Transactions of the [Hinois State Academy of Science
{1983}, Volume 76, 1 and 2, pp. 217-225

Genetic Relationships Between A Southern
Population, Formerly Plethodon Longicrus,
and Three Northern Populations of
Plethodon Yonahlossee

Mark E. Blaesing and Karen L. Hagen'
Department of Surgery
University of [llinois Medical Center
Chicago, Ilinois 606) 2

Ipresent address: Department of Mictobiology und Immunology, University of Hlineiz Medical Center,
Chicago, tlinois H0612

ABSTRACT

Polyacrylamide gel clectrophoresis was used to study enzyme variation at 13
presumed genetic loci between one population (type locality) of the former
Plethodon longicrus and three populations of P. yonahlossee [rom the northern
half of its range. Nine of 13 loci examined were found 1o be polymorphic. Estimates
of genetic similarity indicate that there are two distinet groups, the former P.
longicrus population, and the threc northern P. yonahlossee populations. As other
southern or intermediate populations were not sampled, the taxonomy of P.
yonahlossee cannot be thoroughly analyzed. Electrophoretic data as well as other
evidence suggest that the genetic divergence observed is not clinal and thus there
probably are at least two groups undergoing speciation and these should be classi-
fied as two subspecies, perhaps even as two distinet species.

INTRODUCTION

The taxonomic status of Plethodon longicrus, the crevice salamander from
Bluerock Mountain, North Carolina has not vet been clearly established. Alder
and Dennis (1962) described P. longicrus as a species separate from P. yonahlossee
on the basis of morphological and ecological eriteria. Pope (1965) suggested that
P. longicrus and P, yonahlossee may have a subspecific relationship. Later ITighton
{1972} and Guttman et al. (1978} concluded that these sulamanders were con-
specific. Guttman et al. {1978) based their conclusions on both biochemical and
morphological observations; however, all populations studied were from the
southern half of the range of P. yonahlossee {southwestern North Carolina and
southern Tennessec}, Populations of the former P. longicrus are known from three
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RESULTS

Only four of the 13 loci analyzed were found to be monomorphic in all
specimens: allelic frequencies for the nine polvmorphic loci studied are shown in
Table 2. The Bluerock Mountuin population {formerly P. longicrus) exhibits poly-
morphic variants that are not expressed in the three northern P. yonahlosse popu-
lations at the MR-2 and Ip loci, and a polymorphic variant at the Est-f locus
which is only present in the Comers Rock population at a very low gene {requency
(.03). The polymorphic Bluerock Mountain population illustrates complete diver-
gence from the three monomorphic northern populations at the Ip locus, Genetic
similarity estimales between the populations are shown in Table 3. T values
between the 3 northern populations range from .96-.97 (I = .96}, and "S” values
are .87 or greater (5 = .88) showing a high degree of similarity. In contrast, “T”
values between the Bluerock Mountain population and the three northern popula-
tions range from .82-.86 (I = .84} and “S" values range [rom .74-.77 (§ = .76),
indicating considerably less genetie similarity,

Estimates of genetic heterozvgosity (H) and the mean number of alleles per
locus (A) are given in Table 4. The Bluerock Mountuin population has a greater
genetic heterozygosity (H = .358) than the three northern populations (range of
H = .132-.177, H = .149). The mean number of alleles per locus is greatest in the
Bluerock Mountain population (A = 1.77}.

DISCUSSION

The polyacryvlamide gel electrophoretic data present cvidence that significant
genetic divergence has occurred between the Bluerock Mountain population and
the three northern populations (I = .84), while little divergence has occurred
among the three monotypic northern populations (T = .96). We were not able to
test directly, whether the observed genetic divergence is clinal, as other sputhern
or intermediate populations were not able to be sampled. However, several obser-
vations indicate that the observed divergence is probably not clinal. Several topo-
graphicul features which impose habitat and altitudinal restrictions on P. yonah-
lossee supplemented by direct observation, indicate that the Bluerock Mountain
population seems to be genetically isolated from the three northern populations,
The Bluerock Mountain population is restricted to an area of approximately 4.1
ha (Alder and Dennis, 1962) and is approximately 4 km [tom the nearest known
population at Grant Mountain. By our own observations we have also observed
the Grant Mountain population to be restricted in its range. The Bluerock Moun-
tain and Grant Mountain populations are scparated by a valley (about 475 m
above sea level) and Reedypatch Creek which may serve as barriers. The habitat
restrictions on this salamander along with the distance between known populations
would probably not allow significunt migration between these isolated populations.
Pope {1950} reported that P. yonahlossee was not abundant in the southern part of
its range, while Hairston (1949} stated that it was rare in the Black Mountains, also
near the southern tip of the range. Pope (1850) and Hairston (1944} reported
distinet localities in the southern section which were well removed from one
another, and gave no indication of a continucus range. Hairston {1949) found 80
percent of his records of P. yonahlossee in the Black Mountains from two virgin
forest areas, and stated that this species was not distributed throughout the forest
but was restricted to an area near streams {within 100 feet). The isolation of the
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Bluerock Mountain population from the 3 northern populations and prebably
most purc P, yonaghlossee morph populations is enhanced by the Broad River.
Finally our field work suggests that P. yonahlossee in the southern part of its range
exists as a discontinuous distribution of genetic isolate populations,

Electrophoretic data also support the theory that the genctic divergence
observed in this study is not clinal. Three loci mentioned earlier, MR-2, Hp and
Est-1 possess variants either nol present in the Bluerock Mountain population, or
not present in the three northern populations. Guttman et al. (1978) found three
variants (Idh-1c. Pgm-3a. and Pgm-3b) present in one or more populations of P.
yonahlossee, from arcas farther south than those of this study, which were not
present in the three former P. longicrus populations (including the Bearwallow
Mountair: population where both morphs are present). Conversely, Guttman et
al. (1978) found two variants (Alb-le and Alb-2d} which were present in the
former P. longicrus populations but not in the P. yonahlossee populations.

At the present time, assigning taxonomic status to these two distinet groups,
based on the ohserved leve] of genetic divergence, is speculative, Genetic identities
as great as ,8-.9 have been observed between sympatrie, nonhvbridizing species P.
glutinosus und P. jordani {Duncan and Highton, 1979). In contrast Duncan and
Highton {1979} described a new species, P. fourchensis, having a genetic identity
of .75 to its closest relative, P. cuachitae, despite the fact these two salamanders
hybridized in a narrow area where their ranges came in contact. Highton and
Webster (1976), comparing populations of P. cinereus from non-glaciated areas,
ohserved genetic identities frequently below .9 (I = .87), and suggested these
populations might be a group of “semispecies” whose fiture evolution would be
independent from one another.

Based on the level of genetic identity between the Bluerock Mountain popula-
tion and the three northern populations, the most accurate classification of these
two groups is probably to assign each as a different subspecies or race of P. yonah-
lossee. However, there is also the possibility that these two groups are distinet
species. What we may be observing at the present time is at least two distinet
groups undergoing speciation. Guttman et al. (1978), comparing the three former
P. longicrus populations to three P. yonahlossee populations from the southern
part of the range, reported a greater genetic identity, [ = .95 (Bluerock Mountain
population 1o three southern populations I = .92} and a greater genetic similarity, §
= .93 (Bluerock Mountain population to three southern populations § = .91)
than those obscrved in this study (T = .84, § = .76), and they placed P, longicrus
in the synonomy of P. yonahlossee. The observed differences between these two
studies may be the result of a significant genetic divergence of the southern P.
yonahlossee populations as a whole (including the former P. longicrus populations)
from the northern populations, Alternatively, the increased resolution of variant
proteins by the polvacrylamide gel electrophoresis methods used in the present
study may also contribute to our inability to confirm the work of Guttman et al.
{1978). Evidence of the increased resolving power of polyacrvlamide gel electro-
phoresis is illustrated by the much greater heterozygosity (H = 358} and mcan
number of alleles per locus (A = 1.77) for the Bluerock Mountain population in
our study than was reported in the study of Guttman ct al. {1978) {(H = .017 and
A = 1.10),

Our estimates of heterozygosity for the three northern populations (I = ,149)
is only slightly greater than the mean for amphibians of .079 (Nevo, 1978). The
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much greater heterozygosity and number of alleles per locus of the Bluerock
Mountain population as compared to the three northern populations might be ex-
plained by the older southern population {assuming the three northern populations
migrated from the south after the glacial periods) having acquired more poly-
morphic variants (alleles). Highton und Webster (1976) reported heterozygosity
and the total number of alleles to be less in populations of P. cinereus from formerly
glaciated areas than populations from unglaciated areas, and suggested this was
the result of relatively vounger northern populations acquiring fewer new traits,
The populations from the three northern localities in this study, although from
unglaciated areas, may have been influenced more by the glaciers than the more
southerly Bluerock Mountain population, as the northern regions may have been
uninhabitable during the glacial periods.

The possibility exists that the tvpe locality of P. yonahlossee (Grandiather
Mountain} is more closely related to the former P, lungicrus populations, than the
three northern populations examined in this study, and therefore the task of assign-
ing nomenclature for these two distinct groups is difficult at the prescnt time. Further
studies over the entire range of P, yonahlossee are necessury lo resolve these
important questions about the taxonomy and evolution of these salamanders.
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Fig. 1. Relalive loculities of #. yonahfossee [or this study i1-4} and the study of Guttman et al .
1978i4-93. 1 = Tron Mountain, 2 = Mount Jefferson, 3 = Comers Rock Pienic Ground, 4 =
Bluerock Mountuin {tvpe loculity of former £, lougierust, 3 — Grant Mountain fformer F.
fongicrus). 6 = Bearwallow Mountain both morphst, 7 = Lakev Gap, 8 = Grandiather
Mountain, % = Crest of Unaka Mountains,
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Table 1. Polyacrylamide dise gel clectrophoresis methods. a = Tris-glvcine, pH
8.9: b = Tris-glycine, pH 8.5; ¢ = Tris-HCL, pH 8.9 {Hagen et al.,
1978); d = Barbitol-Tris, pH 7.0: ¢ = Tris-IICL, pH 7.5 (Willtums and
Reisfeld, 1964); f = Tris-citrate, pH 8.8 (Schiff, 1975).

Reference for

Erotcin Upper Lower Gel Pc;'cent

Tested Buffer Buffer Butter Aer}-’i&rrﬂg]_g _ Stain B

Haptoglobin a d C 7.5 Hagen et al., 1978

Esterascs d d e 7.5 Van Zutphen, 19747

Adenosine a b f 8.0 Spencer el al., 1968*
Deaminase

Mannose-6 a b t 10.0 Nichols et al., 1973
Phosphate
Isomerase

Malic a b ¢ 7.5 Harris and Hopkinson,
Enzyme 1976

Methemoglo- a b I 7.5 Niethammer and

bin Reductase Huennckens, 1971

*Modified
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Table 2, Allelic frequencies of polymorphiec enzyme loci observed {rom popula-
tions of P. yonahlossee and the former P. longicrus.

. . 5 ; ;
Iron Mount Comers Bluerock
Locality Mountain Jefferson Rock Mountuain
Locus
(N}
MPI a (.60} a {.57) a a {.67
(3,7,19.9) b {.40) b (.43) b (.33
MR-2 a (.11)
(10,7,18,9) b b b h {.89)
Hp a a a
{10,7,19.9} : b {.28)
e {.T2)
ME-2 a {.65) a {93} {.68) a (.67)
(10,7,19.9) b (.35) b (.07} b {.32) b (.33}
Est-1 a (.17}
{10,7.18.8) b b b {.81}) b {.44)
c {.03) ¢ {.56)
Est-2 a (.17} a {.70) a {(.21) a {.50)
(9.5,17,9) b {.43) b {.30) b (.79 b {
Est-3 a {.80) a (.93 a (.89) a(.72)
(10,7,15.9) b (.20} b (.07} b {.11} b {.28)
Est-4 a (.29} a (.73}
{(10.7.19.8}) b {.35) b {.79) b {.53) b (.06}
¢ (.45} ¢ {.21) e {.18) c (.19}
Est-5 a (.50} a (.80} a (.73} a (.90}
(7,3,6,9) b (.50} b {.20) b {.25) b (.30}

ADAT. MR-1, ME-1 and Hg were manomorphic.
*ADA for location 1 was not tested,
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Table 3. Genetic identity (I) and genetic similarity (S) between populations of P.
yonahlossee and the former P. longicrus. The means of group com-
parisons are also given,

Population 1 2 3 4 1 2 3 4

1 Iren Mountain A57 969 816 574 894 T3
2 Mount Jefferson 56 832 868 .T40
3 Comers Rock 863 S0
4 Bluerock

Groups I . S

Within Northern 961 87
P. yonahlossee
(Populations 1.2.3}

Between Northern 837 761
P. yonahlossee and

Former

P. longicrus

{Populations 4)

Table 4. Observed genetie heterozvgosity (I} and mean number of alleles per
lacus (A of populations of P. yonehlossee and the former V. longicrus.

Population H A

Ohserved Mcan Proportion Mean Number
of Heterozygous Loci of Alleles
per Individual per Locus
1 Iron Mountain N v 1.50
2 Mount Jefferson A37 1.46
3 Comers Rock 132 1.62
4 Bluerock Mountuin 3538 | i

H = 144 for the three northern populations §1.2.3)



