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1) Project Background  
 

The Aberdeen Harbour Expansion Project (AHEP) expands Aberdeen Harbour Board’s 

(AHB) existing facilities into Nigg Bay to the south of the existing harbour. An 

Environmental Impact Assessment was completed in 2015 and the project was consented by 

the Scottish Ministers in late 2016. Construction commenced in May 2017 and is due for 

completion in 2020.  

 

Chapter 13 of the Environmental Statement for the AHEP predicted minor adverse effects on 

fish during the construction and operation of the project. Monitoring of salmon was proposed 

during the consultation on the marine licence applications: at this time AHB supported the 

development of a monitoring programme to track adult salmon entering the River Dee,  

noting in its responses to Marine Scotland Science and the Dee District Salmon Fishery 

Board that the results of any monitoring programme would be largely qualitative: as a long-

term baseline of salmon movement along the coast does not exist, any changes in salmon 

numbers and/or behaviour during the monitoring programme could be attributable to a wide 

range of factors. Condition 3.2.7 of the Construction Marine Licence for the AHEP requires 

that ‘a monitoring programme [is] developed to track adult salmon in the vicinity of the 

AHEP site and entering the River Dee.’ 

 

In June 2017, AHB agreed with Marine Scotland – Licensing Operations Team that the 

monitoring programme would aim to catch and tag 70 fish (50 salmon and 20 sea trout) with 

acoustic transmitters that record depth and temperature, from a netting station within Nigg 

Bay. It was further agreed that the 2017 data would be reviewed to clarify if the objectives of 

the study had already been achieved, or if they could reasonably be met through the 

collection of additional data.  

 

The study was undertaken by the Scottish Centre for Ecology and Natural Environment of the 

University of Glasgow.  
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2) Introduction  
 

Little empirical evidence exists of the behaviour and ecology of Atlantic salmon (Salmo salar 

L.)  as they approach the coast and attempt to locate their preferred spawning river. Similarly, 

the effects of construction activities (e.g. dredging, rock dumping) on the behaviour of 

salmon are largely unknown. This is primarily due to the difficulties in locating and capturing 

individuals during this period of near-shore homeward migration. There is only limited 

information available on the behaviour of fish returning from their feedings grounds around 

the coasts of their natal rivers. However emerging technological advances are beginning to 

allow studies to provide insights into fish migration and behaviour in the coastal marine 

environment.  

 

Hawkins et al., (1979) tagged six Atlantic salmon with acoustic transmitters in the coastal 

area around the Montrose basin. The fish were tracked continuously via boat and the study 

concluded that fish movement was strongly correlated with tidal flow, with fish moving in 

the same direction as tidal currents. Fish did not appear to be passively drifting but actively 

swimming, as their recorded speeds were considerably faster than the estimated tidal 

currents. In that study, fish moved up and down the coastline, both near to shore and at 

considerable distances from shore, the authors suggested that this behaviour may help fish 

locate their preferred river system. The Hawkins study also showed that during their initial 

approach to their natal river salmon swam against the ebbing tide following a period of 

coastal searching (Hawkins et al., 1979). 

 

The effect of on-shore or coastal construction and particularly the effect of sounds emanating 

from common construction activities during this period of spawning migration towards 

spawning sites remains poorly understood. Development of the marine environment generally 

and coastal zones specifically, is increasing.  It is essential that we develop an understanding 

of the effects of activities, particularly those occurring during the construction phase of 

development if we are able to provide suitable mitigation measures to protect migrating 

salmon during these periods.  Of particular interest is the effect of underwater noise on 

migratory fish. Increasing underwater sound levels is considered to be an emerging threat and 

the effect of sound on marine mammals is a developing area of research. The effects of sound 

on wild salmon however remain relatively poorly understood but highly migratory species 
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such as salmonids have the potential to be exposed to high intensities of anthropogenic 

sounds during construction activities in the marine and coastal environment. 

 

There is variation in how different fish species detect and are affected by anthropogenic 

sounds. This is influenced by the anatomy and physiology of the fish and the qualities of the 

sound they hear. Atlantic salmon are particularly sound insensitive compared to other teleost 

fish such as cod, Gadus morhua and herring, Clupea harengus this is because they lack the 

specialist mechanisms for sound detection that some species have. This reduces the 

sensitivity (the ability to detect low intensity sounds) and bandwidth (the frequency range of 

detection) available to detect a noise stimulus. This results in a poor ability to distinguish 

specific acoustic cues from background noise. Unlike some other species, Atlantic salmon do 

not use their swim bladder in hearing (Hawkins et al. 1978) which makes them unable to hear 

high frequency sound and limits them to a narrow frequency band (Gill and Bartlett, 2010). 

Thus the hearing range of Atlantic salmon is limited to frequencies of <1 kHz and hearing is 

most acute between 100 and 400 Hz (Figure 1; Harding et al., 2016). Although there are no 

specific data for the sound intensity that can cause physical harm to salmon specifically, 

Nedwell et al., (2006) caged Brown trout (Salmo trutta) at different distances from a pile 

driving operation that was operating at sound levels of 193-201 dB re 1µPa. No mortality, 

external damage or damage to the sensory hair cells in the inner ear were found (Nedwell et 

al., 2006). Similarly rainbow trout (Oncorhynchus mykiss) exposed to increased noise (up to 

150 dB re 1 µPa) for nine months in an aquaculture facility showed no hearing loss (as 

determined by auditory evoked potentials) nor any negative effects upon the health of the fish 

(Wysocki et al., 2007). 

 

 

The use of electronic acoustic transmitter tags to determine location is a proven and effective 

technology for identifying movements and migration of a number of aquatic species in 

coastal, estuarine and freshwater ecosystems (Cooke et al., 2004, 2013). The developments 

and benefits of telemetry have previously been covered extensively by a number of authors 

(Lucas and Baras, 2000; Hodder et al., 2007; Halttunen et al., 2009; Cooke and Thorstad, 

2011). Acoustic telemetry requires a sound transmitter, attached to an individual animal, 

which transmits information wirelessly to a receiver comprising a hydrophone and usually a 

data logger, where information is recorded and stored. Acoustic tags are uniquely coded, and 

have the potential to determine and send information to the receiver on environmental 
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parameters (e.g. depth and temperature) being experienced by the fish at that exact moment. 

Temperature is of particular interest in a poikilothemic fish since a rapid rise in temperature 

can be used to infer a bird or mammalian predation event. Telemetry information can 

therefore be used to determine the position of the individual at a specific time and to provide 

data on the environmental and physiological parameters of the fish (Thorstad et al., 2013).  

 

By strategically deploying an array of receivers throughout the study system it is possible to 

monitor the behaviour of fish over time. Using a specific placement of receivers, where there 

is overlapping detection zones, also enables fish to be positioned with relatively high 

accuracy within an acoustic array. This allows fine scale behaviour can be monitored with 

high spatial and temporal resolutions. It is this study design that can be utilised effectively to 

determine the effects of a disturbance (sound) on fish behaviour and the design that was 

utilised in the study reported here. 

 

3) Aim 
 
The aim of this study is to develop a monitoring strategy to track (using acoustic telemetry) 

adult salmon in the vicinity of the AHEP development site in Nigg Bay. Specifically, the 

work will identify: 

 

1) Movements of Atlantic salmon in the vicinity of Nigg Bay,  

 

2) The behaviour of Atlantic salmon (Salmo salar) and sea trout (Salmo trutta) around 

coastal construction activity,  

 

3) The effect of sound on the behaviour of the tagged fish 
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b) Fish Capture and Tagging 
 

Although this study intended to capture and tag 70 adult salmonids, using a commercial bag 

net (Figure 2) located in Nigg Bay (Figure 1: Capture and Release location), and despite very 

intensive and continuous fish collection activity from 5th August 2017 until 21st September 

2017, only seven salmonids suitable for tagging with acoustic tags were sampled. The bag net 

was installed and maintained by an experienced commercial nets-man to ensure the net was 

operating optimally. The net was inspected and adjusted every low tide to maintain trap 

efficiency. To increase sampling effort a second bag net was installed in the southern side of 

Nigg Bay but was removed due to interference with the dredging activity. No fish were 

caught in this second net whilst it was deployed (deployed for 48 hours). 

 

Five adult Atlantic salmon and two sea (anadromous) trout were captured, tagged and 

released. Fish were anaesthetised with clove oil (0.5mg per litre); mass (M, g) and  fork 

length (LF, mm) were measured, scale and fin clip samples were taken for subsequent age 

determination and genetics analysis prior to the fish being placed on a v-shaped surgical 

pillow saturated with salt water. An incision 15-20mm was made along the ventral abdominal 

wall anterior to the pelvic girdle. A coded acoustic transmitter (V9TP: 44mm length, 9mm 

diameter, 6.3g mass in air; or a V13TP: 48mm length, 13mm diameter, 6.5g mass in air. 

[Vemco, Nova Scotia, Canada]) was inserted into the peritoneal cavity. The incision was 

closed with two independent sterile sutures (4-0 VICRYL, Ethicon Ltd). Fish were aspirated 

with 100% sea water throughout the procedure. Tags were programmed to have an acoustic 

transmission repeat cycle of 90s ± 50%, giving a tag life span in excess of 190 days. The 

acoustic tags also transmitted the depth and temperature of the tag every 90 seconds ± 50%. 

On completion of tagging, fish were placed in a recovery tank with fresh sea water 

continually circulating through, and allowed to recover. Fish were released at the point of 

capture (Nigg Bay [Figure 1]). All work was conducted under Home Office Licence. 
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c) Range Testing 
 

Range tests were undertaken prior to final array deployment. One transect of seven receivers 

were deployed for six days in the vicinity of the southern array. Mooring systems and 

receiver types were of the same make as those used in the main detection arrays. The data 

obtained showed an acoustic detection efficiency in excess of 80% at 500m (Figure 3). Thus 

receivers were deployed in a grid formation with a spacing of receivers no greater than 500 

meters apart. This allowed for greatest possibility of being able to position a fish from any 

single detection. All receivers also recorded unit tilt and background noise every 15 minutes, 

and “sync tags” comprising transmitters built into each ALS were programmed to transmit on 

all receivers to enhance position calculating algorithms during post processing of the data. 
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d) Acoustic Tracking 
 

Movement of tagged fish was determined using fixed position automatic listening stations 

(ALSs) (Vemco VR2W-tx/VR2W-AR). All ALSs were deployed prior to tagging and release 

of fish. ALSs were recovered after the 16th October 2017. ALSs were deployed in two main 

arrays (Northern Array and Southern Array) designed to enable the positioning of tagged fish 

(Figure 1). The Northern array was positioned so as to avoid shipping channels and escape 

routes for deep draft vessels entering Aberdeen harbour. The southern array encompasses the 

entire area immediately adjacent to Nigg Bay and the release site of the tagged fish. Fish 

Figure 2: Sketch of a ‘bag net’ of the style used in this study to capture adult 

Salmonids from the coast. The ‘leader’ stretches to shore with the net positioned 

90 degree to the coastline. 
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would have to exit through the southern array in order to leave Nigg Bay, thus ensuring the 

detection of tagged fish. To accurately position a tag, a single detection must be recorded by 

at least three separate receivers, thus ALSs were positioned in a grid to maximise such 

events. The maximum distance for a fish within the southern array, from any three receivers 

was approximately 500m. In addition to the two main arrays, one ALS was positioned in 

Nigg Bay, and two ALSs within Aberdeen Harbour to determine fish entry to the River Dee 

(Figure 1). 
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e) Sound Monitoring 
 

Most guidance around determining effects of noise on fishes (Oestman et al., 2009, Popper et 

al., 2014, Spiga 2015) advises using unweighted root-mean-square (RMS) calculated over the 

frequency range of hearing of the species in question. Only one source (Nedwell et al., 2007) 

suggests that using a frequency-weighted approach is necessary, although the other sources 

suggest since there is a lack of species-specific data on responses and many hearing curves 

are measured in captive setting, it is not a reliable approach at the moment for fishes. 

 

Some guidance (Popper et al., 2014, Oestman et al., 2009) uses SEL (cumulative sound 

exposure level) as the measure of sound, but more typically for repeated impulsive sounds.  

This equates to the overall sound received for a fish that remains in the same position relative 

to the noise course.  Other sources (Spiga 2015, TNO 2011) suggest sound pressure level 

(SPL, measured as average RMS) is a more reliable unit for continuous noise. For this 

analysis, RMS values were measured directly from the .wav files over this range but not 

weighted for hearing sensitivity, following Popper et al., (2014). This was to make results 

comparable with published studies and very particularly with those of Harding et al. 2006 

which are informative in the context of this study. 

 

An icListen HF Smart hydrophone (Ocean Sonics Ltd.) was deployed within the acoustic 

array (Figure 1). The hydrophone was deployed on 29th August 2017 and recorded 

continuously for 30 days. The sample rate was 16kS/sec with 24 bit data. The hydrophone 

was recovered on 16th October 2017. The hydrophone deployment was located to specifically 

record sound associated with dredging activities within Nigg Bay. One week of ambient 

sound was recorded prior to the arrival of the dredging vessel on-site on the 5th September. 

The dredger operated until the 16th September and thus 12 days of recordings were made 

during dredging of Nigg Bay and dredged material disposal. The hydrophone battery ceased 

on the 27th September and therefore another period of ambient noise (11 days) was recorder 

after the dredger finished. 

 

For the duration of the sound monitoring period, the construction of the Northern breakwater 

was ongoing. Underwater sound is generated during the tipping of rock from heavy goods 

vehicles onto the breakwater above the water line.  
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The sound files were separated into four main activities occurring at the site during the 

monitoring period; Ambient (no dredging vessel), Dredging (the period when the vessel was 

actively conducting dredging activity), Disposal of dredge material (when the dredging 

vessel was disposing of material), Sailing between Dredging and Disposal Sites. Twenty five 

sound files were randomly selected from each activity for both day and night (total: 200 

sound files).  

 

The sound data reported here is the RAW sound data recorded at the hydrophone location 

(Latitude 57.134375o, Longitude -2.039764 o [Figure 1]); no back propagation models were 

run to determine sound levels at the sound source. Back propagated values were however 

calculated for a separate study using vessel-based underwater sound recordings and are 

presented in the “Underwater Noise Monitoring Study for Aberdeen Harbour Expansion 

Project” report. 
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5) Results 
 
Seven fish Ffive salmon, two sea trout) were caught tagged and released during the study 

(Table 1) 

 
Table 1. The fish tagged during summer 2017 in Nigg Bay. Fish number is used to describe 

each fish through the text 

 

A detailed description of the behaviour of each individual fish is provided here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date Species Fish Number Tag Type Length (mm) Weight (Kg) 

07/08/2017 Salmon F1400 V9 655 3.01 

10/08/2017 Sea Trout F1360 V13 490 1.46 

14/08/2017 Salmon F1362 V13 540 1.62 

18/08/2017 Sea Trout F1404 V9 527 1.85 

18/08/2017 Salmon F1402 V13 825 5.07 

25/08/2017 Salmon F1406 V9 817 5.88 

06/09/2017 Salmon F1364 V13 555 1.56 
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c) Depth 
 

The majority of the detections from salmon occurred in the upper few meters of the water 

column (Figure 10: F1406). Two fish exhibited diving behaviour whilst in the array. F1400 

was recorded swimming along the sea floor for a short period of time before returning to the 

surface rapidly, the fish then dived to 18 meters (water column depth 30 meters) before again 

returning to the surface (Figure 10: F1400). Fish F1362 undertook a single dive from the 

surface down to 19meters deep before returning to the surface (Figure 10: F1362) 

 

 

 

 

The sea trout in generally utilised more of the water column, being regularly detected at a 

variety of depths up to 10 meters compared to salmon which remained in the surface waters 

for much of the time when not diving.  

Figure 10: The detected depth profiles for salmon. Fish ID is specified within top 

panel 
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e) Overview of fish behaviour 
 

From the limited data-set provided by this study there are some consistent patterns exhibited 

by the fish:  

 

- Fish left Nigg Bay and the immediate coastal area relatively quickly, generally within 

a few hours and often in less than 60 minutes. 

- Only one fish was detected within the array whilst the dredge was on site. The fish 

exited the array whilst the dredger was disposing material (>1.5km away). There was 

no behavioural response evident from the fish resulting from the presence of the 

dredge. 

- No tagged fish returned to Nigg Bay during the study 

- No salmon tagged in this study entered the River Dee or Aberdeen Harbour 

- One sea trout entered Aberdeen Harbour and was detected in the River Dee 

- Tagged fish utilised the wider coastal zone and did not concentrate in any specific 

location within the study area 

- Salmon mainly utilised the upper water column 

- Two salmon exhibited diving behaviour within the array 

- Sea trout exhibit more complex behaviour and remain within the vicinity of Nigg Bay 

for longer periods of time compared to salmon 
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f) Sound Monitoring 
 

The exact location of the dredger during the dredging operation was not available and thus 

not incorporated to the analysis. When the dredger was within Nigg Bay, it would have been 

approximately 500-900 meters from the hydrophone at any time. The RMS sound intensity 

was significantly different across the different dredging activity types (ANOVA, F = 9.56, p 

= < 0.005) (Figure 12). Ambient activity sound was lower than that of Dredging activities, 

and Dredging was lower than either Disposal or Sailing (Table 2).   

 

Table 2: Summary table of the sound monitoring results. 

Activity Mean (± sd) dB 

RMS 

Min dB RMS Max dB RMS 

Ambient – Day 130.436 (± 5.610) 125.4 139.7 

Ambient – Night 129.436 (± 5.058) 125.2 139.7 

Dredging – Day 132.248 (± 2.083) 127.4 135.2 

Dredging – Night  131.616 (± 2.101) 126.6 135.0 

Sailing – Day 133.288 (± 1.943) 126.7 136.5 

Sailing – Night 132.688 (± 1.987) 128.1 136.0 

Disposal – Day 133.384 (± 2.419) 129.6 139.8 

Disposal – Night 132.12 (±1.468) 130.3 134.9 

 

Ambient sound was highly variable, indeed maximum RMS sound intensity during the 

ambient period (139dB) was the same as the highest recorded RMS sound intensity during all 

dredging related activities (139dB) and thus no recording during dredging activities exceeded 

the maximum RMS sound intensity recorded during ambient periods. Ambient RMS 

recordings exceeded mean Dredging RMS sound intensity recordings on 26% of the time in 

the subset of 200 sound files. Ambient RMS sound intensity was far more variable (125dB to 

139dB) than all dredging related activities. This variation could be due to a variety of natural 

and anthropogenic factors, including weather conditions and passing vessels. Despite the 

statistically significant difference in mean noise levels between ambient and dredging noise, 

this difference is small (ambient: 128 dB re 1 uPa vs. dredging: 133 dB re 1 uPa). Mean RMS 

sound intensity was significantly (p = 0.05) higher during the day than the night across all 

dredging related activities. Higher day time mean values could be due to ship traffic from 

survey vessels (often working during daytime) and other construction work that was taking 
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g) Overview of Sound Results 
 

• Mean ambient sound is lower than dredging related activities 

• Mean ambient daytime sound is less than mean ambient night time sound 

• Ambient sound is higher than dredging sound on 26% of occasions 

• Maximum dredging sound never exceeds maximum ambient sound 

• Highest dredging sound is of disposal but this is only marginally higher than the other 

activities 

• Dredging activity is relatively quiet when compared to the ambient noise in the Nigg 

Bay (mean values within 3 dB RMS) 
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6) Discussion 
 

The negative effects of anthropogenic sound of fishes can be variable. Popper et al. (2014) 

defined five possible categories of negative impacts of shipping and continuous noise on fish 

(dredging activities are included in this category): Mortality and potential mortal injury, 

Recoverable injury, Temporary threshold shift (TTS), Masking (sound communication not 

possible), and Behaviour. These were assessed for three distance categories: near (tens of 

metres), intermediate (hundreds of meters) and far (thousands of meters) (Popper et al., 

(2014). Mortality and recoverable injury are considered low risk for the sound intensities that 

can derive from dredging and or ship passage, even when a fish is very close to the sound 

source. TTS is considered to be only a moderate risk near to the sound source but low beyond 

that.  Masking is a high risk at near (tens meters) and intermediate (hundreds of meters) 

distances but moderate at far, and for Behaviour change there is a moderate risk at near and 

intermediate distances but low at greater distances from a dredging/continuous or ship 

passage sound source.  

 

Based on this assessment by Popper et al. (2014) while there is a risk of TTS, masking and 

behaviour change near sound sources, most fish (that have swim bladders but do not use them 

for hearing) are unlikely to experience long-term or unrecoverable injuries even at close 

distances. The fish in this study were constantly moving: they utilised the wider coastal zone 

out with Nigg Bay, and did not spend extended periods of time in the bay, including in the 

two-week period prior to dredging commencing when there were limited marine construction 

activities underway. If this behaviour is typical of fish using Nigg Bay, there is no evidence 

that the breakwater construction or dredging/disposal activities have an adverse effect on fish. 

No sound recorded in this study would cause un-recoverable harm to the fish. For fish to be 

affected at even the lowest level, they would need to be within a few hundred meters of the 

sound source. Given the mobility of salmonids and extended use of the coastal zone of tagged 

fish it is highly unlikely that any harm would be caused to the fish from dredging/disposal 

activities within Nigg Bay.  

 

The noise analysis found that when looking at the mean values, the three elements of the 

dredging activity were louder than the ambient sound intensity but that this difference was 

less than 3 dB RMS. This is similar to the results found by de Jong et al. (2016). In their 

study, dredging noise recordings from empirical measurements were used to model sound 
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levels for static fish positions over a 24 hour period. They found that the dredging activity 

increased the noise levels by about 4 dB when compared to the ambient noise (shipping 

traffic). Given the amount of movement and short time spent within Nigg Bay exhibited by 

the fish in this study, it is unlikely a fish would be exposed for any significant period of time 

to significantly increased sound. The sounds created by the dredging activities fell well 

within that recorded during the ambient period thus it is highly unlikely that fish would be 

affected by the sound created specifically as a result of the construction activities that were 

ongoing during the time of this study.  

The sound recorded during this study is no louder than sounds recorded in other studies of 

ship movement or ambient sounds recorded within the marine environment. For a detailed 

report of anthropogenic noise and its effects on marine mammals in the Moray Firth Special 

Area of Conservation see Senior et al., (2008). This report indicates that sound sources 

greater than 150 dB re 1μPa @ 1m are generated by routine  boat passage. This is far greater 

than the maximum RMS sound intensity recorded in this study, again supporting the 

likelihood that construction or dredging activities are highly unlikely to cause harm to 

migrating salmonids. Harding et al., (1979) exposed Atlantic salmon to pile driving sounds of 

160 dB re 1μPa @ 1m and recorded their response, they concluded that the additional noise 

of pile driving did not result in any change in behaviour. Additionally, there was no clear 

evidence of a startle response in relation to playback of individual hammer strikes.  

The sound analysis in this report does not take into account the sound source location. Data 

presented in the “Underwater Noise Monitoring Study for Aberdeen Harbour Expansion 

Project” (Award Environmental Consultants Ltd, May 2018) estimates sound levels at the 

sound source for the dredging activities to be in the range of 173 dB re 1 µPa to 197 dB re 

1 µPa with a mean around 185 dB re 1 µPa. However, the data presented in the above study 

was not subset for the hearing range of Atlantic salmon (<1KHz) and contained sound 

frequencies from 20Hz up to 90kHz. The differences in sound levels recorded by the 

hydrophone in this study and the back propagated data in the sound report emphasize the 

rapid drop off rate in sound emanating outward from Nigg Bay. Combined with the 

behavioural evidence that the fish tagged in this study transit along the coastline both near to 

and far from shore builds on the evidence that impacts from the construction activities during 

the study period (dredging/disposal and breakwater construction) would be minimal if at all 

present. 
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Surprisingly, only one fish (Sea trout: F1404) entered the River Dee. Initial discussions of the 

project indicated that fish within Nigg bay were destined for the Dee, however in this study 

the majority of tagged fish did not appear to be migrating into the River Dee. Historically, 

commercial salmon nets have operated in Nigg bay with considerable historic catches being 

reported. It is likely fish caught in Nigg bay were of a mixed stock origin although some fish 

were destined for the River Dee it is likely fish were also destined for other rivers around the 

coast, this is supported by the behaviour of tagged fish in this study. 

The sample size of this study is small (n=7), a greater number of tagged individuals would 

provide higher confidence in these results, however the behaviour identified when combined 

with the noise recordings within Nigg Bay still indicates there is very little impact if any at all 

on the construction in 2017 on the tagged fish within this study. This is not to say some of the 

population may exhibit a response to the noise, although the sound records strongly suggest 

any impact would be minimal and fish would need to be extremely close to the sound source 

for any effect to occur. The likelihood of this is low given the speed of travel and spatial use 

of fish within the coastal zone as reported here and in other studies. The impact of the tagging 

process and the tag itself on the fish behaviour cannot be completely ignored however the tag 

burden (tag weight to body weight ratio) in this study was very small (Max = 0.4%) and it is 

therefore unlikely that the tag would have a significant effect on the fish behaviour. 

Furthermore there are several other studies that have found that surgically implanted acoustic 

tags do not have a significant negative effects on salmonids (Brown et al., 1999; Newton et 

al., 2017). 
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7) Conclusions 
 

• Fish tagged in this study use large spatial areas of coastline for migration and do not 

congregate in any given locations 

• No tagged fish returned to Nigg Bay 

• Only one tagged fish was recorded entering the River Dee 

• Dredging/disposal and breakwater construction activities are relatively quiet and well 

within the range reported for transiting vessels under regular operations 

• Fish are required to be relatively close to the sound source for any detrimental effect 

to occur. Literature indicates any effect from the sounds recorded in Nigg Bay would 

be entirely recoverable 

• There is no evidence that tagged fish elicited behavioural responses to 

dredging/disposal activities or breakwater construction. 
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