Chapter 6 – Discussion: Speciation and gene flow in Heliconius

Speciation. Why is it interesting?

Species and their formation have always been of interest because they are the units that make up the backbone for studies of ecology, conservation and evolutionary biology. The problem of species definition has been debated for decades, and as yet, still no consensus has been reached as to how what a ‘species’ actually means.  This problem has become ever more urgent with the current biodiversity crisis. We are now faced with a situation with only around 10% of the world’s species having been described (Wilson, 2003), and as species cannot be protected until we know what they are, we risk the loss of biodiversity if the situation remains unchanged. 

Speciation research is of fundamental importance to the problem of species definition. Once we understand how species form, it may be possible to delineate what a species is and how it should be classified. At the same time, understanding how species form will provide valuable insights into the evolutionary process, and will be particularly useful in phylogeny reconstruction.

Heliconius as model systems for speciation research

Species that hybridise naturally in the wild offer a unique opportunity to look at the processes leading to speciation. Heliconius butterflies have been used as model systems for speciation research for a number of decades. Bates (1862) used Heliconius species to formulate theories of mimicry and speciation, and over a century later, researchers are still using this genus for studies of speciation. Much is already known about Heliconius ecology, behaviour and genetics. Because of their bright warning colouration, they have been popular with collectors, and consequently many hybrid specimens are known. This wealth of existing knowledge makes Heliconius species ideal candidates for speciation studies. 

What causes speciation in Heliconius?

Heliconius cydno and H. melpomene are Müllerian mimetic species, currently undergoing speciation. Previous research using this species pair have elucidated a number of pre- and post-mating isolation barriers which may all have led to their divergence. They have diverged in habitat preference (Mallet et al, 1998), differ in host plant (Smiley, 1978) and pollen choice (Estrada and Jiggins, 2002), and show strong assortative mating (Jiggins et al, 2001). We are now beginning to get a clear picture of the events that lead to speciation in this species pair, and it is hoped that some of this research may be extrapolated to other taxa. 

Frequency-dependent predation as a post-mating isolation mechanism

One area of research that remained untested, was the question of whether predation on Heliconius hybrids may contribute to speciation. In this thesis, I show that there is some evidence for positive frequency-dependent selection on F1 hybrids between the two study species (chapter 5). This adds to the previous research, and suggests an additional post-mating isolation barrier between the species. The data presented here, however, remain inconclusive due to small data-sets. Future research should include a greater diversity of bird species, and larger sample numbers in order to test whether the pattern observed here is real or as the result of chance.

Gene flow between species of Heliconius

Another area of great interest in speciation research is that of the potential for gene flow between species, mediated by occasional hybridisation. If species do mate in the wild to form hybrids, however rarely, it may be expected that some introgression will occur. In this thesis (Chapters 3 and 4) I show that there is evidence for gene flow at some, but not all loci between H. cydno and H. melpomene, indicating that speciation is not yet complete. This finding adds to the growing body of evidence suggesting that gene flow can occur between animal species in the wild. Here I show that even small amounts of gene flow between species can lead to discordant genealogies, causing problems for phylogeny reconstruction. Future research should aim to determine how frequent gene flow is, by using additional autosomal loci, and by comparing the data-set with a comparable Heliconius species pair.

Future work

Knowledge of the events leading to speciation between H. melpomene and H. cydno is increasing. We are aware of the role that a number of factors play in driving their divergence. There are a few unexplored areas of possible additional barriers to speciation, for example pheromone differences and differences in flight pattern and how they may play a role in mate choice.  The inclusion of these studies would lead to a more complete understanding of how speciation has occurred in these butterflies.
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