CHAPTER SEVEN
CONCLUSIONS
Phylogeography

The term ‘phylogeography’ was introduced in 1987 by Avise and colleagues to describe the section of biogeography which is specifically ‘concerned with the principles and processes governing the geographic distributions of genealogical lineages’ (Avise, 2000). In the final section of the authorative book entitled ‘Phylogeography’, Avise (2000) highlighted three directions for future work in this field: 1) the use of nuclear DNA, 2) an increase in the integration of molecular data with information of profound relevance to phylogeographic patterns, and 3) the application of ‘comparative phylogeography on a regional scale, using multiple co-distributed species’. The research presented here began just one year after Avise’s (2000) book was published. In an attempt to undertake research at the forefront of phylogeography, I aimed to incorporated each of Avise’s recommendations into my study of ithomiine butterflies. 

1) The use of nuclear DNA

Due to difficulties with primer design, such as large intron insertions and a lack of available, alignable sequences, at the start of this thesis few nuclear loci had been used in molecular systematics studies of Lepidoptera. In this thesis I further developed the nuclear locus triosephosphate isomerase (Tpi) (chapter 3), from the exon 3 to 4 region which had previously been used by Beltrán and colleagues (2002) in their studies of Heliconius butterflies, so that the region between exons 1 and 5 could be amplified. I also developed a new nuclear region, tektin (chapter 4), for research into molecular evolution, phylogeny and phylogeography. These add to the primers available for future studies on Lepidoptera. Indeed, tektin has already proved useful in other species level studies, for example in the genera Ithomia (Mallarino et al. 2005), Melinaea and Hypothyris (Zimmermann et al. in prep.). In addition, I sequenced two tried and tested nuclear regions for the phylogeny of Oleriini (chapter 6), which forms the basis of the historical framework which will be used in future phylogeographic analyses of this tribe.

 2) An increase in the integration of molecular data with information of profound relevance to phylogeographic patterns.

The most biologically relevant phylogeographic conclusions are drawn in those studies which interpret the molecular data in conjunction with additional knowledge about the study taxa, such as specifics about the distributional patterns of the taxa, or aspects of their natural history. In this thesis, I included such knowledge both in the study design and also when interpreting molecular results.

For example, in the work on the suture zone in N.E. Peru (chapters 2 & 3), knowledge of which collection localities belonged to each of the Ucayali and Huallaga zones of endemism was integral to the study design. Taxon pairs were not just selected from those belonging to any two different collection localities, but were specifically selected from those belonging to the two different centres of endemism. For example, three individuals of Hyposcada anchiala were selected from the five collection localities in the Huallaga zone. An additional three individuals of Hyposcada anchiala were selected from the three collection localities in the Ucayali zone. By selecting taxa from both zones of endemism, or postulated ‘refuges’, I was able to calculate divergences between taxa belonging to different ‘refuges’ which therefore enabled a test of the Pleistocene refuge theory, rather than just to identify more general patterns.

I also used additional information (wing pattern, geographical distribution, and altitudinal zone) to interpret the molecular phylogeny of Hyposcada anchiala (chapter 5). In the future, detailed ecological information about host-plant and other habitat requirements will be incorporated in work of this kind (e.g. Willmott and Mallet 2004).

3) The application of ‘comparative phylogeography on a regional scale, using multiple co-distributed species’

Phylogeography gains power as a method for finding general patterns when a multi-species approach is used. Such work attempts to investigate whether co-distributed taxa share concordant signatures that indicate a shared history. An important type of information for such replicated, comparative studies can come from ‘suture zones’ (zones where multiple pairs of co-distributed taxa interact in contact zones), such as studied here. In this thesis, I investigated 172 ithomiines, which had been collected from a study area approximately 90 x 55 km, for mitochondrial DNA, (chapter 2) and 95 for Tpi (chapter 3), as part of the most comprehensive, regional phylogeographic study performed on Neotropical taxa and, I believe of any suture zone, to date.

I found that molecular divergence, and therefore inferred divergence times, between the ithomiine butterflies across the N.E. Peru suture zone differed remarkably. I therefore infer that divergences in the ithomiines studied here were not driven by simultaneous vicariance. This finding adds to the growing body of evidence that the climatic fluctuations of the Pleistocene impacted Neotropical and temperate taxa in very different ways.


In addition, this work addresses a gap in genetic divergence research which was identified nearly 10 years ago, but still largely holds true today: ‘There are as yet few studies which allow a comparison of DNA divergence across racial, specific and generic taxonomic levels in the same group’ (Hewitt, 1996).

Finally
There has been a great deal of speculation about which factors drove the generation of the unrivalled terrestrial biodiversity of the Neotropical forests, but a consensus has not yet been reached. I believe that this thesis makes a valuable contribution to the current understanding of Neotropical diversification. A greater understanding of which processes contributed to the Neotropical biodiversity will enable more effective conservation strategies to be developed. Conservation strategies are desperately needed to protect the Neotropical forest biome, which is being destroyed at such an alarming rate. And in particular, to protect those forest areas which contain the endemic taxa, amongst them the ithomiines, that we are in imminent danger of losing forever.

Phylogeography is undoubtedly a powerful approach which enables informed comments to be made about the events which shaped the patterns of genetic variation that we can detect today. I have successfully incorporated all three of the directions identified for the future of phylogeography by Avise in 2000. I argue that the results presented here are at the forefront of this dynamic research field.
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