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GENERAL ABSTRACT 

 

 The Gouldian Finch (Erythrura gouldiae) is a species endemic to the Australian 

tropical savannas that has experienced drastic population declines in recent times. 

Population declines have been largely attributed to uncontrolled fire regimes, cattle 

grazing and disease. The decline of E. gouldiae populations has raised concerns about 

the state of conservation of tropical savannah habitats across northern Australia. There 

are a number of current conservation efforts aimed at understanding the biology of this 

species, and at using such knowledge to implement effective management for the 

recovery of its populations. An in depth understanding of the molecular ecology of E. 

gouldiae is important to complement the current knowledge of the species biology and 

will contribute to the implementation of management practices for its recovery. 

 I used molecular genetic techniques to resolve aspects of the ecology of E. 

gouldiae that are relevant to the management and recovery of their populations. I 

contrasted some of the patterns of genetic variation with those of the Long-tailed Finch 

(Poephila acuticauda); another tropical savannah species that is comparatively 

abundant and has not experienced the kind of population declines that have affected 

Gouldian finch populations. The research in my thesis has three main components: 

 

1. Phylogeography of E. gouldiae and its relation to historical habitat changes in the 

Australian tropical savannas. 

 

 I investigated the geographical distribution of E. gouldiae lineages using 

mitochondrial DNA (mtDNA) control region sequences from extant populations and 

museum specimens. Results show a lack of lineage isolation among different regions. 

Patterns of mismatch distribution between mtDNA haplotypes are consistent with range 

expansions, dating from the Holocene period, approximately 7000 to 3600 years before 

present. Analyses of samples from different geographical regions suggest that 

population expansion events took place at different times: earlier at the easternmost 

localities and more recently at the westernmost parts of the species distribution. This 

proposed scenario of gradual colonisation of northern Australia can be explained by 

well documented climatic and socio-cultural changes during the Holocene. Change of 
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the landscape into the present drier habitats with grassy open vegetation would have 

favoured the expansion of E. gouldiae populations. 

 

 

2. Genetic variability, population structure and migration in E. gouldiae and P. 

acuticauda populations. 

 

 I used microsatellite genotypes to investigate genetic variation, population 

structure and gene flow in E. gouldiae and P. acuticauda populations. Heterozygosity 

seems slightly higher in P. acuticauda than in E. gouldiae. I found no evidence of 

recent genetic bottlenecks or severe inbreeding in wild populations, although there is 

significantly lower heterozygosity and evidence for a recent population bottleneck in a 

captive stock that is part of a reintroduction programme for E. gouldiae. The indicators 

of intra-population inbreeding (FIS) were relatively low in both species and there was no 

evidence for severe inbreeding. Inter-population differentiation (FST) is moderate for 

both species, which is consistent with their dispersal capabilities. Assignment tests 

show evidence of structuring between Poephila acuticauda populations, whereas such 

structuring is absent between individuals of E. gouldiae from the same locations. 

Migration rates appear to be higher for E. gouldiae than for P. acuticauda. These 

differences can partly explain the absence of population structure in E. gouldiae. 

However, mitochondrial DNA analyses have suggested the possibility of incomplete 

lineage sorting, which might potentially compromise this interpretation. 

 

 

3. Variability, gene conversion and natural selection at Major Histocompatibility 

Complex (MHC) genes of E. gouldiae and P. acuticauda.  

  

 I amplified exon 2 of the MHC class IIβ gene in E. gouldiae and P. acuticauda to 

test for the presence of gene conversion and to search for evidence of positive selection. 

As previously found in other passerine bird species, the number of alleles per individual 

was high (up to 10 in E. gouldiae and up to 12 in P. acuticauda). The total number of 

haplotypes and nucleotide diversity are higher in P. acuticauda, although this difference 

is not significant. The observed individual allele diversity may be driven partly by gene 

conversion, which appears to occur more frequently in E. gouldiae than in P. 
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acuticauda. Analyses of MHC codon substitution show evidence of positive selection at 

9 codons in each species, most of which are located at or adjacent to the predicted 

peptide binding amino acids in human MHC. There are differences in the positively 

selected amino-acid sites between both species It is likely that the observed higher rates 

of gene conversion and positive selection have been comparably more important in the 

maintenance of MHC diversity in E. gouldiae as a result of lower genetic variability in 

this species. This suggests E. gouldiae may be subject to higher selective pressure from 

pathogens, consistent with documented evidence on differences in parasite loads 

between the two species studied. 

 

 In summary, the present distribution of E. gouldiae populations appears to be 

relatively recent in origin. This may have resulted in the reduced levels of genetic 

variability, as is expected under a scenario of population expansion following a genetic 

bottleneck. Results from this research indicate E. gouldiae have a high dispersal 

capability, which is reflected by the lack of genetic structure between populations and 

high levels of gene flow. Genetic variability does not appear to be of immediate concern 

for this species, as there is no evidence of severe inbreeding or recent population 

bottlenecks in wild populations. However, monitoring of genetic diversity can be 

critical in the success of future captive breeding and reintroduction programs. Although 

MHC gene diversity seems to have been maintained (in terms of allele richness) in spite 

of past and present population reductions in E. gouldiae, it is still not known if the 

present diversity confers resistance to pathogens similar to that for other species whose 

populations have been more stable, particularly given that a high proportion of the 

observed MHC variants in this species appear to be of recombinant origin. Future 

research in this topic will help to determine the importance of gene conversion and 

selection on the maintenance of MHC diversity and parasite resistance in small and 

declining populations. 
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