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Executive summary 
Smolt trapping has now been running for up to four years to help provide a picture of smolt production 

throughout the catchment. Between 2016-2019, the number of smolts captured in the Beltie trap has 

been variable, between 1202 – 1847 and 604-2372 for salmon and sea trout, respectively. In the 

Sheeoch burn the number of smolts captured ranges between 872-1059 and 1214-2027 for salmon 

and sea trout, respectively. After correcting for efficiency of the rotary screw trap, the number of 

smolts is more stable across the years. 

Production estimates of juvenile salmon in Beltie Burn suggest that approximately one emigrant is 

produced per 100 m2 of parr habitat. The emigrants include not only salmon smolts that leave the river 

in the spring, but also salmon parr that migrate from the tributaries during the autumn, prior to leaving 

as smolts in the following spring. This level of production requires salmon fry densities of 9 – 12 per 

100 m2 of habitat. For Sea trout emigrant density and fry density per 100 m2 of habitat are 1 and 6-11, 

respectively. 

For the Sheeoch burn, the density of salmon emigrants is 2 per 100 m2 of habitat which requires a 

salmon fry density of 13-18 per 100 m2 of habitat. Sea trout emigrant density and fry density per 100 

m2 of habitat are 3-4 and 23-35, respectively. The higher density predicted for both salmon and sea 

trout in the Sheeoch are due to the higher proportion of the burn that is suitable habitat compared to 

the Beltie. 

Stock assessments based on electrofishing surveys (Malcolm et al 2019) show that the Beltie could 

produce over 60 fry per 100 m2 in good years and the Sheeoch could produce 24 fry per 100 m2. 

Overall, emigrant production is lower than what the Beltie is potentially capable of producing whereas 

the Sheeoch production is similar to expectations. The expectations are based on the fry densities 

observed across Scotland and provides a robust and unbiased estimate, but it does not account for 

degraded habitat conditions unique to the Beltie and Sheeoch. 

The majority of smolts are age two. However, there is some spread over multiple year classes, giving 

some protection to smolt production against losses in any one year, such as from flood impacts. This 

is especially the case as other year classes can show compensatory changes in their survival rates. 

Fish populations appear to be potentially differently impacted by Storm Frank (December 2015) 

between the Beltie and Sheeoch catchments: the Sheeoch salmon showed a stronger reduction than 

the Beltie which showed no clear change; trout numbers were higher in Sheeoch whereas they 

showed no clear change in the Beltie. 
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Introduction 
Juvenile salmon production in the river is usually monitored with electrofishing, which provides 

densities of fry and parr within the catchment. Ultimately though, salmon production from the river 

is in terms of smolt production, as smolts are the final product of the freshwater stage. 

Smolt production is monitored in the upper catchment by Marine Scotland Science (MSS): MSS run 

two fish traps at the bottom of the Girnock and Baddoch burns, which have provided annual emigrant 

counts since 1967 and 1990, respectively (http://www.gov.scot/Topics/marine/Salmon-Trout-

Coarse/Freshwater/Monitoring/Traps). The Girnock and Baddoch fish traps are fixed traps that 

capture most spring salmon smolts (migrants leaving the river between January and May), as well as 

migrating autumn parr (parr migrating downstream within the river between September and 

December, prior to becoming smolts the following spring). Both the Girnock and Baddoch traps show 

a picture of relatively stable smolt production (though highly variable from year to year), although 

autumn parr numbers show a decreasing trend on the Girnock. 

However, there is no information on smolt production from the lower catchment. As different stocks 

may dominate in different parts of the catchment (for example, spring salmon are thought to 

dominate in the upper Dee) it is not necessarily true that the information from the upper Dee reflects 

the lower Dee. 

To help understand stock health in the lower catchment, which is expected to be more productive 

than the upper Dee (see reference predictions in Malcom et al 2016), two smolt traps were installed 

into tributaries to estimate annual smolt production. These have now been run for up to four years. 

Combined with the information from the Girnock and Baddoch smolt traps, this will help provide a 

picture of smolt production throughout the catchment. A review of the smolt production in 2016 in 

the Beltie Burn and the Sheeoch Burn was produced following the first year of running the traps (RDT 

2017). 

Aims 
This report uses data from rotary screw traps and fyke nets on the Beltie Burn and the Sheeoch Burn. 

Both burns drain a part of the lower Dee catchment. The collected data is used to estimate juvenile 

production in 2016-2019 and provide an index of stock health. 

Methods 
The Beltie and Sheeoch burns are mid-sized tributaries, draining areas of 73 and 35 km2, respectively.  

Rotary screw traps (RSTs) were placed in the lower Beltie and Sheeoch burns (Fig. 1), 280 and 760 m 

respectively upstream from the main stem Dee. These locations were as close to the mouth of the 

burns as possible, so that smolt production estimates would relate to the whole tributary. The sites 

chosen were where the water was naturally constricted, so that a greater proportion of the smolts 

would enter the traps. The traps operate by intercepting fish moving downstream, and by a rotating 

drum these fish are then propelled forward into a box at the back of the trap, from which they cannot 

exit. The traps have a 4-5 foot diameter drum (Fig. 2 and Fig. 3).  

 

http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.riverdee.org.uk/f/articles/Smolt-production-in-the-lower-Dee-2016.pdf
http://www.riverdee.org.uk/f/articles/Smolt-production-in-the-lower-Dee-2016.pdf
http://www.riverdee.org.uk/f/articles/Smolt-production-in-the-lower-Dee-2016.pdf
http://www.riverdee.org.uk/f/articles/Smolt-production-in-the-lower-Dee-2016.pdf
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Figure 1. Location of smolt traps in Dee tributaries (     ). Traps are used to calculate emigrant 

production for the Girnock and Baddoch sub-catchments (     ), which are monitored by Marine 

Scotland Science, and the Beltie and Sheeoch sub-catchments (     ), which are monitored by the RDT. 

Flow rates used in analyses are based on SEPA’s gauging station at Park. 

 

The traps are installed in the second half of March and operated for the duration of the migration run, 

which can vary from year to year. The traps require checking and emptying each day. However, 

because of the very low flow conditions during spring 2017, there was generally not enough water 

flow to turn the drum of the trap and keep it operational. The traps only operated 1-3 April, 6-10 April 

and 26-29 April when higher water levels occurred. 

During periods of low flow, fyke nets were deployed as an alternative method to capture smolts (Fig. 

4). The fyke nets covered the full width of the Beltie and Sheeoch burns and capture all smolts that 

migrate (unlike the rotary screw traps). The net leaders/wings funnel fish into the trap, which gets 

smaller and smaller along its length, making it harder for the fish to swim back out. The fyke nets are 

also checked every day and all fish removed. All trapping was done under licence from Marine 

Scotland. 

 

 

 

 



 

5 
 

 

 

Figure 2. Rotary screw trap on the Beltie Burn.  

 

 

Figure 3. Removing fish caught in the rotary screw trap.  
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Figure 4. Emptying the fyke net on the Beltie burn. 

Capture-mark-recapture 
Whilst fyke nets cover the full width of the stream, and therefore practically capture all migrating fish, 

this is not the case for the rotary screw traps. The traps are located at constriction points in the burn 

so that the majority of the flow will be funnelled into the trap. However, some fish will still pass around 

the sides of the trap. To determine how many fish are not captured in the trap, we carry out capture-

mark-recapture (CMR): 

Fish that are captured in the trap are marked with a blue dye on their underside, and then released 

upstream of the fish trap. The proportion of dye-marked fish that are recaptured in the trap on 

subsequent days provide an estimate of trap efficiency, which is then used as a divider to estimate 

what proportion of the total smolt run was caught in the trap. For example, if 100 fish are caught in 

the Beltie RST, using the varying trap efficiency in the three years provided an estimated number of 

fish of 100/0.62=162, 100/0.78=128, and 100/0.49=204.  

CMR studies have to be done over a range of days and flow conditions (as trap efficiency will vary with 

discharge) and therefore different marking patterns are given to the fish on different days. A minimum 

of 25 smolts are required for marking each day, as a smaller sample could lead to a skew in the 

recapture rate. Further details of the marking technique are in the 2017 smolt trapping report (RDT 

2017). A maximum of 50 smolts are marked each day. 

Capture-mark-recapture was carried out during the 2017 spring smolt run. However, due to the 

limited number of days the traps were running, marking was only carried out at each trap on three 

days. Furthermore, because of the low flows, the traps did not run continuously after fish were 

marked, therefore it was not possible to estimate recapture rates. Due to the lack of recaptures, trap 

efficiency for the Beltie Burn RST could not be estimated. Therefore, trap efficiency for 2017 was based 

on 2016 CMR data, where we used the upper limit of the 95% confidence interval around the mean 

for 2016. This represents a conservative approach that prevents overestimation of smolt numbers and 

it’s likely that in reality the estimated smolt numbers in 2017 were higher owing to the expected low 

efficiency of the RST. 
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Smolt trap operation 
The operation of the RSTs is based on the American Fisheries Society protocol, which has been 

adopted by the Scottish Fisheries Coordination Centre (SFCC), and operated following the River 

Office’s risk assessment. 

Traps were checked daily, so that fish were not held in the trap’s live box for more than 24 hours. 

Most smolts entered the traps during the night and traps were emptied in the morning.  

Captured fish were released approximately 100 m downstream of the trap site. 

Fish processing 
At each site, the first 50 salmon and trout smolts and pre-smolts removed from the trap/net were 

processed, whilst the remainder of the fish were counted. Processing involved anaesthetising the fish 

in a clove oil solution, measuring their length and weight, and making a visual assessment of smolt 

development. The first five individuals of each species were scale sampled, whilst the 1st, 10th, 20th, 

30th, 40th and 50th fish were photographed. Fish were held in a perforated bucket placed in the stream 

until recovered, and then released downstream of the trap.   

Production estimates 
Total salmon smolt production in each tributary was calculated from the numbers of smolts captured 

and the trap efficiency.  

It was assumed that autumn parr migrants would comprise 25% of the total production, based on 

autumn parr migrants comprising 20% and 32% of the total juvenile emigrants from the Girnock and 

Baddoch burns, respectively (see http://www.gov.scot/Topics/marine/Salmon-Trout-

Coarse/Freshwater/Monitoring/Traps). 

The amount of habitat available above each of the traps was estimated from the Trust’s catchment 

habitat survey, completed during 2012-2014. Smolt production and total emigrant production per 100 

square metres of habitat were calculated. Based on the stock and recruitment relationship for salmon 

in the Girnock burn, overall survival from fry to smolt stage is estimated to be 12% (Gurney et al 2010). 

Therefore, back-calculating with this survival rate from the estimated juvenile emigrant production in 

the Beltie and Sheeoch burns allowed fry production to be estimated. These estimates of fry densities 

were compared to expected fry densities that could be produced in these areas in a good year under 

optimal environmental conditions (a ‘benchmark’; see Malcolm et al 2016, River Dee Trust 2017).  

A Vaki fish counter on the Beltie burn (operated by the Middle Dee Project), situated approximately 

100 m upstream of the smolt trap, enabled a check of the production calculated from trap data. This 

check was based on the number of fry expected to be produced by the number of female salmon 

recorded on the fish counter during the spawning season: images of individual fish are taken by the 

Vaki counter, which allows a trained observer to assess whether the adult fish is male or female. In 

some instances, however, it is not possible to determine sex and therefore the individual is labelled 

‘unknown’. For this analysis, it was assumed that 50% of the ‘unknowns’ were female and therefore 

egg production was calculated for the number of females plus half of the unknowns. It is thought that 

this is a conservative estimate. Although the number of identified males exceed the number of 

identified females on the fish counter each year, this may be due to it being easier to positively identify 

males, and therefore a greater proportion of the unknowns are expected to be female.   

Egg production was assumed to be 4,596 per female, based on data from the Girnock (Gurney et al 

2010). This value is very similar to non-Dee specific estimates of 600 eggs per lb of female (Mills et al 

file:///C:/Users/lorraine.hawkins/AppData/Roaming/Microsoft/Word/RST%20reviews/RST%20protocol_Am.%20Fish.%20Soc._SFCC%20adopted.pdf
file:///C:/Users/lorraine.hawkins/AppData/Roaming/Microsoft/Word/RST%20reviews/RST%20protocol_Am.%20Fish.%20Soc._SFCC%20adopted.pdf
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
http://www.gov.scot/Topics/marine/Salmon-Trout-Coarse/Freshwater/Monitoring/Traps
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2003), as an average 8 lb fish would produce 4,800 eggs. The survival rate from egg to fry stage is 

assumed to be 4.74% (Gurney et al 2010). 

The emigrants from the Beltie and Sheeoch were made up of different year classes (shown by scale 

readings). Using this information, the proportion of fry in each of these years that comprised each 

year’s emigrants was estimated. 

Data analysis  
Where possible, means were calculated for variables like length, weight, and ages as well a 95%-

confidence interval (95%-CI). If the 95%-CI bands for two or more groups do not overlap, we can be 

confident that such groups are significantly different. Note that for the analysis of expected total 

numbers, which are estimated using the trapping efficiency from capture-mark-recapture studies 

(CMR), confidence limits could not be calculated for all years because it was not always possible to 

perform a reliable CMR study. For those years we used the upper 95%-CI limit from a year where the 

CMR was successful.  

Results 

Spring trap counts 
Between the years, the number of salmon and trout parr and smolts captured in the trap is quite 

variable (Table 1). However, the trap efficiency varies greatly within and between years as well (Table 

2).  In practice this means that when the total numbers for the traps are corrected for trap efficiency 

the estimated total numbers can change substantially, with a large uncertainty (especially if trap 

efficiency is highly variable). After correcting for trap efficiency (Fig. 5), salmon smolt numbers in the 

Beltie are similar between years. However, from 2016 to 2018 salmon smolt numbers in the Sheeoch 

appear to be declining (with the caveat that corrections are based on the upper 95%-CI for 2016 and 

thus represent a conservative estimate). At the same time, in the Sheeoch in 2017 and 2018 for most 

of the time a fyke net was used, which catches fish more reliably.  

In the Beltie, sea trout numbers were more variable but similar to salmon numbers, with the lowest 

number of sea trout in 2018. In the Sheeoch, sea trout and salmon numbers show an almost inverse 

relationship - when salmon numbers were highest (in 2016), sea trout numbers were lowest; when 

salmon numbers were lowest (in 2018), sea trout numbers were highest (Fig. 5). 

 

Table 1. Captures of salmon smolts in the Beltie and Sheeoch.  
Beltie 

2016 2017 2018 2019 

Species Life stage Count Species Life stage Count Species Life stage Count Species Life stage Count 

Salmon Smolt 1423 Salmon Smolt 1847 Salmon Smolt 1202 Salmon Smolt 1809 

Trout Smolt 1397 Trout Smolt 2372 Trout Smolt 604 Trout Smolt 1424 

Trout Parr 3144 Trout Parr 677 Trout Parr 335 Trout Parr 434 

Sheeoch 

2016 2017 2018    

Species Life stage Count Species Life stage Count Species Life stage Count    

Salmon Smolt 1058 Salmon Smolt 1059 Salmon Smolt 872    

Trout Smolt 162 Trout Smolt 2027 Trout Smolt 1731    

Trout Parr 1052 Trout Parr 374 Trout Parr 789    
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Table 2. Estimates of trap efficiency for 2016-2019. Note that values for 2017 in the Beltie and values 

for 2017 and 2018 in the Sheeoch are taken from the upper 95%-confidence limit for 2016 for the 

respective systems. 

Beltie 
Year Mean capture efficiency 95%-CI Lower 95%-CI Upper 

2016 0.62 0.46 0.78 

2017 0.78 0.78 0.78 

2018 0.43 0.3 0.55 

2019 0.74 0.53 0.95 

Sheeoch 
Year Mean capture efficiency 95%-CI Lower 95%_CI Upper 

2016 0.75 0.58 0.93 

2017 0.93 0.93 0.93 

2018 0.93 0.93 0.93 

 

 

Figure 5. Total number of salmon and Sea trout smolts, corrected for trap efficiency, in the rotary 

screw trap in the Beltie Burn, 2016-2019, and in the Sheeoch Burn, 2016-2018. Note the values on the 

vertical axis are different, as well as the years on the horizontal axis. 

 

Raw numbers of salmon smolts caught in the Beltie and Sheeoch suggests that 2018 was the poorest 

year (Table 1). Sea trout numbers in the Beltie show the same, whereas Sea trout numbers in the 

Beltie salmon Beltie Sea trout 

Sheeoch salmon Sheeoch Sea trout 
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Sheeoch have been increasing with the highest number in 2018 (parr and smolts combined). However, 

numbers are influenced by the efficiency with which the rotary screw trap (RST) catches fish. Trap 

efficiency is strongly influenced by flow conditions and can thus be variable within and between years. 

Owing to poor flow conditions for RST operation for 2017 in Beltie and for 2017-2018 in the Sheeoch, 

it was not possible to reliably estimate RST efficiency in those years. Therefore the upper limit of 

efficiency from 2016 was assumed for such years. A consequence of this is that we assume the RST 

operates at a relatively high efficiency, thus capturing most migrating fish, and the adjustment 

provides a conservative estimate of total fish numbers. It is likely that the trap operates at a lower 

efficiency, which means actual fish numbers could be higher. However, this approach is most robust 

and provides the best estimates of fish emigrant numbers. After correcting for efficiency of the RSTs, 

the number of salmon smolt migrants in the Beltie is relatively stable across the years and lowest in 

2016 (Fig. 5). Sea trout in the Beltie show a more variable output, with lowest numbers in 2018 (Fig. 

5). The Sheeoch data suggest that the number of salmon has declined over 2016-2018, while sea trout 

numbers have increased (Fig. 5).  

Salmon and Sea trout smolt run timing 
Salmon and Sea trout smolts were captured in the Beltie trap between 24 March – 12 June 2016, 29 

March – 6 June 2017, 12 April – 31 May 2018, and 28 March – 29 May 2019 (Fig. 6). In the Sheeoch, 

smolts of both species were captures between 28 March – 5 May 2016, 30 March – 31 May 2017, and 

27 March – 31 May 2018 (Fig. 6). 

The number of smolts caught each day were generally low, but in 2017 large number of smolts were 

caught in the Beltie trap in a short period when rainfall occurred – 56% of the total smolt run was 

caught in one night, and 70% of the run was caught over three nights (Fig. 6). There was not such a 

spike in smolt captures in other years (Fig. 6), although increased fish numbers are generally caught 

in the trap following an increase in discharge. 

A similar pattern for sea trout was observed over the 2016-2018 period in the Beltie burn (Fig. 7), 

although sea trout also migrated in large numbers even if there was no clear increase in discharge (see 

2017 in Fig. 7). 

It appears that environmental conditions (discharge, in particular) influence the timing of migration 

(Fig. 6 and Fig. 7), as number of migrants caught in the trap broadly corresponds to increases in 

discharge. However, it seems that the size of the discharge peak is not necessarily important but rather 

it is the increase in discharge compared to previous days. For example, 2017 saw a very dry spring 

with a limited number of smolts migrating before a single moderate peak in discharge (of about 55 

m3s-1) that resulted in a massive migration response with over a 1000 smolts entering the Beltie trap 

in a single night. In comparison, in 2018 a similar spike in discharge of about 65 m3s-1, delivered almost 

no salmon smolts in the Beltie trap (Fig. 6). Similarly, for salmon in the Sheeoch in 2018, the peak 

discharge of 165 m3s-1 resulted in a minor migration response, whereas the much smaller peak (~60 

m3s-1) that followed a period of decreasing discharges early in May delivered over 400 salmon smolts 

in the trap. These relationships are general and there are occurrences of migration events without an 

increase in discharge, suggesting other factors like temperature and season play a role in in migration 

as well. 
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Figure 6. Daily catches of salmon smolts (grey bars) in the Beltie during 2016-2019 and the Sheeoch 

during 2016-2018. The blue line is the discharge (in m3s-1) at the Park gauging station (data from 

SEPA, 2019). 
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Figure 7. Daily catches of sea trout smolts (grey bars) in the Beltie during 2016-2019 and in the 

Sheeoch during 2016-2018. The blue line is the discharge (in m3s-1) at the Park gauging station (data 

from SEPA, 2019). 
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Smolt overall sizes and weight 
The average (mean) smolt size was 120.5 mm (±9 mm Standard Deviation; SD) and 18.7 g (± 4.3 g SD) 

in the Beltie burn, and 121.5 mm (±10 mm SD) and 19.2 g (±4.7 g SD) in the Sheeoch burn (Fig. 8). Sea 

trout are bigger on average with Beltie sizes averaging 146.7 mm (±14 mm SD) and 33.8 g (± 9.7 g SD) 

and Sheeoch sea trout smolts averaging 147.7 mm (±13 mm SD) and 34.5 g (±9.6 g SD) (Fig. 9). Between 

years there were very limited differences in sizes and overall Sheeoch salmon and trout are slightly 

larger and heavier than fish from the Beltie. 

 
Figure 8. Density plots of length (mm) and weight (g) for salmon smolts in the Beltie Burn and the 

Sheeoch Burn. The peaks indicate the most common lengths and weights. 

 

 

 
Figure 9. Density plots of length (mm) and weight (g) for sea trout smolts in the Beltie Burn and the 

Sheeoch Burn. The peaks indicate the most common lengths and weights. 
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Smolt ages and distribution 
Scales from salmon and sea trout smolts were read. The majority of both salmon and sea trout smolts 

were age 2, followed by age 3 and small numbers of either age 1 smolts or ages 4 (Fig. 10 and Fig. 11); 

all data is in Appendix Tables 1A, 2A, 3A, and 4A. 

 

Figure 10. Distribution of salmon smolt ages, 2016-2018. Colours indicate the age based on scales. 

 

 

Figure 11. Distribution of sea trout smolt ages, 2016-2018. Colours indicate the age based on scales. 

 

Beltie Sheeoch 

Beltie Sheeoch 
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Extreme climatic events can have a large impact on salmonid populations over short time scales by for 

example damaging and scouring out eggs from the gravel (Lapointe et al. 2000) and displacing and 

damaging juvenile fish (Cunjak et al. 1998; Heggenes 1990). Monitoring of juveniles in the Beltie and 

Sheeoch commenced in 2016, shortly after one such event (Storm Frank, December 2015). If Storm 

Frank had an influence on juvenile numbers, we might have expected: 1) low overall numbers  

following the storm, indicating a strong effect on all age classes of both species; 2) older fish (parr) not 

impacted as strongly as eggs as they have the ability to seek refuge which would lead to a strong 

reduction in fish from the 2016 fry-year; or 3) different impact for both species and/or sub-

catchments. 

Scale reading suggests that the impact of Storm Frank on salmon smolts in the Beltie was minimal. 

This is indicated by no obvious reduction in the number of 2-year old fish in any of the years. In 

particular, the number of 2-year old fish in 2018 suggest that the number of fry from the 2016 cohort 

has not been significantly reduced compared to other years (Fig. 10). In contrast, there does appear 

to be a reduction in salmon fry in Sheeoch with the 2-year old cohort (i.e., the dominant age of smolts 

in the traps) with 2018 being the lowest across the years (Fig. 10).  

For sea trout, the data suggests a mild impact of Storm Frank on the Beltie, indicated by a reduction 

in 2-year olds in 2018, which is the lowest across the four years of monitoring (Fig. 11). However, the 

95%-CI are overlapping, which means the effect is small and uncertain. Interestingly, 2-year old Sea 

trout numbers in the Sheeoch have increased substantially over the monitoring period. Taken 

together with the reduction in the 2-year old salmon smolts in the Sheeoch, this could indicate that 

salmon were more strongly influenced by Storm Frank in the Sheeoch than Sea trout and that since 

then salmon numbers have not recovered to previous levels whereas Sea trout numbers have 

remained high. Again, this should been seen within the context of the large uncertainty around the 

estimates of fish numbers that show no indication of significant differences between years (where a 

confidence interval could be calculated). 

Overall, the trapping data suggests that the limited impact of Storm Frank on salmon and Sea trout 

numbers wasn’t the same in the Beltie and Sheeoch and thus fits best with the third scenario.  

 

Smolt size and weight by age 
There are some size differences between age classes (See Appendix Fig. 1A and Fig. 2A). However, 

large size variation within age classes means that the age groups are not well defined based on size 

and weight. 

 

Salmon production estimates 
The amount of wetted upstream habitat in the Beltie burn is 252,830 m2, of which 234,370 m2 (92%) 

is parr habitat (optimal and sub-optimal), which was used to get an expected density per 100 m2 of 

wetted area or suitable habitat. The amount of wetted upstream habitat in the Sheeoch burn is 98,030 

m2, of which 73,080 m2 (75%) is parr habitat (optimal and sub-optimal). 

Total salmon and sea trout production estimates and number of fry required to produce these 

emigrants in 2016-2019 in the Beltie are shown in the Appendix (Tables 1A, 1B, 2A 2B). The Beltie 

produces between 1.0-1.4 salmon emigrants per 100 m2 of parr habitat, requiring a fry density of 8.8-
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11.5 per 100 m2 of habitat. The Beltie produces between 0.8-1.4 sea trout emigrants per 100 m2 of 

parr habitat, which would require a fry density of 6.2-11.3 per 100 m2. 

Total salmon and sea trout production estimates and number of fry required to produce these 

emigrants in 2016-2018 in the Sheeoch are shown in the Appendix (Tables 3A, 3B, 4A, 4B).  The 

Sheeoch produces between 1.5-2.2 salmon emigrants per 100 m2 of parr habitat, requiring a fry 

density of 12.5-18.0 per 100 m2 of parr habitat. The Sheeoch produces between 2.8-4.1 sea trout 

emigrants per 100 m2 of habitat, which would require a fry density of 23.0-34.5 per 100 m2. 

As part of the National Electrofishing Programme for Scotland (NEPS; Malcolm et al 2019), benchmark 

estimates of fry densities that the Dee can produce in a good year have been calculated for sites on 

the Beltie and Sheeoch (Fig. 12). After fishing those sites in 2018, the difference from the benchmark 

estimate was determined (Fig. 13). This gives an unbiased estimate of fry production in a good year 

and shows how much higher or lower a fished site was compared to the benchmark. 

For simplicity we assume the same benchmark estimate for the whole Beltie sub-catchment is 

approximately 60 fry per 100 m2. Given that fry densities of around 8-12 per 100 m2 of parr habitat 

are estimated to be produced based on the trapping data, actual fry production is substantially below 

what is expected from large areas of the Beltie catchment. This is supported by NEPS data that shows 

that the Beltie is classified to produce only between 0-25% of the benchmark (Fig. 13). 

The benchmark density for the Sheeoch sub-catchment is approximately 24 fry per 100 m2 whereas 

the estimated production for the Sheeoch based on the trapping data is around 13-18 fry per 100 m2. 

This is relatively close to the benchmark, but not within the classification for the Sheeoch from the 

NEPS data that shows the Sheeoch site produced between 125-150% of the benchmark. Although the 

benchmark is developed for Atlantic salmon, the trapping data indicates that for Sea trout the density 

of fry is closer to the benchmark density with values between 23-35 fry per 100 m2 (Appendix Table 

4B). It is possible that the site that was fished for the Sheeoch was coincidentally producing more 

salmon fry than the rest of the catchment and the site was better for salmon fry compared to the rest 

of the catchment. 

 

 

Beltie 

Sheeoch 
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Figure 12. Map showing predicted reference densities (benchmark) for fry in the Dee. Data derived 

from I A Malcolm, K J Millidine, F L Jackson, R S Glover, R J Fryer (2019) Assessing the status of 

Atlantic salmon (Salmo salar) from juvenile electrofishing data collected under the National 

Electrofishing Programme for Scotland (NEPS) Scottish Marine and Freshwater Science Vol 10 No 2.  

 

Figure 13. Map showing observed fry densities as a percentage of the predicted reference densities 

(benchmark) for fry in the Dee in 2018. Data derived from I A Malcolm, K J Millidine, F L Jackson, R S 

Glover, R J Fryer (2019) Assessing the status of Atlantic salmon (Salmo salar) from juvenile 

electrofishing data collected under the National Electrofishing Programme for Scotland (NEPS) 

Scottish Marine and Freshwater Science Vol 10 No 2. 

 

Expected production based on adult returns 
Using data based on the number of spawning salmon returning to the Beltie burn – as recorded by the 

Middle Dee Project fish counter – the number of eggs, fry and juvenile emigrants that these adults are 

expected to produce is shown in Table 3. The 2017 emigrants would have been produced from eggs 

laid during the 2013/14, 2014/15 and 2015/16 winters (based on ages of emigrants in the smolt trap) 

and therefore the fry production from each of these years that would have contributed to the 2017 

emigrants is calculated based on the relative contribution from each age class, as determined from 

scales.   

Based on the number of adult returns to the Beltie fish counter over the three winters 2013/14 – 

2015/16, it is estimated that 3,660 emigrants would be produced from the Beltie in 2017. This is 

approximately 24% more than the number of emigrants estimated by smolt trapping (2781 

emigrants). This figure is likely influenced by the difficulties of distinguishing between male and female 

fish. 

Table 3. Production in the Beltie burn based on adult returns on the fish counter. 

Spawning winter 2013/14 2014/15 2015/16 Total 

Number of adult females 117 142 141 400 

Estimated number of eggs 537,732 652,632 648,036 1,838,400 

Estimated number of fry 25,488 30,935 30,717 87,140 

Beltie 

Sheeoch 



 

18 
 

Estimated number of fry contributing 
to 2017 emigrants 

2039 28,151 307 30,497 

Estimated number of emigrants 
(smolts and autumn parr) 

245 3378 37 3660 

 

Other species 
Counts of other life stages of salmonids, and non-salmonid species, in the traps during the spring are 

shown in the Appendix Table 5A for the Beltie and in Appendix Table 5B for the Sheeoch. 

 

Conclusions 
In the Beltie the number of salmon smolt migrants is relatively stable across the years and lowest in 

2016. Sea trout in the Beltie show a more variable output, with lowest numbers in 2018. The Sheeoch 

data suggest that the number of salmon has been declining over the 2016-2018 period, while sea trout 

numbers are increasing over the same time period. There are no major changes in the lengths and 

weights of either salmon or sea trout between the years in either the Beltie or the Sheeoch. 

The smolt run in the two lower Dee catchments extends from late March until early June. However, 

most smolts exited these two tributaries during only a few days. Environmental conditions (river flow 

in particular) influence the timing of migration, where the number of migrants caught in the trap 

broadly increases with flow. However, it seems that the magnitude of the discharge peak is not 

necessarily a determining factor but rather an increase in discharge compared to previous days 

appears to be more important in eliciting a migration response. 

Stock assessments based on electrofishing surveys (Malcolm et al. 2019) show that the Beltie Burn 

could produce over 60 fry per 100 m2 in good years. This benchmark is based on the fry densities 

observed across Scotland within the National Electrofishing Programme for Scotland (Malcolm et al. 

2019), although it does not account for locally degraded habitat as is present in the heavily agricultural 

Beltie catchment. Overall, the results suggest that emigrant production is lower than what the Beltie 

Burn is capable of producing. For the Sheeoch the production of emigrants is closer to what is expected 

based on the benchmark information. However, this is only if we look at salmon and sea trout 

combined whereas the benchmark is only developed for salmon. 

The fish counter on the Beltie burn suggested that the number of spawning females returning to the 

Beltie in previous years would result in almost 25% more juvenile emigrants. Thus, the measured 

emigrant output from the Beltie is below what is expected from the adult returns, and therefore 

production and survival of juveniles in the Beltie is below the expected level for the spawning 

population size.  

The majority of both salmon and Sea trout smolts were age 2, followed by age 3 and small numbers 

of either age 1 or age 4 smolts. It is likely that the 4-year old fish are either resident fish or the scales 

may have been misread (i.e., very difficult to read). The majority of the smolts are derived from a 

single fry year class that are two-year old fish, nonetheless the existing spread over multiple year 

classes extends some protection to smolt production against losses in any one year, such as from flood 

impacts. This is especially the case as other year classes can show compensatory changes in their 

survival rates. For example, salmon were differently impacted by Storm Frank between the two 

catchments, whereby the Sheeoch showed a stronger response than the Beltie which showed no clear 
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response. Sea trout in the Beltie showed a decline in the 2-year old smolts in 2018, whereas sea trout 

in the Sheeoch showed an increase that was concurrent with a decrease in salmon numbers.  

This report covers the first four years of smolt trapping using rotary screw traps and fyke nets that 

have been carried out by the River Dee Trust and Dee District Salmon Fishery Board. The traps 

generally worked well during the spring period, as evidenced by some very high recapture rates of 

marked fish. However, issues arise with prolonged low flows, which can result in conditions where 

river flow was sometimes insufficient to turn the trap and it was closed early. However, given the very 

low catches of smolts in the traps on days of low flows, it is thought unlikely that this has impacted 

emigrant production calculations excessively.  

It is expected that the traps will be run on an annual basis, to monitor juvenile production in the lower 

Dee. This will complement the electrofishing stock assessments, which show the status of fry and parr 

stages, but ultimately smolts are the key product of the river. As smolt output can be modified by 

interactions between earlier year classes, this independent smolt monitoring provides key information 

on river production.   
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Appendix 

 
Figure 1A. Barplots showing the length (mm) and weight (g) for different age classes of salmon from 

the Beltie and Sheeoch between 2016-2019. Errorbars represent the 95%-confidence interval 

around the mean, no errorbars are created if the number of observations is 1 (e.g., Age 1 in 2017 in 

Beltie). 

 

Beltie 

Sheeoch 



 

22 
 

 
Figure 2A. Barplots showing the length (mm) and weight (g) for different age classes of Sea trout 

from the Beltie and Sheeoch between 2016-2019. Errorbars represent the 95%-confidence interval 

around the mean, no errorbars are created if there is only a single observation for a group (e.g., Age 

1 in 2017 in Beltie). 

Beltie 

Sheeoch 
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Table 1A. Estimates of juvenile salmon emigrants produced in the Beltie between 2016-2019. 

River age Year of fry cohort Frequency Corrected total 
Emigrant density (per 100 m2 
of wetted area) 

Emigrant density (per 100 m2 
of parr habitat) 

2016 

2 2014 0.84 1661 0.66 0.71 

3 2013 0.16 310 0.12 0.13 

Autumn parr - - 493 0.19 0.21 

Total   2464 0.97 1.05 

      

2017 

1 2016 0.01 14 0.01 0.01 

2 2015 0.93 2068 0.82 0.88 

3 2014 0.06 143 0.06 0.06 

Autumn parr - - 556 0.22 0.24 

Total   2781 1.10 1.19 

      

2018 

1 2017 0.08 214 0.08 0.09 

2 2016 0.80 2077 0.82 0.89 

3 2015 0.12 300 0.12 0.13 

Autumn parr - - 648 0.26 0.28 

Total   3238 1.28 1.38 

      

2019 

2 2017 0.96 2169 0.86 0.93 

3 2016 0.04 86 0.03 0.04 

Autumn parr - - 564 0.22 0.24 

Total   2819 1.12 1.20 
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Table 1B. Expected numbers and densities of salmon fry required to produce the 2016-2019 smolt emigrants in the Beltie. 
River age Year of fry cohort Number of fry required Fry density (per 100 m2 of wetted area) Fry density (per 100 m2 of parr habitat) 

2016 

2 2014 13838 5.47 5.90 

3 2013 2587 1.02 1.10 

Autumn parr - 4106 1.62 1.75 

Total  20531 8.12 8.76 

     

2017 

1 2016 119 0.05 0.05 

2 2015 17234 6.82 7.35 

3 2014 1189 0.47 0.51 

Autumn parr - 4635 1.83 1.98 

Total  23177 9.17 9.89 

     

2018 

1 2017 1784 0.71 0.76 

2 2016 17307 6.85 7.38 

3 2015 2498 0.99 1.07 

Autumn parr - 5397 2.13 2.30 

Total  26986 10.67 11.51 

     

2019 

2 2017 18078 7.15 7.71 

3 2016 717 0.28 0.31 

Autumn parr - 4699 1.86 2.00 

Total  23494 9.29 10.02 
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Table 2A. Estimates of juvenile Sea trout emigrants produced in the Beltie between 2016-2019. 

River age Year of fry cohort Frequency Corrected total 
Emigrant density (per 100 m2 
of wetted area) 

Emigrant density (per 100 m2 
of parr habitat) 

2016 

1 2015 0.06 135 0.05 0.06 
2 2014 0.72 1614 0.64 0.69 
3 2013 0.19 437 0.17 0.19 
4 2012 0.03 67 0.03 0.03 

Autumn parr - - 563 0.22 0.24 
Total   2817 1.11 1.20 

      
2017 

1 2016 0.01 15 0.01 0.01 
2 2015 0.90 2303 0.91 0.98 
3 2014 0.08 205 0.08 0.09 
4 2013 0.01 15 0.01 0.01 
5 2012 0.01 15 0.01 0.01 

Autumn parr - - 638 0.25 0.27 
Total   3190 1.26 1.36 

      
2018 

1 2017 0.01 14 0.01 0.01 

2 2016 0.86 1202 0.48 0.51 

3 2015 0.13 189 0.07 0.08 

Autumn parr - - 351 0.14 0.15 

Total   1756 0.69 0.75 
      

2019 

1 2018 0.01 25 0.01 0.01 

2 2017 0.92 1774 0.70 0.76 

3 2016 0.06 125 0.05 0.05 

Autumn parr - - 481 0.19 0.21 

Total   2405 0.95 1.03 

 

Table 2B. Expected numbers and densities of Sea trout fry required to produce the 2016-2019 smolt emigrants from the Beltie. 

River age Year of fry cohort Number of fry required Fry density (per 100 m2 of wetted area) Fry density (per 100 m2 of parr habitat) 
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2016 

1 2015 1121 0.44 0.48 
2 2014 13452 5.32 5.74 
3 2013 3643 1.44 1.55 
4 2012 561 0.22 0.24 

Autumn parr - 4694 1.86 2.00 
Total  23471 9.28 10.01 

     
2017 

1 2016 122 0.05 0.05 
2 2015 19189 7.59 8.19 
3 2014 1711 0.68 0.73 
4 2013 122 0.05 0.05 
5 2012 122 0.05 0.05 

Autumn parr - 5317 2.10 2.27 
Total  26583 10.51 11.34 

     
2018 

1 2017 113 0.04 0.05 
2 2016 10017 3.96 4.27 
3 2015 1576 0.62 0.67 

Autumn parr - 2926 1.16 1.25 
Total  14632 5.79 6.24 

     
2019 

1 2018 208 0.08 0.09 
2 2017 14786 5.85 6.31 
3 2016 1041 0.41 0.44 

Autumn parr - 4009 1.59 1.71 
Total  20045 7.93 8.55 
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Table 3A. Estimates of juvenile salmon emigrants produced in the Sheeoch between 2016-2018. 

River age Year of fry cohort Frequency Corrected total 
Emigrant density (per 100 m2 
of wetted area) 

Emigrant density (per 100 m2 
of parr habitat) 

2016 

2 2014 0.67 853 0.87 1.17 

3 2013 0.31 396 0.40 0.54 

4 2012 0.01 15 0.02 0.02 

Autumn parr - - 316 0.32 0.43 

Total   1580 1.61 2.16 

      

2017 

1 2016 0.03 35 0.04 0.05 

2 2015 0.90 976 1.00 1.34 

3 2014 0.06 70 0.07 0.10 

Autumn parr - - 270 0.28 0.37 

Total   1351 1.38 1.85 

      

2018 

1 2017 0.03 23 0.02 0.03 

2 2016 0.81 711 0.72 0.97 

3 2015 0.16 141 0.14 0.19 

Autumn parr - - 219 0.22 0.30 

Total   1093 1.12 1.50 
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Table 3B. Expected numbers and densities of salmon fry required to produce the 2016-2018 smolt emigrants in the Sheeoch. 

River age Year of fry cohort Number of fry required Fry density (per 100 m2 of wetted area) Fry density (per 100 m2 of parr habitat) 

2016 

2 2014 7107 7.25 9.72 

3 2013 3300 3.37 4.52 

4 2012 127 0.13 0.17 

Autumn parr - 2633 2.69 3.60 

Total  13167 13.43 18.02 

     

2017 

1 2016 291 0.30 0.40 

2 2015 8135 8.30 11.13 

3 2014 581 0.59 0.80 

Autumn parr - 2252 2.30 3.08 

Total  11258 11.48 15.40 

     

2018 

1 2017 195 0.20 0.27 

2 2016 5922 6.04 8.10 

3 2015 1171 1.19 1.60 

Autumn parr - 1822 1.86 2.49 

Total  9110 9.29 12.47 
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Table 4A. Estimates of juvenile Sea trout emigrants produced in the Sheeoch between 2016-2018. 

River age Year of fry cohort Frequency Corrected total 
Emigrant density (per 100 m2 
of wetted area) 

Emigrant density (per 100 m2 
of parr habitat) 

2016 

2 2014 0.26 422 0.43 0.58 

3 2013 0.39 633 0.65 0.87 

4 2012 0.35 563 0.57 0.77 

Autumn parr - - 405 0.41 0.55 

Total   2023 2.06 2.77 

      

2017 

2 2015 0.87 2098 2.14 2.87 

3 2014 0.13 305 0.31 0.42 

4 2013 0.01 18 0.02 0.02 

Autumn parr - - 605 0.62 0.83 

Total   3026 3.09 4.14 

      

2018 

2 2016 0.81 1925 1.96 2.63 

3 2015 0.18 432 0.44 0.59 

4 2014 0.01 20 0.02 0.03 

Autumn parr - - 594 0.61 0.81 

Total   2971 3.03 4.07 
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Table 4B. Expected numbers and densities of Sea trout fry required to produce the 2016-2018 smolt emigrants from the Sheeoch. 

River age Year of fry cohort Number of fry required Fry density (per 100 m2 of wetted area) Fry density (per 100 m2 of parr habitat) 

2016 

2 2014 3519 3.59 4.82 

3 2013 5278 5.38 7.22 

4 2012 4692 4.79 6.42 

Autumn parr - 3372 3.44 4.61 

Total  16861 17.20 23.07 

     

2017 

2 2015 17486 17.84 23.93 

3 2014 2541 2.59 3.48 

4 2013 149 0.15 0.20 

Autumn parr - 5044 5.15 6.90 

Total  25220 25.73 34.51 

     

2018 

2 2016 16042 16.36 21.95 

3 2015 3601 3.67 4.93 

4 2014 164 0.17 0.22 

Autumn parr - 4952 5.05 6.78 

Total  24759 25.26 33.88 
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Table 5A. Fish captured in the Beltie Burn RST over the period between 2016-2019. 

Year 

2016 2017 2018 2019 

Species Life stage Count Species Life stage Count Species Life stage Count Species Life stage Count 

Trout Parr 3144 Trout Smolt 2372 Salmon Smolt 1202 Salmon Smolt 1809 

Salmon Smolt 1423 Salmon Smolt 1847 Trout Smolt 604 Trout Smolt 1424 

Trout Smolt 1397 Trout Parr 677 Trout Parr 335 Trout Parr 434 

Salmon Parr 187 Salmon Parr 37 Salmon Parr 68 Minnow  392 

Minnow  176 Trout  17 Brook Lamprey  36 Brook Lamprey  21 

Brook Lamprey  37 Eel  13 Minnow  17 Salmon Parr 6 

Eel  19 Minnow  12 Eel  7 Eel  5 

Brook Lamprey Transformer 15 Salmon post-Smolt 8 Lamprey (?spp)  5 Brook Lamprey Transformer 2 

Stickleback (?spp) Unknown 3 Brook Lamprey  6 Stickleback, 3-s  1 Trout post-Smolt 1 

Trout Adult 2 Lamprey (?spp)  6         

Salmon Adult 1 Lamprey (?spp) Transformer 3         

Lamprey (?spp) Ammocoete 1 Stickleback (?spp) Unknown 3         

Salmon Fry 1 Trout Adult 2         

Salmon Kelt 1 Brook Lamprey Transformer 2         

Pike Unknown 1 Stickleback, 3-s  2         

River Lamprey  1 Sea Lamprey Adult 1         

Salmon  1 Trout Fry 1         

Stickleback, 3-s  1             
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Table 5B. Fish captured in the Sheeoch Burn over the period between 2016-2018. 

Year 

2016 2017 2018 

Species Life stage Count Species Life stage Count Species Life stage Count 

Salmon Smolt 1058 Trout Smolt 2027 Trout Smolt 1731 

Trout Parr 1052 Salmon Smolt 1059 Salmon Smolt 872 

Trout Smolt 162 Trout Parr 374 Trout Parr 789 

Salmon Parr 95 Salmon Parr 28 Salmon Parr 20 

Brook Lamprey  7 Minnow  11 Trout Smolt 17 

Trout Fry 2 Eel  10 Eel  5 

River Lamprey Adult 1 Trout Adult 2 Minnow  5 

Lamprey (?spp) Ammocoete 1 Stickleback, 3-s  2     

Salmonid hybrids Parr 1 Salmon Fry 1     

 


