS Institute, Inc.,
1992).

I examined 23 color-pattern variables
for their ability to distinguish E. longicau-
da and E. guttolineata and intergrade
specimens. Because the results indicated
that most of the color-pattern variables
were not diagnostic of genotype, the 23
variables are not listed here (see Carlin,
1995, for a complete list and detailed de-
scriptions). Stripes here are defined as pig-
mentation equal in length to three or more
diameters of the largest circular spot on
the dorsum. Finally, any morphological
variables found to be diagnostic of E. lon-
gicauda and E. guttolineata were exam-
ined within the putative zone of intergra-
dation.

RESULTS
Allozyme Analysis

Thirty-four alleles were observed for the
21 allozyme loci. Of those loci showing
variation, five (Adh, Ak, Ldh 2, Pep B,
and Pgm 1) showed fixed differences (Ta-
ble 1) between samples collected north of
the Coosa River (hereafter referred to as
E. longicauda), and localities south of the
Coosa River, as well as those from Missis-
sippi and Louisiana (identified here as E.
guttolineata). Mdh 1-b was present at the
locality at Spring Creek (E. longicauda)
while absent from the site at Crooked Creek
(E. guttolineata). Ten loci were mono-
morphic in all individuals examined. The
Acon 1-d allele was unique to the geno-
typically pure populations of E. longicau-
da while Acon 1-a and b were unique to
the populations of E. guttolineata. The
individual from Fritchies Bluff was un-
scorable for all polymorphic loci except
Adh, Me, Pep B, and Pgdh, probably be-
cause of the age of the tissue extract. Ge-
notypes were also lacking for Pep B and
Pk from the individual from Tishomingo
and Acon 1 and Pk for the sample from
Choccolocco Creek. Mean genetic dis-
tances within the E. longicauda [Rogers’
(1972) genetic distance Dy = 0.076, Nei’s
(1978) unbiased genetic distance Dy =
0.030]and E. guttolineata (Dg = 0.110, Dy
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