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Overview 

Palaeontological data makes a unique contribution to 

our understanding of evolutionary history.  The 

application of such data to biological questions is, 

however, hampered by the difficulty in integrating 

morphological data with modern, molecular-based 

analytical techniques. 

This project will develop a new mathematical model 

of morphological evolution, which will allow data from 

fossil organisms to be interrogated with the same 

rigour applied to genetic sequences – leading to 

quantitative statistical tests of diverse hypotheses of 

biological relationship and evolutionary processes. 

The project will deliver training in widely-used 

statistical techniques (Markov processes, Bayesian 

inference, applied phylogenetic methods) and 

programming frameworks (Java, R), alongside 

specialist training in morphological and 

palaeontological data analysis. 

Methodology 

The advent of high-throughput molecular techniques 

has generated diverse insights into the evolutionary 

history of modern groups and has yielded a 

fundamentally new outlook on the origins and 

relationships of living taxa.  Many questions have 

nevertheless proven recalcitrant to an accumulation of 

genetic and genomic data — not least ancient events, 

where the accumulation of mutations over geological 

time has given rise to saturation, noise, and alignment 

difficulties. 

Palaeontological data offer a complementary 

perspective on ancient evolutionary events. Fossils 

provide the only direct chronicle of ancestral 

morphologies, which often lie outside the gamut of 

surviving body plans. Stratigraphic data provide 

molecular clocks with an absolute timescale, revealing 

the pace of evolutionary innovation.  But 

incorporating such data in a quantitative framework, 

and integrating it with molecular evidence, is not 

straightforward. 

In the absence of fossil DNA, the phylogenetic 

placement of extinct organisms is informed by 

morphological observations.  The currently favoured 

‘Mk’ model essentially treats morphological characters 

as though they were nucleotides: a misspecification 

with the potential to introduce major bias. Unlike 

molecular characters, phenotypic characters can 

exhibit logical dependence – for example, features of a 

particular anatomical structure evolving only if that 

structure is present. 

This project will improve the accuracy and resolution 

of phylogenetic reconstruction by establishing a new 

probabilistic model of morphological evolution that 

accommodates the particular properties of 

morphological data through: 

https://community.dur.ac.uk/martin.smith/
http://www.ncl.ac.uk/maths-physics/staff/profile/tomnye.html
https://www.dur.ac.uk/directory/profile/?id=14664


  

- Non-stationary Markov processes for functionally 

adaptive (i.e. non-neutral) characters 

- Implementation of appropriate ancestral state 

priors to reflect ‘Dollo’-like evolution 

- Explicit modelling of logical dependence between 

characters 

- Incorporation of stratigraphic sequence 

information into character priors 

Inference will be performed in a Bayesian context to 

allow different sources of data to be integrated with 

prior belief about the evolutionary process. Software 

will be developed to implement the model and 

inference methods, using a Java library previously 

developed at Newcastle. 

The impact and performance of the model will be 

evaluated by assessing the accuracy and precision of 

trees reconstructed from simulated datasets; 

robustness testing under violations of the model 

assumptions; and exploring differences in results 

obtained by this method and others. 

This new bioinformatic tool will facilitate the 

integration of morphological data with molecular 

analyses, and will pave the way for the explicit testing 

of palaeontological hypotheses in a Bayesian 

framework.  This will allow data from extant and fossil 

taxa to inform questions on all evolutionary scales, 

ranging from relationships of animal phyla to rates of 

evolutionary innovation. 

 

Timeline 

3½ years of funding are available. 

Year 1 – Training to develop necessary skills and 

expertise. Initial development of model. 

Year 2 – Implementation, evaluation and refinement of 

model 

Year 3/3.5 – Generation and manipulation of 

morphological datasets; application of model to 

biological problems. 

Training & Skills 

This interdisciplinary project will expose the student 

to the mathematical and computational skills 

necessary for sophisticated data analysis, including 

phylogenetic analysis, Markov processes and Bayesian 

inference, and programming in widely used software 

environments (Java, R).  The integration of 

morphological, stratigraphic and molecular data will 

introduce the student to the datasets of different 

disciplines, and equip them to integrate the different 

forms of data with a nuanced understanding of the 

strengths and limitations of each.  

References & Further Reading 

FELSENSTEIN, J. 2004. Inferring phylogenies. Sinauer 

Associates, Sunderland, Massachusetts. 

GOLOBOFF, P. A., TORRES, A. and ARIAS, J. S. 2017. 

Weighted parsimony outperforms other methods of 

phylogenetic inference under models appropriate for 

morphology. Cladistics. online ahead of print. 

HEAPS, S. E., NYE, T. M. W., BOYS, R. J., WILLIAMS, 

T. A. and EMBLEY, T. M. 2014. Bayesian modelling of 

compositional heterogeneity in molecular 

phylogenetics. Statistical Applications in Genetics and 

Molecular Biology, 13,  589-609. 

LEMMON, A. R. and MORIARTY, E. C. 2004. The 

importance of proper model assumption in Bayesian 

phylogenetics. Systematic Biology, 53, 265–277. 

LEWIS, P. O. 2001. A likelihood approach to 

estimating phylogeny from discrete morphological 

character data. Systematic Biology, 50, 913–925. 

BRAZEAU, M. D., GUILLERME, T. and SMITH, M. R. 

2018. An algorithm for morphological phylogenetic 

analysis with inapplicable data. Systematic Biology, 

Preprint at https://doi.org/10.1101/209775 

WILLIAMS, T. A., HEAPS, S. E., CHERLIN, S., NYE, T. 

M. W., BOYS, R. J. and EMBLEY, T. M. 2015. New 

substitution models for rooting phylogenetic trees. 

Philosophical  Transactions of the Royal Society B, 370, 

20140336 

 

Further Information 

Please direct enquiries to martin.smith@durham.ac.uk 

 

mailto:martin.smith@durham.ac.uk

