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Overview 
 

Understanding how individuals allocate reproductive 

effort through their lives is fundamental to 

understanding the process of evolutionary adaptation, 

and has major implications for understanding other key 

processes such as population regulation and the 

evolution of senescence [1,2].  The Soay sheep (Ovis 

aries) population on St Kilda, in the Outer Hebrides, is 

the subject of a long-term individual-based study that 

provides a wealth of data for understanding life history 

evolution [3,4]. 

 

This project will investigate life history trade-offs early 

in the life cycle in both sexes, as an explanation for the 

“paradox of stasis”.  This paradox is the phenomenon 

that evolutionary rates tend to be much slower in the 

wild than is suggested by an abundance of evidence for 

strong directional natural selection on heritable traits 

[5].  The study population is a flagship case of this 

paradox.  Natural selection and genetic variation for a 

range of traits, especially various aspects of 

morphology, has been well-characterised in the study 

population.  Large body size is predominantly 

associated with high fitness (survival and reproductive 

success), but little, or at most very subtle, evolution of 

large body size is evident, despite high heritability of 

this trait [6].  

 

The current project will study selection of life history 

traits, i.e., age-specific survival and reproduction, 

especially early in the life.  Viability selection early in 

life, resulting in censoring of the distribution of 

correlated phenotypes expressed later in life, is a key 

potential explanation for the paradox of stasis [7,8], but 

one that has received very little empirical attention.  

The project will test the hypothesis that there are 

hidden costs of reproductive effort early in life, that are 

masked if detailed life history data cannot be collected 

very early in the life cycle.  The project will then test 

whether high reproductive effort, which is highly size-

dependent, causes selection against large body size that 

has thus far been undetectable.  The characterisation 

of early-life reproductive effort, particularly in females, 

will be supported by new data collection, initiated in 

late 2017, using faecal hormones to assay pregnancy 

status of ewes.  The student will be encouraged to 

independently elaborate several lines of inquiry detailed 

in a recently-awarded NERC Standard Grant, 

“Resolving the paradox of stasis: Addressing the 

missing fraction problem”, awarded to supervisor MM 

Figure 1.  Location of the 

study site, the island of 

Hirta, in the St Kilda 

archipelago, Outer 

Hebrides. 
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(as PI) and collaborator Prof Josephine Pemberton, 

FRS, as co-I). 

Methodology 
 

Data collection in the Soay sheep study is conducted 

throughout the year, with separate excursions to St 

Kilda to capture and tag lambs (in the spring), capture 

a large portion of the population for phenotypic 

measurement (in summer), and collect data and 

samples during the rut (in autumn), and track mortality 

(in winter).  Additionally, ongoing efforts reconstruct 

paternity of all lambs, and provide regular extensive 

censuses of the study population.  Funding and logistics 

to support this data collection have been secured, and 

these will support the current PhD project.  The core 

data have been extended to include faecal sampling of 

ewes in winter to determine pregnancy status at an 

early stage, the student will participate in collection of 

these data.  The field and laboratory components of the 

progesterone-based pregnancy determination have 

been verified in the study population. 

 

Analyses will include application of multi-response 

mixed effects models to characterise genetic variation 

for life history and morphological traits.  Linear and 

structural equation modelling (including extensions for 

non-normal relationships, see [9,10]) will be used to 

characterise selection on life history, especially first 

year pregnancy of ewes, and reproductive efforts of 

young rams.  These joint analyses of morphology and 

life history will then be related to hypotheses about life 

history trade-offs and evolutionary constraints in the 

evolution of body mass, using methods at the forefront 

of evolutionary quantitative genetic theory. 

 

Timeline 
 

Year 1: The student will generate a literature review 

and thesis proposal, become familiar with various 

statistical methods (see above), visit the field site to 

participate both in data collection immediately 

associated with the PhD project, and to learn about the 

study system by participating in some of the ongoing 

core life history data collection.  The student will begin 

to analyse data on pregnancy, as well as size- and 

pregnancy-dependent survival.  The student will be 

supported and encouraged to attend, and present work 

at, local and international conference from the first 

year, and throughout the course of study. 

 

Year 2:  Analyses of ewe early life history will continue, 

and preparation of thesis chapters/manuscripts in this 

area will begin.  Analyses will begin on similar questions 

focused on males, using pedigree data and censuses of 

rutting behaviour.  

 

Year 3: Studies surrounding male life history trade-offs 

will continue, yielding draft thesis 

chapters/manuscripts.  At this time, the student will be 

encouraged to begin to follow up, somewhat more 

independently of the supervisory team, on other 

specific studies in the immediate subject area, several 

of which are likely to arise in the course of the main 

project components involving female and male early life 

histories 

 

Year 3-3.5: Self-directed studies to be concluded and 

final thesis prepared, composed in large part of 

completed studies and written thesis chapters from 

previous years. 

 

Training & Skills 
 

Field data collection  

The student will have the opportunity to participate in 

data collection in a major, ongoing, and intensive field 

study.  Current funding (a NERC Standard grant 

running 56 months from May 2018) will fund ongoing 

data collection, co-ordinated by the PI (MM) his 

collaborators (especially Prof Josephine Pemberton, 

FRS, Edinburgh) and a highly experienced field-based 

research assistant.  These project partners will ensure 

that core data (i.e., ongoing life history data and 

pedigree reconstruction) collection runs smoothly, 

supporting this and other student projects.  At the 

same time, the student will have the opportunity to 

participate in multiple aspects of the data collection, 

both for their thesis work and as part of the core 

project, providing opportunities to develop a wide 

range of field skills. 

 

Quantitative skills 

This PhD will provide extensive training and mentoring 

in quantitative skills, from both project supervisors 

(MM and LB).  Analysis of data from natural populations 

frequently requires skilled application of advanced 

statistical modelling techniques, and the supervisors are 

 

Figure 2.  The study organism, Soay sheep (Ovis 

aries), a neolithic breed from an unmanaged 

population on St Kilda. 



  

well suited to providing the necessary support.  

Analytical skills will include mixed and generalised 

linear models, and causal inferences with structural 

equation modelling. 

 

Writing and communication 

IAPETUS2 and the host universities are well-suited to 

providing solid graduate training in writing and 

communication.  This will include training associated 

with the IAPETUS2 program, internal support 

structures for all PhD students in Biology at the 

primary institution for this project (St Andrews), and 

mentoring by the supervisory team and their network 

of collaborators.  The PhD student will receive 

extensive support in developing their thesis proposal, 

and then subsequently in preparing their work to 

present as a thesis and in publications.  
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