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1. Introduction.  
 

The .ƻŀǊŘΩǎ electric-fishing survey for 2018 was more extensive than for previous years because of 

the introduction of the National Electrofishing Programme for Scotland1 managed by Marine 

Scotland Science (MSS).  

The MSS programme aims to obtain high quality information on juvenile salmonid populations in 

rivers throughout Scotland. The programme was conceived as an adjunct to the MSS River Grading 

exercise which has so far been based only on rod catch data for adult fish. The aim of the River 

Grading exercise is to identify rivers that are not fully populated with fish and, where necessary, to 

introduce fishery restrictions in order to ensure that enough of the returning adult fish go on to 

spawn.  

However, as the Board has argued, the number of adult fish that are caught is not likely to accurately 

reflect the numbers that are actually present and some of the gradings for Caithness rivers in 2018 

appeared flawed. The National Electrofishing Programme may help to resolve these issues because it 

aims to improve or replace assessments based on catch data with assessments based on direct 

measures of the status of juvenile populations. From ǘƘŜ .ƻŀǊŘΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘhe Programme is 

therefore worthy of support. MSS relies on local Fishery Boards to acquire the field data for the 

national programme and the Board was asked to electric-fish a set of 30 sites in the Caithness rivers.  

The 30 sites were chosen by MSS to be fully representative of the river catchments by making site 

selection somewhat random. Although all the MSS sites for Caithness are potentially interesting, 

some of them are of only marginal interest in the coƴǘŜȄǘ ƻŦ ǘƘŜ .ƻŀǊŘΩǎ ƻǿƴ ƻƴ-going programme. 

For example, some of the sites are on small streams on the periphery of catchments beyond the 

main areas where salmon consistently spawn. Others are in deep pool-like habitat that is not much 

favoured by young fish. Equally, however, some of the sites appeared to be a good fit with the 

.ƻŀǊŘΩǎ ǇǊƻƎǊŀƳƳŜ. It was therefore decided to integrate the MSS and Board programmes, 

obtaining all the information required by MSS and, when it was advantageous, upgrading MSS sites 

scheduled for single-pass fishing to 3-pass fishing to make sure that the resulting data met the 

.ƻŀǊŘΩǎ ƴŜŜŘǎΦ  

More specifically, the basic MSS programme comprised a mixture of 1-pass and 3-pass sites. The 

Board has used only 3-pass electric-fishing methods in the past because the rate of decline in the 

number of fish captured on successive passes can be used to measure the survey ǘŜŀƳΩǎ efficiency 

and to check on data quality.  Single-pass fishing cannot provide this assurance. Its sole advantage is 

in being less time-consuming although the marginal gains tend to be modest given that, for both 1-

pass and 3-pass methods, the same amount of time must be invested in reaching the survey location 

and setting up the equipment.  

The second component of the BƻŀǊŘΩǎ Ǉrogramme focussed closely on the Forss and Dunbeath 

rivers. Late in 2017, both rivers had been allocated provisional River Gradings for the 2018 fishing 

season that were unexpectedly low. Despite representations by the Board, the final gradings for 

2018 remained unchanged. It was therefore decided to obtain electric-fishing data for a greater 

number of sites on both the Forss and Dunbeath rivers to support any representations that might be 

                                                           
1 https://www2.gov.scot/Topics/marine/Salmon-Trout-

Coarse/Freshwater/Monitoring/ElectrofishingProgramme  

 

https://www2.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/ElectrofishingProgramme
https://www2.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/ElectrofishingProgramme
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required regarding the 2019 river gradings2. All the established Board sites on both rivers were 

examined and in each case four new sites were added. 

The third component of the 2018 survey was to Ƴŀƛƴǘŀƛƴ Ŏƻƴǘƛƴǳƛǘȅ ƛƴ ǘƘŜ .ƻŀǊŘΩǎ ƻƴƎƻƛƴƎ 

programme by electric-fishing the set of six key sites that has been surveyed every year since the 

current survey series started in 2013. 

¢ƘŜ ŀƛƳǎ ƻŦ ǘƘŜ .ƻŀǊŘΩǎ нлму electric-fishing survey were therefore (1) to obtain the data required 

by MSS, (2) to integrate the MSS and Board programmes to maximise the benefit to the Board, (3) to 

acquire more extensive data than previously for the Rivers Forss and Dunbeath and (4) to maintain 

continuity by re-examining the .ƻŀǊŘΩǎ set of key sites. In all, 44 sites were electric-fished and 27 of 

them were examined using 3-pass fishing. 

2. Procedures 
 

All the methods used were the same as those detailed in previous reports. A bankside generator and 

control box were preferentially used for electric-fishing but portable backpack equipment was used 

for the more remote of the MSS sites where access was problematic. 

Because of the large number of scheduled sites, fieldwork was started earlier than in previous years 

(in mid-WǳƭȅύΦ IƻǿŜǾŜǊΣ ŀƭƭ ǘƘŜ .ƻŀǊŘΩǎ ǎƛǘŜǎ ŀƴŘ ǘƘƻǎŜ ƻŦ ǘƘŜ a{{ ǎƛǘŜǎ ŀŘƻǇǘŜŘ ōȅ ǘƘŜ .ƻŀǊŘ ǿŜǊŜ 

fished in late August and early SeptembeǊΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇŜǊƛƻŘ ŦƻǊ ǘƘŜ .ƻŀǊŘΩǎ 

fieldwork since the current series of surveys started in 2013. 

2018 was notable for its prolonged and severe drought and the survey period was dominated by low 

water conditions and high water temperatures. Fieldwork was abandoned on some occasions due to 

high temperatures and on other occasions scale-sampling was suspended to avoid causing harm to 

fish. At the Board meeting in late August, it was decided to terminate scale sampling for general 

welfare reasons because adult fish in some rivers were showing signs of infection by Saprolegnia. 

The age of the parr (1+ or 2+) is not known without scale-reading and, for affected sites, this has 

prevented reporting on the progress of specific cohorts in consecutive years. 

Because of the drought conditions in 2018, some of the survey sites were reduced in width where 

the stream had withdrawn from its edges as water levels fell. Entrenched sites tend not to be 

affected in the same way. It is important to emphasise that, in what follows, the density of fish at 

every site is ŜȄǇǊŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǎƛǘŜΩǎ άnormalέ channel-full width. This has been the case for 

all the BoardΩǎ past surveys because standardising in this way makes it possible to rigorously 

compare the productivity of different sites and to compare sites between years. 

3. Results 
 

Table 1 (see Appendix) shows the details of each electric-fishing site. The sites are grouped by river 

and given a trivial name to aid reference. For new sites, the OS grid reference for the lower limit of 

ǘƘŜ ǎƛǘŜ ŀƴŘ ǘƘŜ ǎƛǘŜΩǎ ƭŜƴƎǘƘ ŀǊŜ ƎƛǾŜƴ; existing Board sites are documented in previous reports. The 

                                                           
2 This matter was subsequently resolved when MSS allocated Grade 1 status for the Rivers Forss and Dunbeath 
for the 2019 season. 
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availability of scales is indicated and the number of electric-fishing passes that were carried out is 

specified for each site. 

 

3.1. 1-pass Electric- fishing 
Table 2 (Appendix) shows densities of fish - salmon and trout and fry and parr - observed for the 17 

sites fished by 1-pass and for the 27 sites that were fished by 3-pass fishing. In the latter case, the 

data refer only to the first pass of 3-pass fishing so that all 44 sites can be compared on the same 

basis. Fry and parr were distinguished based on the distribution of body lengths at each site.  

The cells on Table 2 are colour-coded (adopting the approach used in previous Board reports) 

according to the criteria proposed by Godfrey (2005)3 for categorising salmon fry and salmon parr 

densities as observed in 1-pass fishing in the northern rivers. The critical values and the colour-codes 

used are shown in Table 3.   

 

Table 3. Critical values for salmon and fry densities in northern rivers (Godfrey, 2006)

 

So, for example, ŀǇǇƭȅƛƴƎ DƻŘŦǊŜȅΩǎ ŎǊƛǘŜǊƛŀ ƛǘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƘŀǘ ŦŜǿŜǊ ǘƘŀƴ лΦлр ǎŀƭƳƻƴ ŦǊȅ ǇŜǊ Ƴ2 

(colour-coded red) will be observed in about 20% of all sites examined: the top 20% of sites (colour-

coded light blue) are expected to contain between 0.34 and 0.67 salmon fry per m2. Past surveys 

have shown it necessary to include an additional category for sites that contain more than 0.67 fry 

per m2 (colour-coded dark blue). The same principles are applied to salmon parr using the values 

specified in Table 3, including an additional category for sites containing densities of parr greater 

than 0.28/m2.  

3.1.1. Densities of salmon 
It can be seen from Table 2 that salmon fry and salmon parr were present at average, or better, 

densities (coded yellow, green or blue) at most sites. Salmon fry were sparse or absent (coded red or 

orange) at seven sites. Salmon parr were sparse or absent at seven sites including all three sites on 

the Watten arm of Wick River from which salmon fry were also absent. Salmon, both fry and parr, 

were also essentially absent from the Gaineimh site (Thurso catchment) which was found not to be 

suited to supporting salmonids - being deep, sluggish and with a bottom formed of deep peat.  

bƻ ŜǉǳƛǾŀƭŜƴǘ ƻŦ DƻŘŦǊŜȅΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǎŎƘŜƳŜ ƛǎ ŀǾŀƛƭable for trout. However, the values shown in 

Table 2 indicate that trout were essentially absent from all but six of the 44 sites examined. 

Figures 1 and 2 map the salmon data contained in Table 2 to show spatial variation in fry and parr 

densities, respectively. The colour-codes are the same as those used in Table 2. 

                                                           
3 J.D. Godfrey (2005). https://www2.gov.scot/Resource/Doc/295194/0096508.pdf  

https://www2.gov.scot/Resource/Doc/295194/0096508.pdf
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Figure 1. Densities of salmon fry (n/m2) observed for 1-pass electric-fishing.   

High fry densities were observed throughout each of the Caithness catchments suggesting that 

spawning by adult fish in 2017 had been widespread and, in some places, intense.  

Salmon fry were absent or sparse (coded red or orange) - 

1. At Forsie on the River Forss. This site is a torrent at normal flows and it lies below an 

extensive reach of exposed bedrock unsuited to spawning. 

 

2. At the group of three sites on the Watten arm of the Wick catchment. Local knowledge 

indicates that adult salmon do not use this part of the catchment. 

3. At Achairn on the Haster Burn near Wick. The site is uniformly deep and slow-flowing and 

not suited to supporting salmon fry. 
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4. At Gaineimh, on the Uidh Ruadh Burn, a sluggish tributary of the Sleach Water, near Loch 

More, that is unsuited to salmon.  

 

 
 

 

5. At Ballachly and at Langwell House on the lowermost reaches of the Dunbeath and Langwell 

Rivers, respectively. 

Otherwise, high values for fry density were represented in all six river catchments. Considering all 44 

sites, the median value for fry density on 1-pass fishing was 0.49/m2. The Forss and Dunbeath rivers 

were a specific focus of the 2018 survey and average densities of fry were high in both at 0.66 and 

0.77/m2, respectively. 
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Figure 2. Densities of salmon parr (n/m2) observed for 1-pass electric-fishing.   

Figure 2 shows that the pattern of representation of salmon parr generally paralleled the pattern 

shown by fry. Like fry, parr were absent or sparse (coded red or orange) in the Watten arm of Wick 

river and at Gaineimh on Thurso. 

Salmon parr were also absent or sparse: 

1. In the Carsgoe Burn near Thurso and in the uppermost reaches of the Camster Burn on Wick 

River. The few parr at Camster were 2+ rather than 1+ years of age, suggesting that adult 

fish may not spawn there every year resulting in the sporadic representation of particular 

year-classes; the Carsgoe Burn may be affected in the same way. 

2. At Tacher 2 on the Little River. The site is not obviously suited to salmonids although salmon 

fry were present in reasonable numbers. 

 

3. At Haster, on the Achairn Burn near Wick. This was one of the few survey sites that failed to 

meet expectations. The site had not been surveyed before but physical habitat quality 

appears to be high. Indeed, fry were present at high density at Haster and parr were present 
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at high density at the Puldagon site nearby. There is no obvious explanation for the 

mismatch and the site ought to be checked again in a future survey-year. 

 

Considering all 44 sites, the median value for parr density on 1-pass fishing was 0.18/m2.  

The Forss and Dunbeath were a particular focus of the 2018 survey and the average value for parr 

density for the rivers was 0.24 and 0.25/m2, respectively. 

3.1.2. Densities of trout 
DƻŘŦǊŜȅΩǎ ŎǊƛǘŜǊƛŀ are strictly valid only for young salmon. Lƴ ǿƘŀǘ ŦƻƭƭƻǿǎΣ ƘƻǿŜǾŜǊΣ DƻŘŦǊŜȅΩǎ 

criteria have been applied to trout densities in order to visualise the results and make them easily 

comparable with those of the salmon. The same colour-codings have been used to denote 

categories of abundance. The results are shown in Figures 3 and 4 for trout fry and trout parr, 

respectively. 

 

Figure 3. Densities of trout fry (n/m2) observed for 1-pass electric-fishing.  
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Figure 3 shows that trout fry were absent or sparse in most of the survey sites. Most of the 

exceptions were for sites on the smallest streams examined (viz. Carsgoe, Achlachan and Camster 

and the twin sites on the Bower Burn above Loch Watten). Trout fry were also present at Haster in 

the Wick catchment and at Cnoc-glas on Forss, just below Loch Caluim. 

 

 

Figure 4. Densities of trout parr (n/m2) observed for 1-pass electric-fishing.  

Figure 4 shows that trout parr were more widely represented than fry although parr were still 

absent or sparse at most sites. 

 

3.1.3. Biomass densities of salmon fry and parr 
Table 4 (see Appendix) shows summary data for the body lengths of salmon fry and parr at each of 

the 44 survey sites. The average value is given for fry because they can be readily distinguished from 

parr based on differences in body length. However, the median value is given for parr because the 

ages of individuals for many sites are not known in the absence of scale-reading and they are likely 

to be a variable mixture of 1+ and 2+ fish. 

The fry were largest at Ballachly (mean = 68.3mm) on the lower Dunbeath River and smallest at 

Camster (mean = 40.2mm). Parr were also largest at Ballachly (median = 112mm) and smallest at 

Tacher 1 (median = 80mm) in the Thurso catchment. 

The body length of individuals was used to estimate body weight and weights were used derive the 

total biomass density of fry and parr observed for each site. These values are shown in Table 5 (see 

Appendix).  
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Figure 5 maps the total biomass values for 1-pass fishing using the colour-coded categories 

indicated. 

 

 

Figure 5. Total biomass density of juvenile salmon (g/m2) observed for 1-pass electric-fishing 

The greatest biomass value (11.25g/m2) was observed at Hoy on the mainstem of the River Thurso. 

As expected from the numerical density values discussed above, the least productive sites for 

salmon were at Gaineimh on Thurso and in the Watten arm of Wick River. Otherwise, no clear 

spatial patterns are evident in Figure 5 suggesting that the (substantial) variation in the observed 

total biomass density was associated with local variations in (1) the productivity of sites due to 

differences in habitat quality and/or (2) the recruitment of young fish due to the patchy patterns in 

which adult fish spawn. Some of the variation is also likely to be due to the inherent limitations of 1-

pass fishing methods (see below). 

 

3.2. 3-Pass electric-fishing 
Fully quantitative, 3-pass electric-fishing deals with variation in capture efficiency by using the rate 

of decline observed on successive passes to estimate its value. Tables 6 and 7 show the observed 

densities of salmon and trout and the true densities estimated for each of the 27 sites examined by 

3-pass fishing.  

3.2.1. Densities of salmon fry and parr 
Table 6 shows that higher and lower density values for salmon were represented rather evenly 

across all the river catchments. The greatest densities of fry were identified at Acharole 1 (3.50/m2) 

on Wick River, Westfield (3.46/m2) on Forss and Hoy (2.44/m2) on Thurso. The greatest densities of 

parr were identified at Hoy (1.08/m2) and at Shurrery (0.80/m2) on the River Forss. 










































