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Dynamics and Selection in an Island Population

Soay Sheep synthesises the results of a unique study of population

dynamics, selection and adaptation in a naturally regulated

population of mammals. Soay sheep were first introduced to the

St Kilda archipelago in the Bronze Age, and to the island of Hirta

in 1932, where their numbers are naturally regulated by the

availability of resources. Unlike most other large mammals, their

numbers show persistent fluctuations, sometimes increasing or

declining by more than 60 per cent in a year. Soay Sheep explores

the causes of these fluctuations and their consequences for

selection on genetic and phenotypic variation within the

population, drawing on nearly twenty years’ study of the

life-histories and reproductive careers of many individuals. The

study provides important insights into the regulation of other

herbivore populations and the effects of environmental change on

selection and adaptation. It will be essential reading for vertebrate

ecologists, demographers, evolutionary biologists and behavioural

ecologists.
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the University of Cambridge. His research has explored the

evolutionary causes and ecological consequences of animal

breeding systems. He has worked with primates, ungulates and

carnivores, and has been responsible for establishing several

long-term studies where recognition of individuals made it

possible to explore the interface between population dynamics

and natural selection.

joseph ine pemberton is Reader in Molecular Ecology

at the University of Edinburgh. Her research uses modern

molecular techniques to help understand the ecology and

evolution of natural populations. She specialises in applying

DNA profiling to long-term studies of individuals, yielding

insights about breeding systems, the consequences of

inbreeding and host--parasite coevolution.

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Soay Sheep
Dynamics and Selection in an Island Population

Edited by

T. H. Clutton-Brock

University of Cambridge

and

J. M. Pemberton

University of Edinburgh

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

4843/24, 2nd Floor, Ansari Road, Daryaganj, Delhi - 110002, India

79 Anson Road, #06-04/06, Singapore 079906

Ruiz de Alarcón 13, 28014 Madrid, Spain

Dock House, The Waterfront, Cape Town 8001, South Africa

Cambridge University Press is part of the University of Cambridge. 

It furthers the University’s mission by disseminating knowledge in the pursuit of 
education, learning and research at the highest international levels of excellence.

www.cambridge.org 
Information on this title: www.cambridge.org/9780521529907

© Cambridge University Press 2004

This publication is in copyright. Subject to statutory exception 
and to the provisions of relevant collective licensing agreements, 
no reproduction of any part may take place without the written 
permission of Cambridge University Press.

First published 2004

A catalogue record for this publication is available from the British Library

Library of Congress Cataloging in Publication data
Soay sheep : dynamics and selection in an island population / editors,
 T. H. Clutton-Brock and J. M. Pemberton.
  p. cm.
 ISBN 0 521 82300 5 – ISBN 0 521 52990 5 (paperback)
 1. Soay sheep – Selection – Scotland – Saint Kilda. 2. Mammal
 populations – Scotland – Saint Kilda. 3. Soay sheep – Ecology – 
 Scotland –
 Saint Kilda. I. Clutton-Brock, T. H. II. Pemberton, J. M. (Josephine M.)
QL737.U53S66 2003
599.649´1788–dc21 2003043936

ISBN  978-0-521-52990-7  Paperback

Cambridge University Press has no responsibility for the persistence or 
accuracy of URLs for external or third-party internet websites referred to in 
this publication, and does not guarantee that any content on such websites is, 
or will remain, accurate or appropriate.

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Contents

List of contributors page ix

1 Individuals and populations 1

T. H. Clutton-Brock and J.M. Pemberton

1.1 Sheep on St Kilda 1

1.2 Individuals and populations 6

1.3 Population density and selection 10

1.4 Adaptation in a changing environment 11

1.5 Soay sheep as a model system 13

1.6 Methods of research 13

2 The sheep of St Kilda 17

T. H. Clutton-Brock, J.M. Pemberton, T. Coulson,

I. R. Stevenson and A.D. C. MacColl

2.1 Introduction 17

2.2 The islands of St Kilda 18

2.3 Human settlement on St Kilda and the history

of St Kilda’s sheep 20

2.4 Physical characteristics of Soay sheep on St Kilda 25

2.5 Feeding behaviour and habitat use 29

2.6 Reproduction 34

2.7 Early development and neonatal mortality 38

2.8 Juvenile and yearling mortality 41

2.9 Adult mortality and the costs of reproduction 43

2.10 Discussion 50

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

vi Contents

3 Population dynamics in Soay sheep 52

T. H. Clutton-Brock, B. T. Grenfell, T. Coulson, A. D. C. MacColl,

A.W. Illius, M. C. Forchhammer, K. Wilson, J. Lindström, M. J. Crawley

and S. D. Albon

3.1 Introduction 52

3.2 Changes in population size 53

3.3 Density-dependence in fecundity 58

3.4 Variation in birth weight and neonatal mortality 61

3.5 Winter mortality 64

3.6 Cohort variation in growth, survival and

reproductive performance 70

3.7 Modelling the impact of density-dependence 75

3.8 Incorporating the effects of climate and age structure 78

3.9 Synchrony in dynamics between populations 81

3.10 Discussion 82

4 Vegetation and sheep population dynamics 89

M. J. Crawley, S. D. Albon, D. R. Bazely, J.M. Milner,

J. G. Pilkington and A. L. Tuke

4.1 Introduction 89

4.2 Grazing in theory and practice 92

4.3 Methods 96

4.4 Spatial distribution of grazing 97

4.5 Effects of grazing on flowering, botanical composition

and plant species richness 105

4.6 Grazing and infection by fungal endophytes 108

4.7 Grazing and long-term changes in plant communities 110

4.8 Discussion 111

5 Parasites and their impact 113

K. Wilson, B. T. Grenfell, J. G. Pilkington, H. E. G. Boyd,

and F.M.D. Gulland

5.1 Introduction 113

5.2 The parasite community 114

5.3 Variation in parasitism rates 123

5.4 Costs of parasitism 146

5.5 Discussion 154

6 Mating patterns and male breeding success 166

J.M. Pemberton, D.W. Coltman, J. A. Smith

and D. R. Bancroft

6.1 Introduction 166

6.2 Measuring male breeding success 168

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Contents vii

6.3 Molecular paternity inference 171

6.4 Breeding success among age classes and years 172

6.5 Lifetime breeding success and cohort effects 175

6.6 Opportunity for selection and the maintenance

of genetic variation 180

6.7 Discussion 184

7 Selection on phenotype 190

J. M. Milner, S. D. Albon, L. E. B. Kruuk and J. M. Pemberton

7.1 Introduction 190

7.2 The opportunity for selection 191

7.3 Selection on body size 192

7.4 Selection on horn phenotype 203

7.5 Selection on coat colour 208

7.6 Discussion 212

8 Molecular genetic variation and selection on genotype 217

J. M. Pemberton, D. W. Coltman, D. R. Bancroft, J. A. Smith

and S. Paterson

8.1 Introduction 217

8.2 Loci screened 221

8.3 Amount and distribution of molecular genetic variation 224

8.4 Selection against inbred individuals 226

8.5 Selection at specific loci 231

8.6 Discussion 238

9 Adaptive reproductive strategies 243

I. R. Stevenson, P. Marrow, B. T. Preston, J.M. Pemberton

and K. Wilson

9.1 Introduction 243

9.2 Optimal life-histories for female Soay sheep 249

9.3 Optimal life-histories for male Soay sheep 254

9.4 Discussion 270

10 The causes and consequences of instability 276

T. H. Clutton-Brock

10.1 Introduction 276

10.2 Comparative demography 277

10.3 Hard conditions and soft selection 293

10.4 Adaptation in changing environments 301

10.5 Extrapolations to other populations 304

10.6 Summary 307

10.7 Acknowledgements 310

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

viii Contents

Appendix 1

The flora of St Kilda 311

M. J. Crawley

Appendix 2

Inheritance of coat colour and horn type in Hirta Soay sheep 321

D. W. Coltman and J. M. Pemberton

Appendix 3

How average life tables can mislead 328

T. Coulson and M. J. Crawley

References 332

Index 380

Colour plate section between pages 20 and 21

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Contributors

S. D. Albon

Centre for Ecology and Hydrology, Hill of Brathens, Banchory

AB31 4BY, UK

D. R. Bancroft

GPC AG Genome Pharmaceutical Corporation, Lochhamer

Strasse 29, D-82152 Munich, Germany

D. R. Bazely

Department of Biology, York University 4700 Keele Street,

North York, Ontario M3J 1P3, Canada

H. E. G. Boyd

Department of Zoology, University of Cambridge, Cambridge

CB2 3EJ, UK

T.H. Clutton-Brock

Department of Zoology, University of Cambridge, Cambridge

CB2 3EJ, UK

D.W. Coltman

Department of Animal and Plant Sciences, University

of Sheffield, Alfred Denny Building, Western Bank, Sheffield

S10 2TN, UK

T. Coulson

Department of Zoology, University of Cambridge, Cambridge

CB2, 3EJ, UK

ix

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

x List of contributors

M. J. Crawley

Department of Biological Sciences, Imperial College, Silwood

Park, Ascot SL5 7PY, UK

M.C. Forchhammer

Department of Population Ecology, Zoological Institute,

University of Copenhagen, Universitetsparken 15, DK-2100

Copenhagen, Denmark

B. T. Grenfell

Department of Zoology, University of Cambridge, Cambridge

CB2 3EJ, UK

F.M.D. Gulland

Marine Mammal Centre, Marin Headlands, 1065 Fort

Cronkhite, Sausalito CA 94965, USA

A.W. Illius

Institute of Cell, Animal and Population Biology, University

of Edinburgh, West Mains Road, Edinburgh EH9 3JT, UK

L. E. B. Kruuk

Institute of Cell, Animal and Population Biology, University

of Edinburgh, West Mains Road, Edinburgh EH9 3JT, UK

J. Lindström

Department of Environmental and Evolutionary Biology,

University of Glasgow, Glasgow G12 8QQ, UK

A.D. C. MacColl

Department of Animal and Plant Sciences, University

of Sheffield Alfred Denny Building, Western Bank, Sheffield S10

2TN, UK

P. Marrow

BTexact Technologies, Martelsham Heath, Ipswich IP5 3RE, UK

J.M. Milner

Scottish Agricultural College, Kirkton Farm, Crianlarich, FK20

8RU, UK

S. Paterson

School of Biological Sciences, University of Liverpool, Liverpool

L69 72B, UK

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

List of contributors xi

J.M. Pemberton

Institute of Cell, Animal and Population Biology, University

of Edinburgh, West Mains Road, Edinburgh EH9 3JT, UK

J. G. Pilkington

Institute of Cell, Animal and Population Biology, University

of Edinburgh, West Mains Road, Edinburgh EH9 3JT, UK

B. T. Preston

Institute of Biological Sciences, University of Stirling, Stirling

FK9 4LA, UK

J. A. Smith

Department of Veterinary Parasitology, University of Glasgow,

Bearsden Road, Glasgow G61 1QH, UK

I. R. Stevenson

Institute of Biological Sciences, University of Stirling, Stirling

FK9 4LA, UK

A. L. Tuke

Department of Biological Sciences, Imperial College, Silwood

Park, Ascot SL5 7PY, UK

K. Wilson

Institute of Biological Sciences, University of Stirling, Stirling

FK9 4LA, UK

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Editors’ and Authors’ Acknowledgements

Research on the dynamics of fluctuating vertebrate populations has a

long and distinguished history and we are well aware that we stand

on the shoulders of giants. Much of the original stimulus for our

work on St Kilda came from studies of unstable or cyclical popula-

tions of grouse, voles, lemmings and lagomorphs and we have impor-

tant debts to Charles Krebs, Tony Sinclair, Adam Watson, Sam Berry,

Bob Moss, Ilka Hanski, Peter and Rosemary Grant and Norman Owen-

Smith for pointing the way. In addition, we are very conscious of the

influence of the work of David Lack and, later, of Graeme Caughley.

Our choice of Soay sheep on St Kilda as a system was inspired by a

previous, ground-breaking study of the sheep led by Peter Jewell and

John Morton Boyd that culminated in the 1974 book Island Survivors,

which demonstrated that it was feasible to examine the causes and

consequences of population fluctuations at the level of individual an-

imals. Ten years after the publication of Island Survivors, Peter Jewell

introduced us to St Kilda and helped us to establish and develop the

work described here.

A large number of scientists have contributed to the work described

in this book. We are deeply grateful to Jerry Kinsley, Richard Clarke,

David Green, Owen Price and Tony Robertson who collected data on

the island in the early years, establishing many methods which have

stood the test of time. We are also especially grateful to Andrew Mac-

Coll, who was responsible for collecting the core field data from 1990

to 1993; to Ian Stevenson for his generous and wide ranging contribu-

tions to many organisational and technical aspects of the work; and to

Jill Pilkington who has now been in charge of all core data collection,

xiii

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

xiv Editors’ and Authors’ Acknowledgements

as well as all logistics, for more than ten years. Over the years, research

students have made a huge contribution to the collection of core data

as well as pursuing their own studies; to date, one MSc by Research

(Mark Vicari) and eleven PhDs have been completed on the study

(Frances Gulland, David Bancroft, Ian Stevenson, Judith Smith, Tamsin

Braishier, Steve Paterson, Jos Milner, Ettie Boyd, Amanda Tuke, Stuart

Thomas and Brian Preston) and four are ongoing (Barbara Craig, Owen

Jones, Dan Nussey and Louisa Tempest). Several colleagues from our

network of universities and institutes have also made substantial con-

tributions to the field work over the years, including Bill Amos, Marco

Festa-Bianchet, Iain Gordon, Mariko Hiraiwa-Hasegawa, Alison Hester,

Fiona Hunter, Andrew Illius, Tristan Marshall, Cathy Rowell, Jon Slate

and Giac Tavecchia. Members of the Mammal Conservation Trust

were instrumental in developing the summer catching system. Vol-

unteer helpers have been the heroes of the study and we thank them

all, even if we have inadvertently omitted them from this list: Jim

Alexander, Roslyn Anderson, Jennifer Andrews, Mark Anstee, Helen

Armstrong, Gebre Asefa, Elsie Ashworth, Nia Ball, Andrew Balmford,

Liesje Birchenough, Colin Bleay, Frank Blowey, Jennifer Bobrow,

Vivienne Booth, Matthew Bowell, Neil Brookes, Sue Brown, Tracy

Brown, Muirne Buchanan, Colleen Covey (née Burgoyne), Chris Chinn,

Dave Christie, Tom Clarke, Victor Clements, Conal Cochrane, Tilly

Collins, Gill Cooper, Buster Culverwell, Ailsa Curnow, Ben Dansie,

Oliver Dansie, Angus Davidson, Nell Davidson, Colin Delap, Pat

Delap, Sarah Delap, Alison Donald, Andrew Dunn, Sam Emmerich,

Francis Evans, Marco Festa-Bianchet, Dan Fitton, Kathleen Fraser,

Helen Freeston, Liz Garner, Angela Garton, Belen Gimenez, Nicola

Goodship, Malcolm Grant, Chris Green, Phil Green, Cy Griffin,

Jude Hamilton, Mark Hampton, Laurel Hannah, Ian Hartley, Mary

Harman, Matt Heard, Sarah Helyar, Tom Henfrey, Dave Henman,

Brian Hodgkins, Nina Hofbauer, Quin Hollick, Lorraine Hoodless,

Russell Hooper, David Howell, Elodie Hudson, Nye Hughes, Henry

Humphreys, Kerry Hutcheson, Neil Illins, Justin Irvine, Alice

Jarvis, Cath Jeffs, Vicky Jeffries, Mark Jennings, Helen Jewell,

Jeremy Johns, Kenny Johnston, Robin Jones, Sarah Keer-Keer,

Elsie Krebs, Wiebke Lammers, Kirsty Laughlin, Camilla Lawson,

Ruth Lawson, Jackie Leah, Roger Leah, Katrina Lee, Suzanne

Livingstone, Hywel Lloyd, Mike Lonergan, Sara Lourie, Richard

Luxmoore, Lindsay Mackinlay, Karen Macleod, John Maxone,

Andrew Mayo, Claire de Mazancourt, Morag McCracken, Mhairi

www.cambridge.org/9780521529907
www.cambridge.org


Cambridge University Press
978-0-521-52990-7 — Soay Sheep

Edited by T. H. Clutton-Brock , J. M. Pemberton 

Frontmatter

More Information

www.cambridge.org© in this web service Cambridge University Press

Editors’ and Authors’ Acknowledgements xv

McFarlane, Colin MacGillivray, Graeme Millar, John D. Milne,

Ruaraidh Milne, Alastair Mitchell, Becky Morris, Sean Morris, Kelly

Moyes, Scott Newey, Nancy Ockendon, Johan Olofsson, Stephen

Oswald, Vicky Parker, Claire Parrott, Ernie Patterson, Richard Payne,

Howard Payton, Chris Pendlebury, Javier Pérez-Barbeŕıa, Emma
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Conservation, a Special Protection Area, a World Heritage Site and
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