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ABSTRACT 

 
The River Sligachan on the Isle of Skye is a west coast river system with a declining adult 

salmon stock as evidenced through seventy years of angling records. To our knowledge 

there is no published literature on the aquatic ecology of this river. 

 

This key objective of this work was to establish if current redd washout and variations in 

water chemistry, during the spawning season through to emergence of alevin, is 

responsible for apparent reductions in juvenile Atlantic salmon, thereby lowering adult 

populations returning to the River Sligachan, on the Isle of Skye. 

 

To pursue this goal a seasonal study of the River Sligachan and its catchment were 

undertaken: variables measured included precipitation, water chemistry, temperature, fine 

sediment infiltration, flow rates / flow profiles and artificial redd washout.  A river 

corridor survey (with integrated management plan), and a river channel geology / bed 

material abundance survey, provided additional information to the vegetative and 

physical structure of the River Sligachan relating to the wider and chemical 

characteristics of the river catchment. 

 



 
 
 

vi

 
CONTENTS 

 

 

  

GLOSSARY 
 
CHAPTER 1          1 

Introduction          2 

1.1  Background for study        2 

1.2  Purpose and parameters of study       9 

1.3  Aims of the study         23 

1.4  Objectives         24 

 
CHAPTER 2          26 

Introduction          27 

2.1  Location and features of the River Sligachan     27 

       2.1.1   Geology of Skye        27 

       2.1.2   River Sligachan        31 

       2.1.3   Landscape         34 

2.2  Lifecycle, habitat and migration       37 

2.3  Conclusion         42 

 
CHAPTER 3          45 

Introduction          46 

Materials and methods        46 

3.1  Background         46 

3.2  Artificial redds         48 

      3.2.1   Artificial salmon eggs and planting overview    48 

       3.2.2   Artificial redd site selection      51 

       3.2.3   Artificial redds (autumn re-assessment)     52 

       3.2.4   Creation of artificial redds      52 

       3.2.5   Burial of first artificial egg      53 



 
 
 

vii

       3.2.6   Artificial egg recovery       56 

3.3  Planting and recovery of riverbed sediment tubes    56 

       3.3.1   Riverbed sediment tubes       57 

       3.3.2   Water sampling tubes       59 

       3.3.3   Location and recovery of sediment tubes, water sampling tubes and  

                  artificial eggs        59  

       3.3.4   Riverbed sediment tube analysis      63 

       3.3.5   River channel geology and riverbed material abundance   65 

       3.3.6   Fieldwork         67 

3.4  Hydrological parameters and water chemistry     70 

       3.4.1   Water level gauge        71 

       3.4.2   Flow profiles of the River Sligachan     74 

       3.4.3   Water flow velocities around artificial redds    75 

       3.4.4   Freshwater chemistry       77 

                  3.4.4.1  River Sligachan pilot study     77 
                  3.4.4.2  Spate events (24hr)       80 
                  3.4.4.3  Artificial redds (water chemistry)     82 
                  3.4.4.4  Tributaries       84 
 
       3.4.5  Rainfall monitoring       84 

                 3.4.5.1  Field rain gauge       85 
                 3.4.5.2  Historic rainfall data      86 
 

3.5  Angling records analysis        87  

       3.5.1   Sligachan Hotel angling book      88 

       3.5.2   Angler’s personal diaries       89 

3.6  Statistical methods        90 
 
 
CHAPTER 4          91 

Results           92 

4.1  Artificial egg and sediment tubes recovery     92 

4.2  Riverbed sediment tube analysis       94 

4.3  River channel geology and riverbed material abundance survey  99 

4.4  Flow profiles of the River Sligachan      102 

4.5  Water flow velocities over artificial redds     103 

4.6  River chemistry pilot study       104 



 
 
 

viii

4.7  Spate events (24hr)        108 

4.8  Water chemistry         116 

       4.8.1  Dissolved oxygen        116 

      4.8.2  Water temperature        119 

      4.8.3   Summary of dissolved oxygen and temperature    121 

       4.8.4   pH          122 

       4.8.5   Summary of pH        124 

 
4.9  Rainfall data         125 

       4.9.1   Field rain gauge        125 

       4.9.2   Historic rainfall data       126 

                  4.9.9.1  Allt Dearg rain station, Skye     126 
                  4.9.9.2  Sconser rain station, Skye     127 
                  4.9.9.3  Prabost rain station, Skye      128 
                  4.9.9.4  Carbost rain station, Skye     129 
 
        4.9.3   Rain data summary       130 
 

4.10  Sligachan Hotel angling book       131 

 

CHAPTER 5          135 

Discussion and conclusions        136 

5.1  Riverbed sediment tube analysis       136 

5.2  Water flow velocities around artificial redds     140 

5.3  Spate events (24hr) and redd washout      141 

5.4  Water chemistry (artificial redds and tributaries)    144 

    5.4.1   Dissolved oxygen and temperature     144 

    5.4.2   pH          150 

    5.4.3   Synthesis of physical-chemical parameters    155 

5.5  Field rain gauge         156 

    5.5.1    Historic rainfall stations       157 

5.6  Angling data         160 

5.7  Conclusions         162 

5.8  Profile and future potential       164 

    5.8.1    Present situation        164 

    5.8.2    Genetic engineering       165 



 
 
 

ix

    5.8.3    Efforts to improve wild stocks      165 

    5.8.4    Aquaculture        166 

    5.8.5    Climate change        167 

    5.8.6    West coast versus East coast      167 

5.9  Insights and improvements       169 

5.10  Postscript         170 

         

REFERENCES         172 

References          173 

 

APPENDICES         182 

Appendix I   Seven-day pilot study and ten rapid samples data   183 

Appendix II   Rainfall, rain pH and water-level gauge data   184 

Appendix III   Water chemistry, temperature and flow rate data   186 

Appendix IV   24hr spate monitoring data      190 

Appendix V   Sediment tube and artificial egg retrieval data   192 

Appendix VI   Flow profiles and gauging sheets     193 

Appendix VII   Laboratory analysis of sediment data    199 

Appendix VIII   Riverbed material abundance and channel geology data  234 

 



 
 
 

x

List of Figures 
 

Figure 1.1 Salmon and grilse numbers (caught and retained).  All Scotland 4 

Figure 1.2 Accumulated winter months rainfall (Nov – Feb), 1969 – 1999.              

Allt Dearg rain station       12 

Figure 2.1 The Cuillin of Skye, panoramic map 16.                                             

Contour Designs, Gloucester      32 

Figure 2.2 Lifecycle of the Atlantic salmon (Salmo salar)   39 

Figure 3.1 Completed artificial redd with artificial eggs    50 

Figure 3.2 Diagrams (parts 1,2 and 3) showing placement of artificial eggs                

in artificial redds in riverbed      53 

Figure 3.3 The three redds.  Approximately a one metre gap separates the              

eggs from the sediment collection and water sampling tubes  55 

Figure 3.4 Marking positions of buried river equipment    60 

Figure 3.5 Water level gauge       71 

Figure 3.6 Flow meter points (V1,V2 and V3) around redds   76 

Figure 4.1 River channel geology survey (right bank).  Lower sectors                        

(1 – 4), upper sectors (5 – 9).  Each sector 500 m in length                     

with five cross sections at 100 m intervals, e.g. 9.1 – 9.5  99 

Figure 4.2 Riverbed material abundance survey (left bank).  Lower sectors                

(1 – 4), upper sectors (5 – 9).  Each sector 500 m in length                     

with five cross sections at 100 m intervals, e.g. 9.1 – 9.5  101 

Figure 4.3 Riverbed material abundance survey (right bank).  Lower sectors              

(1 – 4), upper sectors (5 – 9).  Each sector 500 m in length 

with five cross sections at 100 m intervals, e.g. 9.1 – 9.5  101                     

Figure 4.4 pH, dissolved oxygen & temperature over the seven-day                 

sampling period       105 

Figure 4.5 Dissolved oxygen & ten rapid samples (bucket & river).                      

Spate (29.10.01)       107 

Figure 4.6 pH & ten rapid samples (bucket & river).  Spate (29.10.01)  108 

Figure 4.7 pH & dissolved oxygen.  Spate (29.10.02)    110 

Figure 4.8 Dissolved oxygen & temperature.  Spate (29.10.01)   111 

Figure 4.9 pH & dissolved oxygen.  Spate (8.2.02)    112 



 
 
 

xi

Figure 4.10 Dissolved oxygen & river water height.  Spate (8.2.02)  113 

Figure 4.11 pH & dissolved oxygen.  Spate (21.2.02)    114 

Figure 4.12 Dissolved oxygen & river height.  Spate (21.2.02)   115 

Figure 4.13 Daily rainfall totals       125 

Figure 4.14 Daily rainfall and daily rainfall pH     126 

Figure 4.15 Annual rainfall totals (Allt Dearg gauge, 1961 - 2002)  127 

Figure 4.16 Annual rainfall totals (Sconser gauge, 1990 - 2002)   128 

Figure 4.17 Annual rainfall totals (Prabost gauge, 1959 - 2002)   129 

Figure 4.18 Annual rainfall totals (Carbost gauge, 1982 - 2000)     130 

Figure 4.19 Annual salmon catch, Sligachan hotel angling book   132 

Figure 4.20 Annual salmon catch, an anglers diaries    133 

Figure 4.21 Annual trout catch, Sligachan hotel angling book   133 

Figure 5.1 Salmon and trout catch, River Sligachan    161 

Figure 5.2 Scottish east & west coast (1952 – 2003).  Salmon & grilse,                     

rod & line (retained & released).  Wild    168 

 



 
 
 

xii

List of Tables 
 

Table 3.1 Variables measured and instruments used    47 

Table 3.2 Artificial redd sites (grid references).  November 2001  52 

Table 3.3 Locations of created artificial redds.  December 2001  61 

Table 3.4 Digital current flow meter      74 

Table 3.5 Water chemistry monitoring equipment specifications  77 

Table 3.6 Ten rapid samples from bucket (min, max, mean & SD)  79 

Table 3.7 Ten rapid samples from river (min, max, mean & SD)  79 

Table 3.8 Five tributaries sampled      84 

Table 3.9 Skye rain stations       87 

Table 3.10 Rainfall and angling data sources     90 

Table 4.1 Artificial egg and sediment tube recovery results after  

                        over wintering in artificial redds in River Sligachan. 

                        Lower sectors (Sites 1-8) and upper sectors (Sites 9-20)  93 

Table 4.2 Sediment tubes (horizontal & vertical).  Gross weight (grams)  

                        per tube.  Lower sectors (Sites 1-8) and upper sectors  

                        (Sites 9-19)         95 

Table 4.3 Sediment tubes (horizontal & vertical).  Percentage weight  

                        of material less than 3.35 mm diameter. 

                        Lower sectors (Sites 1-8) and upper sectors (Sites 9-19)  96 

Table 4.4 Sediment tubes (horizontal & vertical).  Percentage weight  

                        of material less than 2.36 mm diameter. 

                        Lower sectors (Sites 1-8) and upper sectors (Sites 9-19)  97 

Table 4.5 Sediment tubes (horizontal & vertical).  Percentage weight  

                        of material less than 1.18 mm diameter. 

                        Lower sectors (Sites 1-8) and upper sectors (Sites 9-19)  98 

Table 4.6 Riverbed channel geology survey (sectors 1 – 9).                              

Igneous material (gross percentage abundance)   100 

Table 4.7 Mean water velocity values (V m s-1), sampled from three  

                        points around each artificial redd.  Lower sectors   103 

Table 4.8 Mean water velocity values (V m s-1), sampled from three  

                        points around each artificial redd.  Upper sectors   104 



 
 
 

xiii

Table 4.9 Dissolved oxygen (morning & evening).  Min, max and range 105 

Table 4.10 pH (morning & evening).  Min, max and range   105 

Table 4.11 Dissolved oxygen & pH (min, max and range). Spate (29.10.01) 111 

Table 4.12 Dissolved oxygen & pH (min, max and range).  Spate (8.2.02) 113 

Table 4.13 Dissolved oxygen & pH (min, max and range).  Spate (21.2.02) 115 

Table 4.14 Dissolved oxygen saturation (mg/L), samples extracted from                   

0.3 m depth (adjacent to artificial eggs) in stream bed gravels.           

Lower sectors        117 

Table 4.15 Dissolved oxygen saturation (mg/L), samples extracted from                   

0.3 m depth (adjacent to artificial eggs) in stream bed gravels.            

Upper sectors        118 

Table 4.16 Dissolved oxygen concentrations (mg/L), samples extracted                 

from river flow.  Tributaries 1 – 5     119 

Table 4.17 Water temperatures (oC), samples extracted from 0.3 m depth         

(adjacent to artificial eggs) in streambed gravels.  Lower sectors 119 

Table 4.18 Water temperatures (oC), samples extracted from 0.3 m depth         

(adjacent to artificial eggs) in streambed gravels.  Upper sectors 120 

Table 4.19 Water temperatures (oC), samples extracted from in river.           

Tributaries 1- 5       121 

Table 4.20 pH.  Samples extracted from 0.3 m depth                                        

(adjacent to artificial eggs) in streambed gravels.  Lower sectors 123 

Table 4.21 pH.  Samples extracted from 0.3 m depth                                        

(adjacent to artificial eggs) in streambed gravels.  Upper sectors 123 

Table 4.22 pH.  Samples extracted from river flow.  Tributaries 1 – 5  124 

Table 5.1 Premier Scottish east and west coast salmon rivers   161 

 



 
 
 

xiv

  

 

List of Plates 
 
 
Plate 2.1 Lota and Harta Corrie, Black Cuillins      31 

Plate 2.2 Lochan Dubha        34 

Plate 2.3 Sligachan Glen topography.  Red Cuillin on left of image,                    

snow capped Black Cuillin on right     35 

Plate 3.1 Artificial salmon eggs       49 

Plate 3.2 Sediment samplers, water sampling tube and syringe  57 

Plate 3.3 Water and sediment sampling tubes carefully exposed in                 

riverbed substrate       62 

Plate 3.4 Author removing artificial eggs from riverbed   63 

Plate 3.5 Author conducting river channel geology & riverbed material  

abundance survey       66  

Plate 3.6 Sectors, sites and tributaries      68 

Plate 3.7 Winter conditions (thick ice) halts research in lower sectors  69 

Plate 3.8 Winter conditions in upper sectors     69 

Plate 3.9 River Sligachan during low flow conditions    72 

Plate 3.10 River Sligachan under high flow (spate) conditions   73 

Plate 3.11 Water level gauge exposed during low flow conditions  80 

Plate 3.12 Water level gauge during high flow (spate conditions)  81 

Plate 3.13 24hrs spate monitoring location (yellow line) beside                               

Old Road Bridge, Sligachan      82 

Plate 3.14 Author extracting water sample from artificial redd   83 

Plate 3.15 Rain gauge (winter fieldwork)     85 

Plate 3.16 Salmon and sea trout       89 

 

 

 

      



 
 
 

xv

GLOSSARY 

 

Degree days Degree days being the temperature multiplied by the number of 

days that the temperature occurs. 

 

Glides or runs The area between pools and riffles, where the water flows rapidly 

but smoothly, as the substrate does not break the surface (Dobson 

and Frid, 1988, p.33). 

 

Grilse An Atlantic salmon which has spent only one winter at sea before 

returning to its natal river (Mills et al, 1999). 

 

Redd The hollow in the streambed gravels which a female salmon 

excavates, into which she deposits her ova.  

 

Redd washout The effects of a river current flow of sufficient velocity and 

magnitude to partially or entirely devastate a salmon redd, the ova 

being entrained in the flow and carried away down river. 

 

Riffles Relatively shallow, high gradient stretches, where high velocity 

water passes over a substrate of large cobbles or boulders, many of 

which break the surface and cause turbulence (Dobson and 

Frid,1988, p.33). 
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Lateral bars Elongated deposits of riverbed material of various size and 

composition in a river channel, parallel to the riverbank.  

 

Pools Relatively deep, low gradient stretches, with slow-flowing water 

(Dobson and Frid, 1988, p.33). 
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1. Background to study and rationale for approach 
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Introduction 

 
This chapter recollects the past and on-going situation concerning wild and farmed 

salmon, followed by the purpose and parameters of the study, concluding with the aims 

and objectives. 

 

1.1 Background for study 

 
The vanishing point 

Around the North Atlantic, wild Atlantic salmon numbers have been declining for years, 

with remaining stocks a shadow of former abundance.  Fisheries statistics (FAO, 2006) 

show the global capture for Atlantic salmon (Salmo salar L) as a series of peaks and 

troughs since 1950, with capture peaking in the early 1970s (approximately 15,000 

tonnes), followed by a reduction since; albeit with a peak in 1989 (approximately 16,000 

tonnes).  Global capture for 2003 showed under just under 4,000 tonnes.  In contrast, 

figures for global aquaculture show the beginnings of this industry in the late 1970s 

producing a few tens of thousands of tonnes, to in excess of one million tonnes in 2003.  

Paradoxically, global aquaculture production now out-numbers wild stocks by a factor of 

over 250. 

 
Emergence of high seas fishery 

The demise of the wild Atlantic salmon began with the development of coastal fisheries 

over a century ago.  The pace of harvesting was comparatively slow until the 1960s when 

the distribution and migration patterns of the rich oceanic feeding grounds were 

discovered at west Greenland, followed by discoveries in the northern Norwegian sea.  

Aided by technological advances in both vessel design and catch techniques, this 
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culminated in the expansion of the exploitation of this, then abundant, marine resource 

(Hansen et al, 2003). 

 

With the rapid expansion of the high seas fisheries (the north Norwegian fishery, Faroes 

fishery and Greenland fishery), stocks of salmon from many countries were being 

acquired in mixed-stock fisheries operating in the open ocean environment, leading to 

calls for measures to conserve stocks (Bayley and Kindness, 2001). The outcome was the 

formation, in 1984, of the North Atlantic Salmon Conservation Organisation (NASCO), 

an international organisation, established under the Convention for the Conservation of 

Salmon in the North Atlantic Ocean, which was formed on 1 October 1983 (NASCO, 

2001).  

 
Indirect threats 

Industrial fisheries not only catch salmon as by-catch, but diminish prey availability for 

post-smolts migrating from their natal rivers.  Additionally, salmon may also be caught as 

by-catch, in a variety of fisheries in pursuit of other marine species (MAFF, 1997). 

 

UK fisheries 

Focusing on British waters, the Scottish drift net salmon fishery began in 1960 off the 

Scottish east coast.  However, concerns over threats posed to local stocks saw the closure 

of this fishery in 1962 (Friedland, 1994).  A decade later the use of trawls, troll and long 

lines and seine nets were banned, while in 1975 legislation outlawed the use of all gill 

nets (Bayley and Kindness, 2001).  Indeed Figure 1.1 reveals the extent of decline in 

Scottish salmon and grilse stocks from the early 1950s to 1999. 



FIGURE 1.1 SALMON AND GRILSE NUMBERS (CAUGHT AND RETAINED) – ALL 
SCOTLAND  (Fisheries Research Services, 2000) 

 
[Chart lines have been coloured and lines thickened by author] 
 
 

In England and Wales, however, drift nets and seines were primarily used.  The 

Northumberland and Yorkshire coast fisheries, particularly, fell under scrutiny as it was 

widely acknowledged that most of the salmon harvested were heading largely for the 

rivers of the north east of England and Scottish east coast.  Indeed it was believed that 

over 80% of the catch were in fact destined for Scottish river systems.  Efforts to resolve 

this situation began in 1988 with the establishment of a small independent group (formed 

by the UK Minister for Agriculture, Fisheries and Food and the secretary for Wales) 

(Whitehead, 2003). 

 
The review group’s report “Salmon and Freshwater Fisheries Review” was published in 

March 2000. Included in the numerous recommendations were the accelerated phasing 

out of mixed stock salmon fisheries in England and Wales, with compensation payments 

to be offered to encourage fisherman to leave the fisheries (as recommended by the 

Atlantic Salmon Trust (ASF) and North Atlantic Salmon Federation (NASF UK).  By 

February 2003, progress on this issue saw 52 of the remaining 69 fisherman having 

accepted compensation packages, representing a reduction in fishing effort of 75%.  It has 
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been estimated that this will save 80% of the catch.   This achievement saw the cessation 

of the last major interceptory mixed stock netting fishery in England and Wales, and it is 

hoped similar conservation measures will soon follow suit in Greenland, the Faroese and 

the Irish drift net fishery (Whitehead, 2003). 

 
Aquaculture 

Introduced in the 1970s, salmon aquaculture has had a considerable impact on wild 

Atlantic salmon stocks.  High numbers of farm salmon (estimated to be up to two million 

per year) have escaped through storm / predator damage to cage structures, handling 

accidents etc (McGinnity et al, 2003b).  Since farmed Atlantic salmon stock are usually 

distinct genetically from local wild populations, breeding between the two populations 

alters wild salmon genetics (McGinnity et al, 1997, 2003a).  The outcome has been one of 

farm / wild salmon hybrids, the product of which is reduced fitness of individuals.  With 

successive escapes, fitness depression is cumulative, leading to potential extinction in 

wild populations (McGinnity et al, 2003b).   

 
During the industry’s early years, a combination of lack of foresight and unpredictability 

of the future impacts of marine salmon farms, saw many marine sites located near the 

mouths of salmon rivers.  It is believed the combined impacts of escapee farmed salmon 

breeding with wild stock, as well outbreaks of sea lice (Lepeophtheirus salmonis) 

infestations from marine farms infected emigrating salmon smolts from sea lochs, may 

have reduced smolt survival to less than eight percent during the 1990s (Butler & Watt, 

2003).  Additional impacts (viral, bacterial and fungal diseases) arose from the interaction 

between wild and farmed salmon (Hastein and Lindstad, 1991) 
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Climate change 

With global land and atmospheric temperatures rising, as a direct result of the combustion 

of fossil fuels and changes in land use, current climate predictions by the Hadley Centre, 

based on the A1B scenario, estimate a worldwide mean temperature rise throughout the 

21st century of 3 oC, coupled with an average global precipitation increase of 3.5% 

(Meteorological Office, 2003).  Increasing energy requirements in the latter half of the 

20th century saw the production of acid precipitation from gaseous emissions of coal fired 

power stations that lead to increased acidification of streams and rivers of Scandinavia, 

leaving large areas of southern Norway with rivers devoid of salmon (Youngson & Hay, 

1996). 

 

Indeed a 10-year Norwegian research programme found that a large number of lakes had 

reduced pH and had lost their fish stocks (Binns, 1984).  Further studies also revealed 

evidence of reduced numbers or complete loss of fish stocks in the south and west of 

Scotland, including Wales through the effects of acid rain (Binns, 1984).  Surface waters 

at particular risk from, or sensitive to acidification, are those with slow geological 

weathering rates (i.e. igneous and metamorphic rocks) and with soils already acidic 

having little ability to neutralise further increases in acidity (Mellanby, 1988).  As acidity 

increases in surface water bodies, aluminium concentration rises, humic compounds 

precipitate (the water body looses its buffering capacity) and the water becomes more 

clear (Hasselrot and Hultberg, 1981; as cited in Fry and Cooke, 1984).  

 

Although salmonids have tolerance limits for pH, fish kills have been recorded in water 

bodies above a given species threshold due to high levels of leached aluminium.  

Aluminium is most toxic between pH 5.1 – 5.5 where aluminium hydroxide can 
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precipitate in the gills of salmonids, resulting in impaired ion exchange, excess mucus 

production and gill damage (Cronan and Schofield, 1979; Muniz and Leivestad, 1980; 

Schofield and Trojnar, 1980; as cited in Fry and Cooke, 1984). 

 

Studies of trends in acidic deposition and surface water chemistry in Scotland over the 

last 30 years from 37 sites in four regions of Scotland have revealed significant declines 

in non-marine sulphate, including significant reductions in the toxic forms of aluminium 

(Harriman et al, 2001). 

 

Since the early 1970s, however, there has been a 37% reduction in nitrogen oxide 

emissions and an 84% reduction in sulphur dioxide emissions.  These gases, including 

emissions of ammonia have been the primary agents responsible for the impact of acid 

rain in the UK.  Studies report signs of recovery for vertebrates, invertebrate, plants, etc.  

(DEFRA, 2005). 

 
Land and oceanic climate is additionally influenced by the North Atlantic Oscillation 

(NAO).  In short, the NAO is a “large-scale fluctuation in atmospheric pressure between 

the subtropical high pressure system located near the Azores in the Atlantic Ocean and 

the sub-polar low pressure system near Iceland and is quantified in the NAO Index.  The 

surface pressure drives surface winds and wintertime storms from west to east across the 

North Atlantic affecting climate from New England to western Europe as far eastward as 

central Siberia and eastern Mediterranean and southward to West Africa” (National 

Weather Service, 2004). 

 

In essence, the NAO governs the primary parameters of oceanic circulation (i.e. sea / air 

heat exchange, evaporation / precipitation and wind speed).  Cycling between low and 
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high index years, the former effect a cooling of southern seas and a warming of northern 

ones, while the latter promote the reverse.  The mechanisms of the NAO behaviour 

remain, however, largely unknown (Turrell & Holliday, 2001).   

 

Following analysis of sea surface temperatures (Friedland et al, 1998) salmon survival 

was discovered to be poor if the northern waters of the North Sea and Norwegian coast 

were cool; yet salmon survival was relatively good when those same waters were warmer.  

These findings were supported by Friedland et al, (2000), who suggested a link between 

ocean climate and salmon survival in northern waters.  Salmon, relying heavily on 

orientation cues for successful marine migrations, are susceptible to any changes in 

thermal marine conditions.  These may result in salmon shifting course to avoid raised sea 

temperatures; being displaced to areas below optimal in respect to feeding opportunities, 

with the possibility of invading predator fields (Friedland, 1998). 

 

Over the last 15 year the NAO’s influence has witnessed a shift in western European 

climate resulting in milder than usual winter temperatures (University of Reading, 2004).  

Ambient water temperature directly influences the metabolic rate of cold blooded fish, 

playing a key role with regard to embryonic development, growth and dissolved oxygen 

consumption (Solbe 1988).  Thermal changes in aquatic environments may force further 

extinctions as habitats become unfavourable.  Effects of the NAO are already documented 

through changes in marine primary and secondary production which may affect 

planktonic food for fish larvae which ultimately determines both recruitment success and 

size of fish populations (University of Reading, 2004). 
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River Sligachan 

The River Sligachan on the Isle of Skye on the Scottish West Coast reveals a declining 

salmon catch since the early 1980s, from records witnessed in the Sligachan Hotel 

angling book.  Like many west coast rivers, it empties to a sea loch (Loch Sligachan).  

During the early 1980s a marine salmon farm operated for approximately a decade within 

this loch system prior to its abandonment.  Considering that the River Sligachan flows 

from a pristine source with little anthropogenic influence, the combined effects of high 

seas fisheries, climate change, and the association with aquaculture, the River Sligachan 

is worthy of investigation in seeking to address the apparent decline in its resident salmon 

population. 

 

1.2 Purpose and parameters of study 

 
Scottish Atlantic salmon populations within West Coast river systems are declining; the 

blame for many years having been attributed to pollution, dams, with suspected declines 

from the 1960s through to the 1990s being attributable to oceanic changes, over fishing 

and the growth in intensive aquaculture (Parrish et al, 1998). Evidence suggests that the 

marine salmon farming industry is one of the prime agents responsible (Butler and Watt, 

2000), although East Coast salmon rivers are experiencing a similar loss where marine 

salmon farms are non-existent. 

 
The River Sligachan on the Isle of Skye is one such West Coast river system with a 

declining adult salmon stock as evidenced through seventy years of angling records. To 

the authors knowledge there is no published data relating to Atlantic salmon within this 

river. 
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In investigating the reason for the apparent decline in salmon numbers within the River 

Sligachan, a seasonal study of the river and catchment was undertaken.  The physical and 

chemical parameters which are relevant are discussed in detail below. 

 
Physical effects 
 

Washout 

Heavy rainfall, causing spate conditions, has been shown to lower survival rates of 

incubating Atlantic salmon eggs and may be a factor leading to the declining population 

of the species in some Scottish rivers (Butler, 1999, 2000). Egg or redd washout  - the 

result of winter spates - has the potential to decimate salmon populations within a river. 

Depth is, therefore, a key factor in minimising its effects (Butler, 1999). 

 

Investigation by Butler (2000) of “total winter run off” for the River Ewe for the years 

1971-1998, appears to indicate the 1980s and 1990s experienced periods of elevated 

rainfall volume during the winter months compared with the 1970s.  Therefore, the 

potential for redd washout, may have increased within those river systems surveyed over 

the previous 20 years.  Such processes may in part influence the decline of juvenile 

salmon in the north west of Scotland. 

 

Analysis of rainfall data from the Allt Dearg rain station, in Sligachan on Skye, (winter 

months rain volume - Nov to Feb - from 1969 to 1999), shows the aggregate rainfall 

volume for those four months rising throughout the last two decades compared to the 70s 

(Figure 1.2).  This data mirrors Butler’s analysis (Butler, 1999) suggesting the north west 

of Scotland has indeed experienced wetter winters in the 1980s and 90s. 
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Washout depth 

Studies into the effect of washout depth (Crisp, 1989) revealed evidence for occurrence 

and frequency of such episodes, concluding that there is a low probability of egg survival 

once dislodged and transported by the current down river.  A study of depth of redd 

washout at three sites in Great Eggleshope Beck using artificial trout eggs between 1983-

84 and 1984-85, revealed combined losses at a burial depth of 50 mm of 91.8% and 

99.5% respectively, while combined losses for those eggs buried at 150 mm were 8.1% 

and 43.3% respectively.  It should be noted that the mean of 43.3% for 150 mm depth 

during 1984-85 was due to a 9.0 ms3 s-1 spate,  it is noted here that mean washout was 

severe at 50 and 100 mm depth and variable at 150 mm for all three sites).  The overall 

results of this study reveal the burial depth of 50 mm resulted in losses varying between 

20% - 80%, whilst at 150 mm depth, egg loss was reduced to 10%.  

 

Research into 18 west highland rivers by the Wester Ross Fisheries Trust (Butler, 1999), 

during the period November 1998 to April 1999 revealed that redd washout occurred in 

15 (83%) of 18 rivers examined.  The findings disclosed the impact of redd washout was 

almost 10% higher where artificial eggs were buried at 150 mm (68%) compared to 300 

mm (57%).  Additionally the results point towards a higher incidence of redd washout in 

those sites above loch systems than those below, which is believed to be due to the 

physical absorbing capacity of lochs in times of high rainfall and spring melt. 

 

Evidence would, therefore, suggest that egg burial depth is an important factor in ova 

survival to emergence. 

 



FIGURE 1.2 ACCUMULATED WINTER MONTHS RAINFALL (NOV – FEB), 1969 – 1999.  
ALLT DEARG RAIN STATION 

Data shown for winter months (Nov - Feb)
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Chemical effects 
 
 
pH 

In general, freshwater fish live within a range of pH 6.5 – 9.0 (Solbe, 1988).  Salmonids, 

however, tend to be able to survive in waters of slightly lower pH.  The EU Freshwater 

Fisheries directive (in National Rivers Authority, 1994) suggests that Atlantic salmon are 

viable over a pH range of 6 – 9 (English Nature, 2002). 

 
Attempts to acclimatise Atlantic salmon embryos and alevins to low pH has revealed 

neither adaptive nor physiological acclimatisation occurrence, regardless of previous 

exposure to low pH, during any of the seven trials conducted (Daye, 1980).  The alevins 

had 10 000 min LL50’s (LL50 : the lethal level at which 50% of a population will not 
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survive beyond) for pH 4.3 for all strains involved, and were found to be less tolerant then 

the embryos.  From these results Daye hypothesised that Atlantic salmon should not to be 

stocked in waters below pH 5.0.  Waters with prolonged periods below pH 5.0, ought to 

be stocked with a more acid-tolerant species such as trout. 

 
Earlier work (Daye and Garside, 1979) into the development and survival of embryos and 

alevins of Atlantic salmon continuously exposed to  acidic pH from fertilisation, found 

LL50 for embryos and alevins (subjected to continuous exposure) to be pH 3.9 for ova and 

pH 4.3 for alevins.  These results were also found to be higher than those for short term 

exposures of 10 000 min as previously determined (Daye and Garside, 1977): the lethal 

level for embryos during early cleavage was pH 3.6; for embryos during late pre-hatching 

stage it was pH 3.0; and for the alevin stage, pH 4.0. 

 
Independent studies into the inhibition of Atlantic salmon hatching at low pH showed that 

for: 

• ova transferred from pH 6.6 – 6.7 at the earliest eyed stage to pH 4.0 for over 

thirty days 

• ova incubated at pH 6.6 – 6.8 until hatching was immanent whereupon they were 

then transferred to pH 4.0 for longer than three days 

 
both data sets indicated poor hatching success on return to pH 6.8 (Peterson et al, 1980). 

 

High percentage mortalities have been documented during snowmelt (due to the dry 

precipitation of acid aerosols) in Scandinavia (Leivstad and Muniz 1976; Gjessing et al, 

1976; as cited in Peterson et al, 1980).  Therefore, the frequency and intensity of acidic 

episodes within a river system during spring thaw, and acid leaching from bogs and/or 

marshlands (particularly during periods of heavy precipitation) appear to be influential 
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factors limiting recruitment of juvenile salmonids throughout the embryonic and alevin 

stages.  Linked with the duration of an acidic flush over a specific time period, the rate of 

change in water quality throughout such an event also needs to be considered (Kelly-

Quinn et al, 1993). 

 
Dissolved oxygen and temperature 

Dissolved oxygen values set by the European Inland Fisheries Advisory Commission for 

waters supporting salmonid fish (Solbe, 1988), state that the annual 50-percentile 

concentration should be at least 9mg/l, while the annual 5-percentile may be as low as 5 

mg/l (i.e. if there are 20 samples taken in a year, the annual 50-percentile will be around 

the 10th and 11th samples in the ranked series, while the annual 5-percentile will be close 

to the lowest observed samples in the ranked series).  During early development, oxygen 

requirement is relatively low: 4 mg/l would support development.  However, as oxygen 

saturation is directly related to temperature,  if the temperature rises to about 8 oC, then 

the oxygen requirement rises accordingly.  As the embryo develops from the eyed ova 

stage to hatching, the requirement is 8 – 10 mg/l.  The embryo and alevin will survive at 

lower saturation levels, although development is retarded.  Therefore the European Inland 

Fisheries Advisory Commission’s annual 50-percentile concentration of 9 mg/l should be 

considered the minimum standard for good unrestricted growth and development of ova 

and alevins (M. Miles, pers. comm.). 

 

Typically, water temperatures from above freezing to 8 oC permit spawning and 

incubation of developing ova, while the preferred range for continued development of 

newly hatched fish is between 14 – 15 oC.  Temperatures above 20 oC reduce growth, 

with those over 27 oC being lethal for young salmon (MAFF, 1994).  With regard to 
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temperature, mandatory requirements (set by the EU Freshwater Fisheries Directive) for 

the 98-percentile are <25oC (English Nature, 2002). 

 
Work on the developmental rates of Atlantic salmon embryos (from fertilisation to 

completion of hatching at 5 oC and 10 oC, and at 30%, 50% and 100% air-saturation) 

found that survival of the embryo during hatching was limited primarily by oxygen 

supply, secondly by water exchange, and thirdly by temperature (Hamor and Garside, 

1976).  More specifically, the retarding effect of reduced oxygen levels were more 

pronounced at higher rather than lower temperatures.  Additionally, during early stages, 

reduced oxygen levels resulted in little change in developmental rate, although after the 

first 10% of developmental period had passed the retarding effect became stronger. 

 
Further studies into the development of ova and alevins of Atlantic salmon under various 

temperature regimes (2, 4, 6, 8, 10 and 12 oC), Peterson et al (1977) revealed that for  

many  embryos incubated from fertilisation at temperatures < 4 oC, mortality rates 

exceeded 20%, compared with ≤5% mortality for those eggs incubated from fertilisation 

>4 oC.  Those alevins eyeing at 8 oC ≥ were found to be smaller with increasing 

temperature, while the optimum temperature from fertilisation to eye pigmentation was 

found to be approximately 6 oC.  It was also noted that eyed ova reared at lower 

temperatures until hatching were bigger then those ova hatched at higher temperatures. 

 
During severe winters, low winter discharge and associated lowered oxygen saturation 

levels, have the potential to impede percolation through the gravel substrate to the redds, 

leading to increased egg mortality. Combined with reductions in water flow, prolonged 

periods with water temperatures below 4 oC have also been shown to increase egg 

mortality rates (Gibson and Myers, 1988). 
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Groundwater 

As salmonids excavate and bury their ova in spawning gravels within the hyporheic zone 

(Malcolm et al, 2005), only through significant advances within the hyporheic field in the 

1990s, did this lead to heightened awareness and focus of the relationship between 

groundwater and salmonids (Hancock et al, 2005).  The hyporheic zone can be described 

as “the saturated interstitial areas beneath the stream bed and into the stream banks that 

contain some proportion of channel water or that have been altered by channel water 

infiltration” (White, 1993, p.62). 

 

Physiochemical conditions within the hyporheic zone are the result of complex biological, 

chemical and physical processes: as a result, surface water with long residence time 

differs physically and chemically from groundwater (GW), Malcolm et al (2005).  

Groundwater has low dissolved oxygen, a consequence of its chemical reduction by 

passage through soils (Freeze and Cherry, 1979; as cited in Youngson et al, 2004).  There 

is no production of dissolved oxygen in GW except at considerable depths (2 – 3 km) 

where the radiolysis of water by alpha emission can be a source of dissolved oxygen.  

Therefore dissolved oxygen within GW is due to the rate of oxygen transport from the 

atmosphere and the rate of oxygen consumption (Gutsalo, 1971; Refsgaard, Christensen 

and Ammentorp, 1988; as cited in Malard and Hervant, 1999). 

 

GW / surface water (SW) interactions fluctuate over multiple temporal and spatial scales, 

varying according to the geographical, geomorphological and geological environment, as 

well as existing hydrological conditions (Malcolm et al, 2006a).  GW water quality varies 

on different time scales i.e. from seasonal to more rapid events (Malcolm et al, 2006b).  

Further, it is spatially heterogeneous at the macro, meso and micro scales, due to the 
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influences of micro organisms, organic matter content, groundwater flow velocity and 

sediment structure.  During vertical passage, the dissolved oxygen content of GW is 

consumed by microbes, reactions with reduced mineral phases and biodegradation of 

sedimentary organic matter (Malard and Hervant, 1999). 

 

Work by Malcolm et al (2003) into the heterogeneity of GW at four independent 

locations within a 150 m section of a salmon spawning stream, revealed both ground 

water – surface water interactions to be varied and complex over both space and time, 

despite the apparently uniform channel.  The data highlights the variability, over 

relatively short distances, in the hydrochemistry in spawning gravels. 

 

Recent work by Malcolm et al (2004) into ova survival within the hyporheic zone using 

artificial redds, discovered groundwater dominated during low flows, a consequence of 

dry weather or freezing conditions.  The opposite was true for high flows, with SW 

dominating. 

 

Low hyporheic dissolved oxygen is present in pristine highland environments, due to the 

up welling of low dissolved oxygen GW through the streambed gravels (Malcolm et al, 

2006a).  Indeed studies into GW intrusion in an intensively used salmon spawning site 

(Malcolm et al, 2004) have recorded dissolved oxygen concentrations of zero mg/l at 

150mm, well within the normal burial depth range for Atlantic salmon and associated 

incubating ova.  However, work on brown trout (Salmo trutta) reveal the species to use 

low dissolved oxygen as a possible avoidance mechanism for GW up welling areas 

(Hansen, 1975; as cited in Geist, 2000). 
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Studies by Youngson et al (2004) have shown that GW presence in the vicinity of 

incubating ova (or GW intrusion through altered hydrological conditions) can exert a 

marked impact on the survival and development of salmonid ova.  Their work into 

embryo size and depth within the hyporheic zone uncovered ova performance to be 

related to the hydrology of the hyporheic zone; GW thereby posing restrictions on 

embryo performance.  Embryo size was shown to vary with depth (deeper burial depth 

was associated with reduced size), this variation in size linked with the variation in the 

local dominance of GW in the hyporheic zone. 

 

Embryo development whilst under the influence of GW is determined by temperature, 

dissolved oxygen and interstitial velocities which vary spatially and temporarily 

(Malcolm et al, 2006a).  Composition of spawning gravels is an additional factor as 

regards the thermal range in the hyporheic zone.  Work by Malcolm et al (2002) into an 

upland (open gravel matrix) and a degraded lowland stream (fine sediment matrix), 

revealed that differences in the thermal profiles of both streams were primarily due to 

substrate, and secondly the local GW – SW interactions.  In the upland stream, lag time 

was minimal between the stream water and substrate, while the degraded lowland stream 

displayed temperature stratification at a range of depths due to stream water being unable 

to mix freely with the hyporheic water.  The findings of this study reveal both substrate 

and surface water interactions directly influence hatch times. 

 

Studies by Soulsby et al (2001a) into the hydrochemistry of the hyporheic zone in a 

degraded agricultural stream, using an artificial redd, revealed that shortly after redd 

construction, the hydrochemical characteristics of GW were similar to SW.  However, as 

the incubation period progressed, the hydrochemical properties of the GW altered 
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(dissolved oxygen concentrations lowered), pointing to the increasing influence of GW in 

the hyporheic zone following redd construction.  Additionally, it was found that high 

flows mobilised fine sediments which infiltrated and ‘capped’ the redds.  Small amounts 

of decomposing organic matter content within the fine sediments may additionally 

consume and deplete dissolved oxygen within the hyporheic zone. 

 

Further work by Soulsby et al (2001b) on the influence of fine sediment on salmonid 

spawning habitat in an intensively farmed lower catchment, typical of large east coast 

rivers, found infiltration of fine sediment in to the spawning gravels to be rapid during 

hydrological events in winter, with complete siltation of the open gravel matrices 

occurring within a week in artificial redds, and possibly after a single large spate.  The 

implications of reduced dissolved oxygen, when compared with upland rivers in less 

intensively managed catchments, is that intensive cultivation has seriously degraded 

spawning habitats of many rivers through fine sediment, a consequence of soil erosion 

from field cultivation and drainage systems.  Such findings, clearly a consideration for 

fishery managers. 

 

However GW may be beneficial to ova.  Studies by Curry et al (1995), have suggested 

that whilst being warmer than SW during winter months, GW thereby protects redds from 

freezing and penetrating cold surface waters.   

 

Sediment 

Sediment load within rivers, resulting in the silting up of spawning grounds, is an 

additional mechanism for reducing oxygen flow to redds; the effects of which affect both 

embryo and fry survival. This is a hazard which eggs must endure and previous work has 



 
 
 

20

shown that a 10% increase in fine-grained sediments has a significant effect on the 

survival of salmonid eggs (O’Connor and Andrew, 1998).  Suspended solids and their 

settling out on the lower reaches of rivers serve only to increase such impacts (O’Connor 

and Andrew, 1998). 

 

Fine sediment infiltration, particularly prevalent during spates (Olsson and Persson, 

1986), leads to reduced permeability of spawning gravels, which in turn leads to 

reductions in not only the supply of oxygenated water to developing embryos and alevins, 

but also the outward flow of metabolic wastes away from the redd (Olsson and Persson, 

1986).  Studies have shown silt and fine sand penetrates between 0.2 m to 0.4 m in 

streambed gravels (in addition to fine organic matter, the breakdown of which scavenges 

available oxygen), inhibiting respiration of incubating ova and alevins (Lisle and Eads, 

1991). Additionally, low river volume and rising spring water temperatures adds to ova 

and alevin mortalities through lower oxygen saturation levels. 

 
The intragravel period for Atlantic salmon is approximately seven months (Oct / Nov to 

Mar / Apr), and depending on environmental factors alevins may remain within the gravel 

for an additional six weeks.  Therefore intragravel conditions within a redd are vitally 

important.    Studies in North America have revealed elevated mortality rates for both ova 

and alevin in Maine waters with mortality levels peaking between the period of hatching 

and emergence (Meister 1962; MacKenzie and Moring 1988: cited in Gustafson-

Greenwood-Greenwood and Moring, 1991).   

 
Such mortality maxima are believed to be linked to overlying gravel compaction, giving 

rise to an almost concreting effect (preventing alevins emerging from the redd), 

decreasing the dissolved oxygen permeability.  Coupled with the increasing demands for 
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oxygen leading up to the last few months of embryo and alevin development, this makes 

the intragravel conditions extremely important at this transitional stage in the lifecycle 

(Gustafson-Greenwood and Moring, 1991). 

 

Studies into the impacts of sediment on ova under laboratory conditions using freshly 

fertilised Atlantic salmon ova, gravel of diameter 32 mm and fine sediment of diameter 

0.063 – 1.0 mm, revealed survival of ova was reduced to 9.3% with addition of 10% 

fines, while survival plummeted to 2.6% with 15% fines (O’Connor and Andrew, 1998).  

Fine sediment (0.105 – 3.327 mm diameter) is also found to be deleterious to the survival 

of Chum salmon (Koshi, 1975; as cited in O’Connor and Andrew, 1998). 

 

Other studies have shown that sediment loads with >8% fines (0.06 – 0.5 mm diameter) 

reduced emergence of Atlantic salmon alevins (Peterson and Metcalf, 1981), while 

greater than 10% fines (<2 mm diameter) has been shown to be detrimental to spawning 

success (Ottaway et al, 1981).  

 
Work on the effects of redds filled with gravel showed that the addition of differing peat 

material concentrations (0%, 10%, 20%, 40% and 60%) on embryos and alevins of brown 

trout, influenced survival (≤65% in the 60% peat concentration).  Finer gravels and high 

peat concentrations resulted in elevated levels of emergence of premature alevins.  

Lowest embryo to alevin survival was found in the 4.8 mm diameter gravels (67% 

mortality) compared to 1.5 mm gravels (47% mortality) for ova to yolk sac stage (Olsson 

and Persson, 1986). 
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Salmon stocks 
 
Wild Atlantic salmon stocks throughout their Atlantic range are in decline.  Since records 

of Scotland’s catch began in 1952, a decline in catch of wild salmon (Figure 1.1) has been 

observed since the late 1960s / early 1970s.  This is most pronounced for catch methods 

associated with fixed engine, and net and cobble.  Those declines are largely a result of 

decreases in fishing effort due either to buy-outs, particularly the east coast, or 

abandoning of leases in the west coast, a consequence of economics (Beveridge, M., 

2006; pers comm).  Rod and line catch remain relatively constant.  Observed declines are 

in part a consequence of the increased mortality at sea, and although mitigation measures 

were implemented regarding the high seas fishery, the catch trend has failed to halt or 

reverse, rather continuing to decline. 

 

Declining salmon stocks have also been attributed to construction of dams (blocking the 

passage of migratory fish up-river, whilst additionally inundating spawning grounds), the 

introduction of disease and pathogens, pollution (acid rain, sewage etc).  A consequence 

of the wealth of data, is that it is now evident that rather than one factor being 

responsible, many are working collectively, masking the degree to which each affects 

salmon survival (Parrish et al, 1998).  

 

Unlike the sources of freshwater mortality, which are well documented, the full range of 

causes of ocean mortality is slowly being unravelled.  Recent studies have uncovered 

responses common to both regional and continental salmon stocks, hinting at broad scale 

climate effects on recruitment mortality, rather than individual rivers.  Data have revealed 

a correlation between sea-surface temperature and mortality for salmon stocks in the 
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northeast Atlantic, suggesting that water temperature modifies post-smolt behaviour or 

directly affects growth (Friedland, 1998). 

 

Work into the timing North American smolt runs has revealed their timing to be 

apparently out of sync with oceanic conditions in post-smolt nursery areas.  It is believed 

that the persistent positive index of the North Atlantic Oscillation may be part 

responsible; a resulting effect from global warming (Friedland et al, 2003). 

 

Recent studies show climatic conditions apparently impacting upon parr size at the end of 

the first growth season.  This includes the age of migration from their natal river, believed 

due to the influence of the North Atlantic Oscillation affecting river conditions during 

winter (Jonsson et al, 2005). 

 

The apparent decline of the River Sligachan’s native salmon population, flowing from a 

pristine source in the Cuillin Hills, the River Sligachan’s angling catch data has shown a 

decline since the early 1980s (Figure 4.23).  In light of the Scottish salmon catch 

statistics; the River Sligachan’s apparent decline in its resident salmon population; and in 

the absence of site specific data for Atlantic salmon, the River Sligachan is extremely 

worthy of investigation. 

 

1.3 Aims of the study 

 

To establish if redd washout, variations in water chemistry and fine sediment infiltration 

during the spawning season to the alevin stage is causing a reduction in juvenile salmon 

numbers. 
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Variables (rainfall, flow rate, temperature and water chemistry) will be collated during the 

crucial period of the salmons lifecycle.  Artificial salmon eggs will be placed in the river 

at appropriate spawning locations to monitor the effects of redd washout. 

 

Hypothesis 
 
Current redd washout, water chemistry and fine sediment infiltration are responsible for 

the decline of salmon populations within the River Sligachan. 

 

1.4 Objectives 

 
 
To determine: 
 
i)  if redd washout is a significant factor in the reduction of salmon population in the 

River Sligachan; 

 
ii)  if seasonal rainfall, leading to an increase in spates during the spawning season to 

alevin emergence, is a significant factor leading to population decline; 

 
iii) the rate at which river current flow through the spawning sites significantly favours 

redd washout; 

 
iv) if water chemistry parameters (i.e. dissolved oxygen saturation and pH) are 

unfavourable for salmonid survival; 

 
v)  if fine-grained sediment is a significant factor in smothering redds during spawning 

season through to alevin development; 
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vi) if rainfall within the catchment alters water chemistry significantly during the 

spawning season to alevin stage of development, creating intolerable limits; and 

 
vii) if water temperature is significant in the period between embryonic development to 

alevin stage. 
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2.  Study site and salmon lifecycle 
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Introduction 
 
This chapter describes the geological structure of the Island of Skye, before focusing on 

the geology / geomorphology of Cuillin Hills and River Sligachan.  This is followed by a 

discussion of the salmon lifecycle, closing with the reasons why the River Sligachan was 

selected for study. 

 

2.1 Setting and features of the River Sligachan 

Both the ancient volcanic activity of the Cuillins and periods of glaciation have 

contributed to the current geomorphology.  The geology has determined the River 

Sligachan’s substrate and those terrestrial habitats flourishing within this landscape, 

including chemical conditions in the River Sligachan by way of the minerals and 

elements present in the rocks; supplemented by the effects of leaching / overland flow 

from the catchment.  The dimensions of the Cuillins additionally influence weather 

patterns (e.g. precipitation, aerosol deposition) within the catchment, which control the 

river state.  The geology and the impact of glaciation have, therefore, somewhat 

influenced the River Sligachan’s form and course as it meanders through the landscape. 

 
 
2.1.1 Geology of Skye 
 
Geologically and topologically, the Isle of Skye is unique in its structure.  To the south 

east the landscape, with its numerous rounded hills never reaching higher than 300 m, 

reflects a glacial past.  The southern half of Skye saw extensive thrusting and uplift in the 

early Palaeozoic period, interrupting and complicating the associations between the 

diverse rock types: i.e. Lewisian Gneiss, Moine Schist’s, Torridonian and Cambro-

Ordovican sedimentary rocks. 
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The topography changes in the north of the island to plateau forms, separated by the  

large sea lochs of Dunvegan and Snizort.  Here sedimentary rocks of the Jurassic epoch 

crop out mainly along the east coast, topped by a substantial depth of Lower Tertiary 

plateau lavas and pyroclastic flows.  This part of the island sees both the igneous 

extrusive and sedimentary rocks dipping at shallow angles to the west, while steep 

escarpments are widespread on the east.  The high inland cliffs of the Storr and Quirang, 

are legacies of such past events (Bell and Harris, 1986). 

 
In the middle of the island lies the mountain complex of central Skye, a rugged 12 km 

long horse-shoe shaped mass of gabbro and peridotite, created by arcuate igneous 

intrusions which formed the base of this massive eroded volcanic structure.  The tertiary 

epoch saw the birth of the Cuillins and other Hebridean volcanoes over a three million 

year time frame (circa 55-60 Ma).  These volcanic events saw prodigious  amounts of 

lava poured out on the landscape throughout the Scottish western seaboard.  The Black 

Cuillin with its sharp vertical ridges and steep, deep sided corries is the consequence of 

erosion from tertiary abyssal plains (Richey et al, 1961; Gillen, 2003). 

 
Cuillin geology 
 
The tertiary intrusive complexes of western Scotland continue to relay on occasion the 

seismic rumblings of the Moine Thrust which runs north-east / south-west, through the 

southern peninsula of Skye; the rock strata of the Cambro-Ordovician  era (circa 445-590 

Ma) being the most severely influenced.  The younger Camasunary Fault has influenced 

the pre-tertiary rock layers of the Jurassic-Cretaceous period (circa 165-195 Ma).  Both 

the Moine Thrust and Camasunary Fault are tectonic features of the great Caledonian 

mountain chain (Bell and Harris, 1986; Richey et al, 1961).   

 
Black Cuillin 
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Geophysical research of the Black Cuillin reveals it to be a near vertical cylinder of rock 

almost 20 km in diameter, penetrating down some 15 km, possibly as far as the upper 

mantle (Gillen, 2003).  The Black Cuillin complex of serrated peaks, 20 of which exceed 

1000 m, generally comprise coarse grained basic and ultra basic rock types, characterised 

by gabbros and peridotite.  On account of the dark coloured gabbro (due to pyroxene and 

olivine, both rich in iron).  These are more usually referred to as the Black Cuillin 

(Richey et al, 1961). 

 
As a consequence of deep and rapid erosion during the Tertiary period, the volcanic root 

of the Black Cuillin was uplifted and left exposed on the surface.  Many dykes, typically 

lying in a north-west / south-east line of direction, slit the gabbro, which, through 

weathering gives the Cuillin ridge its knife-like jagged appearance (Gillen, 2003). 

 
Red Cuillin 
 
North and east of the Black Cuillin lie the Red Cuillin.  These are formed from coarse 

grained granite, with a rich composition of quartz, mica, potassium feldspar, which give 

the Red Cuillin their distinctive pink colour (Gillen, 2003).  The Red Cuillin intruded as 

rising dykes from subsidence of the main horse-shoe complex during the culmination of 

an explosive eruption.  For this reason, the Red Cuillin contrast in physical form (smooth 

and rounded by the effects of weathering, never rising above 775 m), mineral make-up 

and texture.  The Red Cuillin intrusions are not only much younger, and considerably 

smaller in geophysical dimensions (approximately 2 km thick and nearer the surface), but 

cut across the horse-shoe complex (Gillen, 2003; Bell and Harris, 1986).  Overall both the 

Black and Red Cuillin are excellent examples of deeply eroded bases of large volcano’s, 

exposing the ancient magma chambers.  Scattered around the Cuillins, therefore, are the 

rubble and other remains of volcanic vents (Stephenson and Merritt, 2002). 
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Influences of glaciation 
 
The glacial drift and associated landforms, which overlie the solid geology, reflects the 

evidential impact from the last major glacial episodes experienced in the UK.  Those were 

the Devensian (17–18,000 years ago) and the much smaller Loch Lomond Stadial (11,000 

years ago), both occurring during the Late Pleistocene (Gillen, 2003). 

 
During the ice age the west coast of Scotland experienced a slightly warmer climate than 

the east coast.  This climatic variation saw greater snowfall over the west resulting in 

substantially thicker ice sheets which also exerted greater pressure on the terrain beneath.  

Through the increased pressure of overlying ice and geothermal energy from the earth it 

is believed that at the ice / rock interface the ice melted, providing a lubricating layer.  

Consequentially, the ice sheets smothering the west coast moved more rapidly across the 

surface of the landscape permitting greater ice scour and deeper erosion (Gillen, 2003). 

 
The action of ice can be clearly seen in the Cuillin range, e.g. striae (scrape marks left on 

rocks), roche moutonnes, erratics, needles sharp arêtes, hanging valleys, corries.  Lower 

down in Sligachan glen evidence of past glaciers is revealed in lateral and terminal 

moraines, lochans, drumlins etc, Loch Sligachan itself a fjord, the result of  glacial action 

(Stephenson and Merritt, 2002). 

 
Glaciers transformed the Cuillin complex and surrounding catchments.  The elevation, 

channel form and course of the River Sligachan were influenced by the effects of the 

glaciers to its present position today. 

 



2.1.2 River Sligachan 
 
The River Sligachan flows from deep within the Black Cuillin, beginning in Lota corrie 

(NG 470245), flowing out from this hanging valley into Harta Corrie (Plate 2.1) and 

along the broad flood plain of Glen Sligachan meeting the sea at Loch Sligachan (NG 

490304), a distance approximately of 12 km from source to estuary (Figure 2.1). 

 

PLATE 2.1 LOTA AND HARTA CORRIE, BLACK CUILLINS 
 

 

[Copyright: Glasgow University.  Image has been cropped at both sides to fit page] 
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FIGURE 2.1 THE CUILLIN OF SKYE, PANORAMIC MAP 16.  CONTOUR DESIGNS, 
GLOUCESTER.  

 

 

[Copyright:  K.G. & S. Gage 1st Edition, 1985.  Image has been cropped to fit page. 1: 
Sligachan estuary; 2: River Sligachan; 3: Glen Sligachan; 4: Harta Corrie; 5: Lota Corrie] 
 
 
The profile of this river is unusual, not following the customary dimensions of upper, 

middle and lower stages, rather having a very short, vertical upper stage, with a long 

middle and lower stages.  The overall profile of the river is one of being gently sloping 

over 90% of its length. 

 
The channel form of the river is one of a shallow winding river.  The substrate is 

comprised of largely gravel and rock in the upper reaches with occasional depositions of 
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fine sands at bank sides.  Within the boundary of the floodplain the channel form is more 

sinuous, the channel depth increasing significantly, with long stretches of deep slow 

moving water; bed material is a mix of sand through to gravel.  From here to the estuary 

the channel form becomes more linear, with long, wide, shallow stretches of slow moving 

water, finally arriving at the sea.  The bed material along the remainder of the length 

becomes one of cobble down through gravel type material. 

 
Throughout its length, although there are sections which are narrow and particularly deep, 

there are sections which are wide and flat, where the water is only several centimetres 

deep.  Describing the River Sligachan as river experiencing low flow conditions is a good 

analogy of its average state, except for periods of heavy rainfall, which submerge the 

flood plains above and below the Sligachan Hotel, transforming it from its low flow state 

to a fast flowing river.  Forty eight hours post-spate, the river has almost returned to its 

average low flow state.  The level of the River Sligachan both rises and falls very quickly, 

making it hazardous during adverse weather conditions. 

 
Catchment and tributaries 
 
Glen Sligachan catchment itself is approximately 77 km2 (personal estimation).  Four 

main tributaries feed into the River Sligachan, three of which join roughly 1 km upstream 

from the estuary; these are Allt Daraich, Allt Dearg Beag and Allt Dearg Mor.  Allt na 

Measarroch joins the River Sligachan midway through the glen.  Allt Daraich and Allt na 

Measarroch flow from the Red Cuillins, while Allt Dearg Beag and Allt Dearg Mor flow 

from the Black Cuillin. 

 

Additionally the overflow from a small loch, Lochan Dubha (situated on the entrance of 

Harta Corrie - Plate 2.2), and the many tributaries, add to the volume and dynamics of 



this highland river.  During heavy rainfall, the average low flow conditions are 

transformed throughout its length to flood state within several hours, the rapid rise in 

volume submerging a significant percentage of Glen Sligachan. 

 

PLATE 2.2 LOCHAN DUBHA 
 

 

[Copyright: Glasgow University.  Image has been cropped at both sides to fit page] 
 
 
2.1.3 Landscape 
 
The solid geology of the catchment has nearly a third of its length tracing a pathway 

along the perimeter gabbro of the Black Cuillin, virtually providing a division between 

this and the granite of the Red Cuillin (Plate 2.3).  The river acts as a real physical 

boundary between the MacLeod Estates on the west bank of the river (Black Cuillin), and 

John Muir Trust land on the east bank (Red Cuillin).  However a section of the west bank 

of the River Sligachan (Leslie, M. R. M.(2001), pers comm) from the burn which flows 

into the River Sligachan from just below the Sligachan campsite and around the coastline 

to Ben Lee, is privately owned (Figure 2.1). 
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PLATE 2.3 SLIGACHAN GLEN TOPOGRAPHY.  RED CUILLIN ON LEFT OF IMAGE, 
SNOW CAPPED BLACK CUILLIN ON RIGHT 

 

 

[Copyright: Glasgow University.  Image has been cropped at both sides to fit page] 
 

The topography through which the river flows is one of steep rugged slopes, much of it 

scree with poor shallow soils in the upper reaches of the catchment.  In the middle and 

lower reaches it supports mainly heaths, with large areas of marsh and peaty open 

standing water, supplemented by grasses and sedges.  Erratics, moraines and other 

features, are scattered throughout the valley; reminders of ancient glaciers. 

 
Human presence in the Sligachan catchment 

 
Historical maps 
 
 A historical map dated 1766 (Stobie, 1766; copyright, Clan Donald Lands Trust) 

depicting Sligachan and surrounding catchment, is limited in detail, owing to the limited 

survey methods, sparse detail and the low quality graphics at the time of this map’s 

production.  From the map, there is some evidence of trees just outside the catchment.  It 

is not possible to accurately infer conclusions on the dimensions or course changes of the 

River Sligachan which may have occurred since the maps creation, but it does provide an 

insight to the environment almost 240 years ago. 
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From Ordnance Survey maps of the Sligachan catchment made in 1875 (Ordnance 

Survey, 1903, 2nd edition, maps 39 and 45), with a scale of 6 inches to the mile, more 

detail is available and indicates changes in the structure and course of the River 

Sligachan.  There may also be issues relating to the accuracy of these maps compared 

with present OS maps, due to the use of less precise survey methods, and the level of 

detail of landscape features required during that era, rather than actual changes.  

Regarding vegetation, dwellings, etc; there is nothing of significance in this map which is 

omitted in recent OS maps for the area. 

 
Influence of sheep and deer 
 
Evidence taken from “Lord Napier’s Commission - Evidence, Vol.1”, from “Her 

Majesty’s Commission of Inquiry into the Condition of the Crofters and Cottars in the 

Highlands and Islands of Scotland, 1884”, (pp.31-32) reveals pressures which may have 

changed the landscape.  A local crofter and fisherman (John Nicolson, Cuillimore, 

Sconser) provided evidence to the inquiry that sheep from four other farms on Skye 

grazed the land in Sconser during winter months.  He went on to mention, in 1854, how 

the land in four townships which were in close proximity to Sconser were cleared to make 

way for the purposes of deer forest and deer stalking (game keepers were employed by the 

landowners, the MacDonald’s of Sleat, monitoring the land and riparian zones until its 

sale in the 1950s – details supplied by Mrs Campbell, Sconser House, Sconser).  Mr 

Nicolson further stated that places where grass could be cut with a scythe are now bare as 

a result of grazing by deer and sheep, and mentions that “the hill” (assumed to be a 

reference to the hillsides of Glamaig which is part of the Red Cuillin) was a very good 

hill prior to sheep and deer. 
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Although the evidence above details events occurring less than 2 km from the Sligachan 

catchment, its possible that the ecological impact described, may have extended into the 

Sligachan catchment, simply because a sizable area of the River Sligachan is located 

within the Sconser deer forest boundary fence.  

 

Present land use and wildlife 

Glen Sligachan is one of several gateways to access the Cuillins for rock climbing, hill 

walking etc while in winter it presents opportunities for stalking red deer during the 

seasonal migration.  The River Sligachan also provides freshwater angling. 

 

Additional anthropogenic influences within the catchment are limited to the import of 

sheep and a number of cattle.  Apart from domesticated stock, added grazing pressure 

comes from the native red deer (Cervus elaphus) which roam the Cuillins, grazing both 

moor land and upland habitat.  Signs of past and relatively recent heather burning are 

extensive in some areas of the catchment. 

 

2.2 Lifecycle, habitat and migration of Atlantic salmon 

 
Extent of range and lifecycle 
 
Atlantic salmon inhabit the temperate and arctic regions of the Northern Hemisphere, 

their eastern Atlantic habitat ranging from Portugal to the Arctic across the Atlantic ocean 

to northern Quebec in Canada, following the coastline down the eastern seaboard of 

North America to the Connecticut River in New England (Central New England Fishery 

Resources Office, 2002). 
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Marine migration 
 
Adult Atlantic salmon beginning the journey home from oceanic feeding grounds to the 

rivers of their birth are commonly between three and six years of age.  The average is four 

years, two years in freshwater and two (or two sea winters) in the marine phase. 

 
The mechanism which Atlantic salmon use to migrate over great distances of open ocean, 

arriving at the appropriate country and section of coastline, has yet to be discovered. 

Capture and release programmes suggest that coastal geography plays a major role in 

guiding fish during the latter stages of their return migration.  Published work indicates 

that Atlantic salmon locate their natal river from odours imprinted during a critical period 

prior to the juvenile salmon descending to the sea (Central New England Fishery 

Resources Office, 2002; Youngson and Hay, 1996; Mills et al, 1999). 

 
Spawning run 
 
There is no specific month or season when Atlantic salmon returning to spawn in the UK 

will enter their natal rivers; they do so throughout the year: those entering the rivers in the 

spring are known as ‘spring fish’.  Some adult fish may remain in freshwater for up to a 

year prior to spawning.  River water temperature and ambient light levels are believed to 

be key factors dictating up-river movement and commencement of the spawning run.  

During spring, the upstream movement of adults is limited until water temperatures rise 

above 5oC.  As summer approaches, rising river temperatures and lack of flow impose 

their own restrictions (Mills et al, 1999). 

 
 
Spawning grounds 

The female salmon, upon reaching the spawning ground, selects a suitable location which 

may be anywhere throughout the river system (but beyond influence of sea water), where 



water depth and flow is adequate to allow a good pull of water through the gravels.  There 

the female excavates a depression in the gravel bed of the river forming a nest or ‘redd’ 

approximately 0.2 – 0.4m depth (Egglishaw et al, 1984), into which she deposits her eggs 

However, a redd may also consist of eggs produced by several females and many males, 

with production being a function of female body size; typically 2 – 8000, depending on 

body size (Beveridge, 2006, personal communication).  The female then covers over the 

ova with streambed gravels leaving a dome of riverbed substrate. (Mills et al, 1999; 

Youngson and Hay, 1996). During spawning eggs may be lost through high river flow or 

consumed by trout and parr which may be in attendance (Youngson and Hay, 1996). 

Refer to Figure 2.2. 

FIGURE 2.2 LIFECYCLE OF ATLANTIC SALMON (SALMO SALAR). 
 

 

[Copyright: Atlantic Salmon Federation.  Artist – J.O. Pennanen] 
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Stages in juvenile development 
 
The ova remain in the redds, incubating over the winter months, before finally hatching in 

the spring as ‘alevins’.  The speed of egg development is related to the surrounding water 

temperature, referred to as ‘degree days’.  Typically development is about 440 degree 

days.  If the average temperature of the water is known, then the approximate time to 

hatching may be predicted.  If, for instance, the mean water temperature is 2oC, then the 

incubation period will be around 220 days (Drummond Sedgwick, 1982; cited in English 

Nature, 2002; Solbe, 1988). 

 
 
Alevins remain in gravels, nourished by a yoke sac (food reserve) for around a month or 

more, until the yoke sac is fully absorbed.  They disperse away from the redd through the 

gravels, emerging downstream as ‘fry’ between April and May.  Initially the silver fry 

disperse a relatively short distance either upstream or downstream from the redd, feeding 

on insect larvae, terrestrial insects, etc.  They continue their growth and development into 

‘parr’, characterised by barred blue markings along their flanks (Mills et al, 1999; 

Youngson and Hay, 1996). 

 
As the parr develops, its range downstream or upstream increases away from the redd for 

at least one year (although more commonly several years).  Finally, one spring, 

undergoing ‘smoltification’, the parr develops the osmoregulatory mechanisms to survive 

in salt water.  Parr may become smolts after only12 months in southern waters, although 

in Scottish waters most wild smolts will be either two or three years of age. This 

difference is largely determined by stream temperatures and food availability. (Central 

New England Fishery Resources Office, 2002; Youngson and Hay, 1996; English Nature, 

2002). 
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Transition from river to sea 

Young smolts leave their territory one spring, between April and June, swim down river 

forming a shoal entering the ocean in late spring.  Almost all have migrated by June.  In 

other streams, fish of a similar age and size will have abandoned territories months 

earlier.  These autumn parr, having left the streams between September and November, 

spend the winter months in the lower catchment before migrating to sea.  Almost two-

thirds of smolts will leave for oceanic environments in the spring, while a third leave in 

the autumn.  It is estimated that roughly 10 million smolts migrate from Scottish rivers 

annually.  However, once at sea, monitoring of migration routes etc becomes increasingly 

difficult and as such this is an area of the salmon life which is “almost undocumented” 

(Youngson and Hay, 1996). 

 
Once at sea the  ‘post smolts’, as they are often referred to, follow the coastline in schools 

before heading out to deeper water.  After one winter at sea the post smolts, now called  

‘grilse’, may return to native rivers to spawn.  Grilse do not journey to south west 

Greenland, but remain in waters closer to the UK, e.g. the Faroes.  Primarily salmon 

remain at sea for between one and three years, with most salmon feeding off south west 

Greenland in the rich Arctic waters; generally remaining for two to three years before 

returning to spawn (Mills et al, 1999).  In their marine feeding grounds salmon diets 

consist of herring, mackerel, small cod, sand eels etc. 

 

Survival rate 
 
During the life of the salmon egg to ‘swim-up’ fry; survival in the wild is usually over 

80%, while from fry to smolt survival is normally 1 - 3%.  Survival during sea life from 

migrating smolt to returning adult is approximately 5%.  Therefore from 5000 eggs, best 

estimates are that between 2 and 6 adult salmon return to spawn (Egglishaw et al, 1984).   
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A unique teleost 
 
The Atlantic salmon is unique amongst teleosts.  It is essentially five distinct fish (ova – 

alevin – fry – smolt – salmon), each stage of development being different both 

morphologically and physiologically from the previous one (English Nature, 2002).  

 

Once dead a salmon’s role within the river is far from complete.  Predators (avian, 

mammal and invertebrate) consume carcasses for their nutritional value.  Material may be 

spread beyond the river banks, where the scattered remains can act as a localised supply 

of nutrients along and beyond river banks.  Bodies which become frozen in ice act as 

important food sources for scavengers during winter months.  In essence, the health of a 

river and its catchment can be related to its salmon stocks.  The salmon is an excellent 

example of nutrient transfer (principally nitrogen and phosphorus) and conservation, from 

the marine to the terrestrial environment.  Such a relationship highlights the links between 

the oceanic environment and distant ecosystems (Hinderbrand et al, 1999; Gende et al, 

2002; Youngson and Hay, 1996). 

2.3 Conclusion 

 
Various aspects of the River Sligachan, have been introduced, from the landscape through 

which it flows, to human impact within the glen.  As the river has never been studied 

directly in relation to salmon, and considering the current decline in west coast salmon 

stocks, the study described here investigated  the potential hydrological and physico 

chemical influences affecting those early life stages of Atlantic salmon development. 

 

Prime factors influencing the mortality of juvenile salmonids within rivers during October 

to April include dissolved oxygen and temperature (English Nature, 2002; Gibson and 
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Myers, 1988; Hamor and Garside, 1976; MAFF, 1994; Malcolm et al, 2005, 2006a, 

2006b; Peterson et al, 1977; Solbe, 1988; Youngson et al, 2004) and ambient river pH 

(Grande et al, 1978; Daye, 1980; Peterson et al, 1980). 

 

Additionally, in-river pH concentrations have the propensity to increase or decrease 

during periods of heavy precipitation and during spring thaw (Kelly-Quinn, 1993).  Large 

areas of marsh and bog within Glen Sligachan heighten the possibility of pH spikes being 

carried through the river during storms through ground saturation and resultant overland 

flow.  Where pH is reduced below a critical level, survival rates for incubating ova will be 

reduced. 

 

The effects of fine sediment is a further factor, limiting the percolation of oxygenated 

stream water through the streambed gravels to incubating ova and alevins (Gustafson-

Greenwood and Moring, 1991; Lisle and Eads, 1991).  Also sediment accumulation can 

restrict the flow of metabolic wastes away from the redd.  Such effects may also increase 

juvenile mortality rates (O’Connor et al, 1988; Olsson and Persson, 1986). 

 

The effects of redd washout and egg burial depth (Butler, 1999; Crisp, 1989) during the 

intragravel incubation period are additional impacts which were assessed during this 

study.  

 

At present there is a gap in knowledge concerning primary in-river and substrate 

conditions from spawning through to emergence.  Without such baseline data on key 

chemical and physical parameters, it is not possible to address the reason(s) for the 

apparent decline in Atlantic salmon populations within the River Sligachan.  



 
 
 

44

Consequently the work presented here focused on the primary chemical and physical 

influences within the River Sligachan during the initial stages of growth and development 

of juvenile Atlantic Salmon. 
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3. Materials and Methods 
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Introduction 
 
This chapter details the fieldwork methods and variables measured and preliminary 

results, including statistical software used for analysis. 

 

Materials and methods 
 

The assessment of redd washout was carried out in accordance with Butler (1999).  

Rainfall within the catchment was also recorded and pH determined.  Water chemistry 

parameters was determined in accordance with Solbe (1988). 

     

3.1 Background 

 
The river current, water temperature, dissolved oxygen, pH and sediment data within the 

River Sligachan were collected during this crucial period of the salmon’s lifecycle.  Flow 

rate, water temperature, rainfall, dissolved oxygen, pH, sediment, and geological data 

within the River Sligachan was collated during the spawning to alevin emergence period 

of the salmon’s lifecycle.  A river corridor survey conducted during summer 2001 

provided information on vegetation and physical structure of the river.  A river corridor 

survey comprising nine 500 m sectors (sections) provided information on vegetation and 

the physical structure of the river following published protocols (NRA, 1994).    

 

The Global Positioning System (GPS) was used as an additional method of identifying 

each sampling site location: including the planting sites of the artificial eggs and sediment 

bottles, upstream and downstream reach of each individual river corridor survey, 

tributaries flowing into the River Sligachan and the rain gauge.  GPS is a US satellite 
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system available globally, and has a precision of within 15 m (Garmin, 2001).  

Instruments used and variables measured are listed in Table 3.1. 

 

TABLE 3.1 VARIABLES MEASURED AND INSTRUMENTS USED 
 
VARIABLE INSTRUMENT 
  
Rainfall Met Office standard rain gauge (127 mm) 
pH & temperature HANNA     Model HI98128 

Resolution: 
     pH   ± 0.01 pH 
     Temperature   ± 0.1 oC 
Accuracy at 20  oC: 
     pH   ± 0.01 pH 
     Temperature   ± 0.5 oC 

Dissolved oxygen HANNA     Model HI9142 
Resolution: 
     0.1ppm / O2 litre 
Accuracy: 
     1.5% of full scale 

River current E.F.E digital stream flow meter. 
Velocity range: 
     0.15 m s to 10 m s 
 Min depth: 
     60 mm (2.5 %) 
Accuracy: 
     ± 4 % below min depth 
 

Physical survey – planimetry MAGELLAN GPS Blazer 12 receiver 
Positional accuracy: 
     (15 m) RMS (without Selective 
Availability) 
 
GARMIN Etrex SUMMIT GPS 
Positional accuracy: 
     15 m RMS2

     1 – 5 m with D-GPS corrections 
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3.2 Artificial redds 

The locations of the artificial redds was based on knowledge the author gained previously 

through freshwater management, of the locations where salmon are most likely to spawn, 

based on amongst others, riverbed profile, flow rate, substrate, etc. 

 

At each chosen location, three artificial redds were created, with each successive redd 

being created upstream of the previous.  Artificial eggs were placed in the first redd, with 

sediment and water sampling tubes, placed in the second redd.  The third redd provided 

the in-fill material for the second redd. 

 

Artificial eggs were to be extracted from redds after the incubation period, to ascertain 

whether the eggs had remained stationary, or if redd washout had occurred.  Water 

samples were extracted from the second redd, by attaching a syringe to a flexible tube, 

extending vertically into the redd at egg burial depth.  Water samples were sampled every 

fourth day throughout the spawning and incubation period.  Sediment tubes were placed 

horizontally and vertically, in the same redd was the water sampling tube, to capture 

sediment in each plane.  Sediment tubes were to be removed at the end of the incubation 

period and content analysed.   

 

3.2.1 Artificial salmon eggs and planting overview 

 
Redd washout was conducted using artificial salmon eggs (Plate 3.1).  The artificial eggs 

were made from bone and were provided by Dr James Butler (Wester Ross Fisheries 

Trust).  Dr Butler found whilst preparing for similar studies into washout that, to the best 

of his knowledge, artificial salmon eggs did not exist. His search for a suitable material 



lead him to bone beads, which he found to have similar density, diameter and buoyancy 

to real salmon eggs.  The company, from which the bone beads were sourced, was a fairly 

generic manufacturer of accessories for people who make home-made jewellery. 

 

PLATE 3.1 ARTIFICIAL SALMON EGGS 
 

 

 
Artificial salmon eggs were buried in artificial redds at pre-determined potential salmon 

spawning sites along the length of the River Sligachan at 0.15 m and 0.25 m depth in the 

riverbed, during the spawning season (Figure 3.1). 
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FIGURE 3.1 COMPLETED ARTIFICIAL REDD WITH ARTIFICIAL EGGS 
 

 

Depths chosen were according to the approximate depths excavated by both large and 

small salmon.  Studies have shown the depth of a redd is dependant on the length of the 

female salmon (Crisp and Carling, 1989).  In association with body length, body weight is 

also a factor.  The mean depth of a redd excavated by a grilse has been shown to be 0.145 

m, while a 5 kg salmon may excavate to depth of 0.30 m (Pratt, 1968: as cited in Gibson, 

1993).  Further reports state that large salmon will bury eggs between 0.254 m – 0.30 m, 

while smaller salmon will bury their eggs at roughly 0.127 m (Renzi, 1997; Central New 

England Fishery Resources Office, 2002). 

 
Overall there are many variables influencing the depth of a redd, including, river bed 

substrate, water flow velocities, fitness of the wild stock etc.  The two depths used in this 

study were determined on the above data. 

 
Each artificial redd was excavated in spring coinciding with the time when alevins are 

expected to be emerging from natural redds. 
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3.2.2 Artificial redd site selection 

Site selection was based on a preliminary survey of 30 potential sites, on the 18th 

November 2000: river channel and profile, including the bed material were viewed from 

the riverbank.  The position of each site was marked on a photocopy of OS map Outdoor 

Leisure 8 (1: 25 000), along with general notes taken on the location.  Grid references 

were plotted at home. 

 
A re-survey of the river between the 28th and 29th March 2001, from high water mark at 

Loch Sligachan (NG489304) out to the west slope of Marsco (NG495246) in Glen 

Sligachan, and on 5th April, from the west slope of Marsco (NG495246) to Harta Corrie 

(NG471233), identified some sites previously classified as being unsuitable. 

 

 Each potential site was checked for signs of natural redd construction, prior to excavating 

to a depth of 0.30 m to check the composition of the riverbed substrate.  Notes were made 

of the general type and size of material present, the water depth and approximate current 

flow rates.  Detail was also noted of extent of sediment plume released into the water on 

removing a sample, and its dispersal in the current. 

 
Photographs were taken at each site as a visual record of the locations.  A marker was 

placed in the river detailing the position of the redds in the photographs, as there were 

few reference points within the study area.  Where possible, large boulders and features 

on the skyline were combined when photographing selected sites to highlight the 

locations. 

 
Eventually, 21 survey sites were selected, documented and photographed, to help in their 

re-identification in the autumn.  Sites were selected on the basis of providing a suitable 

spawning habitat for salmon i.e. bed material, position in river, water depth, and current.  
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Locations chosen were in accordance with site selection guidelines (Egglishaw et al, 

1984). 

 
3.2.3 Artificial redds  (autumn re-assessment) 
 
On return to the sites in autumn 2001, the selection of artificial redd sites was re-assessed, 

based on changing channel profiles, with 20 sites being selected (Table 3.2).  Two 

previously selected sites were found to have transformed to silty substrate (Site 4 and 5).  

Site 5 was removed from the survey owing to substrate conditions being out with normal 

conditions for a spawning site however Site 4 was retained as being potentially viable due 

to less silt. 

 
TABLE 3.2 ARTIFICIAL REDD SITES (GRID REFERENCES).  NOVEMBER 2001  
 
SITE NUMBER GRID REF SITE NUMBER GRID REF 
    
Site 1 488303 Site 11 489239 
Site 2 484302 Site 12 489238 
Site 3 486301 Site 13 487237 
Site 4 489287 Site 14 484233 
Site 5 490282 Site 15 484233 
Site 6 492280 Site 16 483233 
Site 7 491277 Site 17 482232 
Site 8 494269 Site 18 482232 
Site 9  494244 Site 19  479232 
Site 10 493244 Site 20 472233 
[Refer to OS Outdoor Leisure 8. The Cuillin and Torridon Hills. 1: 25 000] 
 
 
3.2.4 Creation of artificial redds 
 
Prior to creation of the artificial redds, reconnaissance of the location was carried out to 

look for signs of natural redd creation.  The construction of the artificial redds for 

artificial eggs involved kicking out a depression or hollow to the appropriate dimensions. 

The kicking method approximates the tail movements of a salmon winnowing fines from 



the riverbed substrate.  This process continued until a depression 0.25 m deep in the 

riverbed was created.  The depth of the redd was verified using a metre stick.  Care was 

also taken during excavating in the event of uncovering a natural redd.  In such 

circumstances, the natural redd was carefully reassembled, and a new location for the 

artificial redd picked within 3 m. 

 

3.2.5 Burial of first artificial egg 

The first artificial egg was placed in the redd at 0.25 m depth (Figure 3.2).  Each artificial 

egg was tied to a brick, broken to approximately pebble size, and sprayed bright yellow, 

solely to aid location during the spring survey to check whether the eggs had been washed 

out. 

FIGURE 3.2 DIAGRAMS (PART 1, 2 AND 3) SHOWING PLACEMENT OF ARTIFICIAL 
EGGS IN ARTIFICIAL REDDS IN RIVERBED 
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Yellow bricks 

Copper wire (resistant to corrosion) was wrapped around each yellow brick and tightened.  

Green fishing line (a further visual aid to the artificial egg’s location in the sediments) of 

7 kg breaking strain was then attached to the wire on each brick, and the artificial eggs 

tied to the other end.  The length of fishing gut on which the eggs were attached was 0.46 

m, chosen to isolate the egg from any influence of the yellow brick.  The yellow brick 

was placed towards the downstream end in the redd, while the artificial egg was placed in 

the up river part of the redd, with a small stone placed downstream of the artificial egg to 

stop it being moved by either the river current or during the process of in filling of the 

redd. 

 

Burial of second artificial egg 

Once 0.1 m of riverbed material was deposited over the first artificial egg at 0.25 m 

depth, a second artificial egg was placed at 0.15 m depth.  The second egg was displaced 

slightly to one side of the first.  This aim here was to consider the effects of smaller 
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salmon excavating shallower redds and depositing eggs at reduced depths.  The process of 

filling in the first redd continued until the artificial redd was slightly raised in contrast to 

the surrounding riverbed (Figure 3.3) and a second artificial redd had been created. 

 

In order to minimise the risk of washout of the second redd containing the sediment and 

water sampling tubes snagging the lines of the artificial redds, thereby ripping out the 

artificial eggs, a one metre gap between the tubes and eggs was established. 

FIGURE 3.3 THE THREE REDDS.  APPROXIMATELY A ONE METRE GAP SEPARATES 
THE EGGS FROM THE SEDIMENT COLLECTION AND WATER SAMPLING 
TUBES 

 

 
 
 
 
No time limit was specified for artificial redd construction.  As each redd is dependant on 

the riverbed material, some areas were more time consuming to excavate than others.  It 

took on average one hour to complete each redd site (from excavation of the first redd for 

the artificial eggs to excavating the third redd which covered in the second redd 

containing the water and sediment sampling tubes. 

 

 
 
 

55



 
 
 

56

3.2.6 Artificial egg recovery 

As the artificial eggs were 1 m down river from the sediment tubes, their removal was 

more time consuming.  Provided, however, the water sampling tube was still showing 

(Plate 3.3), then the positions of the artificial eggs were readily established.  Those sites 

where the water tubes had been washed out required use of the compass and measuring 

tape from the post in the bank to pinpoint their location and then establish the artificial 

eggs location (refer to 3.3.3). Care was taken to observe if natural redds were within the 

sampling location, to avoid disturbing or destroying them.   

 

Once the yellow bricks to which the eggs were tied were located, the line was carefully 

cleared of pebbles etc until the first egg, originally buried at 0.15 m appeared.  The same 

procedure was followed for the second egg, buried 0.1 m below the first.  Care was taken 

on retrieving the artificial eggs to ensure the nylon line attaching the egg to the stone was 

not broken, while also making sure the egg was not dislodged or dragged from its resting 

position.  Some of the eggs were very badly eroded from their time in the river, others 

remained in almost prefect condition.  Where artificial redds had experienced wash out, 

the eggs were found downstream of the yellow bricks. Artificial eggs were declared lost 

after a meter square area was excavated and nothing found. 

 

3.3 Planting and recovery of riverbed sediment tubes 

 
 
The objective of the sediment tubes was to enable screening of all available sediment, 

which may affect wild salmon eggs at burial depth. 

 



3.3.1 Riverbed sediment tubes 

Riverbed sediment samplers were constructed from plastic pipe (Plate 3.2) after 

discussing and observing designs of sediment samplers with Mr Peter Collen, based at the 

Freshwater Fisheries Laboratory (FFL), Pitlochry. 

PLATE 3.2 SEDIMENT SAMPLERS, WATER SAMPLING TUBE AND SYRINGE 
 

 

 
The sediment sampler was based on an ova box (Harris, 1973).   Due to vertical and 

horizontal movement of sediment within gravel, it was decided to measure both 

components of sediment movement within the riverbed. 

 
A standard grey plastic drainpipe (internal diameter 65 mm) was cut into sections 102 

mm in length.  One end of each section was sealed with a plastic end cap, (4 mm thick).  

End caps were then secured in place, using general purpose clear silicone sealer.  None of 

the end caps failed during their time in the riverbed. 
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Originally 4 mm flexible plastic mesh was chosen to cover the sediment collection tubes, 

for ease of manipulation and securing to the sediment tubes.  Live salmon eggs are 

approximately 5 mm in diameter, so if the spaces between the gravel in the redds are 

larger than 5 mm, then the eggs wash away.  A 4 mm mesh should, therefore, retain the 

eggs as the riverbed gravel does.  Further, only material less than 4 mm would be 

screened through the mesh into the tubes. 

 
As 4 mm plastic mesh could not be sourced, galvanised steel (corrosion-resistant)13 mm 

mesh was used.  The galvanised mesh was anchored to the sediment tubes using 2 mm 

diameter copper wire (supple and corrosion-resistant). The copper wire was then passed 

through four equally spaced 3 mm diameter holes approximately 10 mm from the top of 

the tube and secured the 13 mm mesh over the tops of the sediment tubes.  Forty-two 

sediment tubes in total were constructed, including a number of spares should any have 

been damaged prior to burial. 

 

Burial of sediment tubes in artificial redds 

Sediment collection tubes were placed into the second artificial redd (refer to 3.2.1 for 

redd excavation overview).  The tube for collecting the horizontal movement of sediment 

was placed on its side in the redd.  For the tube measuring the vertical movement of 

sediment, a hole was dug in the bottom of the redd and the tube placed inside this.  For 

identification, all vertical sediment tubes were sprayed with yellow paint (Plate 3.2).  The 

top of all vertical tubes lay at approximately 0.25 m depth in the artificial redds. 

 

Some stones were placed on top of the horizontal tube to secure its position, before 

moving 1 m upstream and creating a third artificial redd, thereby filling in the second 

artificial redd by the technique described earlier (refer to 3.2.1). 
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3.3.2 Water sampling tubes 
 
The water sampling tube was made from plastic tubing, 32 mm diameter (Plate 3.2).  The 

piping used to extract the water sample was clear PVC tubing, internal diameter 4.7 mm, 

wall thickness 1.6 mm.  The tubes were cut into 150 mm lengths.  Two holes were drilled 

approximately 20 mm (9 mm diameter) and 65 mm (8 mm diameter) from the top of each 

tube.  Plastic tubing was inserted into the holes inside to extract water samples from 

below the sediment surface.  Weaving the plastic piping into the tubes gave the securest 

method of fixing the piping and tube together. 

 
To facilitate water flow, 12 holes were drilled in each tube.  The holes were drilled in sets 

of three at 70 mm, 45 mm and 20 mm from the base of each tube.  The diameters of the 

holes were 9 mm.  A plastic mesh (2 mm) was placed over the top of each tube and 

secured with copper wire to prevent debris filling the tubes over the survey period. 

 
Burial of water sampling tubes 
 
Water sampling tubes were placed in the redds at the same time as the sediment sampling 

tubes.  Like the sediment tubes they required some stones to maintain their upright 

position, and avoid drifting in the current (Section 3.3.1). 

 
Once the tubes were buried in the sediment this left approximately 0.7 m of plastic piping 

above the sediment available for extracting the water samples (Plate 3.3). 

 
 
3.3.3 Location and recovery of sediment tubes, water sampling tubes and artificial     

eggs 
 
Provided that the water sampling tube had not been washed away (Plate 3.3), and the 

clear plastic tube was visible, location of the sediment tubes and artificial eggs was 

relatively easy.  Should the water sample tube be washed away, then location of the 



remaining in-river equipment would be virtually impossible.  A backup system for such 

events was used for each site.  The position of each site was marked by hammering a 

small wooden post (sprayed yellow for easy identification in the heather) into the 

riverbank.  A screw was inserted into the top of the post. A tape measure was then 

attached to the screw on top of the post and taken directly above the redd containing the 

artificial eggs.  The distance was noted, and a compass reading was taken by laying the 

compass flat to the tape and the bearing noted directly above the redd.   A set of GPS 

coordinates (Magellan Blazer 12) was also taken above each redd site as a precaution 

should the yellow posts be accidentally removed by walkers, animals, spates etc (those 

GPS grid references are not documented here as they were not required).  Figure 3.4 

details the methods used to identify each artificial redd, while table 3.3 lists the locations 

of each of the 20 artificial redds. 

FIGURE 3.4 MARKING POSITIONS OF BURIED RIVER EQUIPMENT 
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TABLE 3.3 LOCATIONS OF CREATED ARTIFICIAL REDDS.  DECEMBER 2001   
 
DATE SITE NO GRID REF BEARING AND DISTANCE 

FROM RIVERBANK 
    
19.11.01   1 NG 488303 15°       19 m 
19.11.01   2 NG 484302 329°      11.2 m 
29.11.01   3 NG 486301 322°      6.8 m 
29.11.01   4 NG 489287 314°      7 m 
  5.12.01   5 NG 490282 228°      16.3 m 
  5.12.01   6 NG 492280 328°      6.1 m 
  5.12.01   7 NG 491277 350°      5.8 m 
  5.12.01   8 NG 494269 180°      15 m 
  6.12.01   9 NG 494244 8°          3.8 m 
  6.12.01 10 NG 493244 339°      4.1 m 
  6.12.01 11 NG 489239 324°      4.8 m 
11.12.01 12 NG 489238 326°      6.4 m 
11.12.01 13 NG 487237 319°      16.5 m 
11.12.01 14 NG 484233 324°      10.2 m 
11.12.01 15 NG 484233 18°        8.2 m 
11.12.01 16 NG 483233 322°      7.8 m 
12.12.01 17 NG 482232 114°      3.5 m 
12.12.01 18 NG 482232 1°          4.4 m 
12.12.01 19 NG 479232 178°      3.7 m 
12.12.01 20 NG 472233 189°      3.4 m 
[Refer to OS Outdoor Leisure 8. The Cuillin and Torridon Hills. 1: 25 000] 
 
 

Recovery of sediment and water sampling tubes 

Once the sediment tubes were located, the riverbed material above them was removed 

carefully until the yellow mesh of the vertical sediment tube became visible (Plate 3.3).   

 



PLATE 3.3 WATER AND SEDIMENT SAMPLING TUBES CAREFULLY EXPOSED IN 
RIVERBED SUBSTRATE 

 

When the riverbed material on top of the grid was carefully removed, the vertical tube 

was left untouched, while the horizontal tube was located.  The material round the front 

of the horizontal tube was gently cleared away and carefully lifted out.  Then the vertical 

tube was removed followed by the water sampling tube (Plate 3.4). 
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PLATE 3.4 AUTHOR REMOVING SEDIMENT TUBES FROM RIVERBED 
 

 

 
The 13 mm wire mesh covering one end of both tubes was removed, the outsides of both 

tubes then cleaned.  The tops of the tubes were then sealed with duct tape until analysis 

could be carried out.  The tubes were marked, indicating the site, vertical or horizontal, 

and the date on which tubes were removed.  Individual site data were recorded on 

dictaphone for speed and convenience.  Equipment (sediment and water sampling tubes) 

which was not recovered, was declared lost after a meter square area was excavated and 

nothing found. 

 

3.3.4 Riverbed sediment tube analysis    
 
Procedures were followed according to Allen (1989).  Sediment samples were weighed to 

a precision of 0.01g (Salter FA-2000; OHAUS GT4100D).  Wet samples were dried for 

two hours at 550oC (Carbolite EAF 11/12 (201). 
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Air drying 
 
The contents of each sediment tube were emptied onto a numbered and weighed sheet of 

tin foil (approx 0.45m ×0.45m).  Each tube was flushed out with deionised water three 

times to retrieve as much sediment as possible.  Samples were then left in a room to air 

dry for seven days, with a sheet of paper covering each sample to prevent contamination.  

A simple wire cross was placed beneath each paper to stop it coming into contact with the 

drying sediment.  Once dry, the samples were wrapped up in the foil and packed carefully 

for transport to the laboratory. 

 
Sieving 
 
A sieve range (based on mesh size available) was selected as follows - 5 mm, 3.35 mm, 

2.36 mm, 1.18 mm, 500 µm, 250 µm and 125 µm.  The primary concern was with 

sediment in the range 3 mm diameter and smaller.  This is the documented size range of 

material leading initially to the smothering and suffocation of  ova incubating in redds, by 

restricting oxygen enriched water to circulate about the eggs. 

 

Sieve procedure 
 
All sieves and pans were brushed clean for one minute and a note taken of their weight 

prior to the addition of sediment, to monitor the effects of sediment attaching to the sieves 

and increasing their gross weight. 

 
Each individual foil parcel was emptied into the 5 mm sieve with collection pan beneath, 

the foil parcel being tapped gently to loosen attached sediment.  Sieving was by hand, 

each run lasting two minutes. 

 
The material retained by the 5 mm sieve was returned to the foil, while the sieved 

material in the collection pan was emptied into the 3.35 mm sieve, with the 2.36 mm and 
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1.18 mm sieves fitted beneath.  A collection pan was fitted beneath the 1.18 mm sieve.  

The process was repeated, with the sediment in the collection pan then transferred to the 

final three sieves, the 500 µm, 250 µm and 125 µm and collection pan.  No more than 

three sieves were interlocked, with a collection pan beneath, were used for a test run, due 

to handling and weight implications. 

 

All sieves and pans were weighed after each test run to find the weight of sediment 

retained.  All material in the sieves and pans were returned to their respective foil parcels.  

This procedure was carried out for each sediment sample. 

 

Oven drying 
 
A small amount of the dry, well-mixed sediment from each foil parcel was added to a 

clean mortar and pestle and ground.  A clean porcelain dish was weighed (± 0.01g) and 

10 g of crushed sediment were added.   

 
Each porcelain dish and sample was placed in an oven at 100 oC – 110 oC for three hours.  

The porcelain dishes were then transferred to a desiccator and once cool, the porcelain 

dish and contents were re-weighed, to ascertain water loss.  All samples were transferred 

straight from the oven to the balance, before airborne moisture could be reabsorbed. 

 

3.3.5 River channel geology and riverbed material abundance 
 
For channel geology and percentage abundance of riverbed material, (sand, gravels, 

cobbles etc), nine 500 m sectors of the River Sligachan were selected.  This provided a 

much broader database of the River Sligachan within which the 20 redds were positioned 

[Appendix VIII contains the raw data relating to channel geology and bed material 



abundance].  The starting point was the upstream boundary of each sector, with a cross-

section being taken every 100 m (Plate 3.5). 

 

PLATE 3.5  AUTHOR CONDUCTING RIVER CHANNEL GEOLOGY & RIVERBED 
MATERIAL ABUNDANCE SURVEY 

 

 
 

Each zone produced five cross-sections.  A GPS log was kept of the location of each 

cross-section along the right-hand bank only.  All information was entered into coded 

spreadsheets (channel geology and percentage material abundance) designed for seamless 

entry to statistical analysis software. 
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A quadrat was placed on the riverbed a quarter of the cross-channel distance from the 

right-hand bank.  This provided data on the percentage material abundance and type: i.e. 

bedrock, boulder, cobble, pebble, gravel, sand and silt. 

 
Four randomly chosen rock samples were bagged and marked.  Samples were taken from 

the right hand bank only, alternates being selected when water depth, bogs, bedrock, etc, 

precluded sampling from the right hand side.  The samples were analysed for their 

geological origin (igneous, metamorphic or sedimentary) and type (e.g. gabbro) at a later 

date.  Sections of the river that were too deep to access, were noted accordingly. 

 

3.3.6 Fieldwork 
 
The river was split into upper and lower sectors.  The primary reason for dividing the 

river into two parts for this study: were landscape profile; the physical effort required 

(due to the distance involved a recovery day was required after each day in the field) and 

daylight hours available during winter months.  Within the lower sectors were sites 1-8, 

while in the upper sectors lay sites 9-20 (Plate 3.6).  The upper sectors concentrate on the 

river’s youth to early middle stage, with the lower sectors focusing on the river’s middle 

to old stage.  The experimental design was systematic: sampling every fourth day, 

alternating between five upper and four lower sectors.  Winter fieldwork began on 

December 15th 2001.  Sampling was delayed due to poor weather conditions during 

November and December, holding up the placement of the equipment in the river.  High 

winds, heavy rainfall and low temperatures prevented data gathering on numerous 

occasions (Plates 3.7 and 3.8).  For fieldwork data, refer to Appendices I – VIII. 



PLATE 3.6 SECTORS, SITES AND TRIBUTARIES 
 

 

 [Copyright:  K.G. & S. Gage 1st Edition, 1985.  Image has been cropped to fit page.] 
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PLATE 3.7 WINTER CONDITONS (THICK ICE) HALTS RESEARCH IN LOWER SECTORS

 

 
PLATE 3.8 WINTER CONDITIONS IN UPPERS SECTORS 
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In-river placement of static field equipment 

Due to poor weather in November, sediment tubes, water sampling tubes, artificial eggs 

and small marker posts were moved from the lower reaches of the flood plain far up into 

Harta Corrie.  This task was completed on 28th November 2001.  Due to extreme 

conditions, sampling equipment from Site 20 had to be secured adjacent to Site 19. 

 

Retrieval of static in-river equipment 

The artificial eggs (including the sediment tubes and water sampling tubes) were all 

intended to be retrieved from the artificial redds in the first week of April 2002, 

corresponding to the time when the majority of wild salmon eggs typically hatch.  Due to 

illness, however, the artificial eggs (including the sediment tubes and water sampling 

tubes) were left in the riverbed until their eventual recovery between the 5th July 2002 and 

5th August 2002.  This effectively doubled the sediment gathering period and also the 

artificial eggs exposure to spate events. 

 

3.4 Hydrological parameters and water chemistry 

 
Monitoring of hydrological and water chemistry parameters focused largely on those in-

river influences with potential to affect incubating juvenile salmonids during the winter 

months.  Factors investigated included dissolved oxygen saturation, pH, temperature, 

water flow velocities around redds, river height, rainfall, spate events and river flow 

profiles. 

 



3.4.1 Water level gauge 
 
Unlike rivers which have a water level gauge placed close to the riverbank, the River 

Sligachan had no such gauge.  A water level gauge was necessary to measure height of 

daily flow and flow during periods of heavy rainfall.  One was made from wood (1.9 m 

by 73 mm by 36 mm) painted white, and set in a concrete plug (Figure 3.5).  The length 

of wood immersed in the water was marked out in metric units above the concrete.  In 

order to provide rigidity to the gauge and avoid large boulders breaking it, steel T-section 

was placed at the rear and screwed in place.  A steel cable through the top of the gauge 

was used to secure it to the bridge. 

 

FIGURE 3.5 WATER LEVEL GAUGE 
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A large hole was excavated in the riverbed for the gauge, the zero meter mark being level 

with the riverbed material.  The gauge was placed just out from underneath the main road 

bridge allowing the steel to rest against the arch, preventing bending under flood events. 

 
Placement was complete by 19th November 2001.  Plates 3.9 and 3.10 show water level 

gauge under low and high river flow conditions. 

 
PLATE 3.9 RIVER SLIGACHAN DURING LOW FLOW CONDITIONS 
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PLATE 3.10 RIVER SLIGACHAN UNDER HIGH FLOW (SPATE) CONDITIONS 
 

 

 
River height  
 
At 0850 daily during the winter fieldwork period, the water height was recorded from the 

water level gauge prior to the rain gauge being checked at 0900.  During periods of 

especially heavy rainfall the water level gauge was re-visited in the late morning and 

early afternoon as part of constant river water level height monitoring during the build up 

to spate events.  Spate conditions were accepted once the river flow met or exceeded 1.0 

m on the water level gauge.   

 

The water level gauge was not taken out of the river until all buried river equipment had 

been uplifted, as it continued to provided daily indicators of river volume. 
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3.4.2 Flow profiles of the River Sligachan 
 
  
Prior to each flow profile being conducted the river’s water level had to be checked 

against a water level gauge.  The width of the river at the Old Road Bridge was found to 

be close to 50 m, and inaccessible for this task.  A safer location below the campsite 

provided safer access.  Procedures for conducting river current flow profiles were adapted 

by the author from Highland River Purification Board (HRPB) guidelines (1994) and use 

of a river profile gauging sheet which the author had obtained from the HRPB (now 

Scottish Environmental Protection Agency) eight years earlier. 

 
Yellow painted stones were placed across the river from bank to bank at 1 m intervals.  

The depth of the water column (riverbed to surface) was measured at each 1 m interval, 

with the flow meter being set from the riverbed at 40% of the depth.  This required the 

operator to walk into the river until there was sufficient water depth for the flow meter to 

operate without striking the river substrate (Table 3.4).  The distance (m) from the 

riverbank was noted on the gauging sheet, including the depth of the water column at that 

point. 

 

TABLE 3.4 DIGITAL CURRENT FLOW METER 
 
EDUCATIONAL FIELD EQUIPMENT.  STREAM FLOW METER ( DIGITAL) 
 
Range:                                   0.1ms-1 – 15ms-1

Depth of operation:               0.06m – 1.0m 
Accuracy                                ± 4% below minimum depth 
Formula V m s-1:                     0.005 × number of impeller revolutions (+ 0.1544)
 

A one minute reading was then carried out, counting the number of revolutions within 

this time frame.  The procedure was carried out all the way across the river at one metre 

intervals until the opposite bank was reached.  As sections of rivers were covered, each 
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was divided into cross-sectional areas.  Areas were estimated by taking the present depth 

and consecutive depth, adding both together and dividing by two. 

 
Revolutions per minute were then converted into metres per second using a conversion 

table.  Next, the mean velocity was estimated by adding the present and consecutive 

velocities (m s-1) together and dividing by two to obtain the mean.  From the mean 

velocity, the amount of water passing a fixed point each second was then calculated by 

multiplying the area by the mean velocity to give the panel discharge.  Addition of all 

cross-sectional panel discharges provide the total discharge or Q, normally referred to as 

CUMEC’s (cubic metres past a fixed point in one second).  A record of flow rates was 

recorded on dictaphone, later being transferred to the gauging sheet. 

 
 
3.4.3 Water flow velocities around artificial redds 
 

To provide information on the flow regime throughout the catchment, and specifically at 

each site, water velocities surrounding each artificial redd were sampled and recorded 

during each fieldwork trip to sample water chemistry and temperature. 

 
Water velocities around the artificial redds were measured according to Crisp and Carling 

(1989), using a digital stream flow meter (Table 3.4). 

 

Water velocities were sampled at three upstream points surrounding the artificial redd, 

V1, V2 and V3 (Figure 3.6).  Prior to taking each reading (impeller revolutions), the depth 

at each of the three upstream points were measured.  The impeller was then placed in the 

water, at a height of 0.6 of the depth, of each specific upstream point.  The mean velocity 

of those three points is indicative of the depth related velocity flowing around the 

artificial redd. 



FIGURE 3.6 FLOW METER POINTS (V1, V2 AND V3) AROUND REDDS 
 

 

 
Before fieldwork, judgement was exercised whether the river state was safe by observing 

the river height from the painted water gauge.  A minimum reading of 0.3 m on the water 

level gauge resulted in the River Sligachan being impassable at any point, Glen Sligachan 

flood plain being submerged, and access across the Marsco burn (Figure 2.1) to continue 

out to the upper sectors (Sites 9 – 20), is impossible.   If the weather conditions 

deteriorated whilst working in the upper sectors, work was abandoned to enable the 

author to return safely. 

 
It was observed that the River Sligachan takes approximately two days to return to normal 

flow after a spate.  This was a major factor concerning the planting out of the winter field 

equipment (sediment and water sampling tubes, and artificial eggs). 
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3.4.4 Freshwater Chemistry 
 
Dissolved oxygen and pH measurements. 
 
TABLE 3.5 WATER CHEMISTRY MONITORING EQUIPMENT SPECIFICATIONS 
 
TEMPERATURE AND PH 
 
Hanna:                                   model HI 98128 
Range:                                   0.00 – 14.00pH 
                                              0.0  – 60.0oC 
Resolution:                            0.01pH 
Accuracy:                             @20 oC +/- 0.01pH 
Buffer solution:                     pH 7.0 
 
Dissolved oxygen. 
 
Hanna:                                   model HI 9142 
Range:                                   0.0 – 19.9ppm O2 / L 
Resolution:                            0.1ppm O2 / L 
Accuracy:                              1.5% of full scale 
Temperature compensation:  0 - 30 oC 
 
 
The pH probe was initially calibrated using pH 4, rinsed three times with deionised water 

and then calibrated against pH 7.01 buffer solution.  The probe was recalibrated monthly 

against pH 7.01 phosphate buffer.  After each fieldtrip the pH probe was left with a few 

drops of pH 7.01 buffer solution in the end cap.  Refer to 3.4.4.3 for dissolved oxygen 

probe calibration. 

 
3.4.4.1 River Sligachan pilot study 
 
A trial study of the River Sligachan’s chemical characteristics was conducted prior to the 

winter sampling programme (pH and dissolved oxygen were monitored over 24 h under 

spate conditions and over seven days, sampling 1 h prior to dawn and 1 h after dusk. 

 

Samples were taken downstream of the old road bridge at Sligachan. The sampling 

location was determined by the volume of the river.  The pH probe was placed in the river 
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first, to record pH and temperature, then dissolved oxygen was recorded.  Both probes 

were immersed for one minute, before recording the readings. 

 
By monitoring an hour prior to dawn, ambient saturated oxygen levels were obtained 

before sunrise, after which aquatic plants begin photosynthesis, increasing the dissolved 

oxygen saturation.  Monitoring an hour after dusk, ensured that oxygen saturation was 

recorded after a full day of photosynthesis by the river’s aquatic plants. 

 
In aquatic systems the gases of prime importance are oxygen (for respiration) and carbon 
dioxide (for photosynthesis).  Whilst diffusion between air and the aqueous environment 
is slow, those zones of a river experiencing turbulent mixing (e.g. waterfalls) will be 
found to maintain high concentrations.  In low energy rivers, however, the concentrations 
of oxygen and carbon dioxide can be dominated by the plant biomass present.  
Consequently a large vegetative biomass elevates oxygen levels (while lowering carbon 
dioxide levels) during the daylight hours.  The period dusk through to dawn is 
characterised by the reverse (Dobson and Frid, 1998). 
 

To ensure that the pH and DO probes were able to produce stable readings, a “ten rapid 

sample” test of pH and dissolved oxygen was conducted in situ and also by taking a 

sample of river water in a bucket (i.e. whilst the river may have had additional variables 

causing instrumentation readings to fluctuate, the bucket was a relatively stable, constant 

environment). 

 

Ten data points were collected at a spot beside the old road bridge at Sligachan.  The 

oxygen probe was placed in the water for 10 minutes and readings noted at one minute 

intervals.  The same technique was used for the pH. 

 

The same procedures were followed for a bucket filled with river water.  The oxygen 

probe was placed in the water for 10 minutes and readings noted at one minute intervals. 

The same technique was used for the pH.   
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Tables 3.6 and 3.7 reveal min, max, mean and SD for both dissolved oxygen and pH 

samples taken from both the bucket and river.  The data from either table shows almost 

identical values of mean and SD for both DO and pH. 

 

TABLE 3.6 TEN RAPID SAMPLES FROM BUCKET (MIN, MAX, MEAN & SD) 
 
 Min Max Mean SD 
Dissolved oxygen 10.2 11.3 10.8 0.29 
pH 6.72 6.87 6.75 0.00 
 
 
TABLE 3.7 TEN RAPID SAMPLES FROM RIVER (MIN, MAX, MEAN & SD) 
 
 Min Max Mean SD 
Dissolved oxygen 10.2 10.9 10.7 0.22 
pH 6.59 6.64 6.60 0.00 
 
 

A decision was also made to sample random spates to provide data on in-river conditions 

during flood episodes.  Monitoring during the first spate event (29th Oct 2001), yielded 

valuable data on the mean and range of values regarding dissolved oxygen, pH and 

temperature under conditions of extreme flow and temperature. 

 
All trial data were subject to statistical analysis.  Results of the 24 h spate and the ‘ten 

rapid sampling’ provided were analysed collectively, through a one-way ANOVA test, to 

confirm the correct working of the probes and to determine instrument precision. 

 
Data from these preliminary investigations demonstrated the relative stability of the river 

chemistry which in turn enabled the author to decide the sampling technique and 

frequency of the winter water chemistry surveys. 

 



3.4.4.2 Spate events (24hr) 
 
Once river height met or exceeded 1.0 m, spate monitoring was initiated (Plates 3.11 and 

3.12).  

 
PLATE 3.11 WATER LEVEL GAUGE EXPOSED DURING LOW FLOW CONDITIONS 
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PLATE 3.12 WATER LEVEL GAUGE DURING HIGH FLOW (SPATE CONDITIONS) 
 

 

 

River conditions (pH, DO, temperature, river height and flow velocity) were sampled 

hourly over a 24-hour time limit down river of the Old Road Bridge (NG 486298) at the 

bank edge situated beside the Sligachan Hotel on the lower sectors.  Here the flow was 

sampled in relative safety, extra care being taken during the winter nights (Plate 3.13).  

The yellow line in plate 3.13 depicts the authors monitoring location depending on flood 

intensity. 
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PLATE 3.13 24 HOUR SPATE MONITORING LOCATION (YELLOW LINE) BESIDE OLD 
ROAD BRIDGE, SLIGACHAN 

 

 

 

To monitor spates beyond 24hrs would have required either autonomous monitoring 

equipment or an assistant.  It is acknowledged that in the hours building up to spate 

conditions being attained (low flow to high flow) in-river conditions were not monitored 

for it was impossible to predict a spate event was in progress.  Consequently only the 

second phase of any spate (high flow to low flow) was ever monitored.  For low and high 

flow conditions on River Sligachan refer to Plates 3.11 & 3.12.  Ultimately, only three 

spates were recorded.  The intension was to monitor substantially more spates, but 

logistical constraints prevented this. 

 

3.4.4.3 Artificial redds (water chemistry) 

Dissolved oxygen saturation and pH were monitored within artificial redds over the 

winter months while salmon ova were incubating.  Water samples were taken from each 

of the 20 artificial egg locations, extracted from below the streambed by attaching a 
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syringe to the exposed end of flexible tubing extending from the sampling tube above the 

riverbed (Plate 3.14). 

 

PLATE 3.14 AUTHOR EXTRACTING WATER SAMPLE FROM ARTIFICIAL REDD 
 

 

 

The initial sample of water drawn by the syringe was discarded as this contained old 

water lying in the plastic tubing.  The next three samples of water were used to rinse out a 

plastic measuring cylinder.  The fifth water sample extracted with the syringe was then 

transferred to the cylinder for analysis.  The oxygen probe was rinsed three times with 

deionised water then immediately placed in the water sample and agitated for 

approximately one minute at which point the oxygen saturation level was noted. 

 
Once the oxygen reading was noted (ppm), the pH probe was rinsed three times with 

deionised water, then placed in the sample to measure pH and temperature.  The same 

rinsing methods were employed as for the dissolved oxygen meter.  The pH probe was 

further rinsed with deionised water after the readings were taken.  The pH probe was re-
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calibrated monthly, while the slope calibration on the oxygen meter was re-calibrated 

immediately prior to fieldwork sampling. 

 

3.4.4.4 Tributaries 

Sampling of the water chemistry (dissolved oxygen and pH) was carried out on the five 

main tributaries flowing into the River Sligachan (Table 3.8; see Plate 3.6 for individual 

tributary locations).   Water chemistry data from the tributaries provided insights to 

additional flows joining the River Sligachan, which may impact incubating ova. 

 
TABLE 3.8 FIVE TRIBUTARIES SAMPLED
 
 GRID REF: NAME: 
   
Tributary 1 NG 486299 Allt Daraich 
Tributary 2 NG 485296 Allt Dearg Mor 
Tributary 3 NG 487290 Allt Dearg Beag 
Tributary 4 NG 493271 Allt na Measarroch 
Tributary 5 NG 496245 Lochan Dubha 

[Refer to OS Outdoor Leisure 8. The Cuillin and Torridon Hills. 1: 25 000] 
 

The sampling took place 10 m upstream from where those tributaries joined the main 

river, to avoid mixing between the tributary and the main river channel.   

   

 
3.4.5 Rainfall monitoring 
 

Rainfall was monitored daily during the winter fieldwork period, from a field rain gauge 

situated within Glen Sligachan.  Historical rainfall data from several rain stations based 

on the Isle of Skye were also used in the study. 

 



3.4.5.1 Field rain gauge  
 
Daily rainfall (mm) and rainwater pH measurements were recorded over the winter 

fieldwork period.  The location chosen for the rain gauge (Meteorological Office standard 

12.7 cm) was above the path to Coruisk, NG 48882959, altitude 36m (OS outdoor leisure 

8, 1:25 000): it was installed on the 30th November 2001 and was secured to a post (Plate 

3.15).  The top of the gauge was exactly 30 cm above the ground in accordance with 

Meteorological Office guidelines.  As the gauge was made from copper, it was painted 

green to lessen its obtrusiveness and possible theft. 

PLATE 3.15 RAIN GAUGE (WINTER FIELDWORK) 
 

 

 
 
The rain gauge was checked at 0900 daily, the rain volume and pH.  The measuring 

cylinder was rinsed with deionised waste three times prior to emptying the rainwater into 

it.  The pH probe was also rinsed three times with deionised water to prevent cross 

contamination.  On completing the sampling, both the measuring cylinder and pH probe 
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were rinsed three times with deionised water and stored according to manufacturer’s 

recommendations. 

 
The volume of rainwater collected was entered as a daily total, unless the rain gauge 

could not be checked, in which case the volume recorded was an accumulation and was 

entered accordingly in the log for the previous day. 

 
3.4.5.2 Historic rainfall data 
 
Data sets were used from those rain stations nearest to the study area.  Four rain stations 

on Skye were selected (Table 3.9).  These data sets are extensive and not provided here; 

but are available by contacting the Meteorological Office. 

 

Data sets for the Allt Dearg House rain gauge based in Sligachan Glen held by 

Meteorological Office, was sourced from fellow UHI research student, John Coll, based 

at the Environmental Research Institute (ERI), Thurso. 

 

Regarding the rainfall figures for Allt Dearg House from the Meteorological Office, the 

data set from January 1969 – December 1993 is complete, although post 1993, some 

months are missing in the years that follow, from 1994 to 1999. 

 

Commander Peppe (of Glendrynoch Lodge) took over as observer of this monthly rain 

gauge in Jan 1994 and has been supplying the Meteorological Office with data since then.  

Discrepancies were noted between Cdr Peppe’s monthly totals and documented 

Meteorological Offices figures for this rain station.  After consultation with Cdr Peppe his 

own values were used from Jan 1994  through to August 2002.  The reason for using Cdr 

Peppe’s data set post 1994 – is principally that his information is complete, and it is likely 
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that the data are accurate.  [It is believed that inconsistencies between Cdr Peppe’s and 

the Meteorological Office’s data sets arose during the Meteorological Office’s 

transcription of the hard copy records from Cdr Peppe into their data base]. 

 
TABLE 3.9 SKYE RAIN STATIONS 

 
RAIN STATIONS 
Skye: Allt Dearg House NG 1477 8293 
Monthly rain gauge. 
Data from:   Jan 1961 – Dec 1993 
Data supplied by:  John Coll (Met data). 
 
Skye: Allt Dearg House NG 1477 8293 
Monthly rain gauge. 
Data from:   Jan 1994 – Oct 2002 
Observer:   Cdr W.L.T Peppe. 
 
Skye: Portnalong  NG 1348 8354 
Daily rain gauge. 
Data from:   July 1982 – Dec 2000 
Observer:   Pete Thomas (deceased) 
 
Skye: Prabost   NG 1419 8501 
Daily rain gauge. 
Data from:   Jan 1957 – Sept 2002 
Observer:   C.W. Murray 
 
Skye: Sconser   NG 5213 3216 
Daily rain gauge 
Data from:   Jan 1990 – Oct 2002 
Observer:    Dr H.A. Hartley 
 

 

3.5 Angling records analysis 

 
Angling data for the River Sligachan were obtained from the Sligachan Hotel angling log 

book.  The angling log book serves as a guide to fish stocks within the river over almost 

80 years.  Concern is noted over variables which cannot be assessed i.e. fishing effort 
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(how regularly was the river fished, on what dates, by how many people etc).  In the 

absence of such data the author accepts the limitations of the data set. 

 

3.5.1 Sligachan Hotel angling book 

The Sligachan Hotel angling book begins in 1926 and continues to the present (2002).  It 

is the most comprehensive source of angling data relating to the River Sligachan.   

 

From the angling data for the Sligachan Hotel angling book the salmon and grilse 

numbers caught were amalgamated and listed as salmon both in the statistical analysis 

software and charts displayed in chapter 4.  Similarly, for trout and finnock, numbers 

caught were amalgamated and listed as trout both in the statistical analysis software and 

the charts in chapter 4. 

 
The prime reason for combining salmon and grilse numbers (and likewise trout and 

finnock) is due to the similarity between a salmon and a grilse, which to the casual eye 

appears indistinguishable.  To illustrate the scenario further, Plate 3.16 reveals the 

resemblance between a salmon and a sea trout (Mills et al, 1999) 



PLATE 3.16 SALMON AND SEA TROUT 
 

 

[Copyright: Atlantic Salmon Trust, 1999] 

 

3.5.2 Angler’s personal diaries 

An angler (wishing to remain anonymous) who fishes the River Sligachan allowed the 

author access to his fishing diaries (1981 – 1993).  This produces some evidence of an 11 

year period, and a reliable data source, as the angler is known to the author and is 

believed to have meticulously noted his catch details.  In both angling data sources, only 

fish actually landed have been documented.  In the fishing diaries, only fish landed from 

the River Sligachan and by the owner were documented.  Those measures are believed by 

the author here to provide some quality assurance which give value to the data sets. 

The same methodology was applied to the angler’s personal fishing diaries, combining 

salmon and grilse numbers caught as salmon, while trout and finnock were combined as 

trout.   
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3.6 Statistical Methods 

 
Data were analysed using Statistical Packages for Social Scientists (SPSS version 7.52, 

and SPSS version 11) and MS Excel.  Listed in Table 3.10 are the rainfall and angling 

sources of information which were collated and analysed. 

 
TABLE 3.10 RAINFALL AND ANGLING DATA SOURCES 
 
OWNER / AUTHOR TYPE OF DATA DATE 
   
Precipitation   
   
Allt Dearg House station (Met 
Office) 

Numeric (mm) Jan 1969 – Dec 1993 

Allt Dearg House station (Cdr 
Peppe) 

Numeric (mm) Jan 1994 – Aug 2002 

Portnalong station Numeric (mm) July 1982 – Dec 2000 
Prabost station  Numeric (mm) Jan 1959 – Aug 2002 
Sconser station  Numeric (mm) Jan 1990 – Aug 2002 
Authors field station Numeric (mm) Dec 2001 – Apr 2002 
   
Angling data (River Sligachan)   
   
Sligachan Hotel angling book Numeric 1926 – 2002 
Anglers fishing diaries (owner 
wishes to remain anonymous). 

Numeric 1981 - 1996 

 
 
Precipitation data from the various stations listed were documented from each station’s 

inception to August 2002 (where possible), the date by which all sediment tubes and 

artificial salmon eggs had been removed from the River Sligachan.  All rainfall data were 

documented as monthly totals.  The data sets from all rain stations were either analysed 

monthly or annually. 
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4. Results 
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Results 
 
Chapter 4 focuses on the results of the fieldwork analysis.  In this chapter upper and 

lower sectors will be referred to.  The upper sectors (Site 9 – 20) concentrate on the 

river’s source to early middle stage, the lower sectors (Sites 1 – 8), the river’s middle to 

estuary.  The primary reason for dividing the River Sligachan into two sections were 

landscape profile, the physical effort required and daylight hours available during winter 

months. 

 

Each component will be discussed based on the analysis, with the statistical data sets 

directly after. 

 

4.1 Artificial egg and sediment tube recovery 

 

Refer to Appendix V for raw data relating to egg and tube retrieval.  Several artificial 

eggs and sediment tubes were lost over the sampling period: Site 2 (both tubes and both 

eggs washed out); Sites 11 and 20 (both tubes and both eggs washed out);  Site 14 lost the 

top egg, buried at 0.15m with site 16 loosing both eggs to washout (Table 4.1).  Losses 

for both eggs and sediment tubes were analysed using a Chi-squared test.  However the  

losses were found not to be significant (artificial eggs: χ2=40.000, n=20, p=0.381;  

sediment tubes: χ2=20.000, n=20, p=0.395). 
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TABLE 4.1 ARTIFICIAL EGG AND SEDIMENT TUBE RECOVERY RESULTS AFTER OVER 
WINTERING IN ARTIFICIAL REDDS IN RIVER SLIGACHAN.  LOWER 
SECTORS (SITES 1-8) AND UPPER SECTORS (SITES 9-20)  

 
 Artificial eggs Sediment tubes 
   
Site 1 2 eggs washed out 2  tubes recovered 
Site 2 2 eggs washed out 2 tubes washed out 
Site 3 2  eggs recovered 2  tubes recovered 
Site 4 2  eggs recovered 2  tubes recovered 
Site 5 2  eggs recovered 2  tubes recovered 
Site 6 2  eggs recovered 2  tubes recovered 
Site 7 2  eggs recovered 2  tubes recovered 
Site 8 2  eggs recovered 2  tubes recovered 
   
Site 9 2  eggs recovered 2  tubes recovered 
Site 10 2  eggs recovered 2  tubes recovered 
Site 11 2 eggs washed out 2 tubes washed out 
Site 12 2  eggs recovered 2  tubes recovered 
Site 13 2  eggs recovered 2  tubes recovered 
Site 14 Top egg lost, bottom egg 

recovered 
2  tubes recovered 

Site 15 2  eggs recovered 2  tubes recovered 
Site 16 2 eggs washed out 2  tubes recovered 
Site 17 2  eggs recovered 2  tubes recovered 
Site 18 2  eggs recovered 2  tubes recovered 
Site 19 2  eggs recovered 2  tubes recovered 
Site 20 2 eggs washed out 2 tubes washed out 
 
 
Results indicate that river substrate may be more susceptible to scour in the upper reaches 

of the river than the lower.  Possible reasons for this include a steeper profile and 

narrower river channel width, giving rise to greater erosive action and power especially 

during spate events.  Geological substrate and composition may also be a factor.  Upper 

sectors, substrate was found to have a higher incidence of bedrock, boulder and cobble 

compared to lower sectors.  Further, the substrate of the upper sectors comprised seven 

different rock types compared with three rock types for the lower sectors from the 

channel geology survey. 
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4.2 Riverbed sediment tube analysis 

 
Analysis of sediments focused on the diameter range < 3 mm, < 2 mm and <1 mm. The 

was based upon published data illustrating that sediments within those size classes were 

responsible for high mortalities during the incubation to alevin stage within redds.  The 

sieves (3.35 mm, 2.36 mm and 1.18 mm) were the only mesh diameters which could be 

sourced and provided insight to the abundance of material present in the three diameters 

known to cause high mortalities.  Refer to Appendix VII for raw data relating to sediment 

analysis.   

 

Individual tube contents (gross weight) 

Horizontal tube data for the lower sectors (Sites 1-8), gave a mean of 83.6 g and a range 

of 14.6 to 158.1 g.  For the upper sectors (Sites 9-20), horizontal tube data gave a mean of 

77.2 g and a range of 19.8 to 224.6 g. (Table 4.2)  Results for the vertical tubes for the 

lower sectors gave a mean of 347.1 g and a range of 126 – 497 g, while the upper sectors, 

vertical tube data revealed a mean of 352.7 g and a range of 116.2 to 580 g. 



TABLE 4.2 SEDIMENT TUBES (HORIZONTAL & VERTICAL).  GROSS WEIGHT (GRAMS) 
PER TUBE.  LOWER SECTORS (SITES 1-8) AND UPPER SECTORS (SITES 9-
19)  

 

14.6 126.0
158.1 436.0
141.9 319.6

32.9 237.3
38.8 490.6

132.5 497.0
66.5 323.7
19.8 477.5
80.1 549.4
68.6 116.2
36.5 266.3

224.6 252.4
34.4 212.4

128.1 475.1
97.8 580.0
45.0 233.4
36.9 364.5

Site 1
Site 3
Site 4
Site5
Site 6
Site 7
Site 8
Site 9
Site 10
Site 12
Site 13
Site 14
Site 15
Site 16
Site 17
Site 18
Site 19

Horizontal Vertical
Tube orientation

 
 

Percentage total weight (<3.35 mm diameter) 

Results for the horizontal tubes show the lower sectors (Sites 1-8), gave a range of 10.9 to 

64.7%.  For the upper sectors (Sites 9-19), horizontal tube data show a range of 56.9 to 

95% (Table 4.3).  Results for the vertical tubes show the lower sectors with a range of 28 

to 81.4%.  While the upper sectors vertical tube data revealed a range of 40.9 to 83.6%. 

 

Pearson’s ‘r’ revealed a positive correlation between the horizontal and vertical tubes 

from the upper sectors at the 0.01 level on a one-tailed test (r=1.000; n=10; p=0.000), 

showing a significant relationship between the horizontal and vertical planes (as sediment 

in one plane increases, so does the other).  

 
 
 

95



TABLE 4.3 SEDIMENT TUBES (HORIZONTAL & VERTICAL).  PERCENTAGE WEIGHT OF 
MATERIAL LESS THAN 3.35 MM DIAMETER.  LOWER SECTORS (SITES 1-8) 
AND UPPER SECTORS (SITES 9-19)  

 

27.2 59.4
53.0 81.4
10.9 63.2
55.4 56.5
65.9 72.5
31.0 28.0
64.7 76.0
63.5 61.9
73.0 49.6
56.9 57.2
64.0 40.9
95.0 83.6
75.2 45.8
80.3 77.4
64.1 45.0
83.2 74.3
69.9 64.2

Site 1
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8
Site 9
Site 10
Site 12
Site 13
Site 14
Site 15
Site 16
Site 17
Site 18
Site 19

Horizontal Vertical
Tube orientation

 
 
Percentage total weight (<2.36 mm diameter) 

Horizontal tube data for the lower sectors (Sites 1-8) gave a range of 9.9 to 69.4%.  

Meanwhile, for the upper sectors (Sites 9-19), horizontal tube data showed a range of 

41.4 to 87.1% (Table 4.4).  Results for the vertical tubes for the lower sectors gave a 

range of 13.4 to 65.4%, compared to 27.6 to 74.3% for the upper sectors. 

 

Application of Pearson’s ‘r’ revealed two positive correlations between the horizontal and 

vertical tubes at the 0.01 level on a one-tailed test for; both upper and lower sectors 

(r=0.612; n=17; p=0.005); upper sectors (r=0.827; n=10; p=0.002).  The results show a 

significant relationship between the horizontal and vertical planes of combined lower and 

upper sectors, and for horizontal and vertical planes in the upper sectors only (as sediment 

load in one plane increased, so did the sediment load in the other).  Pearson’s ‘r’ also 
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revealed a positive correlation between the horizontal and vertical tubes from the lower 

sectors at the 0.05 level on a one-tailed test (r=0.690; n=7; p=0.043).  

 
TABLE 4.4 SEDIMENT TUBES (HORIZONTAL & VERTICAL).  PERCENTAGE WEIGHT OF 

MATERIAL LESS THAN 2.36 MM DIAMETER.  LOWER SECTORS (SITES 1-8) 
AND UPPER SECTORS (SITES 9-19)  

 

17.5 36.4
69.4 65.4

9.9 54.7
43.2 46.3
52.5 60.1
14.1 13.4
47.4 64.7
43.9 47.2
53.9 34.8
43.1 43.1
41.4 27.6
87.1 74.3
61.1 35.8
66.5 61.7
46.7 30.4
70.1 63.9
55.8 50.7

Site 1
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8
Site 9
site 10
Site 12
Site 13
Site 14
Site 15
Site 16
Site 17
Site 18
Site 19

Horizontal Vertical
Tube orientation

 

 

Percentage total weight (<1.18 mm diameter) 

Horizontal tube data for the lower sectors (Sites 1-8) gave a range of 0.8 to 31.2%.  For 

the upper sectors (Sites 9-19), horizontal tube data showed a range of 11.5 to 51.3% 

(Table 4.5).  Results for the vertical tubes for the lower sectors gave a range of 3.5 to 

37.8%, while the upper sectors (vertical tubes) revealed a range of 9.8 to 42.5%. 

 

Pearson’s ‘r’ revealed positive correlations between the horizontal and vertical tubes for 

both upper and lower sectors at the 0.05 level on a one-tailed test (r=0.539; n=17; 

p=0.013) and at the 0.01 level on a one-tailed test (r=0.917; n=10; p=0.000) for the upper 
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sectors only.  The results from Pearson’s ‘r’  show a significant relationship between the 

horizontal and vertical planes for combined upper and lower sectors and also between the 

horizontal and vertical planes for the upper sectors only. 

 
TABLE 4.5 SEDIMENT TUBES (HORIZONTAL & VERTICAL).  PERCENTAGE WEIGHT OF 

MATERIAL LESS THAN 1.18 MM DIAMETER.  LOWER SECTORS (SITES 1-8) 
AND UPPER SECTORS (SITES 9-19)  

 

9.5 19.4
31.2 27.1

.8 37.8
21.9 26.2
25.3 30.2

4.3 3.5
16.7 29.9
15.1 19.5
16.6 11.1
20.0 21.4
11.5 8.5
51.3 42.5
32.0 20.4
29.1 24.8
16.4 9.8
34.8 35.1
30.5 25.2

Site 1
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8
Site 9
Site 10
Site 12
Site 13
Site 14
Site 15
Site 16
Site 17
Site 18
Site 19

Horizontal Vertical
Tube orientation

 
 
Summary of sediment data  

In summary, results from individual tube contents reveal the gross mean weight collected 

in the horizontal and vertical tubes is similar throughout the River Sligachan.  Data from 

percentage total weight show that both upper and lower sectors, whether it be horizontal 

or vertical, all contained sediments with mean values greater than 10% (<3mm, <2mm, 

<1mm) - a critical factor in the suffocation of juvenile salmonids. 
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4.3 River channel geology and riverbed material abundance survey 

 

Refer to Appendix VIII for raw data relating to river channel geology and riverbed 

material abundance.  At the upper sectors, the dominant material was gabbro, followed by 

dolerite and agglomerate; with granite, basalt, felsite, pyroxene and olivine also present 

(Figure 4.1).  Lower sectors showed a high abundance of granite, with basalt and gabbro 

in lower percentages, and the appearance of agglomerate.  The overall percentage 

abundance of geological material encountered in the survey is given (Table 4.6). 

FIGURE 4.1 RIVER CHANNEL GEOLOGY SURVEY (RIGHT BANK).  LOWER SECTORS (1 
– 4), UPPER SSECTOR (5 – 9).  EACH SECTOR 500 M IN LENGTH, WITH 
FIVE CROSS SECTIONS AT 100 M INTERVALS, E.G.  9.1 – 9.5 

Survey sectors (five cross sections per sector)
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[Missing bars (sector cross sections) indicate survey data for those specific cross sections were 
not carried out due to river channel depth etc.] 
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TABLE 4.6 RIVER CHANNEL GEOLOGY SURVEY (SECTORS 1 – 9).  IGNEOUS MATERIAL 
(GROSS PERCENTAGE ABUNDANCE) 

 
ROCK TYPE ABUNDANCE(%)
Basalt 23.7 
Dolerite 10.1 
Agglomerate 10.1 
Gabbro 28.8 
Granite 23.7 
Felsite 1.6 
Pyroxene & olivine 1.6 
 
 

Riverbed material abundance survey 

Bedrock material occurs at Sector 8 (cross-section 8.2, both left and right bank) and 

Sector 5 (left bank cross-section 5.2 and 5.3) only (Figures 4.2 & 4.3).  Boulder 

dominates the upper sectors, especially Sectors 9 and 7, with quite high levels found in 

Sector 6, while Sectors 5 and 4 have a considerable reduction in boulder presence.  

Cobble is especially high in Sector 8 through to Sector 5 for the upper sectors, while in 

the lower sectors, Sectors 4 and 1 had the largest percentages.  High percentages of 

pebble were found in the upper Sectors (9 to 6): of the lower Sectors, 4 and 1 had the 

highest abundance.  Highest percentages of gravel are found in the four lower sectors.  

Sand is found only in being Sector 2.  Overall, boulder is restricted to the upper sectors 

although large concentrations of also cobble dominate Sectors 5 to 9.  Pebble material is 

found throughout the nine sectors as is gravel; although gravel is more prevalent in the 

lower sectors. 



FIGURE 4.2 RIVERBED MATERIAL ABUNDANCE SURVEY (LEFT BANK).  LOWER 
SECTORS (1 – 4), UPPER SECTORS (5 – 9).  EACH SECTOR 500 M IN 
LENGTH, WITH FIVE CROSS SECTIONS AT 100 M INTERVALS, E.G.  9.1 – 
9.5 

Survey sectors (five cross sections per sector)

1.12.13.14.15.16.17.18.19.1

Ab
un

da
nc

e 
(%

)

120

100

80

60

40

20

0

Silt

Sand

Gravel 

Pebble

Cobble

Boulder

Bedrock

 
 
[Missing bars (sector cross sections) indicate survey data for those specific cross sections were 
not carried out due to river channel depth etc.] 

FIGURE 4.3 RIVERBED MATERIAL ABUNDANCE SURVEY (RIGHT BANK).  LOWER 
SECTORS (1 – 4), UPPER SECTORS (5 – 9).  EACH SECTOR 500 M IN 
LENGTH, WITH FIVE CROSS SECTIONS AT 100 M INTERVALS, E.G.  9.1 – 
9.5  

Survey sectors (five cross sections per sector)
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[Missing bars (sector cross sections) indicate survey data for those specific cross sections were 
not carried out due to river channel depth etc.] 

4.4 Flow profiles of the River Sligachan 

 
In order to relate the rainfall data collected during winter fieldwork to past spate events 

on the River Sligachan, it was believed the flow profiles results may provide those 

insights by comparing this data with that of the Scottish Environment Protection Agency 

(SEPA) data for the New Kelso gauging station on the River Carron. 

 
Linear regression was applied to the flow profile results (Appendix VI) to provide a range 

of potential daily CUMEC values based on the three river profiles taken at 

0900 throughout the fieldwork period. 

  
The estimated daily CUMEC values for the River Sligachan during the fieldwork period 

(based on the river height taken daily at 0900) were compared against the daily CUMEC 

data SEPA provided for its gauging station on the River Carron, approximately 30 miles 

east from River Sligachan.  A scatter plot showed similarity between the data sets.  Both 

Pearson’s r and Spearman’s ‘r’ test, showed that there was a correlation between both 

data sets at the 1% level (p=0.000).  As a result, further investigation of the 

Meteorological Office rain station in Glen Sligachan was considered. 

 
SEPA has taken daily and monthly CUMEC measurements on the Carron River, Loch 

Carron, since 1981.  It was considered worthwhile to compare the Carron River monthly 

CUMEC readings against the Meteorological Office rain station in Glen Sligachan for 

this time period, by converting the monthly rainfall values to an estimated river water 

height from the river profiles, then converting to an estimated monthly CUMEC value.  

After much consideration, it was decided not to take this any further as the data produced 
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would be unreliable, based on extrapolating results, founded on linear regression, based 

on three flow profiles. 

4.5 Water flow velocities around artificial redds 

 
Lower sectors 
 
Refer to Appendix III for raw data relating to flow rates at redd and tributary sites.  For 

Sites 1-8 (Table 4.7), the water velocity throughout the sampling period shows the range 

of recorded values being 0.0 to 11.50 V m s-1.  The overall mean water velocity (V m s-1) 

for this time period was 3.9 m s-1. 

 
TABLE 4.7 MEAN WATER VELOCITY VALUES (V m s-1), SAMPLED FROM THREE 

POINTS AROUND EACH ARTIFICAL REDD.  LOWER SECTORS 

 
[ - indicates site not sampled] 
 

Upper sectors 

For Sites 9-20 (Table 4.8), the water velocity throughout the sampling period shows the 

range of recorded values being between 0.0 and  7.22 m s-1.  The overall mean water 

velocity (V m s-1) for this time period was 3.2 m s-1. 

 

- - 11.58 4.60 8.94 4.27 
- - 6.15 .49 - - 
- 1.43 5.80 1.78 3.91 1.61 
- - 2.14 - - - 
- 1.60 5.57 3.45 4.22 2.55 
- - - - - - 
- - 3.48 - 2.00 - 
- - - - - - 

Site 1. 
Site 2. 
Site 3. 
Site 4. 
Site 5. 
Site 6. 
Site 7. 
Site 8. 

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02 
DATE



TABLE 4.8 MEAN WATER VELOCITY VALUES (V m s-1), SAMPLED FROM THREE 
POINTS AROUND EACH ARTIFICAL REDD.   UPPER SECTORS 

- 1.99 4.17 4.27 3.26
- 2.42 4.58 4.94 4.27
- - - - -

1.13 1.37 3.37 4.17 3.14
- 2.16 4.87 5.37 5.17

2.40 2.70 3.66 3.73 3.77
- .72 1.33 1.26 1.33
- - - - -

1.73 2.65 4.45 4.59 4.43
2.05 1.68 5.83 7.22 3.61
1.71 1.32 3.14 3.81 2.29

- - - - -

Site 9.
Site 10.
Site 11.
Site 12.
Site 13.
Site 14.
Site 15.
Site 16.
Site 17.
Site 18.
Site 19.
Site 20.

19.12.01 04.01.02 17.02.02 25.02.02 17.03.02
DATE

 
[ - indicates site not sampled] 
 

Summary of water flow velocities 

The data reveal that the lower sectors experienced a velocity range almost double that 

experienced in the upper sectors.  However the mean flow rate for both upper and lower 

sectors differs only by 0.7 V m s-1.  The data indicate the lower sectors may prone to 

experiencing higher velocity rates than the upper sectors.  This may possibly be due to a 

number of factors such as greater river volume, river profile / substrate, lack of in-river 

obstacles etc.  The data also indicates the possibility for washout to be higher in the lower 

sectors compared to the upper sectors.  There was no link between sediment transport, 

pH, oxygen saturation and severity of washout at individual sites. 

 

4.6 River chemistry pilot study 

 
Refer to Appendix I for raw data relating to the seven-day sampling and ten rapid samples 

(river and bucket), and Appendix IV for 24 hr spate data.  Data for pH, dissolved oxygen 

and temperature are shown in Figure 4.4.  Data for pH and dissolved oxygen do not show 
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appreciable trends, whereas temperature appears to show a decreasing trend over the 

survey.  The data for mean dissolved oxygen and pH (Tables  4.9 and 4.10) reveal little 

difference between morning & evening.   

FIGURE 4.4 PH, DISSOLVED OXYGEN & TEMPERATURE OVER THE SEVEN-DAY 
SAMPLING PERIOD 

Time of day

06-NOV-2001 17:00

06-NOV-2001 09:00

05-NOV-2001 17:00

05-NOV-2001 09:00

04-NOV-2001 17:00
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03-NOV-2001 17:00

03-NOV-2001 09:00

02-NOV-2001 17:00

02-NOV-2001 09:00

01-NOV-2001 17:00

01-NOV-2001 09:00

30-OCT-2001 17:00

30-OCT-2001 09:00
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[Mean & standard deviation: DO 10.3 ± 0.32mg/l; T, 8.66 ± 1.6°C; pH 6.6 ± 0.3] 
 
 
TABLE 4.9 DISSOLVED OXYGEN (MORNING & EVENING).  MIN, MAX AND RANGE 
 
DISSOLVED OXYGEN Min (mg/l) Max (mg/l) Range 
Morning 9.5 10.8 1.3 
Evening 9.8 10.3 0.5 
 
 
TABLE 4.10 PH (MORNING & EVENING).  MIN, MAX AND RANGE 
 
PH Min (mg/l) Max (mg/l) Range 
Morning 6.36 6.91 0.55 
Evening 6.04 7.20 1.16 
 
 
 

105



 
 
 

106

Determination of sensor 

A one-way ANOVA (F-test) was used to ascertain if the difference between the data 

points collected for the spate, and for the ten rapid samples taken from the river and 

bucket, were indicative of sampling error or equipment instability.  Results for each of the 

data sets (i.e. spate, bucket and river) show ‘no significant difference’ for dissolved 

oxygen and pH at the 0.01 level on a 2-tailed test (p=0.000 for both dissolved oxygen and 

pH).  Further, box plots (Figures 4.5 & 4.6) of mean and standard deviation for dissolved 

oxygen and pH show similar values for the river and bucket samples.  Interquartile ranges 

(i.e. containing 50% of the values) for both bucket and river samples are similar, 

including values for outliers.  The interquartile range, the minimum / maximum values, 

and outliers for the spate data (dissolved oxygen and pH) shows that the sensor was also 

stable at a much lower dissolved oxygen concentration. 

 
In conclusion, the instruments confirmed to be providing relatively stable responses.  

Data variation between measurements was significantly greater in the values of the spate 

samples than the ten rapid samples taken from the bucket and the river, indicating 

environmental, rather than instrumental variability. 



FIGURE 4.5 DISSOLVED OXYGEN & TEN RAPID SAMPLES (BUCKET & RIVER).  SPATE 
(29.10.01) 

231010N =

 

One-Way ANOVA (box plot chart)
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[Interquartile range: represented by red grid boxes; Median: represented by line through red grid 
boxes; Highest & lowest values: represented by lines extending from red grid boxes; Outliers: 
represented by zero’s] 
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FIGURE 4.6 PH & TEN RAPID SAMPLES (BUCKET & RIVER).  SPATE (29.10.01) 

241010N =

spatebucketriver
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[Interquartile range: represented by green grid boxes; Median: represented by line through green 
grid boxes; Highest & lowest values: represented by lines extending from green grid boxes; 
Outliers: represented by zero’s] 

 

4.7 Spate events (24hr) 

 
Refer to Appendix IV for raw data relating to 24hr spate monitoring.  The data presented 

within this section relates to the monitoring of three separates spate events which 

occurred on the River Sligachan during the winter fieldwork period between December 

2001 and April 2002. 

 
The water level gauge (Section 3.4.1) provided information on associated rainfall 

intensity and the corresponding rise in river volume.  Additionally, differing river 

volumes could be related to pH.  Spate conditions were acknowledged when the height of 

river flow reached or exceeded one metre on the water level gauge. 
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Approximately 2 km upriver from the Old Road Bridge at Sligachan, the Marsco Burn 

(NG 495272) merges with the River Sligachan.  A 0.3m or higher reading on the water 

level gauge also ruled out crossing of the Marsco Burn, preventing access to the upper 

sectors. 

 

Spate: October 29th 2001 

Dissolved oxygen concentration decreased as the spate receded (Figure 4.7), eventually 

levelling off about 9.7mg/l by the end of the monitoring period.  The trend line shows a 

decrease in saturation over 20 h, followed by a levelling out over the remaining four 

hours.  However, pH (Figure  4.7) increased as the spate receded over 12 h, from pH 5.8 – 

pH 6.6, with then a shift and a slight decrease into the low pH 6 range, as the spate event 

passed and the river returned to typical non-spate conditions.  The trend line shows an 

increase in pH over 15 h, followed by an decrease over the remaining nine hours. 



FIGURE 4.7 PH & DISSOLVED OXYGEN.  SPATE (29.10.01)  

[Trendline: cubic regression]
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Dissolved oxygen and temperature (Figure 4.8) show the expected relationship.  Oxygen 

saturation values are dependant on ambient temperature and atmospheric pressure.  

Winter storm conditions, i.e. turbulent entrainment of dissolved oxygen, often combined 

with low temperatures and air pressures, increases dissolved oxygen saturation in river 

water, although these decline as the storm recedes. Table 4.11 provides a brief summary 

of the dissolved oxygen and pH concentrations from the spate. 
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FIGURE 4.8 DISSOLVED OXYGEN & TEMPERATURE.  SPATE (29.10.01) 
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TABLE 4.11 DISSOLVED OXYGEN & PH (MIN, MAX & RANGE).  SPATE (29.10.01) 

 
 Dissolved oxygen (mg/l) pH 
Min 9.4 5.9 
Max 10.4 6.8 
Range 1.0 0.9 

 

 
Spate: February 8th 2002 

The trend for dissolved oxygen (Figure 4.9) shows a slight decrease over four hours (11 

mg/l to about 10.5 mg/l) followed by a slight rise over 16 h rising to about 11 mg/l.  The 

remaining time witnesses a reduction to about 10 mg/l.  The trend for pH (Figure 4.9) 

shows little change over the first 18 h whilst the latter six hours witness a slight increase. 
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FIGURE 4.9 PH & DISSOLVED OXYGEN.  SPATE (8.2.02) 

[Trend line: Cubic regression]
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Figure 4.10 reveals dissolved oxygen decreasing over the initial four hours followed by a 

slight rise over next 16 h before a decrease in the latter hours.  River water height steadily 

decreased as the spate abated over 24 hours.  Table 4.12 provides an overview of the 

spates changing water chemistry. 
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FIGURE 4.10 DISSOLVED OXYGEN & RIVER WATER HEIGHT.  SPATE (8.2.02) 
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TABLE 4.12 DISSOLVED OXYGEN & PH (MIN, MAX & RANGE).  SPATE (8.2.02) 

 
 Dissolved oxygen (mg/l) pH 
Min 9.7 5.6 
Max 11.2 6.2 
Range 1.5 0.5 

 
 
As the rainfall decreased, the spate receded, so there is a gradual return to more stable 

dissolved oxygen and pH concentrations. 

 

Spate: February 21st 2002 

Dissolved oxygen levels (Figure 4.11) decreased over the initial eight hours by 0.5mg/l, 

then rose once more over approximately the next 10 h, before a sharp drop, passing 

though 10mg/l.  Again pH increased, by approximately 0.3 units over 12 h (Figure 4.11), 

followed by a gradual increase of almost 1 pH unit.  The trend for pH appears to be 

relatively stable followed by a steady climb to a peak.   
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FIGURE 4.11 PH & DISSOLVED OXYGEN.  SPATE (21.2.02) 

[Trend line: Cubic regression]
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Figure 4.12 reveals that dissolved oxygen decreased for the first six hours, rising over the 

following 10 h, before decreasing.  River water height decreased over the initial five 

hours before rising over the next four, then decreased over the remaining 15 hours.  Table 

4.13 provides an overview of the spates changing water chemistry during the spate. 
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FIGURE 4.12 DISSOLVED OXYGEN & RIVER WATER HEIGHT.  SPATE (21.2.02) 
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TABLE 4.13 DISSOLVED OXYGEN & PH (MIN, MAX & RANGE).  SPATE (21.2.02) 

 
 Dissolved oxygen (mg/l) pH 
Min 10.2 5.8 
Max 12.5 6.9 
Range 2.3 1.1 

 
 

Summary of spate events 

During the October spate event, pH increased for the first 12 hours then decreased over 

the latter 12, while for the two spates monitored in February their pH was relatively stable 

over the initial 12 hours before a slight increase in pH over the remaining 12 hours. 

 
Once again, dissolved oxygen saturation differs for the initial spate monitored in October 

compared to the two in February.  During the October spate dissolved oxygen saturation 

dropped steadily over the course of the spate, before finally levelling out over the last six 

hours.  The February spates, however, exhibited a brief drop over a few hours before a 

rise in oxygen saturation with a decrease in either the latter eight or six hours remaining. 
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For the February 21st spate, oxygen saturation fluctuated approximately every four hours, 

decreasing then increasing.  This trend continued throughout the sampling period.  It is 

highly likely that the oxygen, like for the two previous spates, would have decreased and 

settled back to normal saturation for this particular river as the storm front subsided. 

 
The trend observed in the February spates for dissolved oxygen is likely the result of 

storm conditions during the time of sampling.  Precipitation arriving in bursts every few 

hours some km upriver, recharging the river volume, and the associated increase in 

turbulence increases the dissolved oxygen levels in the river. 

 
Finally, data for dissolved oxygen and river height (February 21st spate; Figure 4.12) 

indicated that the river height and dissolved oxygen saturation began to decrease, then 

rose once more: factors influencing this change are rainfall intensity, river volume, 

turbulence and temperature. 

 

The changes in dissolved oxygen and pH noted during the course of the three spates were 

relatively small and biologically of little merit.  Dissolved oxygen and pH are highly 

likely to be correlated with river flow which in-turn is highly likely to be correlated with 

rainfall. 

4.8 Water chemistry 

 
 
4.8.1 Dissolved oxygen 

Refer to Appendix III for raw data relating to dissolved oxygen saturations at redd and 

tributary sites. 

 



Lower sectors 

For Sites 1-8 (Table 4.14), the dissolved oxygen saturations throughout the sampling 

period show a range of 6.7 to 12.7 mg/l respectively.  A value of 19.3 mg/l noted on the 

13/3/02, is believed to be due to equipment malfunction, therefore it has been excluded.  

The overall mean value for this time period was 10.6 mg/l. 

 
TABLE 4.14 DISSOLVED OXYGEN SATUARATION (mg/l), SAMPLES EXTRACTED FROM 

0.3 M DEPTH (ADJACENT TO ARTIFICIAL EGGS) IN STREAM BED GRAVELS.  
LOWER SECTORS 

8.5 12.7 - 10.4 - 7.1
10.8 12.2 - - - -
11.0 12.3 - 11.8 - 8.2

9.4 11.2 11.4 9.8 - 6.7
10.9 10.3 11.5 9.4 - 7.8

7.1 10.2 - - - -
11.2 9.6 11.0 10.1 - 8.3
11.4 - 11.4 10.6 19.3 7.8

Site 1.
Site 2.
Site 3.
Site 4.
Site 5.
Site 6.
Site 7.
Site 8.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
[ - indicates site not sampled] 
 
 
Upper sectors 

For Sites 9-20 (Table 4.15), the dissolved oxygen concentrations throughout the sampling 

period cover the range of 7.9 to 11.5 mg/l.  The overall mean value for this time period 

was 10.3 mg/l.  The data shows that at the upper sectors, dissolved oxygen concentrations 

are slightly more tightly constrained, covering a more limited range.  
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TABLE 4.15 DISSOLVED OXYGEN SATURATION (mg/l), SAMPLES EXTRACTED FROM 0.3 
M DEPTH (ADJACENT TO ARTIFICIAL EGGS) IN STREAM BED GRAVELS.  
UPPER SECTORS 

11.5 10.3 11.0 11.4 7.9
11.5 10.4 11.0 11.3 8.4
11.0 10.5 10.8 10.9 7.9
11.4 10.3 10.8 11.1 8.7
11.2 10.2 11.0 11.0 8.4
11.2 10.5 10.7 11.0 -
11.1 10.4 10.8 10.8 8.3
11.1 10.2 10.8 10.7 7.9
11.0 10.5 10.5 10.9 8.3
11.0 10.5 10.8 10.9 8.5
11.1 10.4 11.0 11.1 8.6

9.7 10.1 10.6 11.0 8.4

Site 9.
Site 10.
Site 11.
Site 12.
Site 13.
Site 14.
Site 15.
Site 16.
Site 17.
Site 18.
Site 19.
Site 20.

19.12.01 04.01.02 17.02.02 25.02.02 17.03.02
DATE

 
[ - indicates site not sampled] 

 
Tributaries  

For Tributaries 1 - 4 (lower sectors; Table 4.16), the dissolved oxygen saturation 

throughout the sampling period covered the range 9.3 to 13.2 mg/l.  Two readings have 

been excluded believed due to equipment malfunctions in the field.  Those readings are 

15.1 mg/l noted on 1/3/02 and 18.4 mg/l noted on the 13/3/02.  The overall mean value 

for this time period was, therefore, 11.5 mg/l.  For Tributary 5 (upper sectors; Table 

4.16), the dissolved oxygen values throughout the sampling period reveal a range of 8.8 

to 11.8 mg/l.  A single incidence of 19.3 mg/l was noted on the 13/3/02, believed due to 

equipment malfunction and is excluded.  The overall mean saturation for this time period 

was 10.6 mg/l.. 
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TABLE 4.16 DISSOLVED OXYGEN SATURATION (mg/l), SAMPLES EXTRACTED FROM 
RIVER FLOW.  TRIBUTARIES 1 – 5 

 
 

11.8 12.7 - 13.2 - 9.7
12.3 13.0 - 15.1 - 9.3
12.3 12.6 - 11.3 - 9.6
11.5 - 11.8 11.5 18.4 9.6

Trib 1.
Trib 2.
Trib 3.
Trib 4.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
  [ - indicates site not sampled] 

11.8 11.0 10.6 10.8 19.3 8.8Trib 5.
19.12.01 04.01.02 17.02.02 25.02.02 13.03.02 17.03.02

DATE

 
 
 

4.8.2 Water temperature 

 
Refer to Appendix III for raw data relating to temperatures at redd and tributary sites. 

 

Lower sectors 

For Sites 1 - 8 (Table 4.17), the temperature throughout the sampling period covers the 

range 1.2 to 8.3 oC.  The overall mean value for this time period was 4.7 oC. 

 
TABLE 4.17 WATER TEMPERATURES (OC), SAMPLES EXTRACTED FROM 0.3 M DEPTH 

(ADJACENT TO ARTIFICIAL EGGS) IN STREAMBED GRAVELS.  LOWER 
SECTORS 

3.1 1.2 3.1 4.1 5.1 6.8
3.7 1.2 2.9 - - -
3.5 1.3 3.1 4.4 6.1 8.3
4.4 2.4 3.1 5.3 5.8 7.9
3.8 1.4 3.1 4.3 4.6 7.2
4.4 1.7 - - - -
3.3 1.7 2.4 3.5 4.8 7.6
3.1 - 2.7 4.0 5.0 7.7

Site 1.
Site 2.
Site 3.
Site 4.
Site 5.
Site 6.
Site 7.
Site 8.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
[ - indicates site not sampled] 
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Upper sectors 

For Sites 9 - 20 (Table 4.18), the temperature throughout the sampling period covers the 

range 4.0 to 9.6 oC.  The overall mean value for this time period was 5.4 oC.  Results 

reveal the lowest water temperatures in the redds in the lower sectors, the mean being 

almost a degree lower than those at the upper sectors in the heart of the Cuillin.  River 

temperatures in the upper sectors are believed to be influenced by the long stretches of 

shallow and wide river channels, with little bank or overhanging bank vegetation to shade 

the river.  Although in winter (no sun), one might expect altitude to be the controlling 

factor, and give the opposite pattern. 

 

In the lower sectors, the river flow passes through the exposed flood plain and into the 

estuary, exposed to the chilling north and east winds.   In the upper sectors the river is, to 

an extent, sheltered from cold winds by the steep mountain sides. 

 

TABLE 4.18 WATER TEMPERATURES (OC), SAMPLES EXTRACTED FROM 0.3 M DEPTH 
(ADJACENT TO ARTIFICIAL EGGS) IN STREAMBED GRAVELS.  UPPER 
SECTORS 

4.0 5.1 5.2 4.2 8.5
4.2 5.2 5.1 4.3 9.6
4.2 5.2 5.0 4.2 8.3
4.6 5.1 5.1 4.4 8.8
4.5 4.8 5.1 4.2 7.9
4.8 5.1 5.2 4.2 -
4.9 5.1 5.1 4.5 7.3
4.8 5.1 4.9 4.4 7.0
4.9 5.2 5.2 4.8 8.4
5.2 5.1 5.2 4.5 8.1
5.3 5.3 4.9 4.5 8.2
5.5 5.0 5.0 4.6 8.5

Site 9.
Site 10.
Site 11.
Site 12.
Site 13.
Site 14.
Site 15.
Site 16.
Site 17.
Site 18.
Site 19.
Site 20.

19.12.01 04.01.02 17.02.02 25.02.02 17.03.02
DATE

 
[ - indicates site not sampled] 
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Tributaries 

For Tributaries 1 – 4 (lower sectors; Table 4.19), the temperature throughout the sampling 

period shows that the recorded values range being 0.1 to 7 oC.  The overall mean value 

for this period was 3.81 oC.  For Tributary 5 (upper sectors; Table 4.19), the temperature 

throughout the sampling period covers the range from 3.9 to 8.9 oC.  The overall mean 

temperature for this period was 6.23 oC. 

 

TABLE 4.19 WATER TEMPERATURES (OC), SAMPLES EXTRACTED FROM IN RIVER.  
TRIBUTARIES 1 – 5 

 
 

3.8 .2 - 3.8 4.5 6.3
2.8 .1 - 3.2 5.2 7.0
2.4 .1 - 3.2 5.2 7.0
4.1 - 2.8 3.0 4.6 6.6

Trib 1.
Trib 2.
Trib 3.
Trib 4.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
  [ - indicates site not sampled] 

3.9 5.9 8.9Trib 5.
19.12.01 17.02.02 17.03.02

DATE

 
 
 
Temperature differences of Tributary 5 are believed to be due to water flowing from a 

shallow lochan, which most likely acts as a heat store.  The remaining tributaries, 

however,  are fed by water flowing from higher altitudes, experiencing the influence of 

ice and snow (and their melts), and constant wind-chill from the exposed mountainsides. 

 
4.8.3 Summary of dissolved oxygen and temperature 

Overview of in-redd conditions as regards salmon development 

Lower sectors 

In early development, dissolved oxygen was above 4 mg/l (range 7.1 – 12.3 mg/l) while 

temperature remained below 8 oC (range 1.2 – 4.4 oC).  By mid development, dissolved 
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oxygen remained above 4 mg/l (range 9.4 – 11.5 mg/l) with temperature between 2.4 – 

6.1 oC.  Nearing the hatching stage, dissolved oxygen levels had fallen to between 7.1 – 

8.3 mg/l with Site 4 recording a reading of 6.7 mg/l by 21.3.02.  Temperature over this 

time period has varied over the range of between 6.8 – 8.3 oC. 

 

Upper sectors  

During early development dissolved oxygen was above 4 mg/l (range 9.7 – 11.5 mg/l) 

with temperature between 4.0 – 5.5 oC.  By mid development, dissolved oxygen remained 

above 10 mg/l (range 10.7 – 11.4 mg/l), temperature between 4.2 – 5.2 oC.  Near the 

hatching stage dissolved oxygen levels between 7.9 – 8.7 mg/l were observed, with 

temperature between 7 – 9.6 oC 

 

Tributaries  

Conditions within the tributaries provided favourable conditions throughout the early 

stages to hatching, with dissolved oxygen and temperature levels both optimal.  Tributary 

5 (17.3.02) with a temperature of 8.9 oC could likely have led to retardation at the 

hatching stage. 

 
 
4.8.4 pH 
 
Refer to Appendix III for raw data relating to pH at redd and tributary sites.   
 

Lower sectors 

For Sites 1-8 (Table 4.20), pH throughout the sampling period covered the range of pH 

6.24 and 7.22. 



TABLE 4.20 PH.  SAMPLES EXTRACTED FROM 0.3M DEPTH (ADJACENT TO ARTIFICIAL 
EGGS) IN STREAMBED GRAVELS.  LOWER SECTORS 

7.06 7.05 6.59 6.54 6.43 6.44
7.22 7.30 6.56 - - -
7.18 7.33 6.45 6.61 6.64 6.92
6.85 6.89 6.27 6.33 6.24 6.43
6.83 6.76 6.26 6.29 6.26 6.40
6.52 6.93 - - - -
6.88 7.01 6.33 6.50 6.35 6.44
7.07 - 6.55 6.81 6.04 6.89

Site 1.
Site 2.
Site 3.
Site 4.
Site 5.
Site 6.
Site 7.
Site 8.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
[ - indicates site not sampled] 

 
Upper sectors 

For Sites 9-20 (Table 4.21),  pH throughout the sampling period showed a range of pH 

from 6.00 and 7.15.   

TABLE 4.21 PH.  SAMPLES EXTRACTED FROM 0.3M DEPTH (ADJACENT TO ARTIFICIAL 
EGGS) IN STREAMBED GRAVELS.  UPPER SECTORS 

7.03 6.60 6.08 6.97 6.03
7.02 6.54 6.09 6.94 6.04
6.94 6.49 6.11 6.82 6.08
7.00 6.51 6.10 6.91 6.03
6.96 6.49 6.06 6.86 6.05
6.91 6.49 6.07 6.83 -
6.86 6.65 6.08 6.75 6.00
6.95 6.57 6.07 6.93 6.05
6.90 6.61 6.08 6.88 6.03
7.00 6.56 6.08 6.89 6.06
7.05 6.58 6.02 6.90 6.09
7.15 7.10 6.18 7.02 6.21

Site 9.
Site 10.
Site 11.
Site 12.
Site 13.
Site 14.
Site 15.
Site 16.
Site 17.
Site 18.
Site 19.
Site 20.

19.12.01 04.01.02 17.02.02 25.02.02 17.03.02
DATE

 
[ - indicates site not sampled] 

Tributaries 

For the initial four tributaries (Table 4.22, the pH throughout the sampling period show 

the range being pH 6.39 to 7.59.  Tributary 5, throughout the sampling period show the 

range being pH 5.79 to 6.35. 
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TABLE 4.22 PH.  SAMPLES EXTRACTED FROM RIVER FLOW.  TRIBUTARIES 1 – 5 

7.20 7.29 - 6.74 6.83 7.02
7.55 7.17 - 7.59 7.38 7.45
6.98 6.86 - 6.48 6.39 6.63
7.10 - 6.54 6.62 6.61 6.87

Trib 1.
Trib 2.
Trib 3.
Trib 4.

15.12.01 31.12.01 24.01.02 01.03.02 13.03.02 21.03.02
DATE

 
  [ - indicates site not sampled] 

6.34 6.10 5.79 6.35 6.04 5.79Trib 5.
19.12.01 04.01.02 17.02.02 25.02.02 13.03.02 17.03.02

DATE

 
 
 
 
4.8.5 Summary of pH 

Overview of in-redd conditions as regards salmon development 

Lower and upper sectors 

The data revealed that the upper sectors experienced slightly lower pH than the lower 

sectors, and displayed a greater range. 

 
Tributaries 
 
That Tributary 5’s pH was so low is not surprising as the tributary flows from a small 

loch, situated in and surrounded by peat.  This highlights the effect of acidic peat waters 

draining into a river system when the river flow is low.  Tributary 5 was approximately 2 

km from the nearest downstream site.  Tributaries 1 – 4 were found to have a greater 

spread of pH values, almost double that of Tributary 5. 
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4.9 Rainfall data 

 
 
4.9.1 Field rain gauge 
 
Refer to Appendix II for raw data relating to fieldwork rain gauge.  The fieldwork rain 

gauge collected a daily mean of 19.6 mm with a standard deviation of 21.4 mm.  

Meanwhile, rainfall pH had a daily mean of pH 6.73, a standard deviation of 0.26; a range 

of 1.60 and a minimum recorded pH of 5.73.  Daily rainfall (Figure 4.13) data show four 

days of particularly high rainfall intensity between December and February, where the 

gauge collected over 70 mm of water on each occasion. 

FIGURE 4.13 DAILY RAINFALL TOTALS 
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Correlation of rainfall volume with rainfall pH was significant at the 0.05 level (p=0.048) 

for Spearman’s ‘r’ on a 2-tailed test.  Figure 4.14 reveals pH shows an rising upward 

trend, with the overall trend for the time scale shows pH increasing.  Daily rainfall 
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volume shows the reverse of pH, with a decreasing trend, whilst daily rainfall volume for 

the period shows a reduction. 

 
FIGURE 4.14 DAILY RAINFALL AND DAILY RAINFALL PH  
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4.9.2 Historic rainfall data 
 
 
4.9.9.1 Allt Dearg rain station, Skye 
 
Allt Dearg monthly rainfall analysis over the period 1961 to 2002 revealed a mean of 279 

mm, with a standard deviation of 173 mm.  Imposition of a linear trend line onto annual 

totals exhibits a rising trend of increased rainfall (Figure 4.15).  Linear regression analysis 

(rainfall versus year) revealed a weak positive correlation (R=0.457, significance=0.002), 

and an annual mean increase of 17.7 mm per annum over the data period. 
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FIGURE 4.15 ANNUAL RAINFALL TOTALS (ALLT DEARG GAUGE, 1961 – 2002)   

(Trend line: Linear)
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4.9.9.2 Sconser rain station, Skye 

The Sconser rain gauge monthly rainfall analysis for the years 1990 to 2002 reveals a 

mean of 238 mm, with a standard deviation of 172 mm.  A linear trend line through 

annual totals, reveals a decreasing trend in precipitation (Figure 4.16).  Linear regression 

analysis on annual rainfall revealed only a weak positive correlation (R=0.315, 

significance=0.318).  Clearly, this data set has been limited by the relatively few 

operational years.  
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FIGURE 4.16 ANNUAL RAINFALL TOTALS (SCONSER GAUGE, 1990 – 2002)  

[Trend line: Linear]
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4.9.9.3 Prabost rain station, Skye 

The Prabost rain station monthly rainfall analysis for the years 1959 – 2002 reveals a 

mean of 147 mm and a standard deviation of 83.8 mm.  A linear trend line through annual 

totals, shows a rising trend in annual rainfall (Figure 4.17).  Regression analysis of annual 

rainfall revealed no linear relationship between the variables (R=0.062, 

significance=0.691).   This particular rain station has been gathering rainfall data for over 

four decades, and the regression analysis is more robust owing to the time span. 
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FIGURE 4.17 ANNUAL RAINFALL TOTALS (PRABOST GAUGE, 1959 – 2002)  

[Trend line: Linear]
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4.9.9.4 Carbost rain station, Skye 

Carbost rain gauge monthly rainfall analysis for the years 1982 to 2000 reveals a mean of 

174 mm and a standard deviation of 92 mm.  Imposition of a linear trend line on  to 

annual totals reveals an increasing trend in precipitation (Figure 4.18).  Regression 

analysis of annual rainfall revealed no linear relationship between the variables (R=0.070, 

significance=0.782).  Once more, as this station has only been in operation since 1982, 

the data set cannot be relied upon at present for prediction of long term analysis. 
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FIGURE 4.18 ANNUAL RAINFALL TOTALS (CARBOST GAUGE, 1982 – 2000) 

[Trend line: Linear]
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4.9.3 Rain data summary 
 
In summary, data supplied from four rain stations closest to the River Sligachan, shows 

Allt Dearg, located within the Sligachan catchment, collecting a monthly mean of 282 

mm, almost double the amount collected by the Prabost and Carbost rain stations (148 

mm and 174 mm respectively). Regression of Allt Dearg on annual mean rainfall show a 

rising trend of approximately 20 mm per annum.  This trend is mirrored in the annual 

rainfall chart which shows a rising trend line.  

 

The Sconser rain station, approximately 3.5 km to the west of the Allt Dearg rain station 

is also under the influence of the Cuillin Hills and the localised weather patterns 

associated with mountainous landforms which have a propensity to create a wetter micro 
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climate.  This station also collects a greater monthly mean (238 mm) compared with 

Prabost and Carbost. 

 

Being approximately 16 km (Carbost) and 22 km (Prabost) distant from the Cuillin 

complex and the predominant westerly maritime airstreams blowing over this specific 

mountain landmass explains the reduction in rainfall these two stations receive compared 

with the Allt Dearg and Sconser. 

 

Reference will not be made to the monthly mean for the fieldwork rain gauge due to the 

short period of active rainfall collection. 

 

4.10 Sligachan Hotel angling book 

 
From both the Sligachan Hotel angling book and the diaries of one angler of the River 

Sligachan, the salmon and grilse catch has been complied, referring to them as salmon in 

the data sets and charts, while trout and finnock catches have been combined (referred to 

as trout) . 

 
Sligachan Hotel angling book shows the annual salmon catch from 1926 through to 2002 

with a linear trend line showing apparent increase in catch (Figure 4.19).  Data from the 

angler’s personal fishing diaries, over a 15 year period, show the annual catch for the 

years documented including trend line revealing one of decline (Figure 4.20).  The data 

presented in the angling diaries represents only an 11 year period, so cannot be used as 

evidence of the River Sligachan’s salmon or trout abundance due to the limited time 

scale.  However, these data are reliable, as the angler (known by the author), is believed 



to have scrupulously logged his catch details.  Raw data sets extracted from the Sligachan 

Hotel angling book and the angler’s personal diaries are not listed in the thesis due to the 

volume of information.  

FIGURE 4.19 ANNUAL SALMON CATCH, SLIGACHAN HOTEL ANGLING BOOK 

[Trend line: Linear]
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FIGURE 4.20 ANNUAL SALMON CATCH, AN ANGLERS DIARIES 

[Trend line: Linear regression]
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FIGURE 4.21 ANNUAL TROUT CATCH, SLIGACHAN HOTEL ANGLING BOOK 

[Trend line: linear]
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Sligachan Hotel data show that the annual salmon catch increased from 1926 to 1928 

before declining to about 1940.  There is no catch data recorded during the war years.  

Post WWII, the angling catch rose from 1946 to a peak in the early to mid 1980s.  There 

then followed a decline in catch before a second peak in the early 1990s. Since then, the 

catch appears to have completely diminished (Figure 4.19).  The fit line in Figure 4.19, 

however, indicates a rising trend in catch.  Regression analysis of the salmon catch data 

revealed an annual increase in salmon catch of +0.154 salmon.   

 

Records from Sligachan Hotel reveal that the annual trout catch declined from the mid 

1920s to the beginning of WWII.  Again, no catch data was recorded during the war 

years.  Post WWII, , an increase in catch is observed through to the early 1960s before a 

decline to almost zero by the early 1970s.  This was followed by a rise in the early 1970s 

to a peak in the early 1980s, followed by a decline to the early 1990s.  Since then this 

catch too has all but vanished (Figure 4.21).  The fit line in Figure 4.21, however, shows a 

declining trend in catch. Regression analysis of trout catch data revealed a mean annual 

decrease of -2.625 trout.   

 
 
Summary 

On initial glance the trend line (Figure 4.19) for the Sligachan Hotel data indicates a 

rising annual salmon catch but on closer examination the chart exposes a series of peaks 

and troughs with most prominent peaks for the years 1958, 1982 and 1989.  From the 

early 1990s to the present (2002) a sharp decline in annual catch is observed compared to 

the previous 30 years.  Moving to trout, it should be notes that there is a declining trend 

(Figure 4.21) which mirrors the overall reduction in peak annual catch over the years of 

recorded data. 
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5. Discussion and Conclusions 
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Discussion and conclusion 

Chapter 5 interprets the data analysis from the variables measured and presents the 

conclusion.  It presents the author’s thoughts as to the future for salmon before ending 

with the author’s thoughts in hindsight regarding the fieldwork. 

 

5.1 Riverbed sediment tube analysis 

The intragravel period for Atlantic salmon begins in late autumn / early winter (October / 

November), through to spring (March / April).  Once the embryos have hatched, alevins 

remain in the gravels of the redds for an additional six weeks.  Therefore intragravel 

conditions during this period are of critical importance (Gustafson-Greenwood and 

Moring, 1991). 

 

Studies into the structure of brown trout redds in Teesdale, UK, observed a subdominant 

mode comprising 20% material less than 2.0 mm diameter.  This lead the authors to 

determine that ≥10% sediment 2.0 mm in diameter would be detrimental to spawning 

success of this salmonid (Ottaway et al, 1981). 

 

In one study, brown trout embryos and alevins were scrutinised with regard to the impacts 

of gravel and peat material during development.  In this experiment, ten artificial redds 

were constructed; five created with homogenous gravel of mean diameter 32.0, 18.0, 9.6, 

4.8 and 1.5 mm; while the remaining redds were formed of homogenous gravel of mean 

diameter 9.6 mm, and filled with peat to concentrations of 60, 40, 20, 10 and 0% volume.  

Optimal survival occurred in 18.0 mm diameter gravel (95% survival), with considerably 

lower survival in the 4.8 and 1.5 mm diameter gravel (53% and 33% survival 
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respectively).  In general, the results showed that a moderate reduction in gravel diameter 

caused a marked reduction in survival (Olsson and Persson, 1986). 

 

In another experiment, Atlantic salmon ova were incubated in gravel mixtures composed 

of coarse gravel (22.0 – 62.0 mm diameter) and medium to fine gravel (2.3 – 22.0mm 

diameter) in a 5:3 ratio.  The control mixtures contained only the two gravel mixtures 

while the test mixtures contained up to 35.6% coarse sand (0.5 – 2.3mm diameter) and up 

to 10.9% fine sand (0.06 – 0.5mm diameter).  The results revealed that fine sand over 8% 

and coarse sand over 16% were deleterious to survival (Peterson and Metcalf, 1981). 

 

Concerning the effects of fine sediments on salmonids, O’Connor and Andrew (1998) 

conducted  both a hatchery and river experiment on Atlantic salmon.  The hatchery test 

comprised 100 fertilised ova placed in 15 incubators with mixed gravel (32mm diameter) 

with five treatments of fines (0.0631 – 1 mm diameter) at 0, 10, 15, 20 and 25% and with 

three replicates of each treatment.  The river experiment also used 100 fertilised ova 

placed in 15 incubators filled with 32 mm diameter gravel but no fines.  From the river 

experiment, the greatest infiltration of fines was 17.76%, the mean being 13.59%.  From 

the hatchery data meanwhile, exposed mean alevin survival in the control (0% fines) was 

38%.  At 10% fines, survival declined to 9.33%, and at 15% fines, survival was down to 

2.67%.  Survival at 20 and 25% fines was 1% and 0% respectively.  The study concluded 

that  >10% fine sediment ( 0.0631 – 1 mm diameter) could have a disastrous impact upon 

salmon ova.  In a similar study, fine sediment (0.105 – 3.327 mm diameter) was also 

found to be deleterious to the survival of Chum salmon, Koshi, 1975; as cited in 

O’Connor and Andrew, 1998. 
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Further laboratory analysis examined the survival in fine sediment of recently fertilised 

and eyed ova from both Chinook salmon, and Steelhead salmon (Oncorhynchus mykiss).  

The test comprised 16 samples of two different size classes of sediment: fine sediment (< 

0.84 mm diameter) and coarse sediment (0.84 – 4.6 mm diameter).  Fine sediments of the 

class described here are those most commonly affecting salmon rivers through either 

natural events, or human activity (Reiser and White, 1988).  The test results exposed the 

fine sediments (< 0.84 mm diameter) to be most damaging to incubating embryos; indeed, 

egg survival decreased as the proportion of fine sediment increased.  It was also 

discovered that with low levels of fine sediment (≤10%), ova survival substantially 

increased.  Higher proportions of fine sediment resulted in substantially greater embryo 

mortality than equal amounts of fine sediment mixed with coarse sediment. 

 

From this previous work, material ≤3 mm diameter was shown to exert consistently a 

severe impact on the mortality of incubating ova.  Each study established only moderate 

increases in fines (approximately ≥10%) were sufficient to cause significant mortalities 

amongst salmon ova.  

 

The sediment tubes (Section 4.2) remained in their river positions for an extra 4 months, 

doubling their sediment gathering time frame.  Consequently the amounts of sediment 

collected were halved to give an approximation of material over the actual sampling 

period .  The mean percentage weight of fines ≤3 mm diameter was still greater than 10% 

which has been shown to cause substantial mortality rates.  The sediment analysis for 

material <3 mm, <2mm and < 1mm diameter show both upper and lower sectors 

(horizontal and vertical tubes) all have mean percentage weights exceeding 10%. 
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The slightly higher mean percentage weight of fines in the upper sectors may be due to 

the shallow soils with comparatively sparse vegetation compared to the lower sites.   

Those soils may be susceptible to leaching to the river system during periods of heavy 

precipitation / spring thaw, generating more extreme conditions culminating in greater 

abrasion and erosion. 

 

In an attempt to consider possible spate episodes having occurred during April – August 

02, daily rainfall volume data from the field rain gauge between December 01 – April 02 

were examined.  From the field rain gauge data (Appendix II), it was observed spates had 

occurred, when, both rainfall volume on the day of the spate, and the previous days 

rainfall volume, met or exceeded approximately 90mm.  This general rule held true for 

those spates recorded on the 29th October 01 and 8th February 02.  Concerning the spate of 

the 21st February 2002, combined rainfall volume both on the day of the spate (40mm), 

and the previous day (8mm), amounted to 48mm. 

 

From this information, the author assumed that a minimum daily rainfall volume of 

40mm or greater (over 24hrs), recorded from the Sconser rain station, could indicate that 

spate conditions occurred in the River Sligachan, between April and August 02. 

 

From the Sconser rain station data set, between April – August 02 (Section 3.4.5.2 ), there 

were two entries where daily rainfall volume exceeded 40mm (April 21st; 63.5mm and 

July 27th; 44.6mm).  Assuming spates may have occurred on those dates in the River 

Sligachan, the author cannot guarantee those artificial eggs lost through washout, 

occurred only between Dec 01 and April 02.  Regarding the sediment tubes, the author 

cannot guarantee those two potential spates did not play a role in increasing the total 
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sediment collected in the tubes.  Conversely, the spates may also have been responsible 

for washing out some of the sediment tubes. 

 

The data gained from the sediment tube analysis is only a comparative index, not an exact 

measure of the amount of fines likely to be available to smother ova.  However, the 

results of the sediment analysis appear to indicate that spawning gravels within the River 

Sligachan may be prone to high levels of fine sediment infiltration throughout its length, 

with the ability to inflict considerable mortality rates on juvenile salmonids. 

 

5.2 Water flow velocities around artificial redds 

Measurement of water velocities around each redd were made according to Crisp and 

Carling (1989).  Three current readings were taken and the mean was used to estimate the 

‘depth-integrated water velocity around the redd’. 

 

The rationale behind measuring the water velocities around redds was to highlight 

possible relationships with sediment size range, pH and dissolved oxygen saturation and 

redd washout at individual sites (i.e. velocity versus grain size, velocity versus pH, etc).  

There was, however, no statistically significant relationships among the data sets.  Water 

velocities around the chosen redd sites were much higher than those reported elsewhere.  

Beland et al (1982) found in four rivers in Maine (USA) that Atlantic salmon spawned at 

a mean depth of 0.38 m, and a mean water velocity of 0.53 m s-1, measured 0.12 m above 

the riverbed.  In contrast, earlier studies into Atlantic salmon in an artificial flow channel 

under controlled conditions showed that mean water velocity utilized by salmon in an 

artificial spawning channel was 0.4 m s-1 (Pratt; 1968; as cited in Beland et al,1982).  

Discrepancies in data sets were attributed to the smaller fish used in Platt’s study.  Beland 
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et al (1982, p.12) state that “although the water velocities encountered at the spawning 

sites are not considered excessive for adult salmon, the female salmon does spend 

considerable time in redd construction and endurance may affect habitat”. 

 

Crisp and Carling (1989) were able to chart mean water velocity against fish length in 

north-east England.  The data revealed a lower limit, below which Atlantic salmon prefer 

not to spawn, and evidence to suggest there is indeed an upper limit (related to fish size) 

in which spawning is avoided. 

In conclusion, water velocities at artificial redds in the River Sligachan (Section 4.5) bear 

no resemblance to those reported in previous work. 

No published data was found to provide an upper limit on water velocities above which 

Atlantic salmon do not excavate redds.  It is proposed, however, that the water velocities 

documented would facilitate redd excavation.  Water velocities constantly fluctuate 

according to stream volume and flow, and only long term monitoring would establish a 

mean for each site, rather than one mean reading every fourth day from each site during 

the field period. 

 

5.3 Spate events (24hr) and redd washout 

River discharge has been shown to have a direct and positive relationship to the survival 

of Chum salmon and Pink salmon, when both species were migrating upstream and 

during the initial stages of incubation.  During the winter months, however, spates could 

displace gravel, ova and alevins (Wicket, 1958; cited by Gibson and Myers, 1988). 
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Most beneficial to spawning salmonids and incubating juveniles is a constant flow of 

sufficient volume of water to allow upstream passage and to provide optimal conditions 

for ova in the redds throughout the seasons.  With optimal flow, the whole length of a 

river system will be used, and as the fish develop through to parr stage and swim 

downstream to occupy fresh territory, problems of population abundance and limited food 

supply leading to mortalities are reduced (Armstrong, 1994). 

 

In reference to the effects of redd washout, work by the Wester Ross Fisheries Trust, 

revealed fry densities fluctuated between years.  When annual salmon fry figures 

provided by electro-fishing surveys were analysed alongside precipitation figures, a 

pattern emerged whereby wetter winters were followed by a reduction in fry populations 

the following year (Butler, 1999).  Additionally, during 1998 – 99, research by the Wester 

Ross Fisheries Trust, saw 79 artificial redd sites chosen in 18 separate river systems.  

Results revealed that washout occurred in 15 of the 18 rivers (Butler, 1999).  Sea trout 

were shown to be at greater risk to washout (68%) owing to their shallower location, 

compared with salmon redds (57%). 

 

During experiments into artificial and egg drift, with flood events over the course of the 

study not exceeding 6.5 m3 s-1, Crisp (1989) observed that eggs buried at 0.05 m suffered 

75 - 90% redd washout, while those at 0.15m, washout was minor (6.3 – 9.6%).  

Subsequent experiments (receiving a 9.0 m3 s-1 spate during the study) resulted in 100% 

washout for eggs planted at 0.05 m, compared to 4.4 - 100% for eggs planted at 0.15 m 

depth. 
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Flow profiles relating to the total river discharge per second for the study reported here 

(Appendix VI) bore no resemblance to those described above by Crisp (1989).  Of the 

spates monitored, February 8th 2002 saw a reading of 1.2 m on the water level gauge, an 

estimated discharge of 156 m3 s-1.  Compared with this previous study, however, washout 

from the River Sligachan (February 8th spate river height of 1.20m) was minimal. 

 

Washout occurred either in zones with cobble and pebble or cobble and boulder (Section 

4.3).  Cobble and pebble largely dominate this river.  Washout occurred four times in the 

upper sectors and once in the lower sectors.  It is believed that this was due to narrower 

river channel width, steeper profile and greater current flow velocities in upper sectors 

compared to lower sectors.  Both upper and lower sectors are similar in the bed materials. 

 

Results on the effects of redd washout on the River Sligachan (Section 4.1) show that the 

upper sectors suffered 29% overall washout (0.15m depth saw four eggs lost, 0.25m depth 

saw three eggs lost).  The lower sectors suffered 12.5% overall washout (one site lost 

both eggs).  Combining both upper and lower sectors provides a gross washout loss for 

the River Sligachan of 22.5%.  In total, five sites lost eggs buried at a depth indicative of 

a trout or small salmon redd, while four sites lost eggs buried at a depth indicative of a 

large salmon.  A Chi Square analysis performed on artificial eggs (lost / recovered) and 

number of sites was not significant statistically (χ = 40; n = 20; p = 0.381). 

  

Compared to the findings of Butler (57%; 1999) the River Sligachan revealed lower redd 

washout (22.3%). This figure may increase or decrease on an annual basis: an extended 

programme of monitoring with greater numbers of artificial eggs per artificial redd would 

be required to model this. 
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5.4 Water chemistry (artificial redds and tributaries) 

 

5.4.1 Dissolved oxygen and temperature 

Although the sampling regime was systematic (sampling every fourth day), alternating 

between upper and lower sectors, the data provide only a general trend of in-river 

conditions over the sampling period with acute variations likely to be underestimated.  In 

addition, the following dissolved oxygen readings were excluded due to equipment 

malfunction.  1/3/02: Tributary 2 (15.1 mg/l).  13/2/02: Site 8 (19.3 mg/l) and Tributary 4 

(18.4 mg/l). 

 

In early development dissolved oxygen  requirement is reasonably low, approximately 4 

mg/l will support growth (Miles, M (2002), pers comm).  However a rise in temperature 

exceeding 8 oC will lead to an increase in the oxygen requirement due to increasing 

developmental rate (Hamor and Garside, 1976).  As the embryo develops, progressing 

beyond the eyed stage to hatching stage, oxygen requirement increases to roughly 8 – 10 

mg/l (Miles, M., 2002; pers comm).  As guidance, EU freshwater fisheries (Ecological 

requirements of salmon, 2002) suggest between 7 - 9 mg/l for healthy development and 

survival of salmonids. 

 

Lower sectors (Sites 1 – 8) 

In early development , temperature (Table 4.17) remained below 8 oC (range 1.2 – 4.4 

oC), with dissolved oxygen (Table 4.14) above 4 mg/l (range 7.1 – 12.3 mg/l).  By mid 

development with temperature between 2.4 – 5.3 oC, dissolved oxygen remained above 4 

mg/l (range 9.4 – 11.5 mg/l).  Nearing the hatching stage, temperature had risen to a range 
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of between 4.6 – 8.3 oC, and dissolved oxygen levels had fallen to between 7.1 – 8.3 mg/l, 

with Site 4 recording a reading of 6.7 mg/l by 21.3.02. 

 

In summary, during early to mid development recorded conditions were adequate for 

development.  Nearing the hatching stage, with a temperature of 8.3 oC at Site 3, 

dissolved oxygen dipped below  8 mg/l.  Temperature increases above 8 oC and 

reductions in dissolved oxygen below 8 mg/l at this stage may have resulted in 

development rate reducing slightly. However at the temperatures and dissolved oxygen 

levels recorded it is likely that such effects would be minimal. 

 

Upper sectors (Sites 9 – 20) 

In early development with temperature (Table 4.18) between 4.0 – 5.5 oC , dissolved 

oxygen (Table 4.15) was above 4 mg/l (range 9.7 – 11.5 mg/l).  By mid development 

temperature lay between 4.2 – 5.2 oC, with dissolved oxygen above 10 mg/l (range 10.7 – 

11.4 mg/l).  Near the hatching stage, temperature was between 7 – 9.6 oC, with reduced 

dissolved oxygen levels recorded between 7.9 – 8.7 mg/l. 

 

In summary, during early to mid developmental stages, conditions recorded were 

sufficient for development.  Nearing the hatching stage, temperature rose slightly above 8 

oC at eight sites (i.e. 9.6 oC at Site 10), and dissolved oxygen remained within acceptable 

limits for healthy development (8 – 10 mg/l).  

 

Tributaries (1 – 5) 

Conditions within the tributaries (Tables 4.19 & 4.16) showed favourable conditions 

throughout the early stages to hatching, with temperature and dissolved oxygen levels 
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adequate for healthy development.  Tributary 5 (17.3.02), with a temperature of 8.9 oC, 

hints at possible effects of warmer water entering the river possibly impinging on 

incubating ova development. 

 

Concerning dissolved oxygen saturation for all sites (Tables 4.14 & 4.15) only one of the 

lower sites (Site 4, Table 4.14), dropped below EU guidance levels, > 7 mg/l 100%-ile, on 

the last sampling date.  The upper sites (Table 4.15) had a slightly higher mean dissolved 

oxygen throughout the fieldwork period (12 mg/l) compared to 10.6 mg/l for the lower 

sites.  This is to be expected due to the turbulent conditions of the upper sites.  Indeed 

richly oxygenated water accelerates a salmonid’s development (Kinne & Kline, 1962b; 

cited by Hamor and Garside, 1976).   

 

Results of the final sampling for the lower sites (21.3.02), reveal that all sites had entered 

a phase of reduced dissolved oxygen saturation.  Site 4 and 1 experienced 6.7 mg/l and 

7.1 mg/l respectively, raising concerns with respect to the potential effects for ova.  The 

final sampling of the upper sites (Table 4.15, 17.3.02), showed that all sites were viable.  

Tributaries throughout the fieldwork period provided adequate levels of dissolved oxygen 

and temperature. 

 

Studies have revealed that where salmon ova respire in water with relatively low 

dissolved oxygen levels, the response was decreased dissolved oxygen uptake but not 

mortality (Hayes et al, 1951; as cited in Hamor & Garside, 1979).  When those ova were 

returned to water with ‘normal’ dissolved oxygen conditions, dissolved oxygen uptake 

returned to normal.  Although dissolved oxygen was found to be decreasing towards the 
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end of the survey period, this does not immediately imply losses, rather a slowing in rate 

of development. 

 

Studies on the redds of Chum salmon, from spawning through to emergence, found 

dissolved oxygen levels varied considerably during the incubation period (2mg/l - 

10mg/l).  Dissolved oxygen concentrations can be expected to decline towards the 

termination of the incubation period due to the onset of spring when temperatures 

increase (Peterson and Quinn, 1996).  The temperature and dissolved oxygen of the study 

reported here mirror the findings above.  Reductions in dissolved oxygen at latter 

development stages can result in a lighter embryo weight and impinge upon survival 

(Hamor and Garside, 1979). 

 

Temperature 

The mean in-redd water temperatures recorded were within the range for successful 

salmonid development, with mean temperatures for both the lower and upper sites being 

4.7oC and 5.4oC respectively throughout the incubation period (Tables 4.17 & 4.18).  The 

temperature of two of the lowest sites (1 & 2) fell close to freezing on the 31.12.01 (both 

1.2oC).  However, such reductions in temperature would only have slowed development 

rate.  Towards the hatching and emergence stage, temperatures were seen to rise (with 

reductions in dissolved oxygen) at both the lower and upper sectors.  However the 

conditions were within defined limits for successful development. 

 

Studies of the developmental rates of Atlantic salmon (Salmo salar L.) embryos 

highlighted a more rapid development with increased water temperatures (10 oC), while 

development was prolonged with reduced temperatures (5 oC), Hamor & Garside (1976).  
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Further work (Hamor and Garside, 1977) on incubation at 5 oC revealed hatching ova 

were significantly larger than those incubated at 10 oC, regardless of dissolved oxygen 

concentration.   

 

Redd burial depth additionally influences development and survival.  Intragravel 

temperatures differ from those in the river flow above the streambed gravels.  Studies by 

Crisp (1990) show that at 0.2 m, the intragravel water temperature is on average 0.5 oC 

higher than at the streambed gravel / river interface.  The consequence for ova incubating 

at 0.2 m is a reduction of around 10 – 11 days to hatch, compared to ova incubating at 

surface streambed gravel temperatures. 

 

The lower temperatures of the tributaries (Table 4.19) were believed insufficient to 

present a threat to the survival of the ova in the redd.  Even though temperatures for 

tributaries 1 – 4 (Table 4.9) on the 31.12.01 were close to freezing, those temperatures 

were not sustained for many days. 

 

Based on the dissolved oxygen and temperature data gathered during the winter 

fieldwork, conditions recorded were adequate for development and survival through to 

the hatching stage. 

 

Groundwater 

Groundwater and surface water can differ both physically and chemically.  Surface water 

in upland sites has high dissolved oxygen levels (close to saturation) and low alkalinity, 

with short residence times and highly variable thermal regimes.  Groundwater, 

meanwhile, is characterised by high alkalinities due to weathering processes resulting 
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from much longer residence times (Soulsby et al, 2005) and relatively constant thermal 

conditions (Silliman and Booth, 1992).  As a result, groundwater-surface water 

interactions fluctuate spatially and temporally according to existing hydrological 

conditions including the geographical, geological and geomorphological environment 

(Malcolm et al, 2006a). 

 

Incubating salmonid ova face the additional impact of groundwater in the hyporheic zone; 

i.e. the transitional area which includes those saturated zones below the streambed and 

into the banks where the environment is subject to the exchange of surface water (White, 

1993; as cited in Malcolm and Soulsby, 2002). 

 

Dissolved oxygen in the hyporheic zone is recognised to be spatially heterogeneous from 

the cm – km scale, being affected by sediment structure, ground water flow velocity, 

organic matter content, micro organisms etc.  As groundwater permeates downwards, the 

dissolved oxygen is consumed by microbes, biodegradation, reactions with minerals, etc. 

Hence the oxygen status in groundwater is largely determined by dissolved oxygen 

consumption and transport rate.  Dissolved oxygen is not produced in groundwater, 

therefore renewal in confined groundwater systems varies from a few years to thousands 

of years (Malard and Hervant, 1999). 

 

Consequently, as salmon lay their ova in redds within the hyporheic zone (Malcolm et al, 

2006a) the up-welling of low dissolved oxygen groundwater has the potential to 

substantially restrict juvenile recruitment and can be deleterious to survival (Malcolm et 

al, 2003, 2005). 
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Research has shown salmonids avoiding zones of groundwater up-welling, believed due 

to a sensitivity to low dissolved oxygen (Hansen, 1975; as cited in Malcolm et al, 2003).  

Groundwater can still, however, prevent redds from freezing, remain free from the 

influence of percolating surface water, provide dissolved oxygen and thermal habitats 

which exceed incubation minima, as well as remove metabolites (Curry et al, 1995). 

 

Only relatively recently has there been increased awareness of the importance of the 

hyporheic zone as regards the role of rivers.  Standard approaches are unable to capture 

the range of temporal variability in hyporheic water quality through equipment limitations 

(monthly sampling omits variation in hyporheic dissolved oxygen concentration while 

fortnightly / weekly sampling provides only general trends thereby failing to log 

important events including extreme values).  However, advances in technology are now 

enabling the high frequency logging and high resolution logging of the hyporheic zone 

(Malcolm et al, 2006b). 

 

Investigation of the hyporheic zone was not included within the scope of this study due to 

equipment requirements and cost.  As such the potentially significant impact of 

groundwater is unknown. 

 

5.4.2 pH 

The pH data presented (Section 4.8) provides only a general weekly trend, based on 

sampling every fourth day, alternating between upper and lower sectors.  The sites were 

only sampled when access to the river was possible, distributions under high flow and 

spate events remain unknown, therefore, extreme values may be underestimated. 
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Studies have shown (Ingersoll et al,1990) that survival of freshly fertilised eggs decreases 

as pH falls below 5.2.  However, sensitivity to pH concentrations was shown to diminish 

with development.  As guidance, EU freshwater fisheries (Ecological requirements of 

salmon, 2002) suggest sustained pH 6 - 9 is maintained for healthy development and 

survival of salmonids. 

 

Lower sectors (Sites 1 – 8) 

During early development the pH range was 6.52 – 7.33 (Table 4.20).  By mid 

development the pH range was 6.26 – 6.81, while nearing the hatching stage pH range 

was between 6.04 – 6.92 

 

Upper sectors (Sites 9 – 20) 

During early development the pH range was 6.49 – 7.15 (Table 4.21).  By mid 

development the pH range was 6.02 – 7.02,  while nearing the hatching stage the pH 

range was between 6.00 – 6.21. 

 

In summary, recorded pH from both the upper and lower sectors throughout the winter 

fieldwork period remained within acceptable limits for successful development and 

survival of juvenile salmonids. 

 

Tributaries (1 – 5) 

 Within tributaries 1 – 4 conditions during early development included a pH range of 6.86 

– 7.55 (Table 4.22).  During mid development the pH range was shown to be 6.48 – 7.59 

and nearing the hatching stage pH range was 6.39 – 7.45.  The pH data recorded from 

tributaries 1 – 4 reveals a range favourable for the development of juvenile salmonids.   
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For Tributary 5 early development proceeded whilst pH varied of 6.10 – 6.34 (Table 

4.22).  Through mid development pH range was 5.79 – 6.35 and nearing the hatching 

stage pH varied over 5.79 – 6.04.  Tributary 5 flowed from a peaty loch, lower pH values 

are to be expected.  Being almost 2 km from the nearest site downstream, the channel 

width of Tributary 5 is approximately 0.5 m, where it joins the River Sligachan (the 

channel width of the River Sligachan is approximately 20 m at this location).  

Consequently, the influence from this tributary will have been diluted on its passage 

downstream.  As the pH fell slightly below suggested range for only a few days, there is 

no evidence to suggest this would have adversely impacted on development. 

 

Early studies into the lower lethal levels for embryos and alevins of Atlantic salmon have 

shown the early and late embryonal stages, and early and late alevin stages, to have quite 

distinct pH tolerance (Daye and Garside, 1977).  Alevins were found to be more sensitive 

to low pH than embryos (the embryo being protected by the perivitelline fluid and the 

zona radiata).  Further, embryos in early cleavage were found to more sensitive to low pH 

compared to older encapsulated embryos.  Embryos subjected to low pH (4.3 – 2.7) 

during early cleavage revealed a lower limit of  pH 3.6, while older embryos, in two 

sequential stages, prior to hatch, the limit was pH 3.0 and 3.1.  Alevins subjected to low 

pH levels at 7 and 28 days median hatch, had an LL50 of pH 4.0. 

 

Further studies considered the effects of acidic water upon hatching of salmonid ova 

(Carrick, 1979).  The focus on survival of Atlantic salmon, Sea trout (Salmo trutta) and 

brown trout over three winters under controlled conditions within the pH range 3.5 – 7.0, 

included studies of the effects of fertilising eggs at pH 4.0, 4.5 and 5.0.  Tests showed that 
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pH 3.5 was lethal to eggs of each species, whereas lesser effects of acid fertilisation were 

clearly defined at pH 4.0 (50% mortality at 8.5 weeks for brown trout, four weeks for 

salmon, and one week for sea trout). 

 

Concerning the effects of low pH on development and growth on juvenile salmonids, 

work into Chinook salmon embryos reared at pH 4.5 illustrate that they experience 

difficulties emerging from the egg; delaying hatch by up to five days (Green et al, 1984).  

Alevins, however, experienced high mortalities between pH 4.5 and 5.5.  Alevins 

transferred from a higher pH to pH 4.5 did not adapt, mortality was complete in just under 

three weeks.  The study proposes such pH minima, resulting from spring snow melt, may 

leave alevins at substantial risk. 

 

Studies into the effects of pH on embryos and yolk-sac larvae of Brook trout (Salvelinus 

fontinalis) showed lowest mortality at hatching (77%) in the control site (pH 6.1 – 7.2), 

(Jordahl & Benson, 1987).  In two acidic streams, mortality at hatching was significantly 

higher: 93% (pH 5.0 – 5.8) and 96% (pH 4.7 – 5.4).  The study also confirmed that pH 

concentrations below 5.0  inhibited development and reduced percentage hatching. 

 

Moving from controlled conditions to the open river environment, investigations into the 

hatching success of Atlantic salmon embryos incubated within redds of five Nova Scotia 

streams with a mean pH range of 4.6 – 6.5, revealed the LL50 (i.e. 50% mortality) for pH 

to be 4.7, while pH 5.0 enabled survival rates in excess of 75% (Lacroix, 1985). 

 

From published research, therefore, it is apparent that different stages in the lifecycle are 

differentially influenced by pH, with survival rates decreasing dramatically below pH 4.5.  
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Generally for eggs mortalities begin around pH 4.5, and for alevins, somewhere between 

4.5 – 5.5.  Differences have been shown between lab and field studies with respect to 

survival rates. 

 

During the winter fieldwork period, of the pH samples taken at both the lower and upper 

sectors, none fell below pH 6.00 (Section 4.8, Tables 4..20 & 4.21).  For all sites nearing 

the hatching stage, pH fell in the range 6.00 – 6.09. 

 

Results recorded for the tributaries (Table 4.22) show tributaries 1 – 4 also remained 

above pH 6.  Samples from Tributary 5, nearing the hatching stage, showed pH as low as 

pH 5.79.  As this tributary is almost 2 km up river from the nearest site, the impact is 

expected to be minimal, due to the dilution effect from River Sligachan, whose main 

channel is considerable compared with that of Tributary 5.  Even if the influence of 

Tributary 5 significantly lowered pH at the confluence with the main river flow, Peterson 

et al (1980) showed that incubating ova may enter temporary stasis. 

 

Because of the location of the River Sligachan the potential impact from snowmelt to 

lower pH concentration does exist (Geen et al, 1984).  Arrival / duration of snowfall and 

time of melt may have consequences for local populations.  Snow melt can occur in the 

Cuillins from early winter through to late spring, a potential hazard throughout the 

incubation stage.  Snow melt pH may be moderated by rainfall, including the areas local 

geology and soils. 
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Other work, by Jordahl & Benson (1987), suggest brook trout embryo development may 

accelerate in acidic streams.  There also exists the possibility that the local population is 

genetically adapted to conditions within the River Sligachan. 

 

Overall, from pH data collated during the winter fieldwork, conditions recorded at the 

lower and upper sectors were adequate for the survival and development of juvenile 

salmonids. 

 

5.4.3 Synthesis of physical-chemical parameters 

From the individual fieldwork components (winter fieldwork water analysis of dissolved 

oxygen and pH within the artificial redds including the tributaries, as well as the rainfall 

pH), the data recorded were within defined boundaries for the survival and development 

of juvenile salmonids.  The additional flows entering the River Sligachan from tributaries, 

were not found to have impacted on the lower site’s pH or dissolved oxygen 

concentrations. 

 

Over the study, dissolved oxygen concentrations within the artificial redds began to 

decline (Tables 4.14 & 4.15) with pH showing a slight fall (Tables 4.20 & 4.21).  This is 

to be expected with the gradual silting up of redds and restriction of oxygenated water 

flow (Gustafson-Greenwood & Moring, 1991) 

 

The spawning period runs from early November to early December, with emergence of 

juvenile salmonids in spring (based on 245 degree days for green eggs, 265 degree days 

for eyed eggs and 290 degree days for the alevin stage: degree days being simply the 

temperature multiplied by the number of days that the temperature occurs).  From the 
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mean water temperatures (Appendix III), the theoretical emergence of alevins for the 

upper sites was estimated at 147 days (between late March to late April 2002), and for the 

lower sites at 169 days (mid April to mid May 2002). 

 

With reference to rainfall pH (Appendix II), the levels recorded during the winter 

fieldwork period were above the suggested threshold (pH 6) to present a threat to the 

survival of juvenile salmonids. 

 

Overall, the recorded data suggests the water chemistry within the artificial redds (pH and 

dissolved oxygen) and water temperature range recorded during the period December 

2001 to March 2002 was sufficient to support the incubation, development and 

emergence of juvenile salmonids within the selected artificial redd locations. 

 

5.5 Field rain gauge 

 
The winter fieldwork rain gauge observed a recorded pH range of 5.73 – 7.33 (mean of 

6.73).  Referring to the data on water chemistry (artificial redds and tributaries) presented 

in Section 4.8, it is noted that recorded daily rainfall pH (Appendix II) dropped below 6.0 

only once (10/12/01,  pH 5.73).  This reading was recorded prior to the start of the water 

chemistry sampling (artificial redds / tributaries) which began on 15/12/01 due to bad 

weather delaying burial of in-river equipment. 

 

Correlation of daily rainfall volume with daily rainfall pH was significant (p=0.048) for 

Spearman’s ‘r’ (2-tailed), revealing a rising trend in daily rainfall pH, while daily rainfall 

pH for the period shows an increase.  Daily rainfall volume shows a downwards trend, 

while daily rainfall volume for the period shows a reduction. 
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With reference to the discussion in Section 5.4, daily rainfall pH was observed to have 

little influence upon the River Sligachan’s ambient pH levels, and consequently would 

have had little impact on salmonids within this river.  The acidic effects of rainfall 

are diminished by contact with the catchment geology and soils, including the dilution 

effects of the River Sligachan and catchment tributaries. 

 

5.5.1 Historic rainfall stations 

Recent decades have highlighted a shift in British weather patterns and rainfall, with 

increased precipitation in Scotland, particularly over western areas during the 1980s and 

90s (Black and Burns, 2002), which has led to two decades of particularly wet winters.  

This change, believed due to a sharp rise in westerly airstreams, is considered the result of 

the shifting of mid-latitude westerlies migrating northwards during the 80s and 90s 

(Werritty & Smith, 2000). 

 

Such changes in atmospheric circulation and climate are believed to be linked to the 

North Atlantic Oscillation (NAO), Cannell et al, 1999.  Climate modelling analysis also 

suggests that global warming is a supplementary agent responsible for increased rainfall 

patterns in the Scotland, particularly during winter months.  In Scotland, floods are linked 

with snowmelt and the passage of low pressure systems. 

 

Published studies have identified changes in averaged states of Scottish rivers over the 

last few decades (Smith & Bonnet, 1994).  Significant increases have been recorded for 

the annual flows of the Rivers Clyde, Tay, Nith, Teith and Findhorn for the period 1970 – 

89.  Additional studies (Green et al, 1996: as cited in Werritty and Smith, 2000) have 
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shown annual flows in both the Rivers Ewe and Falloch in western Scotland.  The 

increasingly held opinion is that rivers draining the ‘windward’ side of the main 

watershed are experiencing greater rise in flow than those draining in the ‘rain shadow’ 

side of the mountain barrier, signifying a more pronounced west / east rainfall gradient 

during the 80s and 90s. 

 

Changes in flood risk estimation on Scottish rivers, determined from the re-analysis of 

flood records, reveals an increase in incidence during the 1980s and 1990s (Black and 

Burns, 2002).  Historical data from the 19th century, based on rainfall and temperature 

evidence, records that annual POT (i.e. peaks over threshold: by including all flood data 

exceeding the flow threshold used, this allows the detection of changes in frequency of 

flows higher than the threshold level) along the west coast of Scotland show the 1980s 

and early 1990s to be a period of unprecedented flood events.  Further, post 1988, a 

cluster of extreme floods resulted in half of Scotland’s largest gauged rivers, producing 

maximum flood events since the late 1980s, probably linked to westerly airstreams  and 

climate change (Black and Burns, 2002).  

 

With rainfall in Scotland varying according to topography and distance from maritime 

and coastal influences, the western highlands of Scotland receive in excess of 3000 mm 

of rain per annum.  The central area of the Isle of Skye receives a mean annual rainfall of 

3200 mm, while the north-west of the island receives half this yearly volume.  In contrast 

the east coast of Scotland typically receives a mean annual rainfall between 800 – 1200 

mm (The Meteorological Office, 1997). 
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Evidence supplied from four rain stations closest to the River Sligachan (Section 4.9.2), 

shows the Allt Dearg rain station, located within the Sligachan catchment, collecting a 

monthly mean of 282 mm, almost double that collected by the Prabost and Carbost rain 

stations (148 mm and 174 mm respectively).  The Sconser rain station, approximately 3.5 

km to the west, is both under the influence of the Cuillin Hills, and the localised weather 

patterns associated with mountainous landforms, which have a propensity to create a 

wetter micro climate.  Regression analysis of Allt Dearg on annual mean rainfall shows a 

rising trend of approximately 20mm per year (Section 4.9.9.1, Figure 4.15). 

 

Present indications are, therefore, that precipitation levels will continue to increase within 

the Sligachan catchment particularly during the winter months. 

 

A specific aspect of the River Sligachan compared to many other rivers is that its simply a 

burn called a river.  The River Sligachan flows through a relatively flat glacial plain.  The 

average river state is one of very low flow, which may present a problem to migrating 

fish.  A typical river has deep channels, containing large volumes of water, moving 

towards an estuary.  By and large the river is constantly fed by tributaries and there is 

usually a considerable flow at any one time.  The River Sligachan has some narrow and 

very deep channels, but it also has large wide very shallow channels throughout its length 

(<0.1m).  Like a burn, the volume of water rises quickly and falls in a matter of hours 

following heavy rainfall.  This all combines to make the River Sligachan somewhat 

distinctive regarding flow regimes. 
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5.6 Angling data 

 
The Sligachan Hotel angling book is the only comprehensive record of fishing data 

relating to the River Sligachan.  Concern is noted, however, over variables which cannot 

be assessed i.e. fishing effort.  Nevertheless the data set is considered useful as indicator 

to fish stocks within the river system over almost 80 years.   

 

Catch data for salmon shows a rising trend with regression analysis indicating an increase 

of around 0.154 salmon per annum (Figure 4.19).  Prominent peaks in catch are observed 

for the years 1958, 1982 and 1989, although from the early 1990s to the present (2002) a 

sharp decline is noted. 

 

For the trout catch (Figure 4.21), the trend line shows decline with regression analysis 

revealing a decrease in trout catch of around 2.625 per annum.  The trend mirrors the 

overall reduction in peak annual catch since records began. 

 

In terms of catch, a comparison of the Freshwater Research Services data (Smith, G., 

2005; pers comm) of the premier Scottish east and west coast salmon rivers (Table 5.1) 

shows the River Sligachan’s productivity to be negligible in comparison, even in 

tabulated years of low salmon catch.  Assessment of the catch data from the Sligachan 

Hotel angling book indicates considerably higher numbers of trout caught, compared to 

salmon, (Figure 5.1).  Possible reasons for this may include fishing effort for which the 

author has no data, failure to enter catch data, a lack of returning mature fish, low salmon 

stocks with anglers switching to trout fishing, or conditions being more favourable for 

trout. 



 

Owing to concern over the incomplete nature of the record, no further analysis will be 

made.   

 

TABLE 5.1 PREMIER SCOTTISH EAST AND WEST COAST SALMON RIVERS 

SCOTTISH RIVER BEST YEAR & SALMON CATCH WORST YEAR & SALMON CATCH 

Spey (east coast) (1978) 12,554 salmon (1952) 4,941 salmon 

Nith (west coast) (1988) 3,962 salmon (1952) 338 salmon 

 

FIGURE 5.1 SALMON AND TROUT CATCH, RIVER SLIGACHAN 
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Due to the study’s focus (Section 1.3) there will be no discussion of the salmon farm 

within loch Sligachan from the early 1980s to the early 1990s.  To include this variable in 

the discussion and ignore the possible effects from septic outfalls from the Sligachan 
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Hotel, Sligachan campsite, Sligachan bunkhouse (including the villages of Sconser and 

Braes discharging to Loch Sligachan), the impacts of salmon poaching, and the effects of 

long-term discharge of organophosphate sheep dip, would be extremely biased. 

 

5.7 Conclusions 

 

• River water chemistry and temperature parameters recorded were within defined 

limits for salmonid survival throughout the sampling period. 

• Artificial egg losses (a result of redd washout during spates) were not significant. 

• Water flow rates recorded over artificial redds provided sufficient oxygen 

saturation, while pH levels recorded were within defined limits for salmonid 

survival throughout the sampling period. 

• Intrusion of fine sediment was found to be sufficiently high to have potential to 

cause 91% mortality. 

 

In conclusion, the studies reported here find the selected water chemistry parameters and 

temperature of the River Sligachan (dissolved oxygen, pH) and rainfall (pH) were 

satisfactory for sustaining juvenile salmonids throughout the incubation period.  During 

spates, water chemistry remained satisfactory for juvenile salmonid survival. 

 

In terms of physical influences, losses through redd washout during spate events, were 

found not to be significant.  The flow rates over the redds were not proven to have any 

negative effect on the levels of dissolved oxygen or pH at the depth where ova would lie 

incubating.  However, intrusion of fine sediment, into the spawning gravels was found to 
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be sufficiently high as to cause up to 91% mortality rate amongst juvenile salmonids, 

judged against previously published mortality studies. 

 

The River Sligachan could only be accessed for sampling during low flow and with 

regard to the sampling regime; extreme conditions could not be accounted for and data 

relating to them remain unknown. It is acknowledged that field data from this study 

provides only a general trend of conditions throughout this river system.  Regardless, the 

hypothesis that current “redd washout”, water chemistry and fine sediment infiltration are 

responsible for the decline of salmonid populations within the River Sligachan, is 

rejected. 

 

The potential impacts of the various activities and associated discharges to both the River 

Sligachan and Loch Sligachan (e.g. septic outfalls, organophosphate sheep dips, 

poaching, fish farming) with reference to the native salmon population, were left 

unanswered, being out with the scope of the study.  
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5.8 Profile and future potential 

 

5.8.1 Present situation 

Since the emergence of Salmo salar aquaculture in Scottish west coast sea lochs in the 

1960s, those pilot sites have evolved into a global industry.  In Scotland the industry is a 

substantial economic engine, currently contributing up to 40% of all Scottish agricultural 

exports (Royal Society of Edinburgh, 2002a).  Threats from this industry to wild stock 

include the bio-magnification of disease and parasites, although farms initially being 

infected by transient wild salmon, then re-infecting wild fish en route to oceanic feeding 

grounds (Goode and Whoriskey, 2003; Royal Society of Edinburgh, 2002a).  Many farms 

now initiate treatments en masse within a designated area to combat disease and parasites.  

Such practices combined with continued advances in treatments are further mitigation 

measures (Royal Society of Edinburgh, 2002a). 

 

Concerns continue to surround escapee farmed salmon entering rivers and out competing 

wild salmon resulting in hybrid offspring.  Farm fish are selectively bred with desirable 

traits for the marine cage environment and global markets, rather than the ocean 

environment.   Reduction in fitness for the wild salmon gene pool, has been associated 

with inbreeding.  Studies show that 1st generation hybrids often exhibit enhanced 

performance relative to their parents (hybrid vigour), while the 2nd generation hybrids 

display reduced performance relative to their parents (hybrid breakdown), (McGinnity et 

al, 2003b).  Repeated introductions of farmed fish into a wild gene pool (including the 

deliberate stocking of salmon rivers to boost stock) could set in motion an extinction 

‘vortex’, through poor marine survival of adults (a sign of “out-breeding depression”), 

McGinnity et al (2003a; 2003b). 
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5.8.2 Genetic engineering 

Aquaculture creates stock from specific bloodlines.  Potential threats are arising with the 

advent of genetic engineering, whereby such genetically engineered (GE) salmon include 

a growth hormone providing a four to six times accelerated growth rate than existing 

farmed strains under equal conditions (NASCO, 2001).  Physically advantaged transgenic 

salmon spawning with wild fish cause genetic change to wild populations, serious 

impacts from disease and parasite infestation, including the collapse of local populations.  

Fish do not obey international boundaries, hence GE salmon in the marine environment 

have the potential to ‘eliminate’ remaining wild stocks.  To adequately protect wild stocks 

from this impact there is a need for international regulations, which currently do not exist 

(NASCO, 2001). 

 

5.8.3 Efforts to improve wild stocks 

Wild salmon stocks are still diminishing on both sides of the Atlantic, despite reductions 

in fishing effort, closure of the high seas fisheries, restrictions in fisheries, catch and 

release, championed by the North Atlantic Salmon Conservation Organisation and other 

contracting parties (ICES, 2003; International Atlantic Salmon Research Board, 2004; 

NASCO, 2004).  Recently, Norwegian research has revealed that post-smolt catches are 

often recovered with large mackerel by-catches, prompting concerns that commercial 

trawl fisheries may be removing significant percentage of smolts from the total recruits 

available (ICES, 2003). 

 

Efforts to accelerate progression towards a solution to the salmon’s continued decline 

resulted in NASCO (2001) establishing the International Atlantic Salmon Research Board 

(IASRB) to promote collaboration and promotion into the cause of the salmon’s 
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continued disappearance once in the open ocean.  The primary aims of the IASRB are to 

improve coordination of existing international research and to secure funding for research 

into critical gaps in knowledge.  The initial focus of the board is in seeking greater 

understanding of the oceanic migrations and distribution of the salmon (International 

Atlantic Salmon Research Board, 2004). 

 

5.8.4 Aquaculture 

Reviews of the locational guidelines (Royal Society of Edinburgh, 2002b) for the 

authorisation of marine fish farms in Scottish waters, include suggestions that the 

locations of marine farms be distant from the migratory routes of returning wild Atlantic 

salmon due to concerns over the locations of marine farms at / near the mouths of 

important rivers or estuaries.  With potential diversification of the industry into new 

species (e.g. cod, haddock) non-salmonids could be farmed in areas unsuitable for farmed 

salmonids due to the perceived risks to wild salmon. 

 

Further proposals suggest the blocking of additional development on the east and north 

coastlines, and possibly updating the categorisation criteria with the introduction of a new 

category (Category 0) where no development is allowed (Royal Society of Edinburgh, 

2002a).  Currently there exist three categories.  “Category 1: where the development of 

new or the expansion of existing marine fish farms will only be acceptable in exceptional 

circumstances.  These are likely to arise where it can be demonstrated conclusively, by 

the applicant, that the development will not have a significant diverse effect on the 

environmental qualities of the area.  Category 2: where the prospects for further 

substantial development are likely to be limited, although there may be potential for 

modifications of existing operations or limited expansion of existing sites particularly 
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where proposals will result in an overall reduction in environmental effect, so enhancing 

the qualities of the area and hydrological conditions.  Category 3: where there appears to 

be better prospects for satisfying environmental requirements, although the detailed 

circumstances will always need to be examined carefully” (Scottish Executive, 1999). 

Ideally the transfer of the marine stage of culture to terrestrial culture in tanks would 

eliminate escapee fish, although cost-effective technology is unlikely to be available for 

the foreseeable future (Royal Society of Edinburgh, 2002b). 

 

5.8.5 Climate change 

The effects of climate change may also be shaping the future of the Atlantic salmon’s 

range and habitat.  Temperature rises may see those salmon in the most southern regions 

become extinct through rising stream water temperatures changing the run times, leaving 

viable populations only in the more northern regions.  Further, rising sea levels may 

inundate previous spawning sites.  Current concerns with the disappearance of salmon in 

the marine phase may with time be answered, but future terrestrial growth and expansion, 

combined with climatic change through anthropogenic activity, may prove to be 

developing challenges for the freshwater phase. 

 

5.8.6 West coast versus East coast 

Figure 5.2 (Anderson, J., 2004; pers comm) provides an insight to salmon catch between 

the east and west coasts of Scotland over the last 50 years (Figure 5.2 .  Accepting the 

limitations of the angling data as far as fishing effort is concerned, the two data sets 

follow a similar trend of troughs and peaks indicating fishing effort on the west coast 

being roughly proportional to the east coast through this time frame.  Further, the data 

show catch rates for the west coast approximately a third of those for the east. 



 

West coast rivers tend to be shorter, narrower and prone to spates, in contrast to long, 

wide, meandering east coast rivers.  Possibly the west coast environment, with its peaty 

acid soils offers a less favourable aquatic environment for salmon.  Perhaps those are core 

reasons the west coast has lower salmon catches compared to the east.  Conditions in west 

coast river systems may generally be more suitable for trout. 

 

The salmon’s dual existence, part freshwater, part salt water, makes the task of reversing 

the downward spiral of stocks, and possible extinction, multifaceted.  Whether the wild 

Atlantic salmon is destined to become extinct remains unclear. 

FIGURE 5.2 SCOTTISH EAST & WEST COAST (1952-2003).  SALMON & GRILSE, ROD 
AND LINE (RETAINED & RELEASED).  WILD. 
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5.9 Insights and improvements 

 
Rainfall 

The quality of the rainfall data would have been greatly improved by use of an electronic 

rain gauge measuring a specific amount then emptying, the data being logged to a data 

bank which could then be downloaded to PC.  The benefits of such a system would have 

given insights to rainfall intensity during storms and periods of heavy precipitation.  This 

in turn could have been linked to the water level gauge.  From this the lag times for the 

River Sligachan would have been known.   

 

Water level gauge 

The water level gauge would have been better designed by having a triangular face, rather 

than a flat face which saw the river water spray the front of the gauge making readings 

difficult especially during night time monitoring. 

 

Flow meter 

A permanently fixed flow meter in the riverbed would have captured peak flow velocities 

during spate events, an aspect the author was unable to measure. 

 

Dissolved oxygen and pH 

Monitoring flood events could be much improved by the use of in-river electronic 

sampling equipment measuring a set number of times per hour, rather than the authors 

hourly measurements over 24hrs.  This would have been particularly useful when a storm 

duration extended over two or more days. 
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Artificial eggs 

Rather than two eggs per artificial redd, the data gained may have been greater by placing 

two batches of 30 artificial eggs per redd, and extracting the artificial eggs with a freeze 

core in the spring.  However, transportation of the necessary equipment to the sites and 

the risk associated with this technique would be arduous and potentially hazardous for 

one person. 

5.10 Postscript 

River corridor survey and freshwater management plans 

During the initial stage of this work, a river corridor survey (RCS) was carried out during 

spring / summer 2001 in the belief such information may prove useful as regards the 

ecological health of the river.  This survey saw the mapping of nine 500 m sectors 

(stretches) of the River Sligachan to a minimum of 50 m distant from either bank 

(extensions depending on flood plain morphology), recording details of vegetation 

species and diversity, and physical structure.  The four zones detailed in the surveys were: 

aquatic zone, marginal zone, bank zone and flood plain.  Further, a freshwater 

management plan was created detailing methodologies and principles for improving the 

River Sligachan habitat and increasing salmonid stocks.  Although both diversions did 

strip valuable time from the research focus, it provided a wealth of baseline data.  As the 

RCS and freshwater management plans proved not to be integral to the final thesis, they 

are neither used nor referred to. 

 

Salmon runs, holding pools and live salmonid redds 

On completion of the RCS and freshwater management plans, all salmon runs and 

holding pools on the River Sligachan were documented in an additional survey report.  
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Positions of live salmon redds encountered during the winter fieldwork were duly 

recorded and added to this survey at a later date. 

 

This data saw the production of detailed maps and grid references including the use of 

aerial photography showing the visual extent of each run and holding pool throughout the 

river system.  As the salmon runs, holding pools and live salmonid redds 

proved not to be integral to the final thesis, they are neither used nor referred to. 
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APPENDICES 



Appendix I Seven-day pilot study and ten rapid samples data 
 
Seven–day water chemistry 
pilot study. 

   

    
Date and time DO (mg/l) pH Temp oC 
    
30/10/01    
Morning 9.5 6.62 10.4 
Evening 10.2 7.20 10.4 
    
1/11/01    
Morning 10.5 6.75 7.9 
Evening 10.3 6.78 10.0 
    
2/11/01    
Morning 10.1 6.84 10.1 
Evening 9.8 6.04 11.0 
    
3/11/01    
Morning 10.0 6.68 8.3 
Evening 10.2 6.73 8.3 
    
4/11/01    
Morning 10.3 6.36 8.5 
Evening 10.3 6.84 7.1 
    
5/11/01    
Morning 10.8 6.91 5.2 
Evening 9.8 6.16 9.1 
    
6/11/01    
Morning 10.1 6.56 7.9 
Evening 9.9 6.84 7.0 
 
 
 
 
 
 
 
 

 
 
Ten rapid water samples 
from bucket (31/10/01). 

  

   
Sample No: DO (mg/l) pH 
   
1 10.2 6.87 
2 10.8 6.75 
3 11.0 6.74 
4 11.3 6.74 
5 11.0 6.74 
6 10.9 6.72 
7 10.8 6.74 
8 10.7 6.75 
9 10.7 6.76 
10 10.7 6.75 
 
 
Ten rapid water samples from 
river flow (7/11/01). 

  

   
Sample No: DO (mg/l) pH 
   
1 10.2 6.64 
2 10.6 6.61 
3 10.7 6.60 
4 10.7 6.60 
5 10.8 6.60 
6 10.8 6.59 
7 10.9 6.59 
8 10.9 6.59 
9 10.9 6.59 
10 10.9 6.59 
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Appendix II Rainfall, rain pH and water-level gauge data 
 
 
December 2001 Rainfall (mm) Rainfall (pH) Water height (m) 
1.12.01 Not measured Not measured Not measured 
2.12.01 32 6.95 Not measured 
3.12.01 41 6.97 .21 
4.12.01 4 6.34 .34 
5.12.01 2.5 6.81 0.09 
6.12.01 Not measured Not measured 0.16 
7.12.01 82.5 6.60 Not measured 
8.12.01 Not measured Not measured 1.01 
9.12.01 Not measured Not measured Not measured 
10.12.01 14.9 5.73 Not measured 
11.12.01 Trace Too little 0.01 
12.12.01 Trace Too little 0.01 
13.12.01. Trace Too little 0.01 
14.12.01 Trace Too little 0.01 
15.12.01 Trace Too little 0.01 
16.12.01 Trace Too little 0.01 
17.12.01 Trace Too little 0.01 
18.12.01 3.6 6.32 0.01 
19.12.01 Not available Not available 0.01 
20.12.01 20.6 6.64 Not measured 
21.12.01 Not measured Not measured 0.42 
22.12.01 Not measured Not measured 0.04 
23.12.01 25.3 6.77 0.52 
24.12.01 Not measured Not measured 0.19 
25.12.01 Not measured Not measured Not measured 
26.12.01 Not measured Not measured Not measured 
27.12.01 Not measured Not measured Not measured 
28.12.01 Not measured Not measured Not measured 
29.12.01 Not measured Not measured Not measured 
30.12.01 37.2 6.51 Not measured 
31.12.01 Not measured Not measured 0.06 
 
 
 
 
 
 

 
January 2002 Rainfall (mm) Rainfall (pH) Water height (m) 
1.1.02 Not measured Not measured Not measured 
2.1.02 Not measured Not measured Not measured 
3.1.02 4 6.43 Not measured 
4.1.02 19 6.28 0.01 
5.1.02 Not measured Not measured 0.38 
6.1.02 5 6.49 Not measured 
7.1.02 11 6.50 0.09 
8.1.02 1.5 Too little 0.4 
9.1.02 Not measured Not measured 0.13 
10.1.02 5.5 6.46 Not measured 
11.1.02 10 6.60 0.19 
12.1.02 Not measured Not measured 0.18 
13.1.02 65 6.60 Not measured 
14.1.02 30.5 6.91 0.78 
15.1.02 10 6.84 0.36 
16.1.02 19 6.87 0.49 
17.1.02 7 7.01 0.31 
18.1.02 41 6.91 0.12 
19.1.02 Not measured Not measured 0.48 
20.1.02 90 6.89 Not measured 
21.1.02 59 6.70 0.71 
22.1.02 25 6.80 0.8 
23.1.02 23 6.67 0.26 
24.1.02 Not measured Not measured 0.16 
25.1.02 37 6.53 Not measured 
26.1.02 Not measured Not measured 0.40 
27.1.02 Not measured Not measured Not measured 
28.1.02 42 7.01 Not measured 
29.1.02 Not measured Not measured 0.1 
30.1.02 Not measured Not measured Not measured 
31.1.02 76 6.82 Not measured 
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February 2002 Rainfall (mm) Rainfall (pH) Water height (m) 
1.2.02 36 6.72 0.52 
2.2.02 Not measured Not measured 0.50 
3.2.02 32 6.92 Not measured 
4.2.02 20 6.69 0.14 
5.2.02 17 6.69 0.24 
6.2.02 Not measured Not measured 0.26 
7.2.02 24 6.81 Not measured 
8.2.02 75 6.14 0.14 
9.2.02 Not measured Not measured 0.26 
10.2.02 23 6.43 Not measured 
11.2.02 16 6.53 0.43 
12.2.02 Not measured Not measured 0.24 
13.2.02 3 6.71 Not measured 
14.2.02 11 6.67 0.04 
15.2.02 2 6.82 0.14 
16.2.02 12 6.80 0.18 
17.2.02 7 6.70 0.3 
18.2.02 7 6.76 0.14 
19.2.02 26 6.69 0.14 
20.2.02 8 6.74 0.3 
21.2.02 0.4 6.30 0.40 
22.2.02 Not measured Not measured 0.3 
23.2.02 Not measured Not measured Not measured 
24.2.02 13 6.77 Not measured 
25.2.02 43 6.95 0.36 
26.2.02 17 6.68 0.28 
27.2.02 6 6.82 0.38 
28.2.02 0.5 Too little 0.09 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
March 2002 Rainfall (mm) Rainfall (pH) Water height (m) 
1.3.02 5 6.82 0.06 
2.3.02 Not measured Not measured 0.14 
3.3.02 Not measured Not measured Not measured 
4.3.02 33 6.97 Not measured 
5.3.02 51 6.92 0.2 
6.2.02 6 7.05 0.42 
7.3.02 Not measured Not measured 0.16 
8.3.02 38 7.04 Not measured 
9.3.02 Not measured Not measured 0.16 
10.3.02 Not measured Not measured Not measured 
11.3.02 32 7.33 Not measured 
12.3.02 2 Too little 0.1 
13.3.02 Not measured Not measured 0.06 
14.3.02 2 Too little Not measured 
15.3.02 1 Too little 0.04 
16.3.02 6 6.93 0.02 
17.3.02 0.5 Too little 0.14 
18.3.02 7 7.00 0.06 
19.3.02 Trace Too little 0.1 
20.3.02 1 Too little 0.04 
21.3.02 Not measured Not measured 0.04 
22.3.02 1 Too little Not measured 
23.3.02 Not measured Not measured 0.02 
24.3.02 19 7.00 Not measured 
25.3.02 1 Too little 0.54 
26.3.02 13 7.05 0.06 
27.3.02 Trace Too little 0.22 
28.3.02 Not measured Not measured 0.05 
29.3.02 Trace Too little Not measured 
30.3.02 Not measured Not measured 0.02 
31.3.02 59 7.03 Not measured 
 
 
April 2002 Rainfall (mm) Rainfall (pH) Water height (m) 
1.4.02 5 6.84 0.6 
2.4.02 Not measured Not measured 0.08 
3.4.02   Not measured 
 



 
 
 

186 

Appendix III Water chemistry, temperature and flow rate data 
 
Lower 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 15.12.01 11.4 7.07 3.1 Too low No data 
Tributary 4 15.12.01 11.5 7.10 4.1 Too low No data 
7 15.12.01 11.2 6.88 3.3 Too low No data 
6 15.12.10 7.1 6.52 4.4 Too low No data 
5 15.12.01 10.9 6.83 3.8 Too low No data 
4 15.12.01 9.4 6.85 4.4 Too low No data 
Tributary 3 15.12.01 12.3 6.98 2.4 Too low No data 
Tributary 2 15.12.01 12.3 7.55 2.8 Too low No data 
Tributary 1 15.12.01 11.8 7.20 3.8 Too low No data 
3 15.12.01 11.0 7.18 3.5 Too low No data 
2 15.12.01 10.8 7.22 3.7 Too low No data 
1 15.12.10 8.5 7.06 3.1 Too low No data 
 
 
Upper 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

20 19.12.01 9.7 7.15 5.5 Too slow No data 
19 19.12.01 11.1 7.05 5.3 317/372/253 1.71 
18 19.12.01 11.0 7.0 5.2 565/155/422 2.05 
17 19.12.01 11.0 6.90 4.9 439/257/258 1.73 
16 19.12.01 11.1 6.95 4.8 Too low No data 
15 19.12.01 11.1 6.86 4.9 Too low No data 
14 19.12.01 11.2 6.91 4.8 495/539/320 2.40 
13 19.12.01 11.2 6.96 4.5 Too low No data 
12 19.12.01 11.4 7.0 4.6 396/75/118 1.13 
11 19.12.01 11.0 6.94 4.2 Too low No data 
10 19.12.01 11.5 7.02 4.2 Too low No data 
9 19.12.01 11.5 7.03 4.0 Too low No data 
Tributary 5 19.12.01 11.8 6.34 3.9 No Data No Data 

 
 

Sunday 23rd December, river was high preventing sampling of the lower sites. 

 
 
Lower 
Sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 31.12.01 Iced up Iced up Iced up Iced up No Data 
Tributary 4 31.12.01 Missed Missed Missed No Data No Data 
7 31.12.01 9.6 7.01 1.7 Too slow No Data 
6 31.12.10 10.2 6.93 1.7 Too slow No Data 
5 31.12.01 10.3 6.76 1.4 327/230/314 1.60 
4 31.12.01 11.2 6.89 2.4 Too slow No Data 
Tributary 3 31.12.01 12.6 6.86 0.1 No Data No Data 
Tributary 2 31.12.01 13.0 7.17 0.1 No Data No Data 
Tributary 1 31.12.01 12.7 7.29 0.2 No Data No Data 
3 31.12.01 12.6 7.33 1.3 212/244/315 1.43 
2 31.12.01 12.2 7.30 1.2 Too slow No Data 
1 31.12.10 12.7 7.05 1.2 Too low No Data 
 
 
Upper 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

20 4.1.02 10.1 7.10 5.0 Too slow No Data 
19 4.1.02 10.4 6.58 5.3 283/174/279 1.32 
18 4.1.02 10.5 6.56 5.1 447/247/224 1.68 
17 4.1.02 10.5 6.61 5.2 503/426/570 2.65 
16 4.1.02 10.2 6.57 5.1 Too slow No Data 
15 4.1.02 10.4 6.65 5.1 114/46/182 0.72 
14 4.1.02 10.5 6.49 5.1 599/388/545 2.70 
13 4.1.02 10.2 6.49 4.8 724/306/175 2.16 
12 4.1.02 10.3 6.51 5.1 265/95/378 1.37 
11 4.1.02 10.5 6.49 5.2 Too low No Data 
10 4.1.02 10.4 6.54 5.2 457/409/498 2.42 
9 4.1.02 10.3 6.60 5.1 339/460/308 1.99 
Tributary 5 4.1.02 11.0 6.10 3.9 No Data No Data 
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Thursday 8th January, river running too high for author to gain access to sites or tributaries.  Saturday 

12th January, gales prevented author working in the upper sites.  

Wednesday 16th January, storm conditions with heavy rain saw a continually rising river which by 

midday was exceeding a 1m flow height.  Sunday 20th January, heavy rain all day with high winds left 

the upper sites out of bounds. 

 
Lower 
Sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 24.01.02 11.4 6.55 2.7 Too slow - 
Tributary 4 24.01.02 11.8 6.54 2.8 - - 
7 24.01.02 11 6.33 2.4 653/761/586 3.48 
6 24.01.02 Silted up Silted up Silted up  - 
5 24.01.02 11.5 6.26 3.1 992/1157/1104 5.57 
4 24.01.02 11.4 6.27 3.1 313/392/492 2.14 
Tributary 3 24.01.02 Blizzard - - - - 
Tributary 2 24.01.02 Blizzard - - - - 
Tributary 1 24.01.02 Blizzard  - - - - 
3 24.01.02 Meter 

failed 
6.45 3.1 1019/1131/1241 5.80 

2 24.01.02 Meter 
failed 

6.56 2.9 1197/1283/1123 6.15 

1 24.01.02 Meter 
failed 

6.59 3.1 2274/2377/2207 11.58 

[ - indicates no value] 
 

 

Monday 28th January, gales and driving rain prevented access to upper sites.  Friday 1st February, 

substantial river volume prevented access to lower sites.  Tuesday 5th February, sampling not possible.  

Saturday 9th February, sampled the river during spate conditions from 16.00hrs on Friday through to 

15.00hrs on Saturday (Sites 1-8 could not be accessed).  Wednesday 13th February, sampling not 

possible.  Sunday 17th February, sampled the upper sites, disrupting the order of sampling, as data from 

upper sites was lacking through weather conditions over the last few weeks. 

 

 

 

 

 

Upper 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

20 17.2.02 10.6 6.18 5.0 Too slow Too slow 
19 17.2.02 11.0 6.02 4.9 740/572/645 3.14 
18 17.2.02 10.8 6.08 5.2 1443/995/972 5.83 
17 17.2.02 10.5 6.08 5.2 715/931/932 4.45 
16 17.2.02 10.8 6.07 4.9 Too slow Too slow 
15 17.2.02 10.8 6.08 5.1 132/243/335 1.33 
14 17.2.02 10.7 6.07 5.2 717/743/649 3.66 
13 17.2.02 11.0 6.06 5.1 857/881/1097 4.87 
12 17.2.02 10.8 6.10 5.1 893/591/447 3.37 
11 17.2.02 10.8 6.11 5.0 Too slow Too slow 
10 17.2.02 11.0 6.09 5.1 899/862/896 4.58 
9 17.2.02 11.0 6.08 5.2 652/892/869 4.17 
Tributary 5 17.2.02 10.6 5.79 5.9 No Data No Data 

 
 

Thursday 21st February, sampling of lower sites were cancelled as the river volume was too high on 

reaching Site 8.  At 14.00hrs, on observing river exceeding 1m height on water level gauge, 24hr spate 

monitoring began of flood event. 

 

 



 
 
 

188 

 

 

Upper 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

20 25.2.02 11.0 7.02 4.6 Too slow No Data 
19 25.2.02 11.1 6.90 4.5 741/693/765 3.81 
18 25.2.02 10.9 6.89 4.5 1414/1496/1330 7.22 
17 25.2.02 10.9 6.88 4.8 869/913/881 4.59 
16 25.2.02 10.7 6.93 4.4 Too slow No Data 
15 25.2.02 10.8 6.75 4.5 192/217/258 1.26 
14 25.2.02 11.0 6.83 4.2 682/733/741 3.74 
13 25.2.02 11.0 6.86 4.2 987/965/1182 5.37 
12 25.2.02 11.1 6.91 4.4 729/832/853 4.17 
11 25.2.02 10.9 6.82 4.2 Too slow No Data 
10 25.2.02 11.3 6.94 4.3 905/951/1019 4.94 
9 25.2.02 11.4 6.97 4.2 763/811/897 4.27 
Tributary 5 25.2.02 10.8 6.35 3.1 No Data No Data 

 
 
 
 
Lower 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 1.3.02 10.6 6.81 4.0 Too slow No Data 
Tributary 4 1.3.02 11.5 6.62 3.0 No Data No Data 
7 1.3.02 10.1 6.50 3.5 Too slow No Data 
6 1.3.02 T/B T/B T/B Too slow No Data 
5 1.3.02 9.4 6.29 4.3 654/647/677 3.45 
4 1.3.02 9.8 6.33 5.3 Too slow No Data 
Tributary 3 1.3.02 11.3 6.48 3.2 No Data No Data 
Tributary 2 1.3.02 15.1 7.59 3.2 No Data No Data 
Tributary 1 1.3.02 13.2 6.74 3.8 No Data No Data 
3 1.3.02 11.8 6.61 4.4 217/362/397 1.78 
2 1.3.02 T/G T/G T/G 45/85/72 0.49 
1 1.3.02 10.4 6.54 4.1 957/862/854 4.60 
[ T/B: tube blocked; T/G: tube gone] 

 
Tuesday 5th March, heavy continuous rainfall saw river volume rise, putting the lower sites out of 

bound for sampling.  Saturday 9th March, blizzard conditions halted sampling. 

 
Lower 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 13.3.02 19.3 6.04 5.0 Too slow No Data 
Tributary 4 13.3.02 18.4 6.61 4.6 Too slow No Data 
7 13.3.02 - 6.35 4.8 362/311/437 2.00 
6 13.3.02 T/B T/B T/B - No Data 
5 13.3.02 - 6.26 4.6 728/581/1134 4.22 
4 13.3.02 - 6.24 5.8 Too slow No Data 
Tributary 3 13.3.02 - 6.39 5.2 - No Data 
Tributary 2 13.3.02 - 7.38 5.2 - No Data 
Tributary 1 13.3.02 - 6.83 4.5 - No Data 
3 13.3.02 - 6.64 6.1 762/834/659 3.91 
2 13.3.02 - T/G T/G - No Data 
1 13.3.02 - 6.43 5.1 1454/1811/2010 8.94 
[ - indicates no value; T/B: tube blocked; T/G: tube gone] 
 
 
 

During sampling on Wednesday 13th March, dissolved oxygen readings which were extremely high in 

relation to any previous sample, believing a fault had occurred with the oxygen probe.  Recording of 

dissolved oxygen values was halted after tributary 4 and the dissolved oxygen probe was replaced the 

following day with another from SAMS.  
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Upper 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

20 17.3.02 8.4 6.21 8.5 Too slow No Data 
19 17.3.02 8.6 6.09 8.2 314/478/493 2.29 
18 17.3.02 8.5 6.06 8.1 697/632/749 3.61 
17 17.3.02 8.3 6.03 8.4 805/868/895 4.43 
16 17.3.02 7.9 6.05 7.0 Too slow No Data 
15 17.3.02 8.3 6.00 7.3 212/259/236 1.33 
14 17.3.02 T/B - - 751/737/685 3.77 
13 17.3.02 8.4 6.05 7.9 1082/1139/793 5.17 
12 17.3.02 8.7 6.03 8.8 262/725/806 3.14 
11 17.3.02 7.9 6.08 8.3 Too slow No Data 
10 17.3.02 8.4 6.04 9.6 886/788/796 4.27 
9 17.3.02 7.9 6.03 8.5 615/577/673 3.26 
Tributary 5 17.3.02 8.8 5.79 8.9 -  

[ - indicates no value; T/B: tube blocked] 
 
It was noticed that oxygen saturation levels were lower at all sites on Sunday 17th March.  The author 

believed this was due to warmer water temperatures and low river volume over the last few days. 

 
Lower 
sites No: 

Date DO (mg/l) pH Temp oC Impeller 
revolutions 
(per min) 

Mean flow 
(V m s-1) 

8 21.3.02 7.8 6.89 7.7 Too low/slow No Data 
Tributary 4 21.3.02 9.6 6.87 6.6 - No Data 
7 21.3.02 8.3 6.64 7.6 Too low/slow No Data 
6 21.3.02 T/B - - Too slow No Data 
5 21.3.02 7.8 6.40 7.2 687/240/513 2.55 
4 21.3.02 6.7 6.43 7.9 Too low/slow No Data 
Tributary 3 21.3.02 9.6 6.63 7.0 - No Data 
Tributary 2 21.3.02 9.3 7.45 7.0 - No Data 
Tributary 1 21.3.02 9.7 7.02 6.3 - No Data 
3 21.3.02 8.2 6.92 8.3 251/225/401 1.61 
2 21.3.02 T/G - - - No Data 
1 21.3.02 7.1 6.44 6.8 905/852/713 4.27 
[ - indicates no value; T/B: tube blocked; T/G: tube gone] 

 
 



 
 
 

190 

Appendix IV 24hr spate monitoring data 
 
Date Time 

(GMT) 
pH DO (mg/l) Temp (oC) 

     
29.10.01 17.00 5.90 9.5 10.9 
 18.00 6.01 10.4 10.9 
 19.00 6.02 9.9 11.0 
 20.00 6.04 9.9 11.0 
 21.00 6.05 9.8 10.9 
 22.00 6.25 9.8 10.9 
 23.00 6.11 9.9 10.7 
30.10.01 00.00 6.57 9.7 10.7 
 01.00 6.56 - 10.6 
 02.00 6.60 9.6 10.6 
 03.00 6.65 9.7 10.5 
 04.00 6.56 9.6 10.5 
 05.00 6.50 9.8 10.5 
 06.00 6.62 9.5 10.4 
 07.00 6.80 10.4 10.4 
 08.00 6.30 9.7 10.5 
 09.00 6.83 9.5 10.5 
 10.00 6.41 9.6 10.4 
 11.00 6.41 9.7 10.5 
 12.00 6.65 9.4 10.5 
 13.00 6.60 9.4 10.6 
 14.00 6.35 9.7 10.6 
 15.00 6.56 9.7 10.8 
 16.00 6.31 9.7 10.5 

 
[ - indicates no value] 
 
 
 
 [Flow meter failed during monitoring on 8.2.02 due to water entry ] 
 
 
 
 

 
 
Date Time 

(GMT) 
Water level 
(m) 

pH DO (mg/l) Impeller 
revolutions  
(per min) 

Mean 
flow 
(Vcms-1) 

       
8.2.02 16.00 1.20 5.78 10.9 2293/2174/2383 1157 
 17.00 1.14 5.76 10.8 Failure  
 18.00 1.06 5.79 10.5   
 19.00 0.92 5.81 10.3   
 20.00 0.87 5.81 10.8   
 21.00 0.80 5.82 10.7   
 22.00 0.75 5.94 10.8   
 23.00 0.70 5.63 10.9   
9.2.02 00.00 0.75 5.77 10.5   
 01.00 0.68 5.65 10.9   
 02.00 0.60 5.62 10.6   
 03.00 0.57 5.65 10.5   
 04.00 0.40 5.64 10.6   
 05.00 0.40 5.71 10.9   
 06.00 0.30 5.78 11.0   
 07.00 0.30 5.78 10.5   
 08.00 0.30 5.81 11.1   
 09.00 0.26 5.82 11.1   
 10.00 0.26 5.68 11.2   
 11.00 0.24 5.84 10.5   
 12.00 0.22 5.88 11.1   
 13.00 0.22 5.93 9.7   
 14.00 0.20 6.03 10.9   
 15.00 0.18 6.15 9.7   
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Date Time (GMT) Water level (m) pH DO (mg/l) Impeller revolutions       

(per min) 
Mean flow  (Vcms-1) 

       
21.2.02 14.30 1.00 5.85 10.5 2872/2931/2887 1436 
 15.30 1.00 6.89 10.4 2910/2954/2839 1465 
 16.30 0.80 5.90 10.5 2926/2719/2832 1428 
 17.30 0.76 5.93 10.8 2205/2277/2319 1145 
 18.30 0.70 5.83 10.6 2126/2205/2218 1106 
 19.30 0.70 5.87 10.4 2324/2283/2272 1148 
 20.30 0.75 5.95 10.3 1907/1885/2045 988 
 21.30 0.80 5.95 10.2 1936/1946/1940 985 
 22.30 0.90 5.92 10.7 2438/2293/2443 1211 
 23.30 0.80 6.03 11.5 24982757/2612 1326 
22.2.02 00.30 0.70 5.87 11.1 2113/2099/2290 1099 
 01.30 0.60 5.99 11.1 1592/1266/1153 683 
 02.30 0.60 6.07 10.8 2080/2570/2252 1210 
 03.30 0.55 6.02 10.6 2521/2330/1633 1096 
 04.30 0.48 6.06 11.2 1655/1759/1920 904 
 05.30 0.45 6.15 12.3 1062/1221/1709 680 
 06.30 0.42 6.01 12.0 1241/951/1269 592 
 07.30 0.35 6.00 12.5 1401/1126/1456 679 
 08.30 0.30 6.22 11.5 1022/1432/1085 505 
 09.30 0.30 6.12 11.4 1444/1271/1496 717 
 10.30 0.26 6.41 11.4 1057/943/992 514 
 11.30 0.22 6.59 10.8 1139/1201/1264 616 
 12.30 0.22 6.76 11.1 845/726/814 412 
 13.30 0.16 6.65 11.2 668/704/639 350 
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Appendix V Sediment tube and artificial egg retrieval data 
 
 
Lower 
sites No: 

Date 
retrieved 

Sediment tubes Artificial eggs 

    
1 5.7.02 Both tubes recovered Both eggs washed out 
2 5.7.02 Both tubes washed 

out 
Both eggs washed out 

3 5.7.02 Both tubes recovered Both eggs recovered 
4 29.7.02 Both tubes recovered Both eggs recovered 
5 30.7.02 Both tubes recovered Both eggs recovered 
6 30.7.02 Both tubes recovered Both eggs recovered 
7 30.7.02 Both tubes recovered Both eggs recovered 
8 30.7.02 Both tubes recovered Both eggs recovered 
 
 

Friday 5th July, artificial egg found on shingle down river from Site 2.  GPS co-ordinate of this eggs 

position was NG 48894 30327 

 
 
Upper 
sites No: 

Date 
retrieved 

Sediment tubes Artificial eggs 

    
9 5.8.02 Both tubes recovered Both eggs recovered 
10 5.8.02 Both tubes recovered Both eggs recovered 
11 5.8.02 Both tubes washed out Both eggs washed out 
12 5.8.02 Both tubes recovered Both eggs recovered 
13 5.8.02 Both tubes recovered Both eggs recovered 
14 5.8.02 Both tubes recovered Top egg lost, bottom egg 

recovered 
15 5.8.02 Both tubes recovered Both eggs recovered 
16 5.8.02 Both tubes recovered Both eggs washed out 
17 5.8.02 Both tubes recovered Both eggs recovered 
18 5.8.02 Both tubes recovered Both eggs recovered 
19 5.8.02 Both tubes recovered Both eggs recovered 
20 5.8.02 Both tubes washed out Both eggs washed out 
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Appendix VI Flow profiles and gauging sheets 
 
River water height (m) Total discharge (CUMEC) 
  
0.2 9.0 
0.26 28.2 
0.35 37.2 
  
 Estimated discharges (regression) 
  
0.1 -5.9 
0.15 3.0 
0.4 48.33 
0.5 66.44 
0.6 84.54 
0.7 102.65 
0.8 120.75 
0.9 138.86 
1.00 156.96 
1.1 175.07 
1.2 193.17 
1.3 211.28 
1.4 229.38 
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Appendix VII  Laboratory analysis of sediment data 
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 3.9.02     
Site No:  1 - HORIZONTAL    
Foil wt (clean) 7.58g     
Foil wt (emptied)  7.74g     
Soil retained 0.16g     
       
Sieving results      
Sieves              empty (g)  Pan empty (g)     
>5mm 1551.1 856.16     
>3.35mm 457.18      
>2.36mm 425.59      
>1.18mm 400.29 366.06     
>500µm 312.4      
>250µm 296.51      
>125µm 285.95 276.82     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1558  863.81  1551  856.12 
460.89    457.18   
427.01    425.61   
401.46  367.46  400.28  366.05 
312.06    312.35   
297.06    296.48   
286.17  276.9  285.92  276.81 
       
Sediment weights      
Sediment (g) (sieve and sediment weight - sieve empty) Percentage (as weight) 
>5mm 6.9    >5mm 47.29 
>3.35mm 3.71    >3.35mm 25.42 
>2.36mm 1.42    >2.36mm 9.73 
>1.18mm 1.17    >1.18mm 8.01 
>500µm 0.54    >500µm 3.7 
>250µm 0.55    >250µm 3.76 
>125µm 0.22    >125µm 1.5 
3rd pan 0.08    3rd pan 0.54 
       
Total wt 14.59g      
     Percentage  <3mm (as weight) 
     27.24  
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
74.77  84.76     
Dish after drying (g) Water loss (g)     
84.62  0.14     
  Oven drying time    
  23hrs 32min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube  
       
Date of analysis:  3.9.02     
Site No:   1 - VERTICAL    
Foil wt (clean) 7.67g     
Foil wt (emptied)  7.74g     
Soil retained 0.07g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.12     
>3.35mm 457.18      
>2.36mm 425.59      
>1.18mm 400.29 366.03     
>500µm 312.34      
>250µm 296.48      
>125µm 285.98 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g). 
1561.6  971.57  1551.1  856.15 
497.77    457.18   
454.5    425.59   
421.73  390.52  400.29  366.06 
321.04    312.4   
306.58    296.51   
290.17  278.29  285.95  276.82 
       
Sediment weights      
Sediment (g)  (sieve and sediment weight - sieve empty) Percentage (as weight) 
>5mm 10.6    >5mm 8.41 
>3.35mm 40.59    >3.35mm 32.21 
>2.36mm 28.9    >2.36mm 22.93 
>1.18mm 21.43    >1.18mm 17 
>500µm 8.74    >500µm 6.93 
>250µm 10.08    >250µm 8 
>125µm 4.17    >125µm 3.3 
3rd pan 1.49    3rd pan 1.18 
       
Total wt 126g    Percentage  <3mm (as weight) 
     59.34  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
65.7  75.7     
Dish after drying (g) Water loss (g)     
75.65  0.05     
  Oven drying time    
  27hrs 41min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  3 - HORIZONTAL    
Foil wt (clean) 7.68g     
Foil wt (emptied)  7.71g     
Soil retained 0.03g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.12     
>3.35mm 457.18      
>2.36mm 425.61      
>1.18mm 400.28 366.05     
>500µm 312.35      
>250µm 296.48      
>125µm 285.92 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1562.1  1003.1  1551  856.12 
471.68    457.18   
448.37    425.61   
460.72  415.32  400.25  366.05 
348.45    312.39   
307.98    296.49   
287.28  277.13  285.9  276.81 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 11.1    >5mm 7.02 
>3.35mm 14.5    >3.35mm 9.17 
>2.36mm 22.76    >2.36mm 14.39 
>1.18mm 60.44    >1.18mm 38.23 
>500µm 36.1    >500µm 22.83 
>250µm 11.5    >250µm 7.27 
>125µm 1.36    >125µm 0.86 
3rd pan 0.32    3rd pan 0.2 
       
Total wt 158.08g      
     Percentage  <3mm (as weight) 
     52.99  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
64  74     
Dish after drying (g) Water loss (g)     
73.95  0.05     
  Oven drying time    
  27hrs 19min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  3 - VERTICAL    
Foil wt (clean) 7.67g     
Foil wt (emptied)  7.68g     
Soil retained 0.01g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.12     
>3.35mm 457.18      
>2.36mm 425.61      
>1.18mm 400.25 366.05     
>500µm 312.39      
>250µm 296.49      
>125µm 285.9 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1591.6  1251.6  1551  856.1 
497.18    457.17   
495.88    425.61   
567.04  484.44  400.47  366.05 
408.81    312.44   
312.52    296.5   
289.6  279.03  285.9  276.84 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 40.6    >5mm 9.31 
>3.35mm 40    >3.35mm 9.17 
>2.36mm 70.27    >2.36mm 16.11 
>1.18mm 166.27    >1.18mm 38.13 
>500µm 96.42    >500µm 22.11 
>250µm 16.03    >250µm 3.67 
>125µm 3.7    >125µm 0.84 
3rd pan 2.22    3rd pan 0.5 
       
Total wt 436.03    Percentage  <3mm (as weight) 
     81.36  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
53.89  63.88     
Dish after drying (g) Water loss (g)     
63.84  0.04     
  Oven drying time    
  27hrs 1min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  4 - HORIZONTAL    
Foil wt (clean) 7.84g     
Foil wt (emptied)  7.84g     
Soil retained 0.00g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.1     
>3.35mm 457.17      
>2.36mm 425.61      
>1.18mm 400.47 366.05     
>500µm 312.44      
>250µm 296.5      
>125µm 285.9 276.84     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1559.3  863.01  1551  856.08 
460.14    457.17   
427.08    425.62   
401.75  367.26  400.37  366.03 
313.38    312.38   
296.67    296.48   
285.96  276.85  285.88  276.81 
       
Sediment weights      
Sediment (g) (sieve + sediment wt - sieve empty)  Percentage (as weight) 
>5mm 8.3    >5mm 5.84 
>3.35mm 2.97    >3.35mm 2.09 
>2.36mm 1.47    >2.36mm 1.03 
>1.18mm 12.8    >1.18mm 9.01 
>500µm 0.94    >500µm 0.66 
>250µm 0.17    >250µm 0.11 
>125µm 0.06    >125µm 0.04 
3rd pan 0.01    3rd pan 0.007 
       
Total wt 141.92    Percentage  <3mm (as weight) 
     10.85  
 
 
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
39.99  49.99     
Dish after drying (g) Water loss (g)     
49.98  0.11     
  Oven drying time    
  27hrs 27min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  4 - VERTICAL    
Foil wt (clean) 7.82g     
Foil wt (emptied)  7.84g     
Soil retained 0.02g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.08     
>3.35mm 457.17      
>2.36mm 425.62      
>1.18mm 400.37 366.03     
>500µm 312.38      
>250µm 296.48      
>125µm 285.88 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1701.5  1094.9  1551  856.05 
496.1    457.17   
452.79    425.6   
454.31  485.97  400.34  366.03 
399.1    312.36   
318.01    296.48   
294.71  279.65  285.88  276.88 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 150.6    >5mm 47.12 
>3.35mm 38.93    >3.35mm 12.18 
>2.36mm 27.17    >2.36mm 8.5 
>1.18mm 53.94    >1.18mm 16.87 
>500µm 86.72    >500µm 27.13 
>250µm 21.53    >250µm 6.73 
>125µm 9.83    >125µm 3.07 
3rd pan 2.84    3rd pan 0.88 
       
Total wt 319.56    Percentage  <3mm (as weight) 
     63.18  
 
 
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
52.28  62.29     
Dish after drying (g) Water loss (g)     
62.23  0.06     
  Oven drying time    
  27hrs 24min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  5 - HORIZONTAL    
Foil wt (clean) 7.76g     
Foil wt (emptied)  7.77g     
Soil retained 0.01g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.05     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.34 366.03     
>500µm 312.36      
>250µm 296.48      
>125µm 285.88 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1561.5  878.4  1551  856.06 
461.31    457.17   
429.62    425.6   
407.34  373.18  400.33  366.03 
317.8    312.35   
297.98    296.48   
286.05  276.88  285.88  276.81 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 10.5    >5mm 31.95 
>3.35mm 4.14    >3.35mm 12.59 
>2.36mm 4.04    >2.36mm 12.29 
>1.18mm 7    >1.18mm 21.3 
>500µm 5.44    >500µm 16.55 
>250µm 1.5    >250µm 4.56 
>125µm 0.17    >125µm 0.51 
3rd pan 0.07    3rd pan 0.21 
       
Total wt 32.86    Percentage  <3mm (as weight) 
     55.42  
 
 
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
34.77  44.77     
Dish after drying (g) Water loss (g)     
44.72  0.05     
  Oven drying time    
  27hrs 21min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  5 - VERTICAL    
Foil wt (clean) 7.87g     
Foil wt (emptied)  7.88g     
Soil retained 0.01g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.06     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.33 366.03     
>500µm 312.35      
>250µm 296.48      
>125µm 285.88 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1631.7  1013.8  1551  856.06 
479.62    457.17   
449.8    425.17   
448.14  429.31  400.36  366.04 
360.62    312.35   
310.23    296.47   
286.89  277.04  285.86  276.81 
       
Sediment weights      
Sediment (g)  (sieve and sediment weight - sieve empty) Percentage (as weight) 
>5mm 80.7    >5mm 34 
>3.35mm 22.45    >3.35mm 9.46 
>2.36mm 24.2    >2.36mm 10.19 
>1.18mm 47.81    >1.18mm 20.14 
>500µm 48.14    >500µm 20.28 
>250µm 13.75    >250µm 5.79 
>125µm 0.01    >125µm 0.004 
3rd pan 0.23    3rd pan 0.09 
       
Total wt 237.29    Percentage  <3mm (as weight) 
     56.49  

 

 
 
      

Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
36.06  47.05     
Dish after drying (g) Water loss (g)     
46.94  0.11     
  Oven drying time    
  26hrs 13min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  6 - HORIZONTAL    
Foil wt (clean) 7.85g     
Foil wt (emptied)  7.87g     
Soil retained 0.02g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.06     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.36 366.04     
>500µm 312.35      
>250µm 296.47      
>125µm 285.86 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1558.9  886.93  1551  856.04 
462.5    457.17   
430.82    425.6   
410.9  375.82  400.35  366.04 
320.54    312.36   
297.88    296.46   
286.02  276.88  285.89  276.82 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 7.9    >5mm 20.35 
>3.35mm 5.33    >3.35mm 13.73 
>2.36mm 5.22    >2.36mm 13.44 
>1.18mm 10.54    >1.18mm 27.15 
>500µm 8.19    >500µm 21.09 
>250µm 1.41    >250µm 3.63 
>125µm 0.16    >125µm 0.41 
3rd pan 0.07    3rd pan 0.18 
       
Total wt 38.82    Percentage  <3mm (as weight) 
     65.9  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
55.03  65.02     
Dish after drying (g) Water loss (g)     
64.95  0.07     
  Oven drying time    
  25hrs 59min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  6 - VERTICAL    
Foil wt (clean) 7.84g     
Foil wt (emptied)  7.88     
Soil retained 0.04g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.04     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.35 366.04     
>500µm 312.36      
>250µm 296.46      
>125µm 285.89 276.82     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1640.02  1257.8  1551  856.04 
502.98    457.17   
486.29    425.6   
547.4  514.14  400.38  366.04 
440.23    312.37   
314.78    296.46   
287.27  277.28  285.85  276.81 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 89.02    >5mm 18.14 
>3.35mm 45.81    >3.35mm 9.33 
>2.36mm 60.69    >2.36mm 12.37 
>1.18mm 147.05    >1.18mm 29.97 
>500µm 127.87    >500µm 26.06 
>250µm 18.32    >250µm 3.73 
>125µm 1.38    >125µm 0.28 
3rd pan 0.46    3rd pan 0.09 
       
Total wt 490.6    Percentage  <3mm (as weight) 
     72.5  

 

 
 
      

Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
53.81  63.81     
Dish after drying (g) Water loss (g)     
63.1  0.08     
  Oven drying time    
  25hrs 52min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  7 - HORIZONTAL    
Foil wt (clean) 7.93g     
Foil wt (emptied)  8.46g     
Soil retained 0.53g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.04     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.38 366.04     
>500µm 312.37      
>250µm 296.46      
>125µm 285.85 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1610.2  929.45  1551  856.04 
488.37    457.17   
449.08    425.6   
413.36  371.66  400.32  366.03 
313.88    312.37   
298.81    296.45   
287.15  277.29  285.85  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 59.2    >5mm 44.67 
>3.35mm 31.2    >3.35mm 23.54 
>2.36mm 23.48    >2.36mm 16.96 
>1.18mm 12.98    >1.18mm 9.79 
>500µm 1.51    >500µm 1.13 
>250µm 2.35    >250µm 1.77 
>125µm 1.3    >125µm 0.98 
3rd pan 0.48    3rd pan 0.36 
       
Total wt 132.5    Percentage  <3mm (as weight) 
     30.99  

 

 
 
      

Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
37.68  47.68     
Dish after drying (g) Water loss (g)     
47.54  0.14     
  Oven drying time    
  25hrs 42min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  7 - VERTICAL    
Foil wt (clean) 7.91g     
Foil wt (emptied)  7.91g     
Soil retained 0.00g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.04     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.32 366.03     
>500µm 312.37      
>250µm 296.45      
>125µm 285.85 276.8     
       
Sieve + sediment  (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1795.9  1108.2  1551  856.04 
569.86    457.18   
498.26    425.6   
449.9  383.21  400.32  366.03 
316.7    312.37   
303.09    296.46   
289.97  278.89  285.86  276.82 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 244.9    >5mm 49.27 
>3.35mm 112.69    >3.35mm 22.67 
>2.36mm 72.66    >2.36mm 14.61 
>1.18mm 49.58    >1.18mm 9.97 
>500µm 4.33    >500µm 0.87 
>250µm 6.64    >250µm 1.33 
>125µm 4.12    >125µm 0.82 
3rd pan 2.09    3rd pan 0.42 
       
Total wt 497.01    Percentage  <3mm (as weight) 
     28.02  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
39.89  49.89     
Dish after drying (g) Water loss (g)     
49.76  0.13     
  Oven drying time    
  25hrs 27min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 4.9.02     
Site No:  8 - HORIZONTAL    
Foil wt (clean) 7.89g     
Foil wt (emptied)  7.98g     
Soil retained 0.09g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.04     
>3.35mm 457.18      
>2.36mm 425.6      
>1.18mm 400.32 366.03     
>500µm 312.37      
>250µm 296.46      
>125µm 285.86 276.82     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaning (g) Pan cleaned (g) 
1562.7  910.89  1551  856.04 
468.9    457.18   
437.16    425.6   
420.67  377.2  400.29  366.03 
321.95    312.35   
297.58    296.44   
286.15  276.98  285.85  276.81 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 11.7    >5mm 17.62 
>3.35mm 11.72    >3.35mm 17.63 
>2.36mm 11.56    >2.36mm 17.39 
>1.18mm 20.35    >1.18mm 30.62 
>500µm 9.58    >500µm 14.41 
>250µm 1.12    >250µm 1.68 
>125µm 0.26    >125µm 0.39 
3rd pan 0.16    3rd pan 0.24 
       
Total wt 66.45    Percentage  <3mm (as weight) 
     64.73  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
40.9  50.9     
Dish after drying (g) Water loss (g)     
50.81  0.09     
  Oven drying time    
  25hrs 9min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  8 - VERTICAL    
Foil wt (clean) 7.87g     
Foil wt (emptied)  7.89g     
Soil retained 0.02g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1551 856.04     
>3.35mm 457.18      
>2.36mm 425.6      
>1.18mm 400.29 366.03     
>500µm 312.35      
>250µm 296.44      
>125µm 285.85 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1602  1123.6  1550.9  856.02 
483.85    457.16   
462.03    425.6   
512.99  457.69  400.32  365.02 
399.24    312.32   
304.55    296.46   
287.05  277.46  285.85  276.81 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 51    >5mm 15.75 
>3.35mm 26.67    >3.35mm 8.24 
>2.36mm 36.43    >2.36mm 11.25 
>1.18mm 112.7    >1.18mm 34.82 
>500µm 86.89    >500µm 26.84 
>250µm 8.11    >250µm 2.5 
>125µm 1.2    >125µm 0.37 
3rd pan 0.65    3rd pan 0.2 
       
Total wt 323.65    Percentage  <3mm (as weight) 
     75.98  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
45.7  55.7     
       
**Dish smashed.  Sample lost.      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  9 - HORIZONTAL    
Foil wt (clean) 7.81g     
Foil wt (emptied)  7.92g     
Soil retained 0.11g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856.02     
>3.35mm 457.16      
>2.36mm 425.6      
>1.18mm 400.32 365.02     
>500µm 312.32      
>250µm 296.46      
>125µm 285.85 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1553.3  873.41  1550.9  856.02 
462    457.17   
429.47    425.6   
406.04  368.99  400.3  366.03 
314.97    312.34   
296.73    296.47   
285.89  276.84  285.85  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 2.4    >5mm 12.1 
>3.35mm 4.84    >3.35mm 24.41 
>2.36mm 3.87    >2.36mm 19.52 
>1.18mm 5.72    >1.18mm 28.85 
>500µm 2.65    >500µm 13.37 
>250µm 0.27    >250µm 1.36 
>125µm 0.04    >125µm 0.2 
3rd pan 0.03    3rd pan 0.15 
       
Total wt 19.82    Percentage  <3mm (as weight) 
     63.45  
       
Oven drying results      
Porcelain dish clean  (g) Dish + 10g of sediment    
50.44  60.44     
Dish after drying (g) Water loss (g)     
60.35  0.09     
  Oven drying time    
  22hrs 44min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  9 - VERTICAL    
Foil wt (clean) 7.84g     
Foil wt (emptied)  7.84g     
Soil retained 0.00g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856.02     
>3.35mm 457.17      
>2.36mm 425.6      
>1.18mm 400.3 366.03     
>500µm 312.34      
>250µm 296.47      
>125µm 285.85 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1662.7  1221.9  1550.9  856.01 
527.06    457.15   
496.05    425.59   
532.37  459.32  400.36  366.03 
395.84    312.36   
305.07    296.47   
286.64  277.17  285.84  276.8 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 111.8    >5mm 23.41 
>3.35mm 69.89    >3.35mm 14.63 
>2.36mm 70.45    >2.36mm 14.75 
>1.18mm 132.07    >1.18mm 27.66 
>500µm 83.5    >500µm 17.48 
>250µm 8.6    >250µm 1.8 
>125µm 0.79    >125µm 0.16 
3rd pan 0.37    3rd pan 0.07 
       
Total wt 477.47    Percentage  <3mm (as weight) 
     61.92  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
49.54  59.54     
Dish after drying (g) Water loss (g)     
59.4  0.14     
  Oven drying time    
  23hrs 20min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  10 - HORIZONTAL    
Foil wt (clean) 7.81g     
Foil wt (emptied)  7.97g     
Soil retained 0.16g     

 
 
      

Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856     
>3.35mm 457.16      
>2.36mm 425.58      
>1.18mm 400.31 366.03     
>500µm 312.35      
>250µm 296.46      
>125µm 285.84 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1559.8  927.25  1550.9  856.04 
469.84    457.16   
440.91    425.59   
430.15  379.34  400.28  366.03 
324.3    312.32   
297.4    296.45   
286.07  276.98  285.85  276.79 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 8.9    >5mm 11.11 
>3.35mm 12.68    >3.35mm 15.84 
>2.36mm 15.33    >2.36mm 19.15 
>1.18mm 29.84    >1.18mm 37.27 
>500µm 11.95    >500µm 14.92 
>250µm 0.94    >250µm 1.17 
>125µm 0.23    >125µm 0.28 
3rd pan 0.18    3rd pan 0.22 
       
Total wt 80.05    Percentage  <3mm (as weight) 
     73.01  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
61.47  71.47     
Dish after drying (g) Water loss (g)     
71.36  0.11     
  Oven drying time    
  20hrs 55min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  10 - VERTICAL    
Foil wt (clean) 7.83g     
Foil wt (emptied)  7.84g     
Soil retained 0.01g     
 
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856.01     
>3.35mm 457.15      
>2.36mm 425.59      
>1.18mm 400.36 366.03     
>500µm 312.36      
>250µm 296.47      
>125µm 285.84 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1742.8  1213.7  1550.9  856 
542.22    457.16   
506.75    425.58   
530.91  426.81  400.31  366.03 
367.51    312.35   
301.04    296.46   
286.5  277.18  285.84  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 191.9    >5mm 34.92 
>3.35mm 85.07    >3.35mm 15.48 
>2.36mm 81.16    >2.36mm 14.77 
>1.18mm 130.55    >1.18mm 23.76 
>500µm 55.15    >500µm 10.03 
>250µm 4.57    >250µm 0.83 
>125µm 0.66    >125µm 0.12 
3rd pan 0.38    3rd pan 0.06 
       
Total wt 549.44    Percentage  <3mm (as weight) 
     49.57  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
93.4  103.4     
Dish after drying (g) Water loss (g)     
103.29  0.11     
  Oven drying time    
  21hrs 9min     
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  12 - HORIZONTAL    
Foil wt (clean) 7.79g     
Foil wt (emptied)  8.50g     
Soil retained 0.71g     

 
 
      

Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856.04     
>3.35mm 457.16      
>2.36mm 425.59      
>1.18mm 400.28 366.03     
>500µm 312.32      
>250µm 296.45      
>125µm 285.85 276.79     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1567  908.57  1550.9  855.99 
470.3    457.15   
435.35    425.59   
415.16  379.71  400.28  366.02 
323.22    312.33   
298.49    296.45   
286.27  277.12  285.85  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 16.1    >5mm 23.47 
>3.35mm 13.14    >3.35mm 19.16 
>2.36mm 9.76    >2.36mm 14.23 
>1.18mm 15.58    >1.18mm 22.72 
>500µm 10.9    >500µm 15.89 
>250µm 2.04    >250µm 2.97 
>125µm 0.42    >125µm 0.61 
3rd pan 0.33    3rd pan 0.48 
       
Total wt 68.57    Percentage  <3mm (as weight) 
     56.9  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
50.95  60.95     
Dish after drying (g) Water loss (g)     
60.84  0.11     
  Oven drying time    
  20hrs 42min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  12 - VERTICAL    
Foil wt (clean) 7.83g     
Foil wt (emptied)  8.00g     
Soil retained 0.17g     
      
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.99     
>3.35mm 457.15      
>2.36mm 425.59      
>1.18mm 400.28 366.02     
>500µm 312.33      
>250µm 296.45      
>125µm 285.85 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1582.7  940.55  1550.9  856 
475.11    457.16   
441.96    425.59   
425.51  390.96  400.28  366.03 
331.05    312.32   
300.76    296.45   
287  277.49  285.86  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 31.8    >5mm 27.35 
>3.35mm 17.96    >3.35mm 15.45 
>2.36mm 16.37    >2.36mm 14.08 
>1.18mm 25.23    >1.18mm 21.7 
>500µm 18.72    >500µm 16.1 
>250µm 4.31    >250µm 3.7 
>125µm 1.15    >125µm 0.98 
3rd pan 0.69    3rd pan 0.59 
       
Total wt 116.23    Percentage  <3mm (as weight) 
     57.15  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
89.42  99.42     
Dish after drying (g) Water loss (g)     
99.28  0.14     
  Oven drying time    
  20hrs 30min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  13 - HORIZONTAL    
Foil wt (clean) 7.78g     
Foil wt (emptied)  7.88g     
Soil retained 0.1g     
      
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856     
>3.35mm 457.16      
>2.36mm 425.59      
>1.18mm 400.28 366.03     
>500µm 312.32      
>250µm 296.45      
>125µm 285.86 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1555.8  886.41  1550.9  856 
464.39    457.16   
433.52    425.56   
411.21  370.24  400.25  366.03 
316.03    312.3   
296.82    296.45   
285.93  276.83  285.85  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 4.9    >5mm 13.43 
>3.35mm 8.23    >3.35mm 22.56 
>2.36mm 8.24    >2.36mm 22.58 
>1.18mm 10.93    >1.18mm 29.96 
>500µm 3.71    >500µm 10.16 
>250µm 0.37    >250µm 1.01 
>125µm 0.07    >125µm 0.19 
3rd pan 0.03    3rd pan 0.08 
       
Total wt 36.48    Percentage  <3mm (as weight) 
     63.98  
 
 
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
76.03  86.03     
Dish after drying (g) Water loss (g)     
85.94  0.09     
  Oven drying time    
  20hrs 18min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 5.9.02     
Site No:  13 - VERTICAL    
Foil wt (clean) 7.83g     
Foil wt (emptied)  7.88g     
Soil retained 0.05g     
      
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 856     
>3.35mm 457.16      
>2.36mm 425.56      
>1.18mm 400.25 366.03     
>500µm 312.3      
>250µm 296.45      
>125µm 285.85 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1668.8  1004.5  1550.9  855.99 
496.57    457.17   
461.01    425.59   
451.15  388.75  400.25  366.03 
332.27    312.29   
298.5    296.43   
286.21  277.08  285.83  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 117.9    >5mm 49.88 
>3.35mm 39.41    >3.35mm 14.79 
>2.36mm 35.45    >2.36mm 13.31 
>1.18mm 50.9    >1.18mm 19.11 
>500µm 19.97    >500µm 7.49 
>250µm 2.05    >250µm 0.76 
>125µm 0.36    >125µm 0.13 
3rd pan 0.28    3rd pan 0.1 
Total wt 266.32    Percentage  <3mm (as weight) 
     40.9  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
70.46  80.45     
Dish after drying (g) Water loss (g)     
80.37  0.08     
  Oven drying time    
  20hrs 7min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 6.9.02     
Site No:  14 - HORIZONTAL    
Foil wt (clean) 7.89g     
Foil wt (emptied)  7.94g     
Soil retained 0.05g     
      
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.99     
>3.35mm 457.17      
>2.36mm 425.59      
>1.18mm 400.25 366.03     
>500µm 312.29      
>250µm 296.43      
>125µm 285.83 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1554.7  1077  1550.8  855.98 
464.5    457.15   
443.43    425.59   
480.59  481.42  400.26  366.01 
415.13    312.32   
307.29    296.43   
286.86  277.39  285.83  276.78 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 3.8    >5mm 1.69 
>3.35mm 7.33    >3.35mm 3.26 
>2.36mm 17.84    >2.36mm 7.94 
>1.18mm 80.34    >1.18mm 35.76 
>500µm 102.84    >500µm 45.78 
>250µm 10.86    >250µm 4.83 
>125µm 1.03    >125µm 0.45 
3rd pan 0.59    3rd pan 0.26 
Total wt 224.63    Percentage  <3mm (as weight) 
     95.02  
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
71.25  81.25     
Dish after drying (g) Water loss (g)     
81.12  0.13     
  Oven drying time    
  19hrs 59min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 6.9.02     
Site No:  14 - VERTICAL    
Foil wt (clean) 7.93g     
Foil wt (emptied)  7.95g     
Soil retained 0.02g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 855.98     
>3.35mm 457.15      
>2.36mm 425.59      
>1.18mm 400.26 366.01     
>500µm 312.32      
>250µm 296.43      
>125µm 285.83 276.78     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1575.3  1084.1  1550.9  855.96 
474.08    457.14   
449.07    425.58   
480.48  473.37  400.27  366.02 
402.92    312.31   
310.83    296.42   
287.39  277.5  285.83  276.79 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 24.5    >5mm 9.7 
>3.35mm 16.93    >3.35mm 6.7 
>2.36mm 23.48    >2.36mm 9.3 
>1.18mm 80.22    >1.18mm 31.78 
>500µm 90.6    >500µm 35.89 
>250µm 14.4    >250µm 5.7 
>125µm 1.56    >125µm 0.61 
3rd pan 0.72    3rd pan 0.28 
       
Total wt 252.41    Percentage  <3mm (as weight) 

 
 
      

Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
71.86  81.86     
Dish after drying (g) Water loss (g)     
81.73  0.13     
  Oven drying time    
  19hrs 50min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
       
Date of analysis: 6.9.02     
Site No:  15 - HORIZONTAL    
Foil wt (clean) 7.74g     
Foil wt (emptied)  7.93g     
Soil retained 0.19g     
      
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.96     
>3.35mm 457.14      
>2.36mm 425.58      
>1.18mm 400.27 366.02     
>500µm 312.31      
>250µm 296.42      
>125µm 285.83 276.79     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1554.5  886.76  1550.8  855.98 
462.06    457.16   
430.46    425.58   
410.28  376.99  400.22  366.02 
321.21    312.3   
297.94    296.43   
286.18  277.04  285.84  276.79 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 3.6    >5mm 10.45 
>3.35mm 4.92    >3.35mm 14.28 
>2.36mm 4.88    >2.36mm 14.17 
>1.18mm 10.01    >1.18mm 29.07 
>500µm 8.9    >500µm 25.84 
>250µm 1.52    >250µm 4.41 
>125µm 0.35    >125µm 1.01 
3rd pan 0.25    3rd pan 0.72 
Total wt 34.43    Percentage  <3mm (as weight) 
     75.23  
 
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
82.53  92.53     
Dish after drying (g) Water loss (g)     
92.4  0.13     
  Oven drying time    
  19hrs 38min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 6.9.02     
Site No:  15 - VERTICAL    
Foil wt (clean) 7.66g     
Foil wt (emptied)  7.80g     
Soil retained 0.14g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 885.98     
>3.35mm 457.16      
>2.36mm 425.58      
>1.18mm 400.22 366.02     
>500µm 312.3      
>250µm 296.43      
>125µm 285.84 276.79     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1634.5  984.93  1550.8  885.99 
488.49    457.18   
447.49    425.56   
432.83  409.43  400.21  366.02 
342.61    312.32   
305.52    296.45   
288.37  278.21  285.84  276.8 
       
Sediment weights      
Sediment (g)  (sieve + sediment wt - sieve empty)  Percentage (as weight) 
>5mm 83.7    >5mm 39.39 
>3.35mm 31.33    >3.35mm 14.74 
>2.36mm 21.45    >2.36mm 10.09 
>1.18mm 32.61    >1.18mm 15.35 
>500µm 30.31    >500µm 14.26 
>250µm 9.09    >250µm 4.27 
>125µm 2.53    >125µm 1.19 
3rd pan 1.42    3rd pan 0.66 
       
Total wt 212.44    Percentage  <3mm (as weight) 
     45.82  
       
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
74.74  84.73     
Dish after drying (g) Water loss (g)     
84.59  0.14     
  Oven drying time    
  19hrs 27min     
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 6.9.02     
Site No:  16 - HORIZONTAL    
Foil wt (clean) 7.83g     
Foil wt (emptied)  7.88g     
Soil retained 0.05g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 885.99     
>3.35mm 457.18      
>2.36mm 425.56      
>1.18mm 400.21 366.02     
>500µm 312.32      
>250µm 296.45      
>125µm 285.84 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1561.4  973.52  1550.9  855.96 
471.71    457.16   
443.34    425.59   
448.07  403.34  400.22  366.02 
345.88    312.35   
299.68    296.47   
286.17  276.96  285.84  276.79 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 10.6    >5mm 8.27 
>3.35mm 14.53    >3.35mm 11.34 
>2.36mm 17.78    >2.36mm 13.88 
>1.18mm 47.86    >1.18mm 37.37 
>500µm 33.56    >500µm 26.2 
>250µm 3.23    >250µm 2.52 
>125µm 0.33    >125µm 0.25 
3rd pan 0.16    3rd pan 0.12 
       
Total wt 128.05    Percentage  <3mm (as weight) 
     80.34  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
80.94  90.94     
Dish after drying (g) Water loss (g)     
90.85  0.09     
  Oven drying time    
  19hrs 18min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 6.9.02     
Site No:  16 - VERTICAL    
Foil wt (clean) 7.92g     
Foil wt (emptied)  7.94g     
Soil retained 0.02g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.96     
>3.35mm 457.16      
>2.36mm 425.59      
>1.18mm 400.22 366.02     
>500µm 312.35      
>250µm 296.47      
>125µm 285.84 276.79     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1597.4  1284.9  1550.9  855.97 
517.71    457.16   
500.52    425.57   
575.33  484.19  400.34  366.02 
419.82    312.31   
305.29    296.44   
286.99  277.39  285.84  276.81 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 46.5    >5mm 9.78 
>3.35mm 60.55    >3.35mm 12.74 
>2.36mm 74.93    >2.36mm 15.77 
>1.18mm 175.11    >1.18mm 36.85 
>500µm 107.47    >500µm 22.61 
>250µm 8.82    >250µm 1.85 
>125µm 1.15    >125µm 0.24 
3rd pan 0.6    3rd pan 0.12 
       
Total wt 475.13    Percentage  <3mm (as weight) 
     77.4  
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
81.81  91.82     
Dish after drying (g) Water loss (g)     
91.7  0.12     
  Oven drying time    
  19hrs 8min     
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  17 - HORIZONTAL    
Foil wt (clean) 8.02g     
Foil wt (emptied)  8.05     
Soil retained 0.03g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.97     
>3.35mm 457.16      
>2.36mm 425.57      
>1.18mm 400.34 366.02     
>500µm 312.31      
>250µm 296.44      
>125µm 285.84 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1566.3  938.43  1550.8  855.9 
476.89    457.15   
442.55    425.58   
430.04  382.01  400.29  366.03 
325.58    312.31   
298.59    296.42   
286.24  277.01  285.83  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 15.4    >5mm 15.74 
>3.35mm 19.73    >3.35mm 20.16 
>2.36mm 16.98    >2.36mm 17.35 
>1.18mm 29.7    >1.18mm 30.35 
>500µm 13.27    >500µm 13.56 
>250µm 2.15    >250µm 2.19 
>125µm 0.4    >125µm 0.4 
3rd pan 0.2    3rd pan 0.2 
       
Total wt 97.83    Percentage  <3mm (as weight) 
     64.05  
       
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
73.88  83.88     
Dish after drying (g) Water loss (g)     
83.8  0.08     
  Oven drying time    
  18hrs 58min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  17 - VERTICAL    
Foil wt (clean) 8.00g     
Foil wt (emptied)  8.01g     
Soil retained 0.01g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 855.9     
>3.35mm 457.15      
>2.36mm 425.58      
>1.18mm 400.29 366.03     
>500µm 312.31      
>250µm 296.42      
>125µm 285.83 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1774.3  1212.6  1550.9  855.94 
552.52    457.16   
510.4    425.58   
519.77  422.94  400.58  366.02 
358.98    312.3   
304.71    296.46   
287.27  277.26  285.82  276.81 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 223.5    >5mm 38.53 
>3.35mm 95.37    >3.35mm 16.44 
>2.36mm 84.82    >2.36mm 14.62 
>1.18mm 119.48    >1.18mm 20.59 
>500µm 46.67    >500µm 8.04 
>250µm 8.29    >250µm 1.42 
>125µm 1.44    >125µm 0.24 
3rd pan 0.46    3rd pan 0.07 
       
Total wt 580.03    Percentage  <3mm (as weight) 
       
     44.98  
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
103.09  113.1     
Dish after drying (g) Water loss (g)     
113.01  0.09     
  Oven drying time    
  18hrs 49min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  18 - HORIZONTAL    
Foil wt (clean) 7.89g     
Foil wt (emptied)  8.97g     
Soil retained 1.08g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.96     
>3.35mm 457.13      
>2.36mm 425.59      
>1.18mm 400.34 366.01     
>500µm 312.3      
>250µm 296.45      
>125µm 285.82 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1554.5  897.53  1550.8  855.95 
461.26    457.15   
431.32    425.56   
416.22  366.02  400.31  365.01 
325.42    312.31   
298.29    296.45   
286.23  277.1  285.83  276.8 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 3.6    >5mm 8 
>3.35mm 4.13    >3.35mm 9.13 
>2.36mm 5.73    >2.36mm 12.73 
>1.18mm 15.88    >1.18mm 35.28 
>500µm 13.12    >500µm 29.15 
>250µm 1.84    >250µm 4.08 
>125µm 0.41    >125µm 0.91 
3rd pan 0.29    3rd pan 0.64 
       
Total wt 45    Percentage  <3mm (as weight) 
     83.15  
       
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
70.19  80.18     
Dish after drying (g) Water loss (g)     
80.07  0.11     
  Oven drying time    
  18hrs 30min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  18 - VERTICAL    
Foil wt (clean) 7.89g     
Foil wt (emptied)  7.98g     
Soil retained 0.09g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.9 855.94     
>3.35mm 457.16      
>2.36mm 425.58      
>1.18mm 400.34 366.02     
>500µm 312.3      
>250µm 296.46      
>125µm 285.82 276.81     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1584.2  1056.2  1550.9  855.96 
483.72    457.13   
449.99    425.59   
467.63  447.92  400.34  366.01 
378.19    312.3   
308.81    296.45   
288.22  277.97  285.82  276.81 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 33.3    >5mm 14.26 
>3.35mm 26.56    >3.35mm 11.38 
>2.36mm 24.41    >2.36mm 10.45 
>1.18mm 67.29    >1.18mm 28.83 
>500µm 65.89    >500µm 28.23 
>250µm 12.35    >250µm 5.29 
>125µm 2.4    >125µm 1.02 
3rd pan 1.16    3rd pan 0.49 
       
Total wt 233.36    Percentage  <3mm (as weight) 
     74.31  
       
      
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
92.12  102.11     
Dish wt (g) after drying Water loss (g)     
101.97  0.04     
  Oven drying time    
  18hrs 39min      
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  19 - HORIZONTAL    
Foil wt (clean) 7.91g     
Foil wt (emptied)  8.17g     
Soil retained 0.26g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 855.94     
>3.35mm 457.14      
>2.36mm 425.56      
>1.18mm 400.3 366.02     
>500µm 312.29      
>250µm 296.45      
>125µm 285.83 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1556.8  886.97  1550.9  855.96 
462.25    457.13   
430.74    425.61   
409.64  377.4  400.28  366.04 
320.84    312.31   
298.49    296.46   
286.3  277  285.83  276.8 
       
Sediment weights      
Sediment (g) (sieve and sediment wt - sieve empty)  Percentage (as weight) 
>5mm 6    >5mm 16.26 
>3.35mm 5.11    >3.35mm 13.85 
>2.36mm 5.18    >2.36mm 14.04 
>1.18mm 9.34    >1.18mm 25.31 
>500µm 8.55    >500µm 23.17 
>250µm 2.04    >250µm 5.52 
>125µm 0.47    >125µm 1.27 
3rd pan 0.2    3rd pan 0.54 
       
Total wt 36.89    Percentage  <3mm (as weight) 
     69.85  
       
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
75.77  85.76     
Dish after drying (g) Water loss (g)     
85.61  0.15     
Oven drying time      
18hrs 8min        
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  Lab analysis of sediment   
  Complete analysis sheet per tube.  
       
Date of analysis: 9.9.02     
Site No:  19 - VERTICAL    
Foil wt (clean) 7.53g     
Foil wt (emptied)  7.57g     
Soil retained 0.04g     
       
Sieving results      
Sieves               empty (g) Pan empty (g)     
>5mm 1550.8 855.95     
>3.35mm 457.15      
>2.36mm 425.56      
>1.18mm 400.31 365.01     
>500µm 312.31      
>250µm 296.45      
>125µm 285.83 276.8     
       
Sieve + sediment (g) Sed collected in pan (g) Sieve cleaned (g) Pan cleaned (g) 
1631.6  1140.7  1550.8  855.94 
506.8    457.14   
474.7    425.56   
493.29  458.93  400.3  366.02 
384.75    312.29   
311.06    296.45   
289.06  278.41  285.83  276.8 
       
Sediment weights      
Sediment (g)  (sieve and sediment wt - sieve empty). Percentage (as weight) 
>5mm 80.8    >5mm 22.16 
>3.35mm 49.65    >3.35mm 13.62 
>2.36mm 49.14    >2.36mm 13.48 
>1.18mm 92.98    >1.18mm 25.51 
>500µm 72.44    >500µm 19.87 
>250µm 14.61    >250µm 4 
>125µm 3.23    >125µm 0.88 
3rd pan 1.61    3rd pan 0.44 
       
Total wt 364.46    Percentage  <3mm (as weight) 
     64.18  
       
       
Oven drying results      
Porcelain dish clean (g) Dish + 10g of sediment    
71.26  81.25     
Dish after drying (g) Water loss (g)     
81.12  0.13     
  Oven drying time    
  18hrs 20min      
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Appendix VIII Riverbed material abundance and 
channel geology data 

 
 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  26.6.03   
    
Site No:  1   
Cross section No: 1   
Channel width (approx):  40m   
Right bank GPS co-ordinate:  48683 29932  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 41   Cobble% 32 
Pebble% 59   Pebble% 68 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 basalt 
   3 granites  

 
 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date: 26.6.03 26.6.03   
    
Site No:  1   
Cross section No:  2   
Channel width (approx): 22m   
Right bank GPS co-ordinate: 48674 30032  
Comments: None   
    
    
Left bank (Looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 35   Cobble% 47 
Pebble% 65   Pebble% 43 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 basalt 
   3 granites  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date: 26.6.03   
    
Site No:  1   
Cross section No:  3   
Channel width (approx): 23m   
Right bank GPS co-ordinate:  48648 30135  
Comments: Left bank - water depth too deep to sample. 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 46 
Pebble% 0   Pebble% 49 
Gravel% 0   Gravel% 5 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 gabbro 
   1 basalt 
   2 granite  

 
 

 
 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  26.6.03   
    
Site No: 1   
Cross section No:  4   
Channel width (approx): 31m   
Left bank GPS co-ordinate:  48715 30225  

Comments: 
Left bank too deep to sample, substrate covered in 
thick slime / algae 

    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder%   Boulder% 0 
Cobble%   Cobble% 29 
Pebble%   Pebble% 68 
Gravel%   Gravel% 3 
Sand%   Sand% 0 
Silt%   Silt% 0 
    
    
   Four rock samples from right bank 
   2 basalt 
   2 granite  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  26.6.03   
    
Site No:  1   
Cross section No: 5   
Channel width (approx): 26m   
Right bank GPS co-ordinate:  48840 30299  
Comments: Left bank – thick slime / algal growth 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder%   Boulder% 0 
Cobble%   Cobble% 43 
Pebble%   Pebble% 42 
Gravel%   Gravel% 5 
Sand%   Sand% 0 
Silt%   Silt% 0 
    
    
   Four rock samples from right bank 
   1 gabbro 
   1 basalt 
   2 granite  

 

 
 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Name:  Alex MacDonald  
Date:  25.6.03   
    
Site No:  2   
Cross section No:  1   
Channel width (approx): 17m   
Right bank GPS co-ordinate:  49093 28242  
Comments: Right bank - too deep to sample 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 1   Cobble% 0 
Pebble% 98   Pebble% 0 
Gravel% 1   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
Four rock samples from left 
bank

   
4 granites     
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  25.6.03   
    
Site No:  2   
Cross section No:  2   
Channel width (approx): 35m   
Right bank GPS co-ordinate:  49032 28314  
Comments: Right bank quadrat position on heather braiding. 
  
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 86   Pebble% 0 
Gravel% 10   Gravel% 0 
Sand% 4   Sand% 0 
Silt% 0   Silt% 0 
    
    
Four rock samples from left bank    
1 basalt    
3 granite     

 
    

 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  2   
Cross section No: 3   
Channel width (approx): 35m   
Right bank GPS co-ordinate:  48957 28382  
Comments: Cross section of river too deep to sample either bank. 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder%   Boulder% 
Cobble%   Cobble% 
Pebble%   Pebble% 
Gravel%   Gravel% 
Sand%   Sand% 
Silt%   Silt% 
    
    
   Four rock samples from right bank 
   None.  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  25.6.03   
    
Site No:  2   
Cross section No:  4   
Channel width (approx): 15m   
Right bank GPS co-ordinate:  48921 28475  
Comments: Cross section to deep to sample either bank. 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   No samples taken  

 

 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 25.6.03 25.6.03   
    
Site No: 2 2   
Cross section No: 5 5   
Channel width (approx): 16m   
Right bank GPS co-ordinate:  48978 28523 (30m from desired location due to marsh) 
Comments: Ground v. soft / marshy to reach either banks location 
    
    
Left bank (looking downstream)    Right bank (looking downstream) 
    
Boulder%   Boulder% 
Cobble%   Cobble% 
Pebble%   Pebble% 
Gravel%   Gravel% 
Sand%   Sand% 
Silt%   Silt% 
    
    
   Four rock samples from right bank 
   None taken  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 25.6.03   
    
Site No: 3   
Cross section No:  1   
Channel width (approx): 35m   
Right bank GPS co-ordinate: 49161 27611  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 31   Cobble% 34 
Pebble% 69   Pebble% 65 
Gravel% 0   Gravel% 1 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 granite 
   1 gabbro 
   2 basalt  

 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  3   
Cross section No:  2   
Channel width (approx): 12m   
Right bank GPS co-ordinate:  49183 27710  
Comments: Too deep to sample either river bank 
 Best guess 50/50 sand & pebble both banks 
    
Left bank (looking downstream)   Right bank (looking downstream)  
    
Boulder % 0   Boulder % 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Name:  Alex MacDonald  
Date:  25.6.03   
    
Site No:  3   
Cross section No:  3   
Channel width (approx): 18   
Right bank GPS co-ordinate:  49233 27805  
Comments: Both cross sections too deep to sample either bank 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None  

 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  3   
Cross section No:  4   
Channel width (approx): 17m   
Right bank GPS co-ordinate:  49263 27894  
Comments: Left bank v. deep, very muddy / silty 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder%   Boulder% 0 
Cobble%   Cobble% 7 
Pebble%   Pebble% 72 
Gravel%   Gravel% 21 
Sand%   Sand% 0 
Silt%   Silt% 0 
    
    
   Four rock samples from right bank 
   1 agglomerate 
   3 gabbro  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  3   
Cross section No:  5   
Channel width: 10m   
Right bank GPS co-ordinate: 49311 27991  
Comments: Cross section too deep to sample either bank 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None  

 

 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  4   
Cross section No: 1   
Channel width (approx): 17m   
Right bank GPS co-ordinate: 49515 26865  
Comments: Cross section too deep to sample either bank 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 25.6.03   
    
Site No:  4   
Cross section No:  2   
Channel width (approx) 15m   
Right bank GPS co-ordinate:  49465 26943  
Comments: Cross section too deep to sample either bank 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None  

 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 25.6.03   
    
Site No:  4   
Cross section No: 3   
Channel width (approx) 30m   
Right bank GPS co-ordinate:  49392 27007  
Comments: Heather braiding at right bank location 
 Rock samples taken from left bank 

 
 
   

Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 46   Cobble% 0 
Pebble% 42   Pebble% 0 
Gravel% 2   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
Four rock samples from left 
bank    
3 gabbro    
1 basalt     
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 25.6.03   
    
Site No: 4   
Cross section No:  4   
Channel width (approx): 34m   
Right bank GPS co-ordinate:  49309 27006  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 19   Cobble% 31 
Pebble% 65   Pebble% 68 
Gravel% 16   Gravel% 1 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 amygdaloidal basalt 
   3 gabbro  

 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  25.6.03   
    
Site No:  4   
Cross section No:  5   
Channel width (approx): 17m   
Right bank GPS co-ordinate:  49301 27106  
Comment: Left bank too deep to survey 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 62 
Pebble% 0   Pebble% 38 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 basalt 
   3 granites  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No: 5 5   
Cross section No: 1 1   
Channel width (approx): 13m   
Right bank GPS co-ordinate:  49279 24300  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 98 
Cobble% 42   Cobble% 0 
Pebble% 48   Pebble% 2 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None - substrate material too large  

 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No: 5 5   
Cross section No: 2 2   
Channel width (approx): 17m   
Right bank GPS co-ordinate:  49284 24404  
Comments: Left bank is solid bedrock (basalt) 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 49 
Pebble% 0   Pebble% 41 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   4 gabbro  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03   
    
Site No: 5   
Cross section No: 3   
Channel width (approx): 18m   
Right bank GPS co-ordinate:  49383 24435  
Comments: Left bank solid bedrock 
    

 

 
 
   

Left bank (looking down stream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 69 
Cobble% 0   Cobble% 31 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 

   
Samples too large to take back for  
thorough ID  

 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  24.6.03   
    
Site No: 5   
Cross section No:  4   
Channel width (approx): 27m   
Right bank GPS co-ordinate:  49497 24459  
Comments: Left bank - heather braiding 
 Right bank - too deep to sample 

 
 
   

Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   Water too deep  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No: 5   
Cross section No:  5   
Channel width (approx): 15m   
Right bank GPS co-ordinate:  49589 24497  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 49 
Cobble% 39   Cobble% 6 
Pebble% 61   Pebble% 46 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 granite 
   1 gabbro 
   2 basalt  

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor:  Alex MacDonald  
Date:  24.6.03   
    
Site No:  6   
Cross section No:  1   
Channel width (approx): 29m   
Right bank GPS co-ordinate:  48730 23613  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 51   Boulder% 0 
Cobble% 49   Cobble% 38 
Pebble% 0   Pebble% 61 
Gravel% 0   Gravel% 1 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   2 gabbro 
   2 dolerite  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  6   
Cross section No:  2   
Channel width (approx): 18m   
Right bank GPS co-ordinate:  48804 23702  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 44   Cobble% 60  
Pebble% 56   Pebble% 40 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 granite 
   2 gabbro 
   1 dolerite  

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  6   
Cross section No:  3   
Channel width (approx): 15m   
Right bank GPS co-ordinate:  48885 23777  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 32   Boulder% 0 
Cobble% 33   Cobble% 65 
Pebble% 35   Pebble% 35 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
   Four rock samples from right bank 
   1 granite 
   3 gabbro  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No: 6   
Cross section No:  4   
Channel width (approx): 9m   
Right bank GPS co-ordinate:  48945 23875  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 21   Boulder% 50 
Cobble% 64   Cobble% 48 
Pebble% 15   Pebble% 2 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None - sample size too large  

 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  6   
Cross section No:  5   
Channel width (approx): 19m   
Right bank GPS co-ordinate:  49008 23964  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 32   Boulder% 6 
Cobble% 49   Cobble% 40 
Pebble% 9   Pebble% 44 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None - sample size too large  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No: 7   
Cross section No: 1   
Channel width (approx): 11m   
Right bank GPS co-ordinate:  48304 23274  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 38   Cobble% 30 
Pebble% 62   Pebble% 68 
Gravel% 0   Gravel% 2 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   3 dolerite 
   1 agglomerate  

 

 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No:  7   
Cross section No:  2   
Channel width (approx): 12m   
Right bank GPS co-ordinate:  48403 23290  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 40   Boulder% 0 
Cobble% 25   Cobble% 40 
Pebble% 34   Pebble% 57 
Gravel% 1   Gravel% 3 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   4 gabbro  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No:  7   
Cross section No:  3   
Channel width (approx): 8m   
Right bank GPS co-ordinate:  48476 23338  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 22   Boulder% 37 
Cobble% 72   Cobble% 45 
Pebble% 6   Pebble% 18 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   3 agglomerate 
   1 granite  

 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No:  7   
Cross section No:  4   
Channel width (approx): 11m   
Right bank GPS co-ordinate:  48548 23420  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 59   Boulder% 83 
Cobble% 38   Cobble% 10 
Pebble% 3   Pebble% 7 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   2 agglomerate 
   2 basalt  
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RIVERBED MATRIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  7   
Cross section No:  5   
Channel width (approx): 13m   
Right bank GPS co-ordinate:  48663 23473  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 6   Boulder% 3 
Cobble% 34   Cobble% 86 
Pebble% 60   Pebble% 11 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   2 basalt 
   2 gabbro  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No:  8   
Cross section No:  1   
Channel width (approx): 12m   
Right bank GPS co-ordinate:  47805 23115  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 10 
Cobble% 0   Cobble% 35 
Pebble% 100   Pebble% 52 
Gravel% 0   Gravel% 4 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   4 gabbro  

 
 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
   

Location: River Sligachan, Isle of Skye 

Surveyor: Alex MacDonald  

Date:  24.6.03  

   

Site No:  8  

Cross section No:  2  

Channel width (approx): 22m  

Right bank GPS co-ordinate:  47897 23155  

Comments: Left bank solid bedrock (basalt) 

   

Left bank (looking downstream)  Right bank (looking downstream) 

   

Boulder% 0  Boulder% 0 

Cobble% 0  Cobble% 0 

Pebble% 0  Pebble% 0 

Gravel% 0  Gravel% 0 

Sand% 0  Sand% 0 

Silt% 0  Silt% 0 

   

   

  Four rock samples from right bank 

  Solid bedrock, basalt  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  8   
Cross section No:  3   
Channel width (approx): 12m   
Right bank GPS co-ordinate:  47999 23167  
Comments: None   

 

 
 
   

    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 60   Cobble% 23 
Pebble% 40    Pebble% 58 
Gravel% 0   Gravel% 7 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   4 gabbro  

 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  8   
Cross section No:  5   
Channel width (approx): 16m   
Right bank GPS co-ordinate:  48097 23187  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 44   Cobble% 39 
Pebble% 54   Pebble% 57 
Gravel% 2   Gravel% 3 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 dolerite 
   3 pyroxene / olivine  



 
 
 

254 

 

 
 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03   
    
Site No: 8 8   
Cross section No: 5 5   
Channel width (approx): 14m   
Right bank GPS co-ordinate:  48200 23193  
Comments: Cross section too deep.  Estimate for both banks 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 57   Cobble% 52 
Pebble% 43   Pebble% 48 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   No samples  

 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No: 9   
Cross section No: 1   
Channel width (approx): 12m   
Right bank GPS co-ordinate:  47208 23315  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder % 0   Boulder % 0 
Cobble% 68   Cobble% 75 
Pebble% 31   Pebble% 24 
Gravel% 1   Gravel% 1 
Sand%: 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   4 gabbros, one with spinifex.  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No: 9 9   
Cross section No: 2 2   
Channel width (approx) 14m   
Right bank GPS co-ordinate:  47281 23264  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder % 0   Boulder % 0 
Cobble% 45   Cobble% 20 
Pebble% 52   Pebble% 80 
Gravel% 3   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 dolerite 
   1 gabbro 
   2 agglomerate  

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date: 24.6.03 24.6.03   
    
Site No: 9 9   
Cross section No: 3 3   
Channel width (approx): 18m   
Right bank GPS co-ordinate:  47375 23259  
Comments: None   
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 6   Boulder %: 12 
Cobble% 33   Cobble%: 68 
Pebble% 60   Pebble% 19 
Gravel% 1   Gravel% 1 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   1 dolerite 
   1 felsite (possibly an aplite)  
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RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  9   
Cross section No: 4   
Channel width (approx): 17m   
Right bank GPS co-ordinate:  47473 23254  
Comments: Cross section -  both banks solid bedrock (basalt) 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0    Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None - solid bedrock (basalt)  

 
 
 
 

 

RIVERBED MATERIAL ABUNDANCE & CHANNEL GEOLOGY DATA SHEET. 
    
Location: River Sligachan, Isle of Skye 
Surveyor: Alex MacDonald  
Date:  24.6.03   
    
Site No:  9   
Cross section No:  5   
Channel width (approx): 18m   
Right bank GPS co-ordinate:  47578 23238  
Comments: Cross section - both banks solid bedrock (basalt) 
    
    
Left bank (looking downstream)   Right bank (looking downstream) 
    
Boulder% 0   Boulder% 0 
Cobble% 0   Cobble% 0 
Pebble% 0   Pebble% 0 
Gravel% 0   Gravel% 0 
Sand% 0   Sand% 0 
Silt% 0   Silt% 0 
    
    
   Four rock samples from right bank 
   None - solid bedrock (basalt)  
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