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Speciation and Hybrid Zone Dynamics in Plethodontid Salamanders

Hybrid zones are defined as regions where two genetically distinct populations meet and interbreed (Harrison 1993).  Harrison (1990) viewed these regions of parapatry as “windows on the evolutionary process”, and indeed, numerous studies of naturally occurring hybrid zones have yielded considerable insight into the process of speciation (e.g., Szymura and Barton 1991, Tucker et al. 1992, Rieseberg et al. 1999, Vines et al. 2003).  Problems in speciation that figure prominently into the hybrid zone literature include determining the strength of selection, the extent of linkage disequilibrium, and the number of loci under selection (Szymura and Barton 1991).

Under cline theory, hybrid zones are viewed as being maintained by a balance between dispersal of parental individuals and selection against hybrid offspring (Barton and Hewitt 1985).  Thus, the width of a cline reflects the strength of selection against hybrids, that is, the strength of the barrier to gene flow.  Once the selection pressure on the marker loci is known, estimates can be made of the number of genes responsible for reproductive isolation (Szymura and Barton 1991).  Clines showing an asymmetrical pattern of introgression possibly reflect selectively advantageous alleles (Hairston et al. 1992).

A number of studies using cline theory have integrated ecological components into their analyses of cline width and shape (e.g., Ross and Harrison 2002, Vines et al. 2003).  Results show that habitat preferences help to explain the selective disadvantage of hybrids and thus the maintenance of a hybrid zone.  The literature, however, is depauperate with regards to traits that show positive selection on alleles and are thus advantageous in both parental backgrounds. 

Study System
There are 23 species of salamanders of the genus Plethodon (Family Plethodontidae) in the southern Appalachians.  This fantastic diversity has come about primarily through speciation events within the last two to eight million years (Highton and Peabody 2000), and has led to a rich literature on the taxonomy, behavior, speciation, and hybridization of the genus Plethodon.  Indeed, amidst this diversity Highton (1995) and Highton and Peabody (2000) have identified more than 70 hybrid zones.  It has been suggested that this may prove to be a model system for understanding the role of hybridization in speciation (Arnold et al. 1993).

Although much of the recently discovered diversity is cryptic, an important exception is the aposematic coloration possessed by many of the seven species in the Plethodon jordani complex (Highton 1995, Highton and Peabody 2000).  Some of the aposematically colored species interbreed with uniformly colored species along their parapatric boundaries, thus forming narrow hybrid zones.  Plethodon jordani has bright red cheek patches, the presence of which has been shown to confer protection from predators (Brodie and Howard 1973).  In those areas where P. jordani contacts P. metcalfi (which has uniformly colored gray cheeks), the two species interbreed to form viable hybrids with intermediate coloration (Hairston 1992, Highton and Peabody 2000).  An intermediate amount of red may confer some selective advantage to hybrids over gray-cheeked individuals.  Consequently, differential introgression of red-cheeked P. jordani alleles into the gray-cheeked P. metcalfi population may occur.  

Objectives

Long term goals of the proposed research are to: (1) resolve the genetic structure (cline width and shape) of the hybrid zone, (2) address specific questions about the importance of aposematic coloration in determining the zone’s dynamics, and (3) address even more complex and exciting questions.  The initial objective for this summer is to identify suitable study sites.  There are two potentially suitable hybrid zones between P. jordani and P. metcalfi, the precise dimensions of which are not known, however, morphological characters (Highton and Peabody 2000) and allozyme data (Highton, unpublished) suggest the zone is quite narrow.  A second objective for this summer is to collect tissue samples spanning the zone at intervals of a few hundred meters, with collection sites scattered around the transect to allow me to determine its precise orientation.  One mitochondrial and one nuclear marker can then be developed in the laboratory once the field season ends.  The final objective for this summer is to photograph individual P. jordani and P. metcalfi to use in determining a morphological cline based on cheek coloration.  High-resolution digital photographs will be taken of the same individuals from which tissue is collected.  In addition, the extent of aposematic coloration will be scored in situ following Hairston et al. (1992).  
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