
 

Comments for PASAS on new supporting evidence provided in July 2017 by Tidal Lagoon Swansea 

Bay (TLSB) in support of its application for a marine licence ORDML145 

Guy Mawle,  B.A., M.Sc., Ph.D., F.I.F.M., C.Env 

Summary: 

 These comments address only some aspects of the new evidence presented by TLSB. 

 They relate mostly to the parameterisation of the Monte Carlo analysis for migratory 

salmonids, primarily Atlantic salmon. 

 The ranges and/or distributions adopted for some parameters are inappropriate, including 

the population range, distribution within the population range, swimming speed (and hence 

the draw zone as well as the population range), direction, duration of presence, and 

avoidance rate. 

 The new analysis may be useful insofar as it helps identify key items of evidence required to 

enable a robust assessment of the impact of the proposed lagoon on salmon.  It does not, as 

claimed, comprise a robust assessment as in many cases the evidence is still lacking, notably 

of relevant field data to understand how migratory salmonids are likely to behave in relation 

to the proposed lagoon in Swansea Bay under a range of river flows. 

 TLSB’s claim that turbine and sluice entrainment, only one aspect of impact, will have an 

‘insignificant effect’ annually on local salmon stocks (up to 2.07%) and that this can be 

accepted with ‘High confidence’ is not justified. 

 

1. Purpose and focus 

1.1 NRW concluded in December 2016 that, for the purposes of assessing the marine licence, 

there would be a ‘High turbine effect’ that would have a ‘Major Adverse Impact’ on both Atlantic 

salmon (Salmo salar) and sea trout (Salmo trutta)(ORDML145 Briefing Note 17). In the Annex to that 

note, NRW acknowledged that an ‘Uncertain’ confidence level is assigned to the figures.   

 

1.2 The purpose of this document is to consider whether, given the new evidence provided by 

TLSB in July 2017, NRW should revise its assessment on the level of impact on these two species or 

the confidence with which that assessment is made. 

 

1.3 These comments do not cover all aspects of the evidence but focus on that provided for 

migratory salmonids, primarily salmon. 

 

1.4 Documents considered: 

 TLSB_Addendum 1_Monte Carlo Analysis of Alternative Draw Zone Models 070717 

 TLSB_Addendum 2_Turbine Avoidance Behaviour of Fish 300617 

 

Due to time constraints, the evidence on Striker V estimations has not, as yet, been considered, i.e. 

TLSB_Addendum 3_ STRIKER V predicted Fish Injury Outputs with Monte Carlo Simulation 300617 

Except where otherwise indicated, references to sections relate to TLSB Addendum 1. 

 



 

1.5 The new evidence uses Monte Carlo simulations to assess the probable scale and range of 

impacts. This technique could be useful but only ‘enables a robust, risk-based decision to be made’ 

(S.1.1.4) if: 

 the input parameters have been correctly identified; 

 the range and distribution of values chosen for each parameter are soundly based; and 

 relationships between parameters have been correctly specified. 

These comments focus mainly on the parameters used for the simulations. No attempt has been 

made to check the accuracy of the calculations. Presumably, NRW will ask Cefas to rerun the 

simulations, firstly to validate the modelling and secondly to revise it, as appropriate, with different 

parameterisation. 

 

2. The parameters 

 

2.1 Population range: This is ‘set based on straight line progression rates over one tide for 

the chosen swimming speed for each iteration’ which gives the radial distance from the mouth of 

each Swansea Bay river to define the population area for all life stages of salmon. The logic behind 

this is unclear and it needs further justification, given the lack of knowledge of the migration routes 

used by salmon, especially adult fish. For approaching adults, it might be more logical to set the 

population range with the straight line progression rate over one tide (presumably a spring tide) 

from the turbine housing. This would give the maximum distance at which an adult could be 

entrained within one tide, regardless of natal river. The same might also be used for kelts and 

smolts.  

 

2.2 Distribution within the population range: Due to a lack of information about 

migration routes, the distribution of salmon within the population range is assumed to be random. 

As in the previous ADZ assessment, the outcome may be highly sensitive to this assumption. Cefas 

suggested halving the population area assumed for that assessment but this may not represent an 

extreme case.  For example, if migratory salmonids show a tendency to travel along the walls of the 

lagoon, this could increase their risk of entrainment. Such a tendency might be inferred from the 

siting of a range of tidal fisheries such as bag nets in Scotland and putcher ranks in the Severn 

Estuary. The active tracks of some acoustically-tagged salmon, trapped in the River Taff and released 

in the Severn Estuary, also seemed to follow the coast, even on slack water (e.g. Boat Track of CART 

Tagged Salmon Number 5, reproduced below from Banks et al 2002). The distance travelled by this 

fish from the mouth of Cardiff Bay, a few kilometres, is compatible with the distance from the mouth 

of the Tawe to the turbines of the proposed TLSB. 



 



 

2.3 Swimming speed: The Population Range and Draw Zone Area depend on swimming 

speed. There is considerable uncertainty over range and distribution of swimming speeds. Although 

TLSB have referred to Hawkins et al 1978 (sic – it was actually published in 1979), they don’t mention 

the subsequent study (Smith et al, 1981) which discusses swimming speed in more detail in relation 

to a further sample of salmon actively tracked in the same location off the NE Scottish coast in 1979, 

away from the immediate influence of rivers. This is a significant and surprising omission given the 

paucity of information about the coastal movements of salmon. As ever, the sample size is small, but 

the general speed is close that predicted as energetically efficient as indicated in Figure 3 from Smith 

et al 1981, reproduced below.  The speeds were generally between 0.2 and 0.7 bl s-1 with a couple 

of outliers to 1.6 bl s-1. 

 

While the upper limit observed by Smith et al (1981) is close to the upper limit of 1.5 bl s-1 used by 

TLSB, their observations suggest that the values taken by TLSB exaggerate the typical swimming 

speed for salmon moving at sea, by adopting both too high a minimal speed and by assuming a 

uniform distribution (the default adopted throughout the model when data are lacking).  

 

The swimming speed is used not only to setting the population range but also the draw zone so is 

likely to be significant in determining the results of the analysis. 

 

 



 

 

 

2.4 Direction: To accurately model a salmon’s behaviour, it may be crucial to understand 

not only where the salmon is and how fast it swims around its population range but also in what 

direction. In S.1.1.6, under ‘Swim speed (and equivalent draw zone area)’ TLSB state: ‘due to the 

absence of a large number of detailed migratory tracking data with which to set specific migratory 

routes, swimming directions are also at random to objectively model fish movements.’  

It is certainly true that there is a lack of detailed tracking data, notably in Swansea Bay. Those that 

are available, for a single salmon (Tag ID 37876) were made in November 2015, a different season 

and conditions from those under which most salmon will be present in the Bay (TLSB 2017). 

Furthermore, it was suggested that the active tracking for the salmon may have been during a period 

of orientation after tagging and transportation from freshwater. The active tracking data from 

Montrose Bay (Smith et al 1981), which adopted different methodology and used sea-caught fish at 

the relevant time of year, make it clear that swimming directions are not random, e.g. 

‘movement in relation to the water showed strong and consistent directional bias through all tidal 

phases in each fish. This is despite the fact that movement over the ground is …. greatly influenced by 

tidal flow’.  

Assuming random swimming direction in Swansea Bay through lack of local information does not 

seem justified.  The sensitivity of the MCA results to different assumptions about swimming 

direction should be assessed.  

 

2.5 Both studies from Montrose Bay note that away from the influence of rivers, the overall 

direction of movement of salmon was with the tide: 

‘It was clear that the behaviour of fish at some distance from a river mouth was strongly related to 

the flow of the tide. The fish generally moved with the tide.… (Hawkins et al 1979). 

Also: ‘….the direction of fish course and tidal flow are relatively consistent…  (Smith et al 1981). 

In other words, the overall tendency for coastal movement is for salmon to go with the tidal flow. 

Within the influence of rivers, their behaviour changed to swim against the flow.  The influence of 

rivers will vary with the magnitude of freshwater flow, amongst other factors.  It is not clear how, if 

at all,  this change in behaviour within Swansea Bay is incorporated within the model’s assumptions 

about swimming direction or the distribution of salmon within the Bay. Understanding this may be 

crucial to assessing the impact of the lagoon.  

 

2.6 Active tracking studies by NRW (Banks et al 2002) in relation to Cardiff Bay Barrage also 

confirm that away from the barrage itself, fish moved mostly with the tidal stream. 

 

2.7 Duration of presence:  This is the time the salmon spend ‘within the model’, presumably 

within the population range. The assumption of a mean time of 7.2 tides is very short and a dramatic 

reduction from the 60 tides (30 days) previously assumed.  It also now conflicts with another 

assumption of the model to define the seasonal presence, i.e. that the time of capture of salmon at 

Panteg trap on the Tawe is one month, ~60 tides, after being within the population range. Given the 

assumption of a log-normal distribution, the typical duration of presence, as indicated by the 

median, will be even shorter than 7.2 tides. The mode is assumed to be only 2 tides, 1 day. 

 



 

2.8 The evidence presented to support such a low duration of presence is very poor indeed.  The 

mean of 7.2 is apparently based on the TLSB (2017) study of four salmonids (only two salmon) which 

returned to the River Afan having been relocated from the trap on the river and released at 

Mumbles in 2015. Apart from being such a small sample, it is biased.  Firstly, both they, and the Taff 

salmon also cited, were fish relocated from freshwater. As noted in S.4.4.1 of Greest et al (2005) for 

the R. Dee, relocated fish had a much higher probability of return to freshwater, than of salmon 

caught and released in the estuary. Secondly, the Afan salmon were trapped in November and 

December 2015, a time of high river flows, close to spawning, and outside the period when salmon 

are deemed, for the model, to be present in the population range and when flows are often low (see 

Seasonal presence on p21).  

 

2.9 Further support is posited by TLSB from other tracking studies on pages 19 and 20 and in 

Appendix 1. The latter has an analysis of the speed of entry of ‘26’ salmon (only 23 are listed in 

Appendix 1), ostensibly from coastal waters to estuary or freshwater from selected tracking studies 

of fish that entered the North Esk, Usk, Taff, and Afan.  As TLSB note, it is important that the 

behaviour of these fish is representative of all those within Swansea Bay returning to the Tawe, 

Neath and Afan.  Closer inspection indicates that they are not. 

 

2.10 Other than the salmon tracked to the N.Esk, Afan and Taff, the tagged fish do not represent 

coastal tracks. For example, the salmon tracked to the Usk were released within the headland of the 

Usk estuary, even if some returned for an unknown distance to sea (Mills et al 1991). Even the fish 

tracked to Cardiff Bay were released at Penarth, only just outside the mouth of Cardiff Bay, the joint 

estuary of the Taff and Ely. Given the time of year of these tracks, October to December, freshwater 

flows were likely to be comparatively high. In practice, the only coastal tracks used, as opposed to 

those within the immediate influence of the freshwater flow of the rivers, are perhaps for 2 of the 

salmon that entered the North Esk and the 2 salmon that returned to the Afan. Even these tracks are 

unlikely to be representative.  The North Esk studies (Hawkins et al 1979) were active tracks, and for 

practical reasons fish were not tracked for more than two days regardless of whether they entered 

freshwater. The selection of fish that did enter freshwater within this time is therefore biased. Even 

the sample of estuarine tracks for the Tywi and Usk are biased since many of the fish that entered 

freshwater did so in 1988, a year of exceptional high freshwater flows during summer and autumn 

when conditions were atypically suitable for rapid entry. Furthermore, these times only reflect the 

salmon that were detected returning to the Usk estuary and be biased towards earlier return. Other 

salmon may have returned later but not been detected because their tags failed, or because they 

were netted in the huge legal and illegal net fishery that operated there at that time Mawle (1996). 

Indeed, some tags were returned by licensed netsmen and about 30% of the salmon known to have 

left the Usk estuary after release were not recorded there again (Mills et al 1991).  

 

2.11 The seven Taff salmon cited by TLSB in Appendix 1 were trapped and released in October, 

November and December, the wrong time of year for the model (see also 2.8 above). Data might 

have been used for salmon which were released and tracked at the right time of year, i.e. in spring, 

summer or early autumn. In total, 372 salmon and 12 sea trout were released between 1993 and 

2002 and were tracked actively or passively during the Cardiff Bay Barrage study. Even given the 

potential biases, these present a very different picture. Of the 60 salmon that were actively tracked 

by NRW, 8 salmon were released in spring or summer (May to August) and then subsequently 



 

recorded in freshwater. None was recorded in freshwater within 10 days and most were not 

recorded for several weeks, if not months (data provided on request by Peter Gough, NRW).  

 

2.12 TLSB, p20, refers to Davidsen et al (2013) and the 10km/day travelled by salmon returning 

the River Alta in north Norway. As noted previously, the geography of the Alta fjord differs greatly 

from Swansea Bay and its rivers, notably in depth, tidal range and freshwater flow. The behaviour of 

salmon in Swansea is likely to be very different, especially at times of low river flow.  

 

2.13 TLSB, p20, supports the range and distribution of duration of presence of salmon in the 

population ranges by an analysis of river flows from June to September for the Tawe and the 

assertion, attributed to Graeme Harris, that a ‘6” (15.24cm) water level rise above the mean summer 

level of each year is … sufficient to trigger river entry and upstream migration’.  This analysis seems 

to assume that all salmon in the population range will enter the river in a tide(?) if the river exceeds 

6” above summer level. This assertion needs justification. Tracking studies reviewed by Greest et al 

2005 & 2007 indicated that for the majority of rivers studied, while some salmon may enter under 

such low flows, the probability of entry to freshwater continued to rise until relatively high flow 

levels, i.e. to about 75% or higher of the flows in the periods studied.  Fig. 6 from Greest et al (2007) 

with standardised curves is reproduced below. 

 

 

 
 

2.14 There are likely to be different components to the relevance of flow to river entry: (i) the 

attraction of salmon to the estuary, and (ii) entry from the estuary. Mee et al (1996) note that for 

the Tawe, contrary to entry on other rivers, the probability of passage across the barrage, of those 

salmon that approached the barrage, was not significantly related to river flow. However, that does 

not mean that river flow is not a key factor in attracting fish to the Tawe estuary, away from the 

lagoon.  



 

 

2.15 Even if Graeme Harris’ assertion were correct, it appears that a different assumption has 

been used to analyse the flow data. The assertion by Graeme Harris was for a ‘6” rise above mean 

summer level’, presumably suggesting that salmon respond to an increase in flow, whereas the 

figure on p20 is apparently of any daily flow at or above that level, whether rising, steady or falling. 

 

2.16 There is a severe paucity of field evidence to support the assumptions that ‘the majority of 

individuals enter the estuaries swiftly’ in Swansea Bay (p20) and that they remain there or enter their 

natal rivers.  On the contrary, it is possible that there is considerable movement of salmon around 

the Bay, if not further afield as found in Calderwood’s studies of salmon tagged between April and 

September on the Black Isle and the Sutherland coast cited in a Scottish Review of salmon 

movements (Malcolm et al 2010), from which Fig.7 & 8 are reproduced below. 

 

 



 

 
 

2.17 It remains the case that little is known about the coastal behaviour of salmon with which to 

assess robustly the likely impact of the lagoon. What is lacking, in particular, is an ability to quantify 

how salmon behaviour varies with season and the magnitude of freshwater flows. TLSB’s efforts to 

track fish across Swansea Bay have done little to address this. The poor quality of the evidence they 

have provided must also cast doubt on their ability to provide a robust fish tracking study to monitor 

impacts were the lagoon to receive a marine licence. 

 

2.18 Avoidance rate: While it is possible that a significant proportion of migratory 

salmonids will actively avoid the turbines, it is also possible that they will not. The evidence in TLSB 

Addendum 2_Turbine Avoidance Behaviour of Fish 300617 (TLSB TABF) to support the range of 



 

parameters selected is weak. Even where it relates to fish, as opposed to birds, it does not relate to 

salmonids migrating in coastal waters to and from their natal rivers, or a situation compatible with 

tidal lagoon turbines, or both. The range of values selected for TLSB for fish avoidance appears 

unjustifiably high. 

  

2.19  The marine studies cited in TLSB TABF relate to hydrokinetic devices which, like birds with 

wind turbines, fish are able to go round.  TLSB does not present evidence of fish avoidance 

behaviour at other tidal lagoons, of any species. Though of course, every scheme is unique in some 

respects, it appears disingenuous to suggest that Swansea Bay lagoon is entirely a ‘one-off’ in 

operation. Evidence from other tidal lagoon schemes is lacking. 

 

2.20 Vowles et al (2014) is used by TLSB to provide the lower limit of the parameter range. It is at 

least based on a migratory salmonid, albeit a different species with a different life-history (Chinook 

salmon) and in freshwater. Fish avoidance was less at night (only 12%), when visibility was low, 

compared with that during the day at 45%. TLSB adopted the average of the two (28.5%), see 7.5.3 

in TLSB TABF. If turbidity is high at the entrance to Swansea Bay turbines, the lower value would be 

more logical, even assuming that this study transposes to the behaviour of smolts and adult Atlantic 

salmon and sea trout in Swansea Bay. In a study of catches of Atlantic salmon smolts in the intake to 

Uskmouth power station further up the Severn Estuary, Aprahamian and Jones (1997) found 

significantly higher levels of entrainment during the day than at night.  

 

2.21 In general, NRW does expect a substantial proportion of migrating, and indeed some 

resident, fish to pass through turbines on other hydropower schemes, requiring diversionary 

systems at one or both ends for most schemes (NRW, Hydropower Guidance Note, HGN9). In the 

absence of compelling evidence to the contrary, and the inability to provide effective screening, a far 

more precautionary, and far lower, range of avoidance rates should have been chosen. 

 

3. Confidence in the assessment 

 

3.1 The results presented by TLSB in Table 4.2 state that the impact assessment should be 

treated with ‘High’ confidence. This assertion is misleading and misplaced. The 1% to 99%ile outputs 

of the Monte Carlo analysis do indicate a very small range, albeit encompassing several orders of 

magnitude. However, these extremes depend on the accurate specification of the range, distribution  

and interaction between input parameters, which as indicated above, are far from reliable, even 

assuming that the model itself is correctly specified.  

 

3.2 Not only is the TLSB assessment likely to be wrong but the confidence in the assessment, 

even if different ranges and distributions were adopted will never be better than ‘Uncertain’, until 

and unless, the specification of the parameters, not to mention their interactions, is better informed 

by sound research.  

 

3.3 Nearly forty years ago, Solomon (1988) reviewed the behaviour of salmon and other species 

for the Severn Barrage Development project. Notwithstanding the periodic revival of interest since 

then in tidal power generation, his recommendations for further work remain to be addressed. For 

salmon they include a requirement for further information on the:  



 

 ‘Pattern of movements and ‘residence time’ of adult fish in the … area at a range of 

prevailing river discharge patterns.  

 Behaviour of adult fish upon approaching structures equivalent to the barrage. 

TLSB has not addressed this shortfall and without this information, the Monte Carlo analysis of the 

likely impact of the lagoon, despite its complexity, is little more than a guess, which in parts appears 

to lack objectivity. The analysis has perhaps been useful in identifying, again, the lack of information 

required to make a robust assessment. Neither the scale of impact on local stocks of migratory 

salmonids, nor the confidence indicated by TLSB’s new assessment, should be relied upon. 

 

 

Guy Mawle 

6 September 2017 
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