
Data-driven modelling of pattern formation in ecology and 
collective behaviour 
 
This is a fully funded PhD opportunity for UK or EU nationals who have or will achieve 
a Master’s degree by the 31st December 2018. The successful applicant will join the 
Centre for Research in Ecology Evolution and Behaviour of the University of 
Roehampton (London, UK) and will receive a stipend of £16,777 per year, for three 
years. The tuition fees of £4,260 per year will be covered by the University. Research 
funds (£14,000) will also be provided to support the direct research costs of the PhD 
(research travel costs, computer, consumables etc.) 
The start date for this position is the 1st January 2019. 
 

APPLICATION DEADLINE: 
10th November 2018  
 

PhD Supervisors: Dr Andrea Perna, Dr Lewis Halsey. 
 

APPLICATION PROCESS: 
Expressions of interest, including a CV, should be made to Dr Andrea Perna 
(andrea.perna@roehampton.ac.uk).  
 

ELIGIBILITY CONDITIONS AND DUTIES: 
 
Graduates in multiple disciplines welcome to apply. We seek candidates with a 
background in the quantitative sciences (physics, quantitative biology, applied 
mathematics, computer sciences and related scientific areas) and with an interest for 
pattern formation and self-organisation phenomena in ecology and collective animal 
behaviour. The successful candidate is expected to join the research group of Dr 
Andrea Perna and to develop her/his own research project around one (or potentially 
multiple) of the research topics outlined below. 
Full time bursary students are expected to be available for the equivalent of up to 6 
hours a week over 40 weeks a year for teaching or teaching-related work. Where the 
student undertakes teaching or teaching-related work, the time for preparation, 
marking, and related administration shall be included in those six hours maximum per 
week. The hours may be deployed in blocks or regularly throughout the 40 weeks 
depending on opportunities available and what is practical. 
 

DETAILS OF POTENTIAL RESEARCH TOPICS: 
 

Morphogenesis, geometry and function of social insect nests 
Nest building by social insects is one of the most classical examples of self-organisation 

phenomena in living systems, and has contributed to the evolutionary success of ants and 

termites. Surprisingly, still very little is known about the mechanisms underlying the 

construction of these structures and about their morphological and functional properties. Our 

laboratory aims at addressing these questions by using a variety of techniques, from micro-

computed tomography imaging, 3D image analysis, mathematical and computational 

modelling and mechanical experiments on nest fragments. 
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We are focusing in particular on the characterisation of arboreal nests of nasute termites (fig. 

1), which exhibit a range of interesting morphological features and are also phylogenetically 

important for understanding the evolution of nest building behaviour. This project is currently 

funded by the Royal Society in the form of a Newton International post-doctoral fellowship to 

Dr Giulio Facchini. The PhD student would mainly be based in the University of Roehampton 

– London and perform data analysis and modelling of nests, but there is also the possibility to 

take part in a research expedition to Sydney (Australia) during the first year to visit 

collaborators working on social insect biology (in particular Prof. Nathan Lo) and to collect nest 

samples (there is a budget for this). 

 

    
 
Fig. 1. From the left: Intact Nasutitermes walkeri (image Neil Ross) nest on a tree, close up 
on arboreal nest; CT-scan slice image of a nest; representation of a gyroid. 
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Individual mechanisms underlying community-level dynamics in microscopic 
ecological communities 
Ecological interactions, such as herbivory and 

predation play an important role in determining 

the relative abundance of species within an 

ecosystem and ultimately the productivity and 

stability of the ecosystem itself. Typically, 

these interactions are described in terms of 

functional responses. Functional responses 

provide a synthetic description of the flux of 

energy across trophic levels and for this 

reason they constitute an essential building 

block of realistic food web models. However, 

functional responses integrate implicitly a number of components, such as prey aggregation 

and predator chasing behaviour, that typically scale nonlinearly with environmental 

parameters. One recent line of research in our laboratory is directed at modelling the 

emergence of ecological-level patterns directly from microscopic-level interactions among 

organisms. We study this by combining experiments in artificial microcosms with computer-

 
Fig. 2. Paramecium caudatum swimming 

and feeding on unicellular algae. 



based data analysis and modelling. This project is currently funded by a research grant from 

the Royal Society to Dr Andrea Perna. The PhD student will be based in the University of 

Roehampton – London and perform data analysis (e.g. video-tracking, analysis of morphology 

and trajectories) and modelling (e.g. ecological networks, spatio-temporal pattern formation) 

on ongoing experiments and then progressively develop their own research direction. Another 

PhD student in the department (also starting in January 2019) will also work on related projects, 

focusing more on the experimental part. 
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Coordination of individual and collective motion in animal groups 
Animals moving in group, such as shoaling 

fish and flocking birds can move together in 

synchrony, and can very rapidly negotiate a 

new direction of movement without splitting 

the group. Our laboratory is specialised in 

developing techniques to characterise the 

interaction rules underlying the coordination 

of collective motion from empirical data. In 

our ongoing and planned research, we 

focus on linking the mechanisms of 

individual and collective motion to biological 

function (adaptation, energy acquisition / 

expenditure etc.) 
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Fig. 3. Shoaling fish (in this image 

mosquitofish; image James Herbert-Read) 
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