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Executive Summary 

 

In the spring of 2019, the largest acoustic telemetry project in Europe, the Moray Firth 

άaƛǎǎƛƴƎ {ŀƭƳƻƴ tǊƻƧŜŎǘέΣ ǿŀǎ ƛƴƛǘƛŀǘŜŘ. The Moray Firth project partnership, led by the AST, 

comprises Glasgow University, the six District Salmon Fishery Boards / Fishery Trusts in the 

Moray Firth and Marine Scotland. Over 340 acoustic receivers were deployed from the 

headwaters of the rivers out into the open sea within the Moray Firth. Fish were captured in 

seven river systems (Deveron, Spey, Findhorn, Ness, Conon, Oykel, Shin) which all flow into 

the Moray Firth. Three tagging teams successfully captured and tagged 850 migrating smolts. 

The core aim of the project was to: 1) Identify how successfully smolts move down the main 

stem and into the transitional waters of the estuary and 2) Identify the marine migration 

routes.  

  

All acoustic receivers were deployed prior to any fish being tagged and released. The majority 

of acoustic receivers were deployed in the marine environment by the MRV Alba Na Mara, 

funded by Marine Scotland Science. Fish were captured through close collaboration between 

tagging teams and local fishery boards who aided in the capture and pre-sorting of smolts 

ready for tagging. Smolts were tagged with Vemco V7 Acoustic Transmitters and were 

allowed to fully recover following tagging. The smolts were released a minimum of 45 minutes 

post- tagging. The tags used have a battery life in excess of 90 days. 

 

Overall, year 1 of the project proved very successful. Recovery of acoustic receivers 

commenced in June and was completed in October 2019. A total of ~95 % of the receivers 

were recovered. Data downloaded from the receivers comprised of over 15million detections 

recorded throughout the study period, a significant amount of data. This report details the 

initial analysis of information so far gleaned from the data. Subsequent scientific reports will 

provide a detailed, quantitative analysis of the results.  The aim of this report is to present 

descriptive data for the overall project but also focusing on river specific information.  

 

The first year of the project has provided information on where fish losses in the seven rivers 

of the study occurred, during the first part of their ocean migration. From these initial 

analyses, it is clear that salmon migration through freshwater habitats during the migration 
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of the salmon is risky. On average, across all seven river systems in 2019, confirmed 

escapement (fish detected leaving the river, including Oykel and Shin transitional 

environments) and entering marine conditions, was only 49.2% (range 8-80%).  For the Rivers 

Shin and Oykel, the freshwater environment in this report include freshwater and transitional 

environments to make it consistent among rivers comparison.   

 

Future analysis in 2020 will aim to better understand the factors governing this part of the 

smolts migration, including variables, such as environment, genetics and morphology. 

Building on the 2019 results, the next two years of the project will focus on identifying the 

key factors involved in smolt losses in freshwater.    

 

River Oykel Highlights 

 

¶ Throughout the smolt run, a total of 153 smolts; 149 salmon smolts and 4 sea trout 

were tagged with acoustic tags (Vemco V7) over a 23-day period (11/4/19 to 3/5/19). 

 

¶ The Atlantic salmon smolts had a mean fork length of 137 mm and a mean weight 

25.2 g. The mean tag burden (% of body weight) was 6.4%. The sea trout smolts 

sampled had a fork length of 161.8 mm and a weight 40.5 g. The mean tag burden (% 

of body weight) was 4.0 %.  

 

¶ Of the 149 tagged salmon smolts, 73 smolts were estimated to have reached the 

receivers at the marine end of the transitional environment, and 51 smolts reached 

the Spey Bay array. The confirmed survival rate were 49% and 34.2% respectively.  

 

¶ Overall, losses rate in freshwater was 0.86 %/km. The loss rate varied between 

0.6%/km (receiver 480413) and 32.5%/km (receiver 480422).  

 

¶ Freshwater receiver efficiency averaged 97.2%. Eleven receivers operated at over 98% 

efficiency. 

 

¶ The median speed for confirmed successful migrant (e.g., smolts that were detected 

from release site to the Fraserburgh array) was 0.09 m/s for the river travel, 0.08 m/s 
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for the transitional water travel. For the marine environment travel, the median 

speeds were 0.32, 0.35, and 0.27 m/s to the Dornoch, Spey and Fraserburgh arrays.  

 

¶ Confirmed successful migrant smolts took a median of 2.13 days to travel from the 

release site to the most downstream river receiver, and 6.27 days in the transitional 

environment. They took 0.32 days to travel to the marine Donorch array, 1.03 days to 

travel to the marine Spey array, and 3.23 days to reach the marine Fraserburgh array. 

 

¶ Once in the marine environment, the salmon smolts showed strong directional 

movement, heading east, north east. 
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Introduction 

 

Smoltification and extensive migration characterise the anadromous Atlantic salmon (Salmo 

salar) and trout (Salmo trutta). Migration from a freshwater to saline environment is essential 

for individuals to rapidly grow in the richer feeding grounds offshore, optimising their growth 

rate and future reproductive output. When salmon parr reach a threshold size, they undergo 

physiological pre-adaptations to life in a saline environment through a process called 

smoltification (Kennedy and Crozier, 2010; Hvidsten et al., 1995). The smolt run, occurring in 

spring, marks the mass migration of smolts to the sea. Smoltification and migration present 

numerous risks, which include an increased risk of predation, increased nutrient competition 

amongst smolts and osmotic pressures once they reach their new environment (Kennedy and 

Crozier, 2010). Numerous studies have reported these risks as having resulted in high 

mortality rates during the run. A review by Thorstad et al. (2012) reported the mortality rates 

started at 0.3%, and rose as high as 7.0%/km (averaging 2.3%/km). High variation in mortality 

rates occurs due to the differentiating river conditions (Thorstad et al., 2012) and predatory 

hotspots (Jutila, Jokikokko and Julkunen, 2005).  

 

There is increasing concern over the declining marine survival rates of Atlantic salmon being 

recorded from most North East and South East Atlantic monitored populations since 1980 

(ICES, 2019). In recent years, wild salmon marine survival from Scottish rivers is generally 

believed to be below 5%, and this represents a notable decline in survival now compared to 

recorded return rates of over 10% in the 1990s. In a fitting setting under the 2019 

ΨLƴǘŜǊƴŀǘƛƻƴŀƭ ¸ŜŀǊ ƻŦ ǘƘŜ {ŀƭƳƻƴΩΣ ǘƘŜ aƛǎǎƛƴƎ {ŀƭƳƻƴ tǊƻƧŜŎǘ ƭŀǳƴŎƘŜŘ ǘƘŜ ƭŀǊƎŜǎǘ ŀŎƻǳǎǘƛŎ 

tracking project in Europe. The project planned to tag 800 salmon smolts and 50 sea trout 

smolts, across 7 river catchments in the Moray Firth, so as to identify what is happening to 

salmon and to identify what management action could be taken to boost wild smolt survival.   

 
This report provides an overview of the initial  analysis of data for fish tagged in the River 

Oykel, and their downstream migration pattern to the Moray Firth. Currently detailed 

modelling, and investigations of other factors in the study are ongoing. These are outlined in 

the Next Steps section of the report. This report will refer to detection of fish as ΨŎƻƴŦƛǊƳŜŘ 
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survivalΩ, hence the data here refers only to smolts which have been detected. A smolt that 

has not been detected may not necessarily have died. There are several other possible 

reasons for non-detection of the tagged fish, including non-detection by the acoustic 

receivers. Efficiency and range testing will be used to model potential missed detections of 

fish and thus provide more robust estimates of confirmed survival estimates. This is most 

likely to affect marine detections, where if any change occurs it would be a positive effect (i.e. 

an increase in survival). 
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Materials and Methodology 
 
Fourteen acoustic receivers were deployed at various intervals along the River Oykel to detect 

smolts migrating downstream (freshwater and tidal, Figure 1a). Receivers were positioned in 

deep, slow moving pools, which provide the most suitable conditions for detecting tagged 

fish as they move downstream.  

 

Smolts were captured via a rotary screw trap and a box trap (used in low water), located on 

the River Oykel (coordinates: 57.9940, -4.8047). Smolts of suitable size (>130mm Fork Length 

[nose to Ψ±Ω of the tail]) were selected for tagging thus limiting any tag burden effects. 

Throughout the run a total of 153 smolts were tagged, 149 salmon smolts and 4 sea trout 

smolts, all with acoustic tags (Vemco V7; 1.6 g air weight). 

 

Figure 1a. Locations of the acoustic receivers along the River Oykel. Pink markers indicate 

freceivers in reshwater, green = transitional and yellow = marine.   
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Figure 1b. Locations of the acoustic receivers across the Missing Salmon Project. 

 

The acoustic tags emitted a ΨǇƛƴƎΩ which is a unique ID, randomly every 15-35 seconds. Each 

tag was checked to confirm its activation. Fish were tagged over a 23 day period from 11/4/19 

to 3/5/19. To mimic the natural smolt migration pattern as far as possible, the number of fish 

tagged each day was kept proportional to the total number sampled by the trap.  

 

Prior to tagging, acoustic tags were sterilized in absolute ethanol and rinsed in distilled water. 

Fish were anesthetised (MS222: 0.1g to 1L of water). Their fork length (mm) and mass (g) 

were measured and a photograph recorded for later morphometric analysis (Figure 2). Fish 

were placed on a v-shaped surgical pillow with their abdomen side up. A small incision (10-

13mm in length) was made anterior of the pelvic girdle where the tag was inserted. The 

incision was closed with two interrupted absorbable sutures (Ethicon VICRYL). All fish were 

oxygenated initially with 100% river water throughout the procedure, a 50% anesthetic 

dilution was used to maintain anesthesia if the fish showed signs of recovery. Finally, a fin clip 

(adipose fin) was collected from the fish and stored in absolute ethanol for later genetic 

analysis. The fish were then placed in a bucket containing aerated river water and allowed to 
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fully recover (approx. 5 minutes), groups of tagged fish were then held within a recovery box 

(0.5m.sq perforated holes) and placed in the river, within an area of gentle flow and allowed 

to acclimatize for a minimum of 45 minutes prior to release. Fish were released approximately 

200 meters downstream of the smolt trap to avoid recaptures. 

 

 

Figure 2. A morphometric photograph was recorded for each tagged smolt. 
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Results and Discussion 

 

Length and weight frequencies 

The mean fork length of the tagged Atlantic salmon smolts encountered over the course of 

the study was 137.0 mm and the mean weight of the tagged smolts was 25.2 g. The tags weigh 

1.6 g which results in an average tag burden (% of body weight) of 6.4%. The range of smolt 

sizes and weights among rivers in the study varied from 133.6 mm (Deveron) to 140.3 mm 

(Ness) and from 23.5 g (Deveron) to 28.8 g (Ness). The mean fork length of the tagged sea 

trout smolt was 161.8 mm and the weight of the tagged smolts was 40.5 g. The tags weigh 

1.6 g which results in an average tag burden (% of body weight) of 4.0%. The range of salmon 

smolt sizes and weights among rivers in the study varied from 133.6 mm (Deveron) to 140.3 

mm (Ness) and from 23.5 g (Deveron) to 28.8 g (Ness). The range of sizes and weight of sea 

trout smolts tagged among rivers in the study varied from 151.0 mm (Findhorn (n=1)) to 162.1 

mm (Deveron) and from 29.4 g (Findhorn (n=1)) to 43.3 g (this river). 

 

A primary concern in migration behaviour studies that incorporate telemetry is that the 

implant of acoustic tags may impact fish behaviour and buoyancy compensation, impairing 

ǘƘŜƛǊ ǎǿƛƳƳƛƴƎ ŀōƛƭƛǘȅΦ ¢ƘŜ ƎŜƴŜǊŀƭƭȅ ŀŎŎŜǇǘŜŘ Ψн҈ ǊǳƭŜΩ ǎǘŀǘŜǎ ǘŀƎ ōǳǊŘŜƴ ǎƘƻǳƭŘ ƴƻǘ ŜȄŎŜŜŘ 

2% of dry body weight in salmonids. However, further studies have reported transmitters up 

to 7% (Smircich and Kelly, 2014) and as high as 12% body weight (Brown et al., 2011) as having 

negligible impacts on swimming ability. 

 

Survival 

Of the 149 salmon smolts released, 104 (69.8%) individuals were detected leaving the River 

Oykel for the tidal environment, 73 (49%) individuals were detected entering the marine 

environment and 51 (34.2%) individuals confirmed to survive at the Spey Bay array. Overall 

there was a decrease in the detection rates of smolts further downstream with an overall 

freshwater loss rate of 0.86% fish per km (Figure 3 and Table 1). This is well within the range 

of other rivers in the study, from 0.52% (Shin) to 5.95 % (Findhorn) (Figure 4; Appendix 1).   

 

Receiver Efficiency 
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Receiver efficiency was calculated by determining the number of individuals which were 

detected on receivers downstream of the specific receiver that was being used. Freshwater 

receiver efficiency averaged 97.2%, with eleven receivers operating at over 98% efficiency 

(Figure 3 and Table 1).   

 

Figure 3. Confirmed survival (%) of smolts at increasing distance from the release site on the 
River Oykel. Red dots represent receivers, and detection efficiency (%) of each freshwater 
receiver is provided. *Please note that the marine array efficiencies are not complete as the 
Fraserburgh array was a partial array and not a fully closed array. The efficiencies of the marine arrays 
will be determined through modelling and simulations (see Next Step section).  
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Figure 4. Confirmed survival (%) of salmon smolts for the seven rivers of the Moray Firth, with 
distance of smolt migration undertaken. Both freshwater and marine environments are 
included.  
 

Rate of Movement (ROM) 

To determine speed of migration, medians are given (in place of means) as due to the nature 

of the data, estimates of means can be skewed by the behavior of a small number of fish. 

Confirmed successful migrant smolts took a median of 2.12 days to travel downstream from 

the release site through the river habitats, 6.27 days to cross the transitional environment, 

0.32 days to travel out to the Dornoch array, 1.03 days to travel to the marine Spey array, and 

3.23 days to reach the marine Fraserburgh array (Figure 5). This represents a median ground 

speed of 0.09 m/s for river travel, 0.08 m/s for the transitional travel, 0.32 m/s for the marine 

travel to Dornorch, 0.35 m/s marine travel to the Spey array, and 0.27 m/s for the marine 

travel to the Fraserburgh (Figure 6). 
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Figure 5. Median time taken by smolts to travel from the release site, to the mouth of the 
river, and then to each marine arrays. *Please note these values are only for fish that successfully 
migrated from release site to the Fraserburgh marine array. Distance travelled is not taken into 
consideration (see Figure 6 for standardised values among rivers). 
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Figure 6. Median speed of smolts from all rivers travelling from the release site, to the mouth 
of the river, and then to each marine arrays. *Please note these values are only for fish that 
successfully migrated from the release site to the sea. 

 

Residency Times 

For residency time, medians are given (in place of means) as due to the nature of the data, 

estimates of means can be skewed by the behavior of a small number of fish. The residency 

time, is the total time an individual fish spent at a single receiver. The durations are calculated 

from the first river receiver and not the release site. This was to offset any residual surgery 

effects to provide a more accurate representation of a journey time under natural 

conditions. A new residency event was assigned if the fish went undetected for a period of 12 

hours (e.g. to correspond with the day vs. night migrating timeline) thus fish could have 

multiple residency events at a single receiver (although this was rare). In general, residency 

times of tagged fish were low on the River Oykel (Figure 7 and Table 1) and in the marine 

environment (Table 1).  For the River Oykel, the higher residencies were found at receivers 

480420 and 480424.  
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Figure 7. Median residency time of smolts on the River Oykel. 
 
 

Marine migration route/direction 

Salmon smolt did not show shoal behavior when exiting the mouth of the river for the marine 

environment. The migration pattern begins to spread spatially, with smolts travelling in all 

direction along the Spey and Fraserbugh arrays. Overall, the salmon smolts showed strong 

directional movement, heading east, north east (Figure 8) whilst sea trout smolts showed 

non-directional movement when exiting the mouth of the river for the marine environment 

(Figure 9). These patterns were generally reflected by tagged fish migrating out from other 

rivers in this study (Figure 10 and 11). 

 

 

 

 


