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Talk abstracts 
 
Song and plumage differences mediate reproductive isolation between related tinkerbird species 
at contact zones 
Alexander Kirschel, Emmanuel Nwankwo, Ara Monadjem, Alan Brelsford 
It has long been of interest to identify the phenotypic traits that mediate reproductive isolation 
between related species. But little is known about the extent of variation in those traits that might 
lead to a breakdown in assortative mating. We investigated genomic and phenotypic variation 
across independent contact zones between closely related, yet long isolated, red-fronted and 
yellow-fronted tinkerbirds in sub-Saharan Africa. We found evidence supporting the hypothesis 
that the extent to which songs differ mediates reproductive isolation, based on comparisons 
between song similarity and introgressive hybridisation across contact zones. We also identified 
candidate genes that introgress asymmetrically in concert with forecrown color and found 
support for the role of plumage in assortative mating. Yellow-fronted females are much more 
likely to mate with red-fronted males than the other way around.  Thus, red-fronted females 
mating assortatively with red-fronted males may help maintain species boundaries. 
 
Genomic analysis of speciation and adaptation in the Lake Malawi cichlid fish radiation 
Richard Durbin, Tyler Linderoth, Hannah Munby, Margarita Samborskaia, Hannes Svardal, 
Milan Malinsky, Emilia Santos, Bosco Rusuwa, Eric Miska, Martin Genner, George Turner 
In Lake Malawi, over 500 species of cichlid fish have diverged within the last million years, 
displaying enormous variation in morphology, diet, behaviour and ecology.  Over the last five 
years we have started to investigate the genetic history and structure of the radiation by whole 
genome sequencing over 2000 fish from over 350 species/populations.  In this talk I will 
summarize some of our projects and results that are covered in more detail by posters. We have 
established evidence of hybridisation at the base of the radiation and also at multiple points 
since.  In several cases this is associated with evidence of adaptive introgression, for example 
between deeply diverged deep water clades.  Genome wide association studies involving two 
recently diverging A. calliptera ecomorphs from the satellite crater lake Masoko reveal two 
competing XY sex determination loci, suggesting a possible role for rapid evolution of sex 
determination in supporting adaptive speciation. 
 
Evaluating genic vs multilocus models of mouse speciation 
Stuart J.E. Baird, Milos Macholan, Jaroslav Pialek 
Numerous genes have been suggested as candidate speciation genes in the mouse. A 
candidate should be associated with outlier barrier strength resisting gene flow between mouse 
taxa. We measure barrier strength between the Eastern and Western house mouse directly by 
sampling 572 mice along their hybrid zone in Europe and inspecting 600,000 loci using the 
STUWDMDA custom SNP array. Candidate genes can then be ranked and the barrier strengths 
they experience compared to the distribution of barrier strength over the genome as a whole. 
 
 
 



Demographically explicit scans for genomic barriers 
Dominik Laetsch1, Derek Setter1, Konrad Lohse1  
University of Edinburgh, Edinburgh, UK 
Genome scans for outliers of divergence are generally based on one dimensional summary 
statistics, such as F_st or d_xy and have become a mainstay of speciation research. Such scans 
suffer from a number of well known limitations. Most fundamentally, they do not allow to connect 
sequence variation to the population level processes. Interpretations of outlier scans are verbal 
and ignore the large variation inherent in the coalescent. I will describe a general inference 
framework for detecting barriers to gene flow that allows to jointly quantify heterogeneity in 
effective gene flow and population size along the genome. I will illustrate the insights that can be 
gained about the build up of reproductive isolation during the speciation process using an 
analysis of two sister species of Scarce Swallowtail butterfly as an example. 
 
Exploring the limits to the inference of speciation with gene flow 
Simon Aeschbacher, Thomas Grubinger 
Delineating speciation modes and the role of gene flow in adaptive divergence has gained 
momentum with the advent of whole-genome sequencing data. A promising agenda is to exploit 
variation in effective gene flow across time and along genomes to quantify targets of divergent 
selection. However, how accurately can we infer variation in effective demography along 
genomes? Using the distribution of nucleotide differences among inter- and intraspecific pairs of 
lineages across genomic blocks, we explore the power to distinguish between primary vs 
secondary gene flow. We find this is possible over a wide range of parameter combinations, but 
challenging close to where the scenarios converge (e.g. extended secondary contact after short 
isolation). Confronting analytical predictions with genome-scale coalescent simulations, we 
illustrate  how the block length affects model selection and parameter estimation. We explore 
ways to mitigate the effect, and apply our approach to data simulated under divergent selection 
and gene flow. 
 
Weak mating preferences promote physical linkage between mating cue and mating preference 
loci in an individual-based model of sympatric speciation 
Tarryn Schuldiner-Harpaz, Chris Jiggins 
Recent genomic studies of reproductive isolation have demonstrated non-random distributions of 
QTL controlling pre-mating isolation. Physical linkage between loci that contribute to mating cues 
and mating preferences promotes speciation, by strengthening the association between 
behavioural and ecological barriers, which could otherwise be broken down by recombination. 
We developed an individual-based model to test the influence of selection against intermediate 
phenotypes on the evolution of assortative mating and physical linkage between mating cue and 
mating preference loci. Model results predict physical linkage only for strong selection force and 
weak mating preferences. This combination allows for continued mating among separate 
phenotypes, and for recombination and selection to favour physical linkage between cue and 
preference loci. These findings correspond to empirical evidence of physical linkage in several 
insect and fish species, alongside strong association between mating cue and preference 
despite no physical linkage between the relevant loci. 
 
 



Effects of gene flow, divergent selection and background selection on genome scans 
Joao C. Frazao, Emily E. Bendall, Catherine R. Linnen, Vitor C. Sousa 
Genomic scans of differentiation are widely used to detect outliers potentially under divergent 
selection. However, the effect of removing deleterious mutations (background selection) can 
confound these analysis. To quantify this effect we model migration, divergent selection and 
deleterious mutations, using deterministic and SLiM simulations, comparing diploid and 
haplodiploid species. For models with divergence selection, we found higher peaks of divergence 
in haplodiploids than diploids, indicating that selection is more efficient in haplodiploids. Our 
results predict BGS to increase differentiation, but this effect vanishes for high migration. For 
recessive and slightly deleterious mutations, we predict diploids to be affected by associative 
overdominance (AOD), creating valleys of differentiation. We compare these predictions with 
genome-wide data from hybridizing haplodiploids (Neodiprion sawflies) and from sticklebacks. 
Our results indicate that AOD and BGS create heterogeneous genomic patterns, potentially 
biasing genomic scans to detect divergent selection. 
 
The rates of introgression and barriers to genetic exchange between hybridizing species: sex 
chromosomes vs. autosomes 
Christelle Fraisse 
Interspecific crossing experiments have shown that sex chromosomes play a major role in the 
reproductive isolation of many species. However, their ability to act as reproductive barriers, 
which hamper interspecific genetic exchange, has been little evaluated quantitatively in relation 
to autosomes. Yet, this genome-wide limitation of gene flow is essential for understanding the 
complete separation of species, and thus speciation. Here, we develop a two-deme deterministic 
model of secondary contact between hybridizing species of a XY (or ZW) sexual system. We 
obtain theoretical predictions for the frequency of introgressed alleles, and the strength of the 
barrier to neutral gene flow of the two types of chromosomes carrying multiple interspecific 
barrier loci. Theoretical predictions are obtained for scenarios where introgressed alleles are 
rare. We show that the same analytical expressions apply for sex chromosomes and autosomes, 
but with different effective parameters. The specific features of sex chromosomes (hemizygosity 
and absence of recombination in the heterogametic sex) lead to reduced levels of introgression 
of the X (or Z) compared to autosomes. This effect is enhanced by certain types of dosage 
compensation or sex-biased forces; but it remains overall small. 
 
What can patterns of hybrid fitness tell us about the mode of divergence between the parental 
populations? 
John Welch 
When genetically divergent populations hybridize, the outcomes can vary from beneficial 
heterosis, to bounded hybrid advantage, or intrinsic hybrid sterility or inviability. Which of these 
outcomes takes place will depend on the nature of the divergent alleles fixed between the 
populations. For this reason, it is possible that the fitness of hybrids contains some information 
about the mode of divergence. However, these inferences often depend on strong assumptions 
about the underlying fitness landscape. This talk will present some analytical results from fitness 
landscape models, aiming to show what we can and cannot learn about the divergence process 
from hybrid data.  
 



Genomics of adaptation to altitude in Heliconius butterflies 
Gabriela Montejo-Kovacevich, Simon H. Martin, Joana I. Meier, Nicola Nadeau, Chris Jiggins. 
Adaptation to local environmental conditions and phenotypic plasticity can determine 
evolutionary divergence along environmental clines. Altitudinal clines are steep environmental 
gradients that provide the ideal setting for studying local adaptation while minimising the 
pervasive effects of geographic isolation and genetic drift on population structure. A key question 
is how strong and detectable selection is in the wild and how convergent local adaptation to the 
environment is among closely related species. Here we tackle these by studying continuous 
populations of Heliconius butterflies ranging 1500m in elevation across both sides of the Andean 
mountains. We integrate: (i) whole genome scans to find signatures of positive selection in high 
altitudes, (ii) comparative phenotypic methods between and within species to find the traits 
conferring adaptation, (iii) common-garden rearing experiments to test their heritability and (iv) 
quantitive association studies to find candidate loci for those traits. We used population branch 
statistics with 500 whole-genome sequenced wild Heliconius erato and Heliconius melpomene 
from four replicated altitudinal clines and found strong signatures of selection to high altitude, as 
well as high levels of convergence between clines on either side of the Andes. With a wild 
collection of over 3000 individuals and common-garden rearing, we show that wings are rounder 
at high elevations, both within and between species, and that wing shape is heritable. Finally, we 
found candidate genomic regions underlying wing shape variation through association studies. 
Our work succeeds in linking signatures of selection across genomes to local environmental 
adaptation despite extensive gene flow, while revealing novel tractable adaptive traits. 
 
The genomic onset of an adaptive radiation 
Oscar Puebla 
Adaptive radiation, the evolutionary process whereby a lineage diversifies over a short period of 
time, is an important source of biological diversity. While substantial progress has been made in 
our understanding of the ecological contexts that provide opportunity for rapid diversification, 
how this potential is realised from a genetic perspective is still largely uncovered. We leverage 
170 genomes to dissect patterns of genetic differentiation and divergence among 28 species 
pairs that span the early stages of adaptive radiation in the hamlets, a group of reef fishes that 
radiated into a stunning diversity of colour patterns. Cross-coalescent analyses suggest that the 
radiation is very recent. At the lowest levels of genome-wide differentiation, genetic differentiation 
is restricted to a few narrow genomic regions. Yet contrary to a central prediction of the genic 
view of speciation, these regions do not expand as species differentiate. What happens instead 
is that background levels of differentiation raise. This increase in differentiation is not paralleled 
by an increase in divergence at the early stages of differentiation considered here. Genetic 
divergence remains largely dominated by ancestral variation, except at a few genomic regions 
that also present a stronger and distinct phylogenetic signal than the rest of the genome. These 
regions are associated with different components of colour pattern variation (bars, marks, colour) 
that form the basis of phenotypic variation in the group. Phenotypic diversity appears to be 
generated by different combinations of alleles at these loci. Such a modular genetic basis of 
phenotypic diversification may underlie a variety of adaptive radiations on land, in freshwaters 
and in the sea. 


