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TAY DISTRICT SALMON FISHERIES BOARD 

 

Keith Main / Tom Hogg  
Marine Scotland  
Salmon and Recreational Fisheries Team  
Area 1B North  
Victoria Quay  

Edinburgh  
EH6 6QQ 

          23 October 2017 

Dear Sir / Madam, 

 

Conservation of Salmon – Assessment for the 2018 season 

 

We welcome the opportunity to make representation on the assessment for the 2018 

season. 

 

We note that in this district the River Tay is a proposed Category 1 while the rivers Earn and 

Eden are proposed Category 3, having been Category 2 in 2017. 

 

We presume that the changes on the rivers Earn and Eden may at least in part have been 

due to changes in the methodology used. 

 

Figures 1 to 2 below show that for these two rivers the estimated numbers of salmon for 

the years 2012 to 2015 reduced in the two iterations of the model post August 2016. The 

decrease in the 2017 estimates is very marked compared to 2016. 

 

We have also noted that some other rivers elsewhere have also had marked decreases but 

some rivers have actually increased, such as the River Nith (Figure 3). 
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Figure 1. Numbers of salmon estimated entering the River Earn by MSS. Base plot is August 

2016 iteration, red dot, November 2016 iteration, blue dot, 2017 iteration. 

 

 
Figure 2. Numbers of salmon estimated entering the River Eden by MSS. Base plot is August 

2016 iteration, red dot, November 2016 iteration, blue dot, 2017 iteration. 
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Figure 3. Numbers of salmon estimated entering the River Nith by MSS. Base plot is August 

2016 iteration, red dot, November 2016 iteration, blue dot, 2017 iteration. 

 

While we are grateful that Marine Scotland Science continues to try to refine the model, we 

suspect that the model is still fundamentally flawed and needs more adjustment. We also 

appreciate that more up to date local data on salmon age structures, sex ratios etc might be 

helpful, but it may take some time to obtain significant amounts of such data. However, we 

do suspect that the impact of some of the systemic failures of the model are likely to be 

much more serious than what improvements in accuracy could be achieved by just tinkering 

with data under the exsiting model. 

 

We continue to have concerns about the following issues. 

 

1. Lack of consideration of habitat quality 

1.1 Introduction 

Habitat quality is a major determinant of egg deposition requirements. Egg deposition 

requirements will vary according to the nature of the physical and chemical habitat. In 

Norway and England attempts are made to try and accommodate this in setting 

conservation limits. We have made this point in previous responses to categorisation and do 

not intend to restate the whole issue again but the points we made in detail two years ago 

still stand. The descriptions given in the methods documents regarding stock-recruitment 

relationships etc are somewhat academic given a blanket conservation limit (i.e. somewhere 

between 1.1 and 9.8 which means in practice a median point of 5.45 everywhere). Their 

inclusion gives an air of scientific authority to the process which is not warranted. 
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As we stated previously we believe that the use of a one size fits all conservation limit works 

against lowland rivers like the Eden and Earn. 

 

The significance of this might be illustrated from comparing results of the Scottish method 

with the English method. 

 

1.2 Comparison between Scottish and English conservation limits 

In order to do this we plotted catchment area against conservation limit for a number of 

rivers up the east coast of England and Scotland up to the River Spey. This is shown in Figure 

4. Scottish rivers are depicted with an X while English rivers are depicted by a ∆. While this 

only makes use of the area above the lowest gauging station on each river (being readily 

available on the NRFA website), the error that might create is clearly masked by big 

differences between the English and Scottish rivers shown. If trendlines were fitted 

separately to the Scottish and English data it would be clear that the relationship between 

catchment and conservation limit is much steeper in Scotland than in NE England.  

 

If the Tyne (England), for example, was assessed using the method being applied in Scotland 

its conservation limit would be something like five times greater than it currently is. This 

difference occurs because the number of eggs per sq. metre applied is generally much lower 

in England and Wales. That may partly result from the EA’s methods of correcting for 

habitat but probably also because the fundamental model used by the EA is based on the 

stock recruitment relationship from the River Bush in Northern Ireland. Two years ago we 

explained how the average number of eggs per sq. metre applied on the Bush was 

considerably lower than that used in Scotland and that the Bush was a river probably more 

similar to the Earn and Eden than Scottish rivers with higher gradient Scottish rivers. 

 

Elsewhere we have argued that the targets used in England are actually probably too low for 

somewhere like the Tyne. Reality most likely lies somewhere between the two extremes 

being used on either side of the border. 

 

The fundamental point is, of course, that two different approaches to the same problem 

have yielded very different results. That should automatically set alarm bells ringing. 
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Figure 4. Plot of catchment area versus conservation limit for major salmon rivers in NE 

England and E Scotland. Scottish rivers are marked with X and English rivers with ∆ 

(conservation limit figures for NE English rivers were obtained from the NE NLO Review 2012 

Fisheries Assessment Report). 

 

1.3 Electrofishing data 

The effects of habitat can be shown in the case of the River Earn by using electrofishing 

data. 

 

A quick analysis of River Earn electrofishing data is provided in the accompanying Appendix. 

 

While these data still require more detailed consideration, for example interactions with 

trout, they indicates that the abundance of juvenile salmon in the Earn varies according to 

the habitat quality. Much of the Earn would not be expected to hold high densities of 

juvenile salmon but, where the habitat is good, juvenile numbers are as good as would be 

found anywhere in Scotland. It is not apparent that in those parts of the River Earn where 

good numbers of juvenile salmon would be expected that there has been obvious depletion 

as might be expected of a Cat 3 river. 

 

1.4 Conclusions on habitat 

We conclude that the rivers Earn and Eden are different from the typical “salmon river” in 

that they contain a large proportion of low gradient catchment. This must be taken into 

account. We presume that Marine Scotland do understand this. The minutes of the Salmon 
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Liaison Group meeting of 25 January 2017 said that an action was to “convene a 

productivity/habitat quality group”. It appears that such a group has yet to be set up. 

 

Marine Scotland must prioritise habitat correction and introduce some form of temporary 

correction factor for the 2018 season with a view to further refinement for 2019 and 

beyond. 

 

2. Problems arising from relating salmon catches upstream of fish counters to 

monthly counts 

Last year we raised concerns about how counts in some months, particularly in the autumn, 

did not relate to counts of salmon ascending the rivers in those months. For example, in 

rivers with significant spring and summer runs, the majority of the catch in September and 

October may consist of fish that entered the river earlier in the year, not in those actual 

months. We explained that this leads to issues. It would appear that our concerns have not 

been taken on board. 

 

Although some aspects of the methodology have changed, monthly correction factors still 

seem to increase the estimated number of fish in the river relative to catch in the summer 

by a greater degree than in the autumn.  

 

The issue we have with this is that most of the rivers that just happen to have fish counters 

are rivers with significant spring or summer runs of fish and lower runs in the autumn (North 

Esk excepted as far as the autumn is concerned but has big early runs). Had all the rivers 

with counters just happened to have been on rivers that only had later runs of fish and 

nothing in spring or early summer, the September and October correction factors would 

have been different to what they are. A given catch in September and October would have 

given a higher estimate of fish in the river than is the actual case. 

 

When the current model is applied to a river with a seasonal run profile similar to those of 

the rivers with counters, this might not matter too much. However, when the current model 

is applied to rivers which do not have substantial spring and summer runs, such as the Earn 

and Eden in this district, the “correction factor” will underestimate the number of fish 

entering the river in September and October. 

 

To illustrate this point, the monthly catch profiles from the Earn and Eden are shown below 

in Figure 5 along with those from some of the rivers with fish counters. 

 

As we pointed out last year, this model is not appropriate for the rivers Earn and Eden. 

Therefore this whole approach must be revisited. 
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Figure 5. Monthly salmon catches from the rivers Earn and Eden and the principal rivers with 

fish counters 
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3. Latitude correction factor 

We understand that the incorporation of a latitudinal correction factor may have caused 

some rivers to change category between 2016 and 2017. 

However, we advise caution in the use of this factor. 

We understand that significant to the model is that the Kirkcudbright Dee has a particularly 

low exploitation rate. 

However, we understand that the Kirkcudbright Dee is atypical salmon river. Much of the 

river has been dammed for hydro production and much of it is reservoir rather than river. 

We understand that there is only one beat where salmon angling takes place. Such a river 

cannot be assumed to be a general case. 

Indeed, if there is a latitudinal effect, it would not reset itself at the Sark. The effect should 

continue moving into England. We note that according to Aprahamian, Wyatt & Shields 

(2006) angling exploitation on the River Lune, Lancashire, which has a counter, dropped 

from 26.4% to 14.8% following the introduction of conservation measures. That does not 

suggest particularly low vulnerability to angling. We suggest that information from counters 

in England should be sought and if it is clear there is no difference with Scottish counters 

then the latitudinal correction factor should be discarded. 

4. Fecundity 

In previous years we have drawn attention to the fact that research on the River North Esk 

found that later running fish contained more eggs per unit body length than did early 

running fish from upper tributaries.  

However, we still do not see that the model takes account of this issue in rivers that 

predominantly produce later runs of fish. Thus the model may be underestimating the 

fecundity of female salmon in the rivers Earn and Eden. 

This is an area we wish to explore further with MSS. 

5. Lochs 

With regard to the assumption that lochs are as productive of juvenile salmon as a 10 metre 

wide good river, we understand that Marine Scotland Science have no data to back this up. 

We suggest that it should be assumed that lochs do not provide spawning habitat and 

should not require an egg deposition until such time MSS demonstrate that the do. We 

understand that MSS are using “the approach developed in Norway”. If Norwegian models 

are used in the absence of information, why cherry pick? 

The Norwegians make accommodation for habitat differences. Why not use their model too 

then? 
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APPENDIX 

 

RIVER EARN JUVENILE SALMON ELECTROFISHING DATA 

 

In recent years we have fished a number of sites in the River Earn catchment. These are 

almost all on tributaries. The only electrofishing done on the main stem of the river has 

been in the upper reaches. No electrofishing has yet been done on the lower part of the 

mainstem Earn, largely on account of the lack of suitable sites and adverse flows (the lower 

Earn is a large deep river generally) at times when we wished to fish. 

 

There are some sites which we have fished that are above partial obstructions or have 

known or suspected environmental issues. These are not considered here. The sites 

considered are ones which we suggest are freely available to spawning salmon and should 

be good indicators of salmon spawning abundance. 

 

At most of the sites considered here, electrofishing has only been conducted in 2012, 2016 

and 2017 and not in all three years at all sites. At a few of the sites some data are available 

from 2002. 

 

Densities of juvenile salmon found 

 

Densities of age 0+ (fry) and age 1++ (parr) are shown in Tables A1 and A2 below. 

 

RIVER LOCATION 2002 2012 2016 2017 

Ruthven Water Auchterarder - 1.21 0.19 0.12 

Ruthven Water Haugh of Aberuthven - 1.5 0.623 - 

River Earn Lennoch Mouth - 0.26 - - 

Turret Water McCrosty Park - 0.63 1.27 1.36 

Ruchill Water Cultybraggan - 0.56 - 1.05 

Ruchill Water Comrie - 0.405 0.74 0.68 

River Earn Dalchonzie Bridge 1.14 2.44 2.94 3.28 

River Earn Layby, Kindrochet 0.55 1.03 0.54 0.38 

Lennoch Burn Lennoch Mouth - 0.64 - - 

Dunning Burn Innerdunning - 3.43 0.318 1.28 

Pow Burn Millhills - 0.56 0.13 - 

May Water Forteviot - - 0.64 - 

Machany Water Drumness - - 0.48 - 

Machany Water Kinkell - - 1.59 - 

 

Table A1. Densities (number per square metre) of age 0+ salmon. (-) indicates site not fished 

in that year. 
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RIVER LOCATION 2002 2012 2016 2017 

Ruthven Water Auchterarder - 0.37 0.208 0.223 

Ruthven Water Haugh of Aberuthven - 0.017 0.007 - 

River Earn Lennoch Mouth - 0 - - 

Turret Water McCrosty Park - 0.43 0.69 0.21 

Ruchill Water Cultybraggan - 0.23 - 0.08 

Ruchill Water Comrie - 0.05 0.04 0.04 

River Earn Dalchonzie Bridge 0.19 0.133 0.23 0.27 

River Earn Layby, Kindrochet 0.06 0.09 0.06 0.02 

Lennoch Burn Lennoch Mouth - 0.2 - - 

Dunning Burn Innerdunning - 0.07 0.1 0.01 

Pow Burn Millhills - 0 0 - 

May Water Forteviot - - 0.04 - 

Machany Water Drumness - - 0.02 - 

Machany Water Kinkell - - 0.01 - 

 

Table A2. Densities (number per square metre) of age 1++ salmon. (-) indicates site not 

fished in that year. 

 

There is a considerable amount of variation among these data, as is usual for such surveys. 

Some of this variation may be accounted for as follows. 

 

Gradient 

Figure A1 is a plot of the average density over all years of 0+ salmon at each of the sites 

versus stream gradient. Gradient was obtained by measuring the channel length between 

the first contour line below and the first contour line above the site on a 1:50,000 OS map. 

Some form of relationship between gradient and salmon spawning habitat would be 

expected. At low gradients spawning habitat is absent but will then increase with gradient 

up to a point where coarsening substrates would be expected to be less suitable. 

 

On examination, Figure A1 hints at the possibility of such a relationship. While there is no 

linear correlation, the two points with the lowest gradient have the lowest densities of fry. 

The point with the highest gradient is at a site with predominantly cobble / boulder 

substrate unlike the other sites and it might not be a surprise if the polynomial trendline 

inserted by Excel (shown) more accurately reflects the relationship. However, even if the 

highest gradient point is removed there is still no linear correlation (P = 0.122). While more 

data are required for a robust  statistical analysis, particularly to expand the gradient range, 

we suggest that differences in fry density are in part likely to be related to the habitat, most 

likely substrate and current speed. 
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Figure A1. Plot of channel gradient at electrofishing site versus density of 0+ salmon. 

  

As parr prefer a larger substrate to fry, a stronger relationship with gradient might be 

expected, but again up to a point where it gets too steep. Figure A2 does in fact show a 

much clearer relationship in this case which is significantly correlated (P = 0.002). The 

highest gradient site which was poorer for fry, had the highest density of parr. Parr densities 

are clearly a function of habitat suitability. 

 

 
 

Figure A2. Plot of channel gradient at electrofishing site versus density of salmon parr. 
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Figure A3 below illustrates two things. Firstly with respect to the main stem of the River 

Earn, it shows the channel length in kilometres between each 10m contour on the OS 

1:50,000 map from the tidal limit to above Loch Earn. Also, for each electrofishing site, of 

which all but three are on tributaries, it shows the length of channel between the contour 

line immediately able and immediately below each site. 

 

What Figure A3 shows, is that in the lower mainstem of the Earn there are long distances 

between contour intervals. The gradient is low. Apart from one site, on the canal-like Pow 

Water, the gradient on the tributary electrofishing sites was generally much greater than on 

the mainstem, even within the same altitude bands. The two productive mainstem sites on 

the upper Earn have similar gradients to most of the other electrofishing sites, but very 

different from the lower river. 

 

Therefore, based on the probable relationships between gradient and salmon densities 

described earlier, Figure A3 shows that a large length of the main stem Earn is not likely to 

be highly productive of juvenile salmon. Given also that the lower river is much wider and 

that many of the tributaries sampled have limited salmon access because of waterfalls, the 

great part of the Earn surface area used in the conservation limit model consists of 

potentially relatively unproductive juvenile salmon habitat. 

   

 
Figure A3. For “Earn mainstem” the distance is given between 10 contour lines on OS map. 

For “E fish sites” distance is given between contour line immediately below and that 

immediately above. 
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Figure A4. Electrofishing site at Dalchonzie Bridge, upper River Earn. Consistently the most 
productive electrofishing site. 
 

 
Figure A5. Typical view of lower River Earn. 
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Are the sites fished at carrying capacity? 

Owing to not yet having a long continuous record of juvenile salmon abundance at these 

sites it is obviously not clear whether current juvenile levels represent a stable situation or 

something else. 

 

However, in 2016, there were reports elsewhere of reduced numbers of 0+ salmon, with 

concerns having been expressed about the effects of storms Desmond and Frank. Then, in 

summer / autumn 2016, grilse abundance was generally reduced, especially in the autumn, 

which might potentially have impacted on fry numbers in 2017. Therefore, to test these 

theories, 2016 and 2017 fry densities were compared with 2012, for those sites with full 

data. 

 

At two sites (Ruthven at Auchterarder and Dunning Burn), fry densities dropped markedly in 

2016. Dunning showed some recovery in 2017 but the Ruthven did not. Another two sites 

(lower Ruthven and Pow Water) also showed a decline in 2016 but not quite as marked. A 

site at Kindrochet on the main stem of the Earn upstream of Comrie was also lower in 2016 

and 2017 than in 2012, but it had also been lower in 2002. 

 

However, another site on the upper mainstem Earn near Dalchonzie increased slightly and 

in all three years was much higher than in 2002. Two sites on the lower Ruchill Water near 

Comrie also showed slight improvement. There was also improvement on the Turret Water 

at Crieff. 

 

Therefore, for fry, there does not appear to have been any consistent decrease in 2016 and 

2017. 

 

Regarding parr, in 2016, some sites had declined and some had increased. However, in 2017 

the majority had decreased from 2012, with a couple of sites with poor fry in 2016 perhaps 

translating in poorer parr in 2017. However, at the Ruthven Auchterarder site, although parr 

numbers were well down in 2017 compared to 2012, they were actually higher than those 

of the fry which give rise to them in 2016 indicating immigration from elsewhere, suggesting 

successful spawning somewhere else. 

 

Growth rate 

Another thing which can be an indicator of the degree to which a habitat is saturated is the 

growth rate of juvenile salmon. Growth rates can increase markedly when a population is 

reduced below carrying capacity. 

 

As can be seen on Table A3, there has been a general increase in the average lengh of 0+ 

salmon in the autumn since the 2012 survey. However, while there have been some marked 

increases in sites where fry densities also fell, e.g. on the Ruthven Water, there have also 
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been increases at sites where fry numbers remained stable or increased. On the Dunning 

Burn for example, the growth rate increased in 2016 with a big drop in 0+ but increased 

further in 2017 when the density had rallied somewhat. 

 

Growth is dependent on other factors in addition to density. Temperature is one. Of the 

three years, 2012, 2016 and 2017, 2017 has been the warmest from December to 

electrofishing season (i.e. the period since the eggs were likely to have been laid). 

Therefore, in this instance growth data may be unreliable as an indicator of habitat 

saturation.  

 

RIVER LOCATION 2002 2012 2016 2017 

Ruthven Water Auchterarder 

 

58.7 63.4 69.1 

Ruthven Water Haugh of Aberuthven 62.8 67.8 

 River Earn Lennoch Mouth 

 

49.9 

  Turret Water McCrosty Park 

 

52.6 56.9 57.6 

Ruchill Water Cultybraggan 

 

55.3 63.3 63.1 

Ruchill Water Comrie 

 

50 57.6 56.4 

River Earn Dalchonzie Bridge 55 51.5 56 53.7 

River Earn 

Layby above 

kindrochet 51 50.5 55.4 58.3 

Lennoch Burn Lennoch Mouth 58 53.7 

  Dunning Burn Innerdunning 

 

67.9 70.5 78.7 

Pow Burn Millhills 

 

69.9 83.1 

 May Water Forteviot 

  

68.4 

 Machany Water Drumness 

  

66.5 

 Machany Water Kinkell 

  

64.1 

  

Table A3. Average length of 0+ salmon during electrofishing surveys. 

 

Comparisons with juvenile salmon numbers elsewhere 

While there is variation in juvenile densities among the sites, it is our opinion that the better 

of these Earn sites have among the highest densities we see in the Tay district, although 

time prevents this being demonstrated here. 

 

Not only are densities of fry high, their growth for equivalent densities are generally among 

the highest in the Tay district. 

 

Consider the length frequency distribution from the Dunning Burn in September 2017 

(Figure A6). The spread is such that is impossible to tell from length frequency alone where 

the division between 0+ and 1+ aged fish occurs, if indeed there is a split at all. The larger 

fish may be on course go to sea as S1s. This length frequency graph is much higher than is 

typical over much of the Tay district. This is in large part down to the inherent productivity 
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of the area as a result of the underlying geology, farming inputs and perhaps even the 

Dunning STW upstream.  

 

Because there is naturally a thinning out of juvenile salmon as they grow and require bigger 

territories, a given density of large 0+ fry is more significant than the same density of 

smaller fish. The growth rates of fry is such in many of these streams that they must 

outgrow the habitat before their second year and presumably have to move downstream to 

the main stem to complete their lifecycle or else go to sea as S1s. Hence densities of parr 

are often relatively low. 

 

 
 

Figure A6. Length frequency distribution of juvenile salmon, Dunning Burn, September 2017. 

 

Conclusions from electrofishing 

Where we fish there are some very strong populations. Some parts of the Earn system are 

inherently very productive, as good as anywhere in the Tay district. Yet the Earn is Cat 3 and 

Tay is Cat 1. The issue is that the areas we have fished, because of accessibility and 

practicability, are only representative of a minority of the river surface area in the whole 

Earn catchment. We presume the main stem of the river is likely to be less productive and 

probably has always been so. 
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