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ABSTRACT 

 

Conservation studies have generally focused on the environmental and biological issues 

affecting the decline of a species.  However, to ensure the sustainability of a species three 

aspects must be considered: biological, economic and sociological.  This thesis focuses on a 

case study of salmon in the Exe catchment comprising three individual studies, and explores 

the temporal stability of the species across the South West region to assess the status of 

salmon in other catchments within the region.  A panel of microsatellite markers modified 

from the West Virginia panel was utilised in exploring the population genetics of Atlantic 

salmon.   

 

Weak population structuring was found within the Exe supported by a number of population 

genetic statistics.  This information was provided to hatchery managers who modified their 

protocols utilising two strains of fish rather than stocking the catchment with fish from only 

one tributary.  The catchment level estimate of effective population size was consistently 

reported to be lower than the management target (MT).    

 

A questionnaire distributed to more than 200 anglers suggested that despite a wide variation 

in opinion the consensus was that as a group they are happy with current management 

practices but that there are still some changes that could be made, for example, many 

respondents felt that the some groups involved in decision making regarding salmon 

management should have a different level of input than they currently have.  The majority of 

anglers were positive about the use of hatcheries as a management tool. 

 

The efficacy of practices at two South West hatcheries (Exe and Tamar) was assessed.  Both 

hatcheries suffered from a decreased level of genetic diversity as a result of the use of a small 

number of adults and a bias in parental contribution. 

 

Finally, a spatio-temporal analysis of the region suggested that spatial distribution is a 

dominant force to temporal variation in shaping the population structure of Atlantic salmon in 

the region.  A distinct divide was observed between populations of salmon in the easterly 

chalkstream rivers (e.g. the Test, Itchen and Frome) and those in the west of the region (e.g. 

the Exe, Taw and Fowey). 
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The findings of these studies are discussed in a wider context and support the following 

recommendations:   

1. If a hatchery is to be used on the Exe catchment multiple stocks should be reared to reflect 

the populations found. 

2. Stakeholders, including representatives of angling groups should be involved in conservation 

and kept up to date with research undertaken and results found. 

3. If the Exe and Tamar hatcheries are to be continued, more broodstock should be utilised to 

improve levels of genetic diversity in the offspring. 

4. Effective population size should continue to be monitored at a number of key sites across 

the region.  These sites should be selected following more in depth studies of population 

structure at a catchment level. 

 

 

 

 

 



4 

 

TABLE OF CONTENTS 

Abstract.....................................................................................................................2 

List of Figures...........................................................................................................10 

List of Tables............................................................................................................12 

List of Boxes.............................................................................................................13 

Acknowledgements..................................................................................................14 

 

Chapter 1: Introduction............................................................................................16 

1.1 Atlantic salmon......................................................................................................................16 

 1.1.1 Distribution............................................................................................................17 

 1.1.2 Biology...................................................................................................................17 

 1.1.3 Life cycle................................................................................................................18 

 1.1.4 Homing..................................................................................................................19 

1.2 Importance of Atlantic salmon..............................................................................................20 

1.3 Decline...................................................................................................................................21 

1.4 Mitigation of the decline: management techniques.............................................................24 

1.4.1 Habitat management.............................................................................................25 

1.4.2 Legislation and regulation.....................................................................................25 

1.4.3 Stocking, hatcheries and genetic management....................................................26 

1.4.4. Summary of Management....................................................................................29 

1.5 Salmon in South West England..............................................................................................29 

1.6 Sustainability.........................................................................................................................31 

 1.6.1 The concept...........................................................................................................31 

 1.6.2 The three pillars of sustainability..........................................................................32 

 1.6.3 Biological sustainability.........................................................................................32 

 1.6.4 Social and economic sustainability........................................................................33 

1.7 Techniques for measuring sustainability...............................................................................33 

 1.7.1 Biological sustainability.........................................................................................34 

 1.7.1.1 Genetic methods and techniques.......................................................................35 

 1.7.1.2 Marker choice.....................................................................................................35 

 1.7.1.3 Potential analyses...............................................................................................37 

 1.7.2 Social sustainability...............................................................................................37 

 1.7.2.1 Qualitative participatory methods.....................................................................38 



5 

 

 1.7.2.2 Indicator-based quantitative techniques............................................................39 

 1.7.2.3 Non-indicator based methods............................................................................39 

 1.7.2.4 Analysis of sociological data and evaluation of techniques...............................40 

 1.7.3 Economic sustainability.........................................................................................40 

1.8 Evidence of sustainability......................................................................................................42 

1.8.1 Evidence of sustainability in Atlantic salmon........................................................42 

1.8.2 Evidence of sustainability in South West salmon..................................................43 

1.9 Objectives of the study..........................................................................................................44 

1.9.1 Understanding the current status of Atlantic salmon on the Exe (Chapter 2)......45 

1.9.2 Exploration of angler opinions (Chapter 3)...........................................................46 

1.9.3 An assessment of the efficacy of hatcheries (Chapter 4)......................................46 

1.9.4 Stability of Atlantic salmon across South West England (Chapter 5)....................47 

1.9.5 Discussion (Chapter 6)...........................................................................................48 

 

Chapter 2: Population structure and effective population size of Atlantic salmon (Salmo salar 

L.) in the River Exe, South West England: Implications for management and conservation...49 

2.1 Introduction...........................................................................................................................49 

2.2 Methods................................................................................................................................52 

2.2.1 Study area..............................................................................................................52 

2.2.2 Sample collection..................................................................................................53 

2.2.3 Microsatellite genotyping......................................................................................54 

2.2.4 Statistical analysis..................................................................................................55 

2.2.4.1 Error checking and pooling samples...................................................................55 

2.2.4.2 Detecting the presence of sibling groups............................................................56 

2.2.4.3 Gene diversity and allelic richness......................................................................59 

2.2.4.4 Population structure...........................................................................................59 

2.2.4.5 Effective population size.....................................................................................60 

2.2.4.6 Number of breeding adults.................................................................................61 

2.3 Results...................................................................................................................................61 

2.3.1 Error checking........................................................................................................61 

2.3.2 Siblings...................................................................................................................62 

2.3.3 Gene diversity and allelic richness........................................................................62 

2.3.4 Population structure..............................................................................................62 

2.3.5 Effective population size of the Exe......................................................................67 

2.3.5.1 Estimates based on the LD method....................................................................67 



6 

 

2.3.5.2 Estimates of Ne from the full likelihood sibship assignment method assuming 

random mating...............................................................................................................68 

2.3.5.3 Estimates of Ne from the heterozygote excess method.....................................68 

2.3.5.4 Correlation between methods............................................................................69 

2.3.5.5 Exe catchment Ne...............................................................................................69 

2.3.6 Number of breeding adults...................................................................................69 

2.4 Discussion..............................................................................................................................70 

 2.4.1 Gene diversity and allelic richness........................................................................70 

 2.4.2 Population structure on the Exe............................................................................70 

 2.4.3 Effective population size.......................................................................................73 

 2.4.4 Management implications.....................................................................................76 

 2.4.5 Conclusions............................................................................................................77 

 

Chapter 3: Angler views on the management and conservation of Atlantic salmon (Salmo 

salar L.) on the Exe...............................................................................................................79 

3.1 Introduction...........................................................................................................................79 

3.2 Academic context..................................................................................................................79 

3.2.1 Value of Atlantic salmon........................................................................................80 

3.2.2 Conservation status and management methods..................................................80 

3.2.3 Communication.....................................................................................................81 

3.2.4 The Exe..................................................................................................................82 

3.2.5 Anglers as stakeholders.........................................................................................82 

3.3 Methods................................................................................................................................83 

3.3.1 Scoping interviews.................................................................................................84 

3.3.2 Focus group...........................................................................................................85 

3.3.3 Questionnaires......................................................................................................85 

3.3.4 Qualitative and quantitative analysis....................................................................87 

3.4 Results and discussion...........................................................................................................88 

3.4.1 Identification of themes through intensive methods............................................88 

3.4.1.1 Scoping interviews..............................................................................................88 

3.4.1.2 Focus group........................................................................................................91 

3.4.2 Questionnaire analysis and discussion of results..................................................93 

3.4.2.1 Demographics of the respondents......................................................................93 

3.4.2.2 The value of Atlantic salmon..............................................................................95 

3.4.2.3 Salmon decline....................................................................................................99 



7 

 

3.4.2.4 Management....................................................................................................104 

3.4.2.5 Agencies, scientists and conflicts......................................................................110 

3.4.2.6 Final words.......................................................................................................117 

3.5 Conclusions..........................................................................................................................118 

3.5.1 Anglers as stakeholders.......................................................................................119 

3.5.2 Communication...................................................................................................120 

3.5.3 Changing the demographics?..............................................................................122 

3.5.4 Future work.........................................................................................................122 

 

Chapter 4: A tale of two hatcheries: An assessment of the efficacy of supportive breeding 

programmes for Atlantic salmon (Salmo salar L.) in South West England............................123 

4.1 Introduction.........................................................................................................................123 

4.2 Methods..............................................................................................................................124 

4.2.1 Hatchery set-up and sample collection...............................................................125 

4.2.1.1 Exe catchment..................................................................................................125 

4.2.1.2 Tamar catchment.............................................................................................126 

4.2.1.3 Tissue collection................................................................................................126 

4.2.2 Microsatellite analysis.........................................................................................127 

4.2.3 Statistical analysis................................................................................................128 

4.2.3.1 Quality control..................................................................................................128 

4.2.3.2 Genetic diversity of parents/offspring..............................................................129 

4.2.3.3 Parentage.........................................................................................................130 

4.2.3.4 Effective population size...................................................................................130 

4.3 Results.................................................................................................................................131 

 4.3.1 Quality control.....................................................................................................131 

 4.3.2 Genetic diversity..................................................................................................131 

 4.3.3 Parentage............................................................................................................132 

 4.3.3.1 Exe hatchery.....................................................................................................132 

 4.3.3.2 Tamar hatchery................................................................................................132 

 4.3.4 Effective population size.....................................................................................135 

4.4 Discussion............................................................................................................................138 

4.4.1 Genetic diversity and quality control..................................................................138 

4.4.2 Parentage............................................................................................................139 

4.4.3 Effective population size.....................................................................................140 

4.4.4 Hatchery records.................................................................................................142 



8 

 

4.4.5 Management implications and conclusions........................................................142 

 

Chapter 5: Spatio-Temporal Characterisation of Atlantic salmon (Salmo salar L.) in South 

West England.....................................................................................................................144 

5.1 Introduction.........................................................................................................................144 

5.2 Methods..............................................................................................................................146 

5.2.1 Sample collection................................................................................................146 

5.2.2 DNA extraction and microsatellite amplification................................................151 

5.2.3 Statistical analysis................................................................................................152 

5.2.3.1 Quality control..................................................................................................152 

5.2.3.2 Spatial analysis of contemporary samples.......................................................152 

5.2.3.3 Spatio-temporal variation................................................................................153 

5.2.3.4 Effective population size...................................................................................154 

5.3 Results.................................................................................................................................155 

 5.3.1 Quality control.....................................................................................................155 

5.3.2 Spatial analysis of contemporary samples..........................................................156 

5.3.3 Spatio-temporal variation...................................................................................162 

5.3.4 Effective population size.....................................................................................166 

5.4 Discussion............................................................................................................................173 

 5.4.1 Gene diversity and allelic richness......................................................................173 

 5.4.2 Contemporary spatial structure..........................................................................174 

 5.4.3 Spatio-temporal variation...................................................................................176 

 5.4.4 Effective population size.....................................................................................177 

 5.4.5 Conclusions and implications..............................................................................179 

 

Chapter 6: Discussion.........................................................................................................180 

6.1 A case study on the River Exe..............................................................................................180 

6.1.1 Understanding the current status of Atlantic salmon on the River Exe (Chapter 

2)..................................................................................................................................180 

6.1.2 An exploration of angler opinion on Atlantic salmon management (Chapter 3)182 

6.1.3 Assessment of the efficacy of two hatchery programmes (Chapter 4)...............183 

6.2 Stability and population structure of Atlantic salmon across the South West of England..184 

6.3 Limitations, potential improvements and future work.......................................................186 

6.3.1 Sample size and distribution...............................................................................186 

6.3.2 Hatchery sampling...............................................................................................187 



9 

 

6.3.3 Sociological methods...........................................................................................188 

6.3.4 Analysis................................................................................................................188 

6.4 Conclusions..........................................................................................................................189 

 

References.........................................................................................................................191 

 

Appendices........................................................................................................................211 

APPENDIX I. HotSHOT extraction Methodology.......................................................................212 

APPENDIX II. Summary information for microsatellite markers used in Chapter 2..................213 

Appendix III. Effective population size estimates for Chapter 2.............................................215 

Appendix IV. Scoping interview schedule................................................................................216 

Appendix V. Focus group prompts........................................................................................217 

Appendix VI. Questionnaire..................................................................................................218 

Appendix VII. Battery results regarding salmon, trout and management................................222 

Appendix VIII. Riparian owners viewpoints..............................................................................223 

Appendix IX. Microsatellite panels used in Chapter 4.............................................................224 

Appendix X. TDlong PCR protocol..........................................................................................226 

Appendix XI. Broodstock per strain and reasoning for grouping..........................................227 

Appendix XII. Tamar broodstock pairing (2009-10)...............................................................228 

Appendix XIII. Broodstock for the Barle and Little Exe strains, based on hatchery records 

(2010-11)...................................................................................................................................229 

Appendix XIV.  Chelex protocol...............................................................................................230 

Appendix XV. ASAP top-up panel..........................................................................................232 

Appendix XVI.  Exeter contemporary microsatellite panel...................................................233 


