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1            Executive Summary 

1.1 Background 

1.1.1 In June 2015, TLSB obtained permission, (a Development Consent Order), to develop 

a tidal lagoon community asset in Swansea Bay. The Planning Inspectorate thus 

accepted the extensive environmental impact assessment carried out by the TLSB 

team of in-house and external experts. The Planning Inspectorate required, as 

conditions, that ongoing monitoring to detect and mitigate any unexpected adverse 

effects be formalised into a program of precautionary “Adaptive Environmental 

Management”, to address any deviations from the predictions that might occur. 

1.1.2 Because the Lagoon will be built in Wales, devolution requires the newly formed 

National Resources Wales (NRW) to issue a separate Marine Licence. NRW properly 

probed the evidence presented at the Examination and raised a number of additional 

points of clarification. These have all now been resolved, except for confirming a 

quantitative estimate of the impact on the fish species and particularly the migratory 

fish that are features of the designated European sites (e,g, River Severn SAC and 

Ramsar site (sic),  River Usk SAC, River Wye SAC) and much prized by the local anglers. 

1.1.3  Although marine hydro turbines have been around for a number of years, there 

seem to be no recorded instances of any significant impacts on the resident fish. This 

is indeed the case with the La Rance barrage which now has some 50 years’ 

experience of operation. Run of river hydro schemes with multiple dams, in the US, 

on the other hand, do have an effect on reducing the salmon (and other species) run, 

but this seems to be more about the multiple barriers that the dams present. 

Similarly, on the rivers Tawe, Neath and Afan the effect of barriers is probably the 

major local impact on returning migratory fish populations, including salmon. Possibly 

because of this apparent non-problem of actual marine turbine encounter issues, the 

team has not been able to find evidence that this is a significant problem with the 

latest design of conventional turbines.  

1.1.4 New turbines in-particular are deliberately designed to be less harmful to fish.  

Changes in the size of the turbines (Channel Tunnel diameter), variable (much slower) 

rotational speed and fewer blades all contribute to reduced fish impacts. This gives 

confidence that despite there having been little independent scientific research in 

this area, what little that has been done bears out the conclusions that, as there have 

been no reported instances of significant interactions to date, the risk will be 

extremely low. 

1.1.5  Nevertheless, in line with the emphasis on thoroughness and using best available 

evidence, the TLSB team developed a predictive model, building on the latest 

literature sources, peer reviewed by an independent Panel of experts (Appendix A). 

This produced the results scrutinised by the planning Inspectors and the statutory 

consultees. 
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1.2 The new Alternative Draw Zone (ADZ) Model. 

1.2.1 The NRW regulators, also concerned that the lack of evidence required increased 

reliance on the Individual Based Modelling (IBM) submitted and accepted as part of 

the Development Consent Order for Swansea Bay Tidal Lagoon, asked for a view from 

the Centre for Environment, Fisheries and Aquaculture Science (Cefas) on the utilized 

IBM model. Cefas made recommendations to accommodate NRW’s concerns, and a 

modified modelling approach was developed jointly with Cefas, based on the best 

and latest published research available1. Following successful development of this 

second model, known as the ADZ model, a further program of work was undertaken, 

at NRW’s request, to stress test the modelling assumptions involved. This 4 year 

research project has now been completed involving considerable time and effort and 

hundreds of thousands of model runs.  

1.2.2 In the course of this work, NRW has asked that the boundaries be really pushed 

artificially wide to give them confidence in the modelling predictions. For example, 

they asked:-  

• For the fish of some species to be artificially confined to one small area of their 

total range, an artificial “box” in Swansea Bay,  

• that the time spent in the Bay be extended, increasing the chance that fish 

encountered the turbines,  

• that the fish be not allowed to use their normal “burst” swimming speed to 

avoid danger,  

• that minimal account be taken of the natural tendency of fish to avoid 

encounters with turbines; and 

• although with bird strikes on wind turbines, it is normal to give a most probable 

estimate and a worst case 95% probability estimate, NRW has additionally 

asked to see the effect of pushing the modelling to a 99% probability – far off 

the scale of standard deviation. So, in addition to the best estimate (most 

probable or mean) of the impact predictions, and an estimate of the 

confidence in the number (usually giving a range of estimates (plus and minus 

the mean), in which the number will fall within 95% certainty), NRW has 

additionally asked to see the effect of pushing these confidence limits to 99%. 

 

                                                           
1 Hammar L, Eggertsen L, Andersson S, Ehnberg J, Arvidsson R, Gullström M, et al. (2015)  

A Probabilistic Model for Hydrokinetic Turbine Collision Risks: Exploring Impacts on Fish. 
 PLoS ONE 10(3):e0117756. doi:10.1371/journal.pone.0117756 
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Chart 1: Salmon (Tawe) : Baseline Results (100k iterations)  
 

 

1.3 The Results 

1.3.1 The Model has now been run to produce a set of results, in which, there can be 

greater confidence.  These are presented in the report in a logical sequence. Results 

have been presented for ten species of fish with a total of twenty nine life-stages. The 

Models have therefore been run over 1700 times with, each run requiring 10,000 or 

100,000 iterations.  

1.3.2 The process followed is as follows :  

• First, the parameters are set according to the “Best Available Evidence” from the 

literature and in the opinion of the experts consulted. They are presented with 

the 95% and 99% confidence limits (Table 1).  

• TLSB then present the set of results that NRW has requested, using numbers 

considered to be at the extremes of the possible ranges, also provided with 

extended 99% confidence limits as requested for some species. Table 2 shows 

these results and the extent of differences. This extreme case is called the 

“Precautionary case” 

• Next the results of the extensive sensitivity testing of individual parameters on a 

fish behavior (swim speed, burst speed, avoidance, duration of presence etc), 

arbitrarily varying each by plus and minus 10%, 20% and 30% in turn. Chart 2 

below). This was undertaken for four species of fish and has been referred to as 

the ‘Full’ Sensitivity Test. 

• The remaining six species have been subjected to a reduced but ‘ Focused’ 

sensitivity test involving the -30% and +30% scenarios only. 

• A comparison of using 10,000 and 100,000 iterations within the Monte Carlo 

analysis has been provided to give reassurance that, for the purposes of 

sensitivity testing, the reduced number of iterations is acceptable.   
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• Finally, the NRW requested that the model be run for a number of totally 

hypothetical scenarios, in which key parameters are stretched artificially to see 

the effect of extreme assumptions.  

 

1.3.3 The key numbers are summarised in the Tables below, in that sequence and show 

that the predicted “Best Estimate” impacts, even after 3 years of probing and 

additional stress testing and the creation of a new model with input from an 

independent fisheries expert, Cefas and NRW’s own Technical Experts, the results are 

in line with those presented and approved in the initial planning process 

examinations. 

Table 1 - “Best Estimate” (Conservative) parameterisation Model Runs  

 

 

1.3.4 TLSB fully understand the need for NRW-PS to apply a precautionary approach in 

reaching a decision with regard to the granting of a Marine Licence for Swansea Bay 

Tidal Lagoon. 

1.3.5 The “Precautionary” set of numbers are, as would be expected, higher, but not 

significantly than the “Conservative” values. Note here, for example, that the 

“Precautionary” set of ranges for swim speed range is artificially reduced below 

observed behaviours, and neither set of runs are allowed to include the observed 

acceleration that fish use to avoid encounter, (the “burst speed”) as it is referred to in 

the literature), which is actually a further precautionary assumption skewing the 

results.  

  

 

 

Species

Median 

(50%)
Mean (Average) 95th Percentile 99th Percentile

Sandeel 1.10% 1.18% 2.09%

Cod 1.31% 1.47% 3.17%

Herring 0.71% 0.90% 2.28%

Sea Lamprey 1.12% 1.17% 2.45% 2.78%

Salmon 0.39% 0.77% 2.64% 6.65%

Sea Trout 3.51% 4.35% 10.31% 17.13%

Shad 0.58% 0.70% 1.64% 2.44%

River Lamprey 5.10% 6.16% 15.42% 22.07%

Whiting 1.82% 2.11% 4.72%

Eel 0.46% 0.39% 1.14% 1.67%
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 Table 2 – NRW – PS “Precautionary” parameterisation Model Runs  

 

  

1.3.6 “Sensitivity testing” has now been applied to 10 species and 29 life-stages. Of these, 

the full range of sensitivity tests -30% to -10% and also +10% to 30%, has been 

applied to four species (salmon, eel, herring and sandeel) with a more ‘focused’ 

approach, using -30% and +30% used for the remaining species.  

1.3.7 The objective of sensitivity testing is to show the effect of each parameter on the 

model outputs and thus help to understand the associated risk of the values 

assigned to each of the parameters. This will subsequently inform the assessment of 

confidence in both the model outputs and the individual parameters. If the agreed 

parameter values are not correct, the sensitivity testing would provide an indication 

of the impact that further changes could have on the results.  

1.3.8 The objective of scenario testing is to establish if the inclusion of these hypothetical 

elements would have a significant effect on the outcome predicted by the model, to 

assist NRW PS in determining whether these parameters should further be included 

in the assessment. Whilst TLSB have now undertaken this hypothetical scenario 

testing there is little, if any, evidence to support the application of such 

parameterisation of the values.  

Species

Median 

(50%)

Mean 

(Average)

95th 

Percentile
99th Percentile

Sandeel 1.11% 1.19% 2.10%

Cod 1.49% 1.68% 3.62%

Herring 0.73% 0.94% 2.48%

Sea Lamprey 1.24% 1.24% 2.55% 2.80%

Salmon 0.50% 1.06% 3.60% 9.70%

Sea Trout 3.64% 4.59% 11.85% 18.88%

Shad 0.58% 0.69% 1.61% 2.33%

River Lamprey 5.59% 6.82% 17.14% 24.02%

Whiting 1.85% 2.22% 5.25%

Eel 0.48% 0.40% 1.23% 1.63%
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1.3.9 All the individual parameter sensitivity test cases behave as predicted – e.g. if you 

reduce the population area, or “box” available to the fish, there is a greater risk that 

they encounter the turbines, and this gives higher impact values. So if you ask the 

model to assume a fish that is known to range from the Bristol Channel to the North 

West of Scotland, must now reside permanently in Swansea Bay, it will by necessity 

pass by the turbine house every so often rather than probably never passing it by. 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 10 

TLSB_ML_Fish Dec 2018  

 

Chart 2    :  Compilation of All Nine ‘Full’ Sensitivity Tests 
 

1.3.10 From these runs we know which are the most sensitive parameters used in the 

models. For example, as would be expected, assuming a much reduced swim speed 

is important as it affects the size of draw zone area in front of the turbines and how 
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effectively fish can avoid turbine encounters. When it was still further reduced by 

30%, which means that the fish are effectively incapacitated and become passive 

drifters and would not be expected to survive in a natural habitat, then the modelling 

predicts a significant impact as would be expected. (It is interesting to see that even 

with these tests, the effect is much reduced (insignificant), if the speed is only 

reduced below 20 %.) 

1.3.11 Another case relates to the parameter values used for river lamprey. The impacts 

predicted for this species are the highest of the ten species. However, certain 

extreme assumptions have been used in their model with very little evidence to 

support these extreme values. For example, the model accounts for  up to 75% of the 

river population residing in a confined area of Swansea, whereas, as would be 

expected for a river species, extensive baseline surveys have consistently failed to 

find any present at all. The parameterization of this species was particularly difficult 

given the lack of knowledge regarding this species in the marine environment. 

Moreover, no records of their presence could be found for Swansea Bay and 

extensive marine surveys, conducted to WFD standards, conducted by TLSB over 3 

years, did not reveal a single lamprey.  

1.4 Conclusions 

1.4.1 The TLSB team has now completed this additional extensive research program and, 

with the involvement of Cefas, improved the reliability and scientific accuracy of the 

modelling. This entailed some 1700 sensitivity tests each undertaken 10,000 times. 

(17 million runs). Of approximately 1100 core parameter values (applicable to most 

species) 86% of the values generated were within 5% of the baseline precautionary 

median value with 79% being within ±5% of the 95th and 99th percentile values.  

1.4.2 This has not only increased the confidence in the original predictions, but clearly 

demonstrated that, even with extremely precautionary tests, involving hypothetical 

parameterisation, the numbers are still insignificant, compared to natural and 

anthropogenic losses (including commercial fishing and angling). This is again 

consistent with actual literature studies and growing body of empirical evidence on 

real turbine installations (– hard evidence). 

1.4.3 Having developed the models and peer reviewed the results :- 

• The models are robust – running correctly and giving correct results. 

• That even when certain of the parameters used were artificially exaggerated, or 

reduced to unrealistic levels, as in the hypothetical scenarios, extensive 

sensitivity tests have now shown that the impacts predicted on fish, do not 

change significantly. 

• The analysis presented indicates that the models are operating consistently 

across all species and life-stages. 

 

1.4.4 Further support for this view comes from taking a look at the insights that this three 

and half year extensive and intensive research program has allowed us. Chart 3 

shows an overview of the series of results obtained by the various models and 

assumptions applied, during this work.  
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• The first set (blue lines) are the original impact predictions from the 2015 

Environmental Impact Statement submitted and approved for the DCO. 

• The second set (red triangles ) show the results of the “Precautionary” NRW – 

PS requested parameterisation of the new ADZ model described here. 

 

1.4.5 What is striking is not the differences, but how consistent the results are for all 

species. It is clear that River Lamprey is an outlier, but equally, since the sensitivity 

tests confirm that swim speed is the crucial factor, the fact that this parasite gets 

around primarily attached to other fish, and hence its swim speed is largely irrelevant 

(plus the fact that no River Lamprey have been found in the Bay to date), means that 

these results are not meaningful and can be ignored. 

1.4.6 If one was being critical, the only parameter now outstanding to be included, is depth. 

The model does not specifically consider the depth at which these fish swim (benthic 

versus pelagic). But for the headline species (salmon and sea trout), this would only 

be expected to further reduce the predicted values. 

 

Chart 3:  Overview of results achieved for all Species  

(# Note that cod and whiting not included in 2015 results hence no comparable value) 
 

1.4.7 One of the reasons for ensuring the robustness of the predicted impacts is to inform 

the judgement regarding the likely effect on nearby Natura sites. If this were 

“significant”, then a derogation would be required from the European Habitats and 

Water Framework Directives. It would have to be shown that the 'purpose' and 'no 

satisfactory alternatives' tests applied. That there were “Imperative reasons of 

overriding public interest” (IROPI) including those of a social or economic nature and 

beneficial consequences of primary importance for the environment” and that 

compensatory measures could be applied. In assessing whether this is needed, this 

measure of “impact” is important. Guidance on interpretation advises that impacts 

predicted of the order of 2% or less, should be regarded as undetectable. This makes 
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sense when compared to existing licenses for commercial fishing (40%) and angling in 

the Tawe - (75 fish a year caught by anglers whilst these results indicate that a further 

1/3rd of a fish would be “caught” by the lagoon!). 

1.4.8 It is crucial for assessing whether an IROPI derogation is further required, that any 

predicted, potential impact should be based on the conservative “best” scientific 

evidence , not hypothetical worst case scenarios (i.e. the runs in Table 1 ) and the 

results of the sensitivity tests (Table 2) be used as a check on the robustness of the 

model predictions2. 

1.4.9 On this basis we conclude that we now have a consensus, state of the art model (in 

process of being submitted for publication), to predict the behaviour of fish 

interacting with large marine turbines. For Swansea Bay this predicts potential 

median impacts that are not significant (undetectable by IROPI standards); and 

demonstrably robust to extreme variations in the parameters employed. 
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2 Introduction 

2.1 Introduction 

2.1.1 This document has been produced by Tidal Lagoon Swansea Bay (TLSB) in order to 

address concerns expressed by Natural Resources Wales – Permitting Service (NRW-

PS) in relation to the sensitivity testing report submitted by TLSB in May 2018 (Tidal 

Lagoon Swansea Bay – Fish ADZ Systematic Sensitivity and Scenario Testing Results V1.0 – 

May 2018).  

2.1.2 NRW-PS, and their consultees, have previously requested that the Alternative Draw 

Zone Fish impact assessment models be subjected to more rigorous sensitivity and 

scenario testing.  

2.1.3 The principal objective of this additional sensitivity testing work is to demonstrate the 

effect of each parameter on the model outputs to allow NRW-PS to understand the 

associated risk of the values assigned to each of the parameters.   

2.1.4 Sensitivity testing also acts as a quality assurance check of models, ensuring that 

values and formulae are correct.   

2.1.5 The objective of the hypothetical scenario testing is to establish if the inclusion of 

these extreme ranges and values would have a significant effect on the outcome of 

the model, to assist NRW-PS in determining whether these parameters should be 

included in the model.  

2.1.6 This document explains how the models and subsequent tests have been improved 

and implemented. It is structured as follows:- 

Section 1 - Executive Summary 

Section 2 - Introduction and Background  

Section 3 - Modelling Methodology 

Section 4 - Presentation of Results 

Section 5 – Sensitivity Analysis Results  

Section 6 – Hypothetical Scenario Testing of Stress Tested Models 

Section 6 – Conclusions  

Appendices:  

- A.  The Model - explanation of model parameters and operation 

- B.  Summary of parameter changes made to models.  

- C   Tabulated comparison of conservative and precautionary sensitivity results  
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- D.  Charted representation of ‘focused’ sensitivity results.  

- E.  Explanation of Salmon Duration of Presence parameter 

2.2 Background 

2.2.1 Following discussions of points raised in 2015 by NRW’s consultees, in relation to the 

parameterisation of TLSB’s initial fish encounter and injury model (IBM and STRIKER), 

an alternative approach to assessing predicted fish impacts of the Swansea Bay Tidal 

Lagoon has been developed.   

2.2.2 This alternative model, developed with inputs from NRW and Cefas technical experts, 

has now undergone extensive and critical evaluation by NRW’s consultees. After each 

consultation, modifications have been made and the model has subsequently 

evolved into a more advanced, improved package. For example, the final 2017 

version of the model migrated from a deterministic version (producing a single 

impact value) to a fully stochastic model incorporating a Monte Carlo Analysis (MCA), 

producing a full spectrum of possible results, which can be analysed for significance 

and uncertainty.   

2.2.3 In addition to changes in the formulaic processes within the model, changes have 

also been made to :  

• The number of model variables (Parameters) used within the model.  

• The range of parameter values, which has been extended. 

• The encounter and injury model has been expanded, such that other elements 

including avoidance, retention and predation can now be incorporated into the 

model, and amended, as more scientific papers become available.  

 

2.2.4 The range of different species modelled has been increased and now includes 6 

diadromous species and 7 marine species. It was subsequently agreed that sensitivity 

testing could be applied to ten of these species :  

• Atlantic salmon 

• Sea trout 

• Shad 

• River Lamprey 

• Sea Lamprey 

• European Eel 

• Cod 

• Whiting 

• Sand eel  

• Herring 

 

2.2.5 The assessments have considered, in greater detail the life-history of each species; 

and now, all the life-stages most likely to be impacted, have been included.  



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 16 

TLSB_ML_Fish Dec 2018  

 

2.2.6 Most of the above developments that have been made, are defensible based on 

latest evidence available within scientific literature, however other suggested 

amendments made at the request of the NRW are somewhat more speculative.  

2.2.7 The model can now incorporate the predicted effects on all the relevant life stages of 

the species, providing a consistent new output value, (fish egg loss), for all species 

considered, with the exception of European Eel, for which an escapement in 

reduction is used to assess the impact.  

2.2.8 This work is thus the result of an extensive 3 year + research program, which has 

involved over 1700 model runs each with a minimum of 10,000 iterations of the base 

case parameters, this in addition to hypothetical scenario testing. 

2.2.9 The report now sets out for inspection, the results of running this new expanded 

model for the full range of these requested variations. As these are extensive and 

cover the full range of research carried out, they have been set out in the following 

order to aid evaluation. 

- The new estimated conservative impact values which are based on best available 

literature and expert consensus values, together with their standard 95% confidence 

limits. (A comparison with the original 2015 numbers is given for reference). 

- The precautionary NRW requested comparisons and plots showing the relative 

impact of using worst case parameters.  

– The full results of the extensive testing of the sensitivity of the model to systematic 

variations in individual parameters, (plus and minus 10, 20 and 30% in turn) 

- The effects of the number of Monte Carlo iterations on the extent of the 

sensitivities. 

- Some in-combination testing has been undertaken considering the impacts if more 

than one parameter is altered simultaneously. 

 

2.2.10 Finally, the model was run for a set of hypothetical “what if” scenarios, purely to test 

the limitations of the model, which have little validity for the physical realities of 

natural constraints and the Swansea Bay environment in particular. 

2.2.11 Full details of the model and more extensive reports on the sensitivity testing is given 

in appendices. 
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3 Methodology 

3.1 Monte Carlo Analysis Approach  

3.1.1 The original Alternative Draw Zone (ADZv.1) models (submitted by Tidal Lagoon 

Swansea Bay (TLSB) on 8 July 2016) calculated annual turbine encounter and injury 

rates for a range of fish species and life-stages. These values and the subsequent 

population-level impacts derived from them were deterministic in their nature, 

combining a variety of calculations and parameters to generate a single ‘% Annual 

Mortality’ rate for each species and life-stage where appropriate. 

3.1.2 Following discussions between TLSB, NRW Technical Experts (TE) and Cefas it was 

agreed to adopt a Monte Carlo analysis approach to the ADZ modelling for a range of 

species and also the parameters (and associated values) that should be used.  

3.1.3 As a consequence of the improved modelling and more detailed input data TLSB 

have reported impacts for all species as % Egg Loss.  The exception to this being the 

impact on eels for which the ‘reduction in escapement’ is used to assess impacts.  

3.1.4 The stochastic MCA approach accounts for uncertainty in some of the parameter 

values used within each species’ models and allows the description of numerical 

confidence for the levels of impact predicted and enables a robust, risk-based 

decision to be made. This has been achieved by distributing a number of the 

parameters between upper and lower values using a variety of probability 

distributions, and then re-sampling each species model a large number of times (in 

this case 100,000 iterations) to obtain a frequency distribution of the results (see 

chart 4 below).   

Chart 4:  Example of Fish Impact Frequency Probability Distribution Showing Reportable Values 

 
 

3.1.5 When presenting results we have referred to the 95th and 99th %ile values, as 

requested by NRW-PS. We have also used the median value to assist the description 

of impact magnitude. This is a more appropriate statistic than the mean (average) 

value given the asymmetric (skewed) nature of the impact frequency distributions 
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and is in alignment with statistical conventions.  It should be noted that the median is 

still not the Conservative value obtained in skewed distributions this is the modal 

(most frequent value obtained) which will be represented by the uppermost peak in 

the 29 life-stage distributions. 

3.2  Key Parameters within Models  

3.2.1 The key parameters that have been distributed within the model to account for the 

expressed uncertainty and the models operation are outlined below but explained in 

more detail in a brief ‘user guide’ in Appendix A :  

3.2.2 The parameters that have been distributed within the model to account for the 

expressed uncertainty are listed below, with a brief description of the application of 

the parameters within the ADZ model: 

• STRIKERv.5TM injury rate - the STRIKERv.5TM injury rate is the probability of a fish 

being injured as it passes through the turbines after encountering them (see the 

TLSB Environmental Statement (TLSB, 2014), Alternative Fish Impact Assessment 

Results (TLSB, July 2016), Statement of Understanding (TLSB, July 2016) and 

Ploskey and Carlson (2004) for a detailed description of the fish injury model 

used). STRIKERv.5TM has been developed from STRIKERv.4 TM and incorporates a 

Monte Carlo analysis approach to produce a probability distribution of injury 

values rather than a single deterministic value for each fish life-stage.  

• Population range (excluding lagoon area) – the population range defines the area 

that is inhabited by the fish for the duration of time it spends within the model 

(duration of presence). The population ranges must overlap with the turbine and 

sluice gate housing structure otherwise the risk of encounter is zero. The 

population range varies and is dependent upon the life-stage of each species for 

example, whether it is migrating into/out of one of the Swansea Bay rivers or, is 

resident in Swansea Bay or a wider marine area. 

• Duration of presence - the duration of presence within the model (recorded as 

the number of tides) is the time spent by an individual fish within the set 

population range at risk of encounter with the turbine and sluice gate housing 

structure.  

• Seasonal presence – this parameter sets when, throughout the year, the 

individuals are present within their population range, reflecting resident, 

migratory, spawning, nursery or overwintering seasonal patterns. 

• Fish length – the length of the fish is set for each species life-stage from empirical 

observation/survey data in Swansea Bay or the Bristol Channel. This parameter 

influences the swimming speed, population range, STRIKERv.5TM injury rate and 

draw zone area parameters. 

• Swim speed (and equivalent draw zone area) - swimming speeds of fish within the 

models are used to set how quickly a fish moves around within its population 

range for the number of tides it is present. Distribution of individuals across the 

population range is random and, due to the absence of a large number of 

detailed migratory tracking data with which to set specific migratory routes, 

swimming directions are also random to objectively model fish movements. 

• Avoidance factor – as a fish is swimming within the population range, for a set 

number of tides and at a set swim speed, if it encounters flows linked to the 
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turbine and sluice gate housing structure faster than its swim speed, it will be 

drawn towards the structure unless it shows a change in behaviour to avoid this 

happening. The avoidance factor is the proportion of fish that will show this 

change in behaviour to move out of the flows or away from the turbine and sluice 

gate housing structure. As swim speeds are set below maximum sustainable 

swimming speeds (MSSS) then individuals will have additional swimming capacity 

to move away from the flows or structure or even hold their position in the flow 

until the turbine cycle ceases; 

• Draw Zone area - the area of flow speeds within the population range that, if 

encountered by the fish, will result in the fish being drawn towards the turbine 

and sluice gate housing structure and thus at risk of injury. The flow speed that 

this area is set at is determined by the swimming speed of the fish (for example 

for a fish swimming at 1ms-1, the draw zone area will be the area where flow 

speeds connected to the turbine and sluice gate housing structure and heading 

towards that structure are >1ms-1); 

• Generating period – these are the durations of generating time on the flood and 

ebb tides, covering periods of turbine generation and sluicing; 

• Age structure – this is the population structure of the species used for the 

population impact calculations. The parameter includes the number of years the 

species lives and the life-stages encompassed (such as juvenile in river/estuary, 

juvenile in coastal waters, resident, adult migrating to spawn, adult kelt post-

spawning) as well as considering natural/baseline mortality rates of the 

population; 

• Sex ratio – the proportion of the spawning population that are female and thus 

contribute to egg production; and 

• Fecundity – the fertility of females measured as the potential number of eggs 

produced per individual. 

3.3 Model Changes  

3.3.1 The ten baseline species models were updated with a number of individual 

parameter value changes as requested by NRW-PS – these are listed in Appendix B.  

3.3.2 Several generic amendments have been made to all models including in the following 

areas: 

• Incorporation of a new approach to calculating an avoidance rate in which far 

field and near field avoidance are considered and related to the draw zone 

area. This change also includes a minimum swim speed (intended for passive 

drifting species) below which no avoidance is presumed to occur.  

• Random tidal selection (and associated operating periods).  

• Draw Zone calculations amended.  

• Retention, duration of presence, predation and cut-off-date parameter 

sections have been incorporated where appropriate.  

 

3.4 Sensitivity Analysis  

3.4.1 In order to undertake sensitivity testing the following steps have been taken:  
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3.4.2 Each species life-stage had a Virtual Basic for Applications (VBA) script written as an 

Excel macro which, when run, would generate impact values for each sensitivity value. 

The use of such script was considered advantageous in that it could be accessed and 

scrutinized by any users of the fish impact models. In the previous submission, the 

testing was undertaken using an alternative, less accessible, programming language.  

3.4.3 The VBA script was used to run tests on each of the ten species and associated 29 

life-stages modelled. An example of section of script is provided below and 

represents one test out of approximately 1800 undertaken.  Each set of tests is 

followed by a ‘reset’ code which reverts the model being tested back to its original 

baseline format before proceeding to the next test.  

Figure 1: Example of VBA Sensitivity Test Script 
 

 

 

 

 

 

 

 

 

3.4.4 When undertaking initial sensitivity testing is became clear that the full test scripts 

would take several days to complete on one computer.  In order to expedite more 

rapid completion of the tests in relation to each species the script was split into 

smaller sections which could then be run simultaneously on different computers. This 

had other advantages in that errors identified in the script could be amended and 

the section repeated without having to re-run the whole script.  

3.4.5 Two levels of testing were undertaken :  

(a) ‘Full’ detailed testing during which each tested parameter value was adjusted by -

10%, -20% and -30% as well as +10%, +20% and +30%.  These tests were applied to 

one anadromous, one catadromous and two marine species and their associated 

life-stages. 

 

(b) ‘Focused’ testing during which only the extreme values of -30% and + 30% tests were 

undertaken on each parameter for the remaining species and their life-stages. 
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3.4.6 It should be noted that some of the sensitivity test results cannot actually be 

achieved in reality and are therefore illogical. For example, the swimming speed of 

fish cannot realistically be reduced to zero as occurs in some tests when the mean or 

range are reduced. Likewise, when testing the sex ratio a sex ratio of >1: 1 is not 

physically possible.  In such cases the values used in the tests have been truncated. 

3.4.7 The life-stages and species to which this approach was applied are detailed in the 

table below :  

Table 3 – List of Species and Life-stages Modelled and Sensitivity Tested 

Species Life-Stage Sensitivity Test 

(Full / Focused) 

Atlantic salmon Smolt Full 

 One Sea Winter (1SW) Full 

 Multi-sea winter (MSW) Full 

Sea Trout Smolt Focused 

 Whiting Focused 

 Whiling Smolt N/A 

 7 x Migrant adult year classes Focused (two age classes) 

 7 x Resident adult year classes Focused (two age classes) 

 7 x Kelt year classes Focused (two age classes) 

European eel Elvers Full 

 Resident eel  Full 

 Silver eel Full 

Shad Juvenile Focused 

 Sub-adult  Focused 

 Adult Focused 

Sea Lamprey Transformers Focused 

 Resident adults Focused 

 Migrant adults Focused 

River Lamprey Transformers Focused 

 Resident adults Focused 

 Migrant adults Focused 

Cod Juveniles Focused  

 2nd Year Adults Focused 

 Adults Focused 

Whiting Juveniles Focused 

 Adults Focused 

Sandeel All  Full 

Herring Juveniles Full 

 Adults Full 

 

 

3.4.8 Each sensitivity test is run for 10,000 iterations. This is a reduction from the 100,000 

used in the baseline assessment used in the formal submission of values. A 

comparison of the results obtained between 10,000 and 100,000 iterations is 

provided in the results section below. 
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3.4.9 The results of all tests are recorded within each life-stage file produced for each 

species. This data has then been transferred for each life-stage into one species 

result file within which data has been rearranged and summary statistics produced.  

3.4.10 The summary data from each species has then been assembled into a full 

compilation of summary statistics providing both the absolute values and also 

differences from mean, median and 95th or 99th %ile.  An example of the values 

presented is indicated in Table 4 below.   

Table 4:  Example of summary data for juvenile shad showing statistics compiled for Baseline model run 
and first sensitivity test (absolute values) 

 

 

 

 

  

Juvenile Shad

0. Baseline model 

run

1. Juvenile_Shad 

STRIKER rate -30%

Mean 0.705% 0.653%

Difference from Mean 0.000 -7.416

Difference from 99th %ile 0.000 -4.904

Difference from Median 0.000 -8.650

1st %ile 0.001 0.001

5th %ile 0.002 0.002

25th %ile 0.004 0.003

Median 0.006 0.005

75th%ile 0.009 0.008

95th %ile 0.017 0.016

99th %ile 0.025 0.024

Standard Deviation 0.005 0.005
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4 Presentation of Results  

 

4.1 Conservative “Best Estimate” Parameterisation Model Runs  

4.1.1 The table and chart below summarise the results for each species’ baseline model 

runs, using conservative parameter values which TLSB believe are the most 

appropriate to be used in the application of the MCA.   

 

Table 5– New Consensus Model – “Best Estimate” parameters results 

  

4.1.2 Whilst the majority of parameter changes are accepted by TLSB, and all have been 

incorporated into the models, there are two parameters which have been included 

and which TLSB do not feel are either justified or applied appropriately. Results 

incorporating the NRW preferred “Precautionary” results are shown in Table 6 – 

below.  

4.1.3 The first parameter that TLSB dispute is salmon and sea trout swimming speed. The 

NRW-PS requested parameters reduce the swimming speed of salmon and sea trout, 

from an initial range of 0.5-1.5bls to 0.5-1.0bls and finally to 0.4-1.0bls. TLSB has 

maintained the utilization of the initial mid-range, as in the original MCA, had 

bounded the available values from the literature but, the second set of numbers 

(Table 6) have been adjusted recognising the precautionary approach adopted by 

NRW-PS namely, it uses the 0.4-1.0bls values. 

4.1.4 The second amendment, requested as a precautionary value by NRW-PS, which 

applies to all models, relates to the application of a swimming speed below which 

avoidance cannot take place. This variable was intended, as discussed with NRW-TE 

and Cefas, to apply to passive drifting species or poor swimmers including life-stages 

Species

Median 

(50%)
Mean (Average) 95th Percentile 99th Percentile

Sandeel 1.10% 1.18% 2.09%

Cod 1.31% 1.47% 3.17%

Herring 0.71% 0.90% 2.28%

Sea Lamprey 1.12% 1.17% 2.45% 2.78%

Salmon 0.39% 0.77% 2.64% 6.65%

Sea Trout 3.51% 4.35% 10.31% 17.13%

Shad 0.58% 0.70% 1.64% 2.44%

River Lamprey 5.10% 6.16% 15.42% 22.07%

Whiting 1.82% 2.11% 4.72%

Eel 0.46% 0.39% 1.14% 1.67%
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such as elvers and lamprey transformers. Whilst Cefas acknowledged that this was 

indeed the case, this was disputed by NRW-TE. 

Chart  5  - Chart Illustrating Best Estimate (Conservative) Impact Values for all Modelled Species 

 

 

 

4.2 Precautionary Model Runs  

4.2.1 Table 6 below summarises the baseline model run results when the NRW-PS 

requested parameter values are incorporated into the models.  The results are 

presented in Chart 6.  

4.2.2 Chart 7 provides a comparison between the conservative and precautionary values.  

4.2.3 Subsequent sensitivity testing has been applied to these precautionary models.  

 

 

 

 

 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 25 

TLSB_ML_Fish Dec 2018  

 

Table 6 – Results for the model run with NRW- PS “Precautionary” parameter values  

 

  

 

 

Chart 6:  Chart Illustrating Precautionary Impact Values for all Species 

 
 

Species

Median 

(50%)

Mean 

(Average)

95th 

Percentile
99th Percentile

Sandeel 1.11% 1.19% 2.10%

Cod 1.49% 1.68% 3.62%

Herring 0.73% 0.94% 2.48%

Sea Lamprey 1.24% 1.24% 2.55% 2.80%

Salmon 0.50% 1.06% 3.60% 9.70%

Sea Trout 3.64% 4.59% 11.85% 18.88%

Shad 0.58% 0.69% 1.61% 2.33%

River Lamprey 5.59% 6.82% 17.14% 24.02%

Whiting 1.85% 2.22% 5.25%

Eel 0.48% 0.40% 1.23% 1.63%
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Chart 7 : Illustrating difference in impact values obtained at 95th %ile values for both the TLSB Conservative 
and NRW-PS Precautionary Cases. 

 

4.3 10k or 100k Iterations  

4.3.1 The table below summarises the results obtained when models are run for either 

10,000 or 100,000 iterations using the baseline (precautionary) models used in the 

sensitivity testing process.  

Table 7 : Comparison of Impact Values for 10,000 and 100,000 Iterations Using Precautionary Parameter 
Values 

 
 

Median (50%) 95th Percentile 99th Percentile Mean (Average)

10k iterations 1.11% 2.10% 1.19%

100k iterations 1.10% 2.09% 1.18%

10k iterations 1.49% 3.62% 1.68%

100k iterations 1.50% 3.63% 1.69%

10k iterations 0.75% 2.45% 0.95%

100k iterations 0.73% 2.44% 0.94%

10k iterations 1.24% 2.55% 2.80% 1.24%

100k 1.23% 2.55% 2.81% 1.24%

10k iterations 0.50% 3.60% 9.70% 1.06%

100k iterations 0.50% 3.69% 9.93% 1.07%

10k iterations 3.64% 11.85% 18.88% 4.59%

100k iterations 3.99% 11.79% 18.83% 4.97%

10k iterations 0.58% 1.61% 2.33% 0.69%

100k iterations 0.58% 1.61% 2.42% 0.70%

10k iterations 5.59% 17.14% 24.02% 6.82%

100k 5.61% 17.17% 24.07% 6.88%

10k iterations 1.85% 5.25% 2.22%

100k iterations 1.84% 5.32% 2.22%

10k iterations 0.40% 1.25% 1.64% 0.49%

100k iterations 0.40% 1.23% 1.63% 0.48%

Shad

River Lamprey

Whiting

Eel

Sandeel

Cod

Herring

Sea Lamprey

Salmon

Sea Trout
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1.1.1 Given the very small differences (as illustrated in chart 7 below) between either the 

Median, 95th or 99th%ile values the sensitivity tests have proceeded using 10,000 

iterations. The full final assessment will however revert to 100,000 as agreed.  

Chart 8 : Illustrating difference in 95th %ile impact values with either 10,000 or 100,000 iterations. 

4.4 Establishment of Baseline Model Values 

4.4.1 The following frequency charts show the distribution of values obtained from 100,000 

iterations of the precautionary models used for sensitivity testing.  

4.4.2 The models used incorporate the parameter changes included in Appendix B but do 

not include the hypothetical scenario test values described below.  

4.4.3 The charts follow the same negatively skewed distribution with the median value 

being slightly higher than the modal value (the uppermost point in the distributions).  

4.4.4 The frequency distributions for sandeel, cod, European eel, shad, sea lamprey, and 

herring are all similar with median and either 95th or 99th percentile values being 

below 5%.  

4.4.5 The distributions for both sea trout and river lamprey are more heavily skewed to 

higher values with median values of 3.99% and 5.61% respectively and corresponding 

99th %ile values of 18.83% and 24.07%. This is due to the higher preponderance of 

residency in closer proximity to the lagoon for both these species. River lamprey in 

particular have a very restricted population range throughout their life-cycle and thus 

are always in close proximity to the lagoon during their transformer, resident and 

migrant life-stages.  In addition, river lamprey are slower swimming and thus less 

likely to avoid entry into the lagoon.  

Chart 9 : Sandeel : Baseline Results (100k iterations) Using Precautionary Values  
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Chart 10 : Cod: Baseline Results (100k iterations) Using Precautionary Values  
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Chart 11 : Herring : Baseline Results (100k iterations) Using Precautionary Values  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 12 : Sea Lamprey : Baseline Results (100k iterations) Using Precautionary Values  
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Chart 13 : Salmon (Tawe) : Baseline Results (100k iterations) Using Precautionary Values  

 

 

 

 

 

 

 

 

Chart 14 : Sea Trout (Tawe): Baseline Results (100k iterations) Using Precautionary Values  
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Chart 15 : Shad : Baseline Results (100k iterations) Using Precautionary Values  

 

 

Chart 16 : River Lamprey : Baseline Results (100k iterations) Using Precautionary Values  
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Chart 17 : Whiting : Baseline Results (100k iterations) Using Precautionary Values  

 

 

 

Chart 18 : European Eel  : Baseline Results (100k iterations) Using Precautionary Values  
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5   Sensitivity Analysis 

5.1 Results of Full Sensitivity Tests  

 

Purpose  

5.1.1 Full sensitivity tests were undertaken to : 

• enable trends in sensitivity test values to be identified,  

• help identify generic issues within the baseline models, 

• to ensure the scripts themselves worked effectively.  

 

Methodology 

5.1.2 Initially a full VBA script (as described above) was produced for eel and sandeel. 

However, the scripts were of such length (100+ pages of programming script), and 

required extensive periods (several days) to run, that they were split and run 

separately for each life-stage.  

5.1.3 A further reduction in script size was undertaken in order to enable all single life-

stage tests to be undertaken in a shorter period of time using multiple computers. 

These shorter scripts also helped facilitate the correction of errors. 

5.1.4 In these ‘full’ tests, each parameter, for each life-stage has been changed by ± 10%, 

20% and 30%. Thus, there were six sensitivity test values and the original baseline 

value for each test undertaken.  

 

Presentation of Results 

5.1.5 The analysis undertaken has been presented as a series of ten charts (one per 

species life-stage).   

5.1.6 It should be noted that whilst the ‘X’ axis remains constant across all charts, the ‘Y’ 

axis changes according to species and life-stage.   

5.1.7 A summary page showing all the charts on one sheet is also provided so that a 

comparison can be made with a consistently applied ‘Y’ axis scale.   
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Chart  19    :  Full Sensitivity Test Results -  1SW Salmon 

 
 

 

Chart  20    :  Full Sensitivity Test Results -  MSW Salmon 
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Chart  21     :  Full Sensitivity Test Results -  Salmon Smolt 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Chart 22     :  Full Sensitivity Test Results -  Elvers 
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Chart 23     :  Full Sensitivity Test Results - Silver Eel 
 

 
 
 

Chart 24     :  Full Sensitivity Test Results - Resident Eel  
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Chart 25     :  Full Sensitivity Test Results - Juvenile Herring 
 

 

 

Chart  26   :  Full Sensitivity Test Results -  Adult Herring 
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Chart  27    :  Full Sensitivity Test Results -  Sandeel 
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Chart 28    :  Compilation of All Nine Full Sensitivity Tests 

 
 

 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 40 

TLSB_ML_Fish Dec 2018  

 

 

5.2 Discussion / Observation 

5.2.1 The above charts indicate that changes in the majority of parameters of up to ±30% 

do not cause unexpected changes in impact values.   

5.2.2 The results would appear to indicate, with few exceptions, a linear relationship 

between the sensitivity test values and the subsequent results obtained.  For some 

parameters, and life-stages, the changes are extremely insignificant to such an extent 

that ‘natural’ variations in values produced by the use of the Monte Carlo Analysis 

mask the impacts of the sensitivity tests, this would appear to apply to smaller life-

stages (e.g. elvers, smolts).  

5.2.3 The compilation of all charts, with all values exhibited on the same Y axis scale, 

illustrates further the low level of variability produced by each parameter and 

emphasises those parameters which have greatest influence.  

5.2.4 In general the parameters to which the models appear most sensitive are swim 

speed, injury rate (STRIKER) and the population range. These results are as 

anticipated;  

• Increasing/decreasing the risk of injury will lead to increased/decreased 

impacts respectively.  

• Increasing the population range reduces the risk of fish encountering the 

turbines and thus reduces potential impacts. 

• Increased swim speeds lead to reduced impacts. This is due to a combination 

of factors including fewer fish falling below the 0.2ms swim speed cut-off 

applied below which no avoidance occurs.  

 

5.2.5 Sensitivity is also shown to some species’ specific parameters. For example, the 

inclusion of diurnality (applied to sandeel) influences the impact values with increased 

levels of diurnal behaviour leading to increased impacts (due to more activity and 

lower dormancy).  Likewise, the proportion of eels resident in the coastal 

environment, unsurprisingly, influences the resulting impact values with the greater 

the proportion residing in coastal waters (and thus at greater risk of encounter and 

injury) the greater the impact.  
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5.3 ‘Focused’ Sensitivity Testing  

Purpose  

5.3.1 Focused sensitivity tests were undertaken to expand the sensitivity assessment 

across all species and their life-stages. As with the ‘full tests described above, the 

focused testing ;  

• enables trends in sensitivity test values to be identified,  

• help identify generic issues within the baseline models, 

• Ensures the VBA scripts worked effectively.  

 

Methodology 

5.3.2 Tests were applied in similar manner to the full tests with shorter scripts applied to 

each life-stage.  

5.3.3 Tests were only undertaken for +30% and -30% values. The relationships 

demonstrated by the full tests suggest that intermediate values (e.g. ±10% or 20%) 

would not add value to the assessments.  

 

Presentation of Results 

5.3.4 Given the large number of tests involved in this stage of the assessment difference 

approaches to the presentation of the results have evolved.  

5.3.5 Tabulated results are provided below in Tables 8-10 below.  The tables, whilst 

containing a large amount of data, have been colour coded to aid interpretation. 

Parameter tests resulting in differences from the mean, median or 95/99th %ile values 

of greater than 5% (e.g. increased impact) are coloured orange whilst those tests 

resulting in values less than -5% (e.g. reduced impact) of the mean, median or 95/99th 

%iles have been coloured green. 

5.3.6 Summary 3D summary charts (Charts 30-32) have been produced to accompany 

each table and shows the effect of changes to the key parameters applied to most 

species and life-stages.   

5.3.7 The sensitivity of the models can be considered in two ways using these tables. 

Firstly, looking at each column gives an indication of the parameter values that have 

an impact across most fish species and the direction of change in terms of a positive 

or negative change in impact values and how consistently this occurs across the fish 

species and associated life-stages. Secondly, the impact of all parameters on each 

life-stage can be considered by looking across the rows of the tables.   

5.3.8 Given the large amount of data represented within these tables and charts a 

simplified approach has also been attempted in which the average variance between 

the  +30% and -30% values for each parameter has been  calculated for all species 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 42 

TLSB_ML_Fish Dec 2018  

 

life-stages and , where necessary, converted to a positive value so that all values are 

comparable.    The resulting data is summarised on Chart 32 below. 

5.3.9 The results for each life-stage have also been presented as a ranked bar-chart which 

provides a visual representation of the magnitude of the sensitivity to each tested 

parameter. An example is provided below in Chart 29 with all life-stage charts (29 in 

total presented in Appendix D. 

Chart 29 : Example of Ranked Focused Sensitivity Test Results 
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Table 8 : Focused Sensitivity Test Results :  Difference from mean for each sensitivity test and life-stage to which it was applied.  
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Sea Trout Smolt Difference from Mean -5.396 3.643 -0.194 -1.682 -1.694 -0.295 -4.959 3.544 -1.129 -7.798 -2.939 -2.526 1.357 -1.888 0.145 -2.337 1.395 -0.341 -0.577 0.838 -1.706 1.295 -0.656 0.131 -0.656 0.700 -1.477 0.155 0.016 -0.428 -3.952 0.879

Sea Trout Whitl ing Difference from Mean -2.397 1.960 1.383 -1.341 -0.350 0.006 1.231 -1.448 1.724 -7.628 0.584 -0.521 -0.643 0.709 -0.888 -0.770 -0.852 1.113 -0.223 0.455 -0.114 0.448 -0.326 0.821 -1.088 -0.213 0.655 -0.143 -0.750 0.442 0.675 0.480 0.107 -0.586 -1.426 -0.975 -0.893 1.639

Sea Trout 1SW Resident Difference from Mean -7.374 7.620 4.629 -2.261 -0.359 0.485 4.630 -7.365 -0.788 0.326 0.529 -1.170 0.125 -0.157 0.204 -0.783 1.356 -0.562 0.588 0.434 -1.311 1.750 0.298 -0.327 -0.467 -0.439 -1.173 -1.239 3.909 -3.854 0.386 -1.240 -0.228 0.633 -0.447 -0.096

Sea Trout 5SW Resident Difference from Mean -3.567 0.727 0.157 -1.877 -2.224 -1.728 -1.998 -1.834 -1.374 -1.395 -0.749 -1.113 0.118 -2.488 -1.737 -1.515 -2.829 -0.705 -1.394 -0.906 -2.387 -0.609 -0.310 -1.082 -1.290 -0.575 -1.021 -2.911 -3.420 0.019 -0.970 -1.696 0.995 -1.928 -1.786 -0.218

Sea Trout 1SW Migrants Difference from Mean -4.605 7.625 5.151 -0.444 2.164 1.244 -0.021 3.167 7.743 -6.783 0.426 1.582 1.690 0.762 1.602 2.498 1.085 1.671 1.303 2.429 2.357 3.161 0.225 3.168 2.122 1.548 0.788 2.320 2.507 0.908 5.049 -3.959 1.869 1.571 1.434 2.310 1.482 2.140

Sea Trout 5SW Migrants Difference from Mean 1.517 3.197 2.472 1.434 2.428 1.225 1.034 2.308 5.306 0.144 0.955 2.778 3.127 1.967 3.380 2.331 1.464 2.804 1.448 3.275 2.746 2.770 2.238 2.446 2.329 2.879 2.016 1.933 2.168 3.142 -0.862 3.117 0.138 1.743 4.254 0.939 2.121 2.782

2nd Yr Cod Difference from Mean -1.024 -1.491 -0.431 -1.252 -0.430 0.080 -0.399 -0.046 -0.906 -0.178 -1.363 -1.292 -0.431 -0.334 -0.033 -1.189 -0.216 0.036 0.228 -1.036 -0.200 -0.174 0.059 0.097 -0.610 -0.071 -0.692 -1.182 0.470 -0.834

Adult Cod Difference from Mean -0.130 0.019 6.355 -3.832 5.525 -3.506 17.814 -7.886 -0.781 1.993 0.999 -2.067 1.459 -0.753 0.258 0.466 -0.733 0.316 -1.601 2.165 -1.842 1.928 0.834 0.437 -0.471 1.599 -0.210 1.299 -0.847 -0.963 -3.370 8.381

Juvenile Cod Difference from Mean -4.509 3.875 7.124 -4.981 2.172 -0.972 0.285 -0.390 -0.515 -0.692 -0.213 -0.103 -0.266 0.806 -0.495 -0.431 0.299 -0.159 0.025 -0.483 -0.338 -0.636 0.770 -0.241 0.297 0.180 -0.264 -0.092 -0.135 -0.244

Elver Difference from Mean -0.318 -1.025 0.160 -2.408 -2.480 -0.035 1.243 -0.117 -0.958 -0.344 -0.197 0.008 -0.593 0.009 0.335 0.248 -0.387 0.629 -0.012 -0.032 -0.732 -0.623 1.841 -0.669 0.969 0.897 -8.498 6.927 -0.493 1.436 -1.375 0.715 -1.132 0.225 -0.196 -0.275 -2.024 0.215

Silver Eel Difference from Mean -0.242 0.511 -0.288 1.709 -0.711 1.515 1.321 -0.885 0.120 0.798 -0.058 0.632 0.444 -0.996 -0.558 -0.053 0.239 -1.177 -0.733 -0.676 0.570 0.279 0.427 0.317 -27.126 24.767 -0.243 -1.264 -26.656 23.316 0.246 -0.847 -8.498 6.927 -0.493 1.436 -1.375 0.715

Resident Eel Difference from Mean -25.145 21.340 30.421 -19.118 -0.221 0.450 34.307 -23.176 -3.067 2.257 -0.022 -1.514 0.844 -1.721 -0.869 -0.396 -0.664 -0.260 -4.511 3.250 -27.126 24.767 -0.243 -1.264 -26.656 23.316 0.246 -0.847 -8.498 6.927 -0.493 1.436 -1.375 0.715 -1.132 0.225 -4.057 4.597

Sandeel Difference from Mean -16.557 17.618 24.829 -12.648 6.507 -2.771 3.527 -10.426 0.621 -0.303 1.070 0.876 0.374 0.374 0.477 0.740 0.266 0.171 0.892 0.371 -0.344 0.808 1.132 0.883 -0.275 1.194 0.839 0.213 0.729 0.495 -13.313 2.880

Juvenile Herring Difference from Mean -12.486 14.519 19.964 -9.610 2.532 0.460 -6.778 14.745 -0.645 7.542 1.296 -0.795 2.675 0.678 -2.545 4.267 0.254 -0.726 0.709 1.470 0.862 0.205 0.848 0.072 1.413 0.213 1.319 1.478 1.177 0.151 0.558 2.806 2.389 -1.109 0.741 -0.194 1.566 0.748

Adult Herring Difference from Mean -14.470 15.979 23.464 -11.806 1.066 -0.333 -9.651 15.540 1.584 5.695 10.964 -12.605 -2.851 1.289 -2.545 4.267 0.254 -0.726 0.709 1.470 0.862 0.205 1.227 -0.444 1.023 1.788 1.142 0.681 1.555 0.690 -1.295 0.896 0.264 0.642 -0.341 -0.128 1.367 0.208

Juvenile Whiting Difference from Mean -10.003 8.724 9.381 -7.083 4.989 -4.872 -0.377 -5.117 -0.835 -1.131 -0.740 -3.531 -0.739 -1.496 -2.467 -1.402 -1.550 -1.379 -7.139 1.532 -2.149 -2.232 -0.923 -2.207 -0.824 -1.562 -1.138 -1.643 -6.081 0.511

Adult Whiting Difference from Mean -18.814 20.678 29.746 -14.774 8.607 -3.190 38.043 -23.871 -0.721 3.087 1.117 -0.470 0.615 0.433 0.442 0.641 0.558 0.809 -4.197 3.479 2.569 4.817 1.242 1.509 0.063 1.382 1.146 0.327 0.704 2.368 1.134 1.823 -17.077 20.478

Juvenile Shad Difference from Mean -7.416 5.964 8.573 -6.633 -0.275 -1.421 0.178 -2.583 0.179 -3.428 -1.367 -2.600 -1.323 -1.492 -0.454 -1.289 -1.850 -0.973 -1.473 0.216 -3.287 -0.639 -1.056 -0.922 -1.247 -0.716 -1.520 -1.555 -4.859 0.280

Sub-Adult Shad Difference from Mean -1.798 0.767 -0.680 0.693 0.214 0.640 -0.216 -1.301 -0.481 -1.392 0.945 -1.235 0.162 -0.338 -0.063 -0.320 0.286 -0.050 -0.228 0.202 -0.938 -0.779 0.490 -0.938 -0.355 -0.738 0.306 -1.668 0.613 0.255

Adult Shad Difference from Mean -20.316 19.698 33.634 -17.093 -2.571 6.132 29.427 -8.146 -1.218 3.146 1.675 -1.538 0.646 -0.155 0.719 -1.452 0.017 0.200 0.249 1.303 -13.980 13.549 0.327 0.235 5.033 -1.902 0.536 -0.226 -0.193 0.368 0.189 0.002 -6.931 -7.287 0.476 -0.414

Salmon - Smolt Difference from Mean -6.225 0.950 -3.666 0.334 -1.814 -2.749 -4.606 1.986 -1.866 -4.960 3.141 -2.646 -2.580 -3.855 -3.292 -1.094 -1.717 -0.696 2.161 -2.064 -3.752 0.093 0.065 -0.215 -2.883 -3.334 -4.400 -2.268 -2.171 2.780 -0.180 -0.800

Salmon - 1SW Difference from Mean -11.959 16.641 19.133 -11.291 1.513 0.182 -9.602 16.085 181.519 -28.848 -6.173 21.202 1.304 -1.947 1.961 1.036 3.975 1.887 0.260 -0.502 1.517 -0.062 -8.431 5.599 -0.093 3.980 -1.183 2.866 0.199 -0.602 -4.330 8.161 2.050 -0.488 5.726 0.178 3.435 7.934

Salmon - MSW Difference from Mean -10.963 13.276 18.877 -12.265 -2.793 -0.886 -12.328 13.398 234.907 -29.146 -8.646 15.876 2.233 -0.448 0.437 -2.506 0.065 -0.366 1.707 -0.714 -0.212 3.321 -4.248 7.498 -1.807 -1.310 3.660 -0.070 1.216 0.321 4.813 -0.444 1.933 1.458 0.663 -1.534 1.214 2.557

River Lamprey - Transformers Difference from Mean -3.792 1.338 0.647 -1.222 -0.068 -1.032 -4.583 0.936 5.878 -4.102 4.794 -1.685 -0.913 -2.562 0.210 -0.148 -0.869 -0.028 -2.727 -1.562 -1.181 -1.223 -0.473 -1.337 -0.538 -1.245 -1.602 -2.050 -1.390 -1.570 -2.136 -0.808

River Lamprey - Residents Difference from Mean -18.598 18.315 28.202 -15.142 3.251 1.919 7.261 -8.172 3.015 -1.192 2.458 0.342 0.628 -1.089 -0.469 0.089 -0.017 0.488 -3.565 2.140 0.400 4.174 -0.878 1.138 0.076 1.052 -1.256 1.377 -11.051 5.668

River Lamprey - Migrants Difference from Mean -1.403 0.064 5.746 -4.149 -0.117 0.321 -5.319 3.923 10.859 -10.364 -5.496 4.420 -1.018 -1.444 -1.889 -1.221 0.302 0.355 -1.775 -0.073 0.234 -0.330 -1.386 -1.560 -1.563 -0.761 -0.793 -0.108 -1.029 0.333 3.552 -5.079 -0.697 -0.156 5.028 -7.640 -1.307 0.007

Sea Lamprey = Transformers Difference from Mean 0.547 2.243 -3.819 2.488 0.623 1.471 -0.126 2.186 -7.938 -3.492 2.600 -9.436 0.357 0.828 1.216 0.724 -0.071 0.186 -0.010 1.029 0.775 0.648 0.792 1.543 0.660 0.249 1.117 1.895 2.078 1.631 0.384 0.717

Sea Lamprey - Residents Difference from Mean -18.021 10.457 17.952 -12.588 1.229 -0.919 3.823 -8.128 1.677 -2.091 -0.608 -1.118 -1.085 -1.672 -1.412 -1.151 -1.016 -1.469 -2.362 -0.137 -1.945 -0.282 -0.829 -1.909 -0.931 -0.184 -0.470 -0.954 -10.330 3.016

Sea Lamprey - Migrants Difference from Mean -1.714 1.151 -1.503 -1.812 -1.832 -0.382 -0.894 -1.248 -2.681 -1.470 -1.956 -1.679 -1.906 -1.890 -1.705 -1.763 -1.282 -0.838 -0.618 -2.158 1.091 -0.280 -0.894 -0.009 0.308 0.898 -0.445 0.631 -0.405 1.105 2.450 -2.707 -1.080 -0.728 3.615 -3.078 0.112 -1.898
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Chart  30 :   Chart Illustrating Variance Between Mean Values for  +30% and -30% Sensitivity Tests  for Key Parameters and All Species Life-stages 
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Table 9 : Focused Sensitivity Test Results :  Difference from median for each sensitivity test and life-stage to which it was applied.  
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Sea Trout Smolt -4.679 4.414 -0.409 0.396 -0.154 0.868 -3.593 3.170 -0.752 -7.281 -1.231 -1.227 1.559 -1.473 0.651 -0.754 1.836 -0.177 1.370 0.874 -1.004 1.661 -0.194 1.123 0.836 1.011 -0.764 0.105 -0.044 0.271 -4.288 3.598

Sea Trout Whitl ing -2.342 3.826 2.860 -0.346 0.378 0.395 1.686 -1.283 0.632 -4.848 1.168 0.748 0.739 0.537 -0.345 -0.135 -0.405 2.466 1.488 1.212 0.338 1.777 1.423 1.716 0.530 1.399 1.669 0.888 -0.414 0.314 1.309 1.314 0.157 0.656 -0.906 -1.433 -1.442 3.012

Sea Trout 1SW Resident -7.243 5.879 5.087 -2.012 0.501 -0.064 4.105 -8.245 -2.880 0.366 -0.226 -1.056 0.506 -0.761 -0.249 -2.232 0.496 -0.829 0.853 0.347 -1.445 1.196 -0.829 0.036 -0.737 -0.036 -1.388 -0.525 4.175 -5.925 0.541 -0.627 -0.645 -0.329 -0.946 0.415

Sea Trout 5SW Resident -2.369 2.109 1.411 -1.326 -0.501 0.368 0.099 -0.955 -0.559 0.530 0.581 -0.300 1.647 -1.753 -0.487 0.346 -1.925 0.624 0.740 -0.422 -0.400 -0.559 0.368 0.683 0.275 0.061 0.032 -2.411 -2.383 1.861 0.518 -0.948 2.368 -2.182 0.330 0.055

Sea Trout 1SW Migrants -5.471 7.566 4.475 -1.968 0.631 -0.540 5.192 -7.304 -0.450 0.833 0.823 -0.262 -0.275 1.479 -0.681 -0.711 0.990 1.022 0.376 2.079 0.001 1.129 0.560 0.898 -0.410 0.311 1.660 0.515 3.881 -5.537 0.974 0.093 -0.180 0.137 0.397 1.392

Sea Trout 5SW Migrants 0.262 3.663 1.207 0.710 3.083 1.325 6.600 -0.403 1.027 3.432 3.179 2.787 3.574 2.452 2.069 2.742 2.379 1.250 2.540 2.589 1.983 0.620 1.746 2.461 1.205 2.273 2.462 2.693 -1.027 3.187 0.293 1.827 3.808 1.283 2.251 3.264

2nd Yr Cod 0.262 3.663 1.207 0.710 3.083 1.325 6.600 -0.403 1.027 3.432 3.179 2.787 3.574 2.452 2.069 2.742 2.379 1.250 2.540 2.589 1.983 0.620 1.746 2.461 1.205 2.273 2.462 2.693 2.251 3.264

Adult Cod -0.420 #### 5.395 -2.907 5.238 -2.754 -6.218 0.311 0.042 0.473 -2.811 0.616 -0.985 0.101 0.085 -1.099 0.402 -1.095 1.770 -2.716 1.622 -0.107 -0.236 -1.873 1.862 -1.318 1.512 -1.604 -1.096 -2.132 6.679

Juvenile Cod -4.098 4.302 11.226 -4.491 4.829 -1.192 -0.144 -0.144 -0.144 -0.144 -0.144 -0.144 2.835 -0.144 -0.144 1.421 1.421 1.421 -0.144 -0.144 -0.144 1.421 -0.144 -0.144 -0.144 1.421 -0.144 -0.144

Elver 0.244 #### 0.234 -2.664 -2.324 0.424 0.219 -2.238 -0.890 0.136 -0.022 -1.470 0.257 1.318 0.141 -0.874 1.951 -1.086 0.410 -0.098 -0.661 1.821 -0.166 -0.360 0.704 -14.268 9.525 -1.450 2.102 -1.705 0.141 -1.381 0.966 1.353 0.466 -2.209 0.515

Silver Eel -1.767 0.979 -0.231 0.373 -0.513 -0.284 -1.233 -0.992 0.227 -0.635 0.579 0.849 -0.944 -0.260 0.274 0.882 -1.793 -1.640 -1.979 0.540 0.188 -0.077 1.658 -31.230 29.777 0.168 -3.445 -28.365 23.944 1.723 -1.933 -14.268 9.525 -1.450 2.102 -1.705 0.141

Resident Eel -17.558 #### 17.013 -12.770 -0.462 -0.190 -21.538 -3.707 -0.387 -0.861 0.856 0.174 -1.575 -1.166 -1.719 -0.383 -0.283 -6.635 -0.408 -16.468 12.741 -6.747 4.503 -23.252 17.110 -1.647 1.937 1.245 -1.406 -2.012 2.204 -0.395 -0.687 -0.504 -0.061 -2.042 3.374

Sandeel -15.669 #### 23.063 -11.980 5.452 -2.722 4.624 -15.109 0.622 -0.688 0.546 0.844 0.645 0.395 0.874 0.213 0.137 0.089 0.947 0.677 -1.210 1.085 0.849 0.856 0.306 1.452 0.922 0.574 0.912 0.329 -16.937 4.239

Juvenile Herring -14.085 #### 22.180 -9.810 2.547 1.219 17.957 2.569 8.306 2.508 -1.128 3.617 1.613 -3.238 7.676 1.298 -0.056 0.409 3.022 0.317 0.502 0.963 0.718 2.119 1.458 2.531 1.900 3.528 1.358 0.641 3.530 3.021 0.812 1.531 0.513 2.188 -0.112

Adult Herring -13.959 #### 20.373 -11.077 1.893 0.893 18.788 4.147 4.643 11.006 -10.815 -1.998 1.483 -3.238 7.676 1.298 -0.056 0.409 3.022 0.317 0.502 1.853 -1.169 2.559 2.180 2.735 1.751 3.366 0.720 -0.532 2.396 0.920 1.919 -0.053 0.148 2.069 0.887

Juvenile Whiting -13.033 #### 12.725 -8.994 7.551 -4.835 0.478 -4.790 0.230 -1.544 -0.632 -4.058 -1.130 -1.879 -1.903 -0.809 -1.145 -1.477 -4.205 2.000 -1.247 -1.364 -1.068 -2.578 0.341 -0.917 -1.532 -0.999 -7.420 1.562

Adult Whiting -16.662 #### 25.343 -12.423 5.150 -2.296 45.929 -17.151 -0.356 1.974 1.958 -0.654 1.324 0.044 0.708 0.623 0.362 0.764 -0.921 5.092 1.767 8.281 1.350 0.448 -0.519 1.999 1.812 0.554 0.692 3.318 1.328 1.452 -8.294 24.122

Juvenile Shad -8.650 6.888 9.759 -7.269 -0.866 -1.496 1.362 -4.853 0.698 -3.857 -1.035 -1.948 -1.673 -2.522 -1.807 -1.211 -2.141 -0.901 -2.186 -0.740 -3.523 -1.522 -2.577 -1.715 -2.189 -1.120 -1.472 -2.284 -5.203 1.457

Sub-Adult Shad -1.9454 #### -0.2372 0.7330 0.7115 -0.2123 0.9563 -1.8200 -0.2742 -0.6044 1.4796 -0.7438 0.5398 0.4972 0.6353 0.3520 0.5540 0.8622 0.5041 -0.0161 -1.0824 -0.7332 0.4995 -1.3703 1.1494 -1.9928 0.9922 -1.9625 1.2072 -0.1187

Adult Shad -18.241 #### 32.106 -14.511 -3.049 8.117 26.751 -5.853 0.057 3.443 1.248 -0.382 0.612 0.400 1.212 -0.654 0.464 0.472 0.427 0.399 -13.006 13.161 1.695 1.920 6.855 -2.442 1.074 -0.324 0.027 1.528 1.324 0.463 1.224 1.161 1.244 0.019

Salmon - Smolt -5.724 4.343 -3.710 -0.687 -1.657 -2.887 -8.392 5.755 -3.297 -0.874 9.005 -4.953 -1.852 -0.519 -2.193 -1.808 0.376 -2.278 0.437 -3.772 -3.679 0.188 -2.618 -1.664 -0.808 -2.253 -1.652 -1.330 -2.964 0.407 -2.727 4.382 -2.727 4.382

Salmon - 1SW -10.933 #### 23.167 -10.453 0.998 2.306 -12.345 17.235 68.022 -30.251 -1.485 10.110 0.757 -3.158 0.674 1.017 1.671 2.339 0.134 0.130 2.052 1.691 -6.366 4.462 -0.943 1.991 1.521 1.106 1.097 0.720 -5.878 7.676 -0.687 -0.278 11.477 1.869 0.414 5.529

Salmon - MSW -11.490 8.921 15.804 -10.885 -4.148 -1.266 -14.851 10.787 74.958 -31.193 -3.343 5.014 2.606 -2.102 -1.359 -2.116 -3.827 -1.879 -0.150 -1.962 -2.051 -1.029 -7.848 2.270 -0.746 -2.292 0.362 -2.537 -2.110 -1.751 3.205 -3.427 0.056 0.604 -0.975 -5.258 -2.084 -3.993

River Lamprey - Transformers -4.413 1.808 0.684 -1.170 -0.058 -2.051 -5.472 0.676 4.301 -6.041 3.809 -1.631 -1.068 -2.938 -0.475 -0.488 -1.991 -0.403 -3.054 -2.688 -1.438 -1.813 -2.426 -0.918 -1.006 -2.233 -2.069 -2.894 -0.792 -1.087 -2.605 -1.330

River Lamprey - Residents -17.995 #### 31.709 -15.272 4.057 3.748 11.861 -9.106 5.229 -1.216 2.838 1.891 2.873 0.574 0.638 3.281 0.816 1.680 -2.464 2.877 -0.065 6.157 0.743 2.321 1.274 2.431 -0.481 1.687 -13.121 9.404

River Lamprey - Migrants -0.706 0.543 7.207 -4.944 0.553 2.411 -6.057 3.698 10.227 -9.452 -5.604 1.330 0.876 -0.067 -1.040 -1.770 1.622 1.035 -0.160 0.702 2.041 0.429 -1.357 -1.370 -0.665 -0.350 -0.716 0.889 0.023 -0.520 4.000 -4.688 -0.345 0.205 5.328 -5.883 -0.882 1.732

Sea Lamprey = Transformers 1.163 2.245 -5.153 3.346 1.507 1.991 -0.782 1.586 -13.702 -3.939 3.789 -14.504 -0.039 0.639 0.035 0.141 -1.998 -0.397 -0.271 1.174 0.702 0.262 0.690 1.841 0.353 -0.996 1.251 1.932 2.100 2.200 -0.131 1.055

Sea Lamprey - Residents -23.559 #### 25.042 -17.005 1.899 0.888 7.223 -12.436 3.422 -2.304 -0.915 -0.394 -1.065 -1.819 -0.807 -1.261 -1.995 -1.769 -3.313 0.529 -2.064 0.998 -1.273 -3.319 -0.376 0.582 -1.577 -0.189 -15.020 7.302

Sea Lamprey - Migrants -2.170 2.547 -0.792 -0.832 -1.005 1.678 -0.171 -0.530 -2.577 -0.734 -2.083 -1.252 -1.772 -1.580 -0.572 -1.330 -1.148 0.029 0.362 -1.705 2.457 0.093 -0.809 0.032 1.067 1.378 -0.307 1.212 1.054 2.131 3.408 -3.695 -1.413 0.294 5.316 -3.012 0.754 -2.193
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Chart  31   :  Chart Illustrating Variance Between Median Values for  +30% and -30% Sensitivity Tests  for Key Parameters and All Species Life-stages 
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Table 10 : Focused Sensitivity Test Results :  Difference from 95th or 99th %ile values  for each sensitivity test and life-stage to which it was applied.  
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Sea Trout Smolt -2.048 3.211 0.740 -1.619 -4.455 -4.496 -5.146 3.214 0.261 -5.718 -3.786 -2.291 5.813 -2.952 -2.956 -3.183 4.460 -1.271 -3.223 1.648 -4.052 -2.724 -2.291 -0.124 -2.022 2.433 -2.863 1.547 0.272 0.008 -4.354 -3.867

Sea Trout Whitl ing -3.722 0.099 -3.494 -3.832 -0.696 -3.445 0.643 -4.584 6.705 -16.767 -2.996 -2.987 -4.048 3.790 -5.036 -2.790 -1.561 4.344 -4.594 -0.055 -0.654 -0.833 -5.837 0.331 -3.106 -2.628 3.569 -2.340 -5.296 4.204 -2.474 -2.049 -0.514 -3.216 2.377 -2.063 3.258 1.512

Sea Trout 1SW Resident -8.231 7.225 2.028 0.183 -0.893 3.799 4.796 -6.579 -0.162 2.385 2.868 -0.005 1.707 5.541 2.977 5.535 7.367 1.327 -0.397 0.392 0.971 3.155 1.158 -4.497 -0.311 -0.476 -3.005 0.296 1.708 1.201 0.483 -3.818 3.586 3.184 2.437 -2.868

Sea Trout 5SW Resident -4.311 1.060 -4.095 -3.008 -6.026 -5.042 -3.987 -2.716 -0.698 -3.695 -5.138 -2.846 2.226 -5.964 -7.025 -6.326 -1.873 -4.600 -5.076 0.365 -3.423 1.552 1.586 -2.229 -2.239 -3.126 -3.613 -3.112 -3.789 -4.410 -2.716 -2.103 -1.033 2.347 -2.961 -0.371

Sea Trout 1SW Migrants -5.717 7.702 7.330 1.766 6.811 3.643 1.543 2.640 10.773 -3.460 -0.362 4.495 0.134 0.713 6.438 8.150 5.567 2.785 0.361 6.718 6.253 3.737 1.141 6.757 5.454 0.564 -1.660 5.773 0.781 4.201 7.183 -1.956 4.858 5.033 6.422 6.009 1.513 2.874

Sea Trout 5SW Migrants 5.913 -0.542 1.239 4.743 -4.067 4.105 -2.024 0.329 5.660 3.194 2.297 2.834 1.945 -0.133 3.242 1.200 0.916 1.971 0.964 6.885 2.937 6.421 2.458 2.106 2.637 4.467 3.693 0.904 0.160 6.471 2.005 1.401 0.236 -2.583 5.683 3.681 0.771 2.122

2nd Yr Cod -1.676 -1.114 -0.556 -0.399 -1.114 -0.964 -0.391 -1.114 -0.964 -1.114 -0.556 -1.114 -0.964 -1.114 -1.114 0.179 -0.015 -0.964 -1.540 -0.572 -0.399 -1.114 0.179 -2.270 -1.676 0.745 -2.241

Adult Cod -1.069 -1.252 8.117 -4.808 5.162 -4.054 21.321 -11.015 -2.437 4.004 0.871 -1.988 1.732 -0.655 -0.255 -0.082 -0.676 -1.072 -2.632 2.077 -0.455 2.070 0.345 0.843 1.131 0.148 0.056 0.401 -1.339 -0.655 -5.915 10.652

Juvenile Cod -2.015 1.066 3.188 -3.184 0.663 -0.440 -0.556 -0.556 -0.399 -1.114 -1.114 0.179 -0.556 -0.391 -0.391 -0.964 -0.556 -2.241 -0.556 0.179 -1.136 -0.391

Elver -1.452 0.859 -0.357 -1.900 -3.576 -1.544 0.115 -1.405 -0.400 -0.978 -3.047 -2.164 -1.845 -0.724 -2.190 -0.100 -0.574 -1.630 -0.161 0.144 -1.687 -3.145 0.733 -1.633 1.733 -2.239 1.245 -1.406 -2.012 2.204 -0.395 -0.687 -0.504 -0.061 -1.901 -2.274 -2.621 -1.797

Silver Eel -1.202 -1.738 -0.291 -0.071 -1.339 0.741 -3.157 -1.231 -0.986 -0.875 -1.356 -0.452 -0.474 -1.784 -1.160 -3.218 0.982 -1.931 0.105 -0.524 -0.734 -0.975 0.010 -0.465 -16.468 12.741 -6.747 4.503 -23.252 17.110 -1.647 1.937 1.245 -1.406 -2.012 2.204 -0.395 -0.687

Resident Eel -17.558 #### 17.013 -12.770 -0.462 -0.190 8.859 -21.538 -3.707 -0.387 -0.861 0.856 0.174 -1.575 -1.166 -1.719 -0.383 -0.283 -6.635 -0.408 -16.468 12.741 -6.747 4.503 -23.252 17.110 -1.647 1.937 1.245 -1.406 -2.012 2.204 -0.395 -0.687 -0.504 -0.061 -2.042 3.374

Sandeel -23.323 #### 30.978 -17.497 7.724 -4.411 0.633 -8.370 -0.569 -0.726 0.626 -0.837 -0.487 -0.237 -1.698 0.042 -0.436 -0.523 0.373 -1.153 -0.593 -0.861 -0.170 0.461 -2.245 -0.675 -0.483 -1.337 0.325 -0.292 -11.463 -0.356

Juvenile Herring -8.988 #### 19.576 -8.282 4.141 0.508 -4.085 10.260 -4.413 7.694 1.217 1.173 2.795 1.474 -0.918 -0.853 -0.069 -2.484 2.214 1.107 1.364 -0.523 2.096 0.858 1.713 1.198 1.583 0.464 -0.338 0.431 2.662 4.040 2.019 -1.745 -0.235 -0.379 0.668 0.959

Adult Herring -15.736 #### 27.465 -11.881 1.947 -1.467 -9.176 12.420 -2.370 6.985 9.210 -14.222 -4.059 1.406 -0.918 -0.853 -0.069 -2.484 2.214 1.107 1.364 -0.523 1.469 1.378 0.183 3.479 0.733 -0.939 -0.432 2.337 -2.327 1.155 0.784 -1.434 0.472 0.080 1.256 0.218

Juvenile Whiting -5.559 3.779 4.854 -3.265 1.355 -3.910 0.046 -4.662 -1.813 -0.629 0.482 -3.151 -0.494 -1.352 -3.257 -0.793 -1.094 -1.743 -11.977 0.782 -2.061 -2.213 -0.860 -3.659 -1.570 -0.867 0.782 -2.226 -3.567 0.038

Adult Whiting -22.969 #### 33.068 -19.322 11.875 -6.132 23.247 -36.695 -2.145 2.491 -1.278 -0.862 -0.866 2.356 -1.278 0.301 0.800 -0.050 -11.110 -1.002 2.884 -1.028 0.808 1.849 0.554 -0.486 0.646 -1.736 -0.236 1.602 0.824 1.530 -31.246 10.925

Juvenile Shad -4.904 -3.052 0.258 -3.382 -2.917 -6.643 -3.059 1.405 -2.186 -2.141 -5.906 -6.177 -3.710 -2.902 -3.629 -5.681 -5.909 -1.088 -3.166 -3.205 -6.603 0.016 -1.520 -2.303 -0.982 -4.227 -1.350 -5.695 -1.837 -1.117

Sub-Adult Shad -2.236 2.413 -0.808 -0.061 1.706 3.113 0.232 -0.230 2.637 -0.916 3.540 1.434 -0.626 -2.509 1.182 0.168 -2.238 0.625 1.903 2.730 -0.751 -2.502 4.311 -0.087 -1.274 -1.181 -1.862 -2.064 3.997 4.369

Adult Shad -25.270 #### 42.670 -23.301 1.674 1.698 39.811 -15.967 -2.942 5.599 3.954 -2.062 -1.554 -2.256 4.796 -1.589 -0.322 0.800 1.581 5.603 -15.055 16.142 1.160 -2.171 4.823 1.275 -0.310 0.603 -1.388 -1.010 1.555 0.578 -32.643 -35.375 3.119 -2.183

Salmon - Smolt -13.263 -9.634 -6.051 -10.077 0.167 -9.750 -3.051 -6.466 -1.163 -16.362 -4.852 -10.422 -7.375 -8.460 -10.109 -5.921 -4.254 -3.057 -0.019 0.302 -8.576 -3.760 -1.063 -5.100 -11.917 -5.989 -12.270 -8.265 -7.953 -1.342 -0.015 -7.347

Salmon - 1SW -15.883 #### 23.453 -9.547 5.517 6.506 -4.341 17.712 ##### -29.293 -7.746 37.809 9.674 4.780 7.239 4.284 9.390 11.297 -0.273 1.502 7.057 8.907 -9.614 14.015 2.871 9.399 4.544 11.809 5.041 0.965 -10.053 18.845 11.841 3.885 5.376 3.473 7.592 17.626

Salmon - MSW -5.398 #### 22.700 -12.462 -0.068 10.003 -5.887 27.080 ##### -25.034 -9.621 38.374 7.000 6.326 8.091 6.332 9.401 6.438 5.395 3.498 8.783 14.455 -0.440 15.406 1.898 1.010 11.356 5.681 6.503 4.242 7.623 4.608 4.871 8.436 4.932 13.899 16.137 10.861

River Lamprey - Transformers -1.549 2.296 3.754 -0.432 3.840 -0.199 -3.179 2.396 6.544 1.605 3.380 0.976 -1.370 1.158 3.146 3.434 -0.564 -1.321 1.595 0.100 2.182 1.364 4.709 2.368 2.131 1.648 -0.214 -3.663 0.291 0.328 -1.147 4.667

River Lamprey - Residents -17.106 #### 22.719 -13.576 1.936 2.565 0.743 -4.990 1.246 0.998 5.705 0.226 -0.176 -0.473 -1.644 1.091 1.204 1.721 -3.134 3.686 2.528 4.232 -2.824 2.421 -0.640 -0.104 -2.120 2.604 -5.201 2.325

River Lamprey - Migrants -1.363 3.703 7.207 -2.744 -0.087 -0.286 -5.050 4.705 22.120 -11.217 -5.386 18.056 -1.154 -2.830 -2.812 0.014 -1.186 3.825 -2.661 0.309 -0.283 -0.534 -2.098 -1.181 -2.902 0.245 0.746 0.803 -1.853 2.635 6.268 -2.988 -0.312 2.370 2.991 -6.675 -1.952 -1.879

Sea Lamprey = Transformers 0.289 -0.142 -0.741 0.270 0.070 -0.238 -0.108 0.167 0.298 -2.758 -1.843 -0.197 -0.571 -0.147 0.111 0.073 0.025 0.349 -0.133 0.117 -0.038 -0.346 0.100 -0.124 -0.384 0.145 0.337 0.128 -0.270 -0.137 0.314 -0.031

Sea Lamprey - Residents -3.463 0.990 1.124 -2.128 -0.173 -0.619 -0.472 -1.363 -0.273 -0.303 -0.299 -0.574 -0.093 -0.477 -0.562 -0.557 -0.552 -0.428 -0.513 -0.617 -0.347 -0.444 -0.280 -0.595 -0.453 -0.435 -0.381 -0.441 -1.391 -0.188

Sea Lamprey - Migrants -0.335 -0.175 -0.057 -0.303 0.006 -0.212 0.117 -0.080 -0.126 -0.303 0.064 -0.259 -0.110 -0.434 -0.530 -0.055 -0.283 -0.638 -0.023 0.146 -0.337 -0.474 0.066 -0.303 -0.186 -0.173 -0.159 -0.008 -0.611 -0.092 0.238 -0.451 -0.372 -0.406 0.284 -0.123 0.153 0.130
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Chart  32    :  Chart Illustrating Variance in Mean Values Between +30% and -30% Sensitivity Tests for Key Parameters and All Species Life-stages 
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Chart 33    :  Illustration of Average Variance In Median Values For All Life-stages Between +30% and -30%  Key Parameters 
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5.4 Further Consideration of Key Most Sensitive Parameters  

Purpose  

5.4.1 Three parameters in particular appear to have greatest influence across all species 

models these being STRIKER (injury), Population Range (on flood tide) and Swimming 

Speed.  

5.4.2 The following charts illustrate the median, +30 and -30%ile sensitivity test values for 

the STRIKER (Injury Rate), Population Range and Swimming Speed; the three 

parameters that appear to show the greatest variation from baseline mean, median 

and 95th/99th %ile values.  

Methodology 

5.4.3 The data presented is obtained from Table 9 above.  

5.4.4 In each chart the median value is represented by a blue diamond symbol with the 

+30% and -30% represented by a red circle and orange triangle respectively.  

 

Presentation of Results 

 

5.4.5 The results have been presented   in Charts 34 – 36 below. 

5.4.6 As reported in other tests, the results show that River Lamprey Residents appear to 

be most sensitive to both the population range and STRIKER value changes and this 

may be attributable to the small population range used for the residents and 

exacerbated by their slow swimming speed.   

5.4.7 Other correlations are not immediately apparent from these charts other than the 

fact that the values for most life-stages exhibit little variation. 
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Chart 34    :  Focused Sensitivity Test Results – Population Range (flood) 
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Chart 35    :  Focused Sensitivity Test Results – STRIKER (Injury rate)  
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Chart 36   :  Focused Sensitivity Test Results – Swim Speed 
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5.5 In-combination Testing 

5.5.1 NRW-PS have previously requested that some in-combination testing be undertaken 

in addition to each individual parameter test.  

5.5.2 The purpose of the Monte Carlo Analysis is to encompass the range of potential 

parameter values within the model and then run sufficient iterations to ensure that 

all possible combinations of parameters be considered including those at the 

extremes of the ranges selected.  Thus, the MCA process is therefore already a form 

of in-combination testing.  

5.5.3 In order to meet the request some limited additional testing has been undertaken to 

explore the impact of extending parameter values beyond those used in the Monte 

Carlo Analysis.  This has been applied to 1SW Salmon and adult whiting for which four 

and three parameters have been tested respectively. 

5.5.4 The testing has involved setting the most sensitive parameters simultaneously to 

either the higher (+30%) or lower (-30%) sensitivity test values (a baseline test with all 

values set to the baseline level of 0% has also been undertaken). Each parameter is 

then altered by either +30% or -30% as well as 0% and the sensitivity test undertaken 

with 10,000 iterations.  

Table 11 : All Parameter Values Set to 0% 
 

In-Combination Baseline 

Values Used 

• Values tested on key 

parameters 

0% -30% +30% 

+30% -30% 0% 

-30% 0% +30% 
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1SW Salmon Test Results  

5.5.5 Four parameters which appear to have most influence on the salmon models have 

been tested in-combination :   STRIKER,  Population Range, Duration of Presence, 

Swim Speed  

5.5.6 The following tables and associated charts provide the results of the 1SW salmon 

testing: 

Table 12 : All Parameter Values Set to 0% 

      

 Test Value Mean Median 95th %ile 99th %ile  

Baseline 0% 1.04 0.48 3.58 10.03 

STRIKER 
+30% 1.19 0.55 4.16 11.48 

-30% 0.92 0.44 3.16 8.26 

Duration of Presence 
+30% 1.25 0.57 4.37 12.25 

-30% 0.92 0.43 3 8.63 

Population Range 
+30% 0.96 0.43 3.3 9.51 

-30% 1.32 0.6 4.81 12.59 

Swim Speed 
+30% 0.79 0.35 2.64 8.07 

-30% 2.28 0.87 8.62 21.94 

 

Chart 37 : Results of Changing Four Key Salmon Parameters Individually from Baseline of 0%  
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Table 13 : All Parameter Values Set to -30% 

 

All Set to -30%      

 Test Value Mean Median 95th %ile 99th %ile  

Baseline  All -30% 1.71 0.73 6.12 16.10 

STRIKER 
0 2.23 0.86 8.25 23.12 

+30% 2.41 0.98 8.59 23.68 

Duration of Presence 
0 1.85 0.76 6.78 17.42 

+30% 2.19 0.85 8.43 21.06 

Population Range 
0 2.2 0.87 7.93 20.09 

+30% 2.8 1.04 10.04 27.69 

Swim Speed 
0 0.95 0.43 3.29 9.34 

+30% 0.75 0.32 2.57 7.59 

 

Chart 38 : Results of Changing Four Key Salmon Parameters Individually from Baseline of -30%  
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Table 14 : All Parameter Values Set to +30% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 39 : Results of Changing Four Key Salmon Parameters Individually from Baseline of +30%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

All Set to +30%       

 Test Value Mean Median 

95th 

%ile 

99th 

%ile  

Baseline All +30% 0.85 0.38 2.94 8.13 

STRIKER 
0 0.77 0.35 2.69 7.09 

-30% 0.72 0.31 2.44 6.98 

Duration of Presence 
0 0.8 0.35 2.86 7.73 

-30% 0.75 0.32 2.6 7.27 

Population Range 
0 0.9 0.41 3.08 8.57 

-30% 1.1 0.49 3.68 11.42 

Swim Speed 
0 1.2 0.54 4.24 10.96 

-30% 2.78 1.01 10.03 30.62 
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Whiting In-Combination Test Results  

5.5.7 Three parameters which appear to have most influence on the salmon models have 

been tested in-combination :   STRIKER,  Population Range, , Swim Speed  

5.5.8 The following tables and associated charts provide the results of the Adult Whiting 

testing: 

Table 15 : All Parameter Values Set to 0% 
 

All Set to 0%     

   Mean Median 95th %ile 

Baseline 0 2.24 1.87 5.39 

STRIKER 
+30% 2.66 2.15 6.59 

-30% 1.78 1.54 3.96 

Population Range 
+30% 1.88 1.6 4.29 

-30% 2.85 2.32 7.14 

Swim Speed 
+30% 1.73 1.54 3.59 

-30% 3.13 2.81 6.57 

 

 

 

Chart 40 : Results of Changing Three Key Whiting Parameters Individually from Baseline of 0%  
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Table 16 : All Parameter Values Set to -30% 

 

All Set to -30%     
 

 Test Value Mean Median 95th %ile 

Baseline All -30% 3.11 2.81 6.53 

STRIKER 
0 4.15 3.69 8.94 

30% 5.14 4.62 11.05 

Population Range 
0 2.41 2.2 4.95 

30% 2.03 1.89 4.07 

Swim Speed 
0% 2.21 1.82 5.37 

30% 1.74 1.55 3.67 

 

Chart 41 : Results of Changing Three Key Whiting Parameters Individually from Baseline of -30%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 17: All Parameter Values Set to +30% 

 

 

 

All Set to +30%     

 Test Value Mean Median 95th %ile 

Baseline All +30% 1.73 1.55 3.53 

STRIKER 
+30% 1.49 1.34 3.06 

-30% 1.26 1.14 2.56 

Population Range 
+30% 2.03 1.82 4.28 
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Swim Speed 
+30% 2.22 1.85 5.32 

-30% 3.09 2.79 6.53 

0

2

4

6

8

10

12

All -30% 0 30% 0 30% 0% 30%

Baseline STRIKER Population Range Swim Speed

Es
ti

m
at

ed
 %

 Im
p

ac
t

Axis Title

Effects of Changing Parameters by -30%

Mean Median 95th %ile



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 61 

TLSB_ML_Fish Dec 2018  

 

Chart 42 : Results of Changing Three Key Whiting Parameters Individually from Baseline of +30%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.6 Comments 

5.6.1 The results for both 1SW salmon and adult whiting both show that a reduction in the 

STRIKER injury rate against the baseline at either 0%, +30% or -30% results, as 

expected, in a reduction in impact.   

5.6.2 A reduction in the population range increases impacts for both life-stages and an 

increase results in population range decreases impacts, again, confirming the results 

of wider sensitivity and scenario tests.  

5.6.3 The swim speed test for both adult whiting and 1SW salmon indicates an inverse 

relationship between swim speed and impact with higher swim speeds resulting in a 

reduced impact compared to baseline values in each test.  

5.6.4 These tests indicate that swim speed has the greatest influence on the results for 

both salmon and whiting. This is due to swim speed influencing the draw zone size 

with a slower swim speed resulting in larger draw zone and great potential impact.  

Swim speed also influences the avoidance parameter but as indicated by the 

individual sensitivity tests, the current avoidance parameter has little influence on 

overall impacts which would appear to contradict the growing numbers of studies 

evidencing fish avoidance of marine turbines. 

5.6.5 As referred to earlier in this report, swim speeds of fish are currently set at the lowest 

extremes of their ranges for each of the species. This means that slower swimming is 

highly unlikely as fish would be virtually stationary or simply passively drifting with 

marine currents.  

5.6.6 A second, and more important point in relation to swimming speed is that given that 

the cruising speeds are selected in the current models, the fish have a large range of 

faster swimming speeds that they can utilize (e.g. maximum sustainable swimming 

speed and burst speed).  Fish will utilize these speeds to avoid danger, migrate more 

quickly or swim against currents. Thus, whilst is highly unlikely that fish will swim any 
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slower than the ranges used, it is highly likely that they will swim more rapidly which, 

in turn will reduce the assessed impact.  
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6 Hypothetical Scenario Testing of Models  

Background to Tests 

6.1.1 In addition to the sensitivity testing of the parameters within each fish species model 

NRW-PS have requested that a number of alternative scenarios for which there are 

no evidence based justifications, are also tested. The scenario tests are :  

1. Application of a zero avoidance rate.  

2. Smaller population area for sand eel than that already use.  

3. Smaller population area for resident sea trout. 

4. Impact on Swansea Bay herring population. 

5. Impact of Selective Tidal Stream Transport causing retention and loss of all elvers in 

the lagoon. 

6. Application of retention period for migratory fish.  

7. Impact of predation on fish entering and leaving the lagoon.  

6.1.2 In addition to presenting estimated impact values from the above, and given the 

hypothetical nature of some scenarios Tidal Lagoon Power have provided alternative 

more realistic scenarios which they believe are supported by more realistic 

parameters and available evidence.  
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6.2 Scenario Test 1 : Zero Avoidance Rate  

6.2.1 This has been applied to the baseline model for all species.  

6.2.2 The avoidance calculations within the parameter sheets have been circumvented by 

setting the selected value for each iteration to zero for all life-stages.  

6.2.3  The estimated impact values generated are provided in Table 18 and illustrated in 

chart 43 below :  

Rationale / Evidence to Support Scenario 

6.2.4 The inclusion of an avoidance factor has previously been agreed with consultees.  

6.2.5 There is a growing base of scientific evidence (previously provided) indicating that fish 

do avoid a range of different tidal and in-river turbines.  

6.2.6 TLSB initially proposed a simple approach using an upper and lower avoidance limit 

which encompassed the range of avoidance rates provided in the literature.  

6.2.7 The TLSB method was replaced by an alternative following consultation. This 

alternative version incorporated far field and near field avoidance, factors supported 

by other studies. 

6.2.8 In addition, a swim speed of 0.2ms was used as a cut-off for avoidance with any fish 

with a speed of 0.2ms being considered to be unable to take any avoiding action and 

in effect being a passive drifter. This was intended to apply to passive drifters and 

weaker swimmers, most notably elvers, river and sea lamprey transformers, it was 

not originally intended to be applied to stronger swimming species.  

6.2.9 The process of including an avoidance factor mirrors almost exactly the same 

approach to bird encounter and injury rates with wind turbines that was developed 

collaboratively by regulators, developers and third sector environmental groups in 

Scotland.  

6.2.10 The results (Chart 43) show that the avoidance parameter built into the models 

currently has a negligible impact on certain species including sandeel, river lamprey, 

sea lamprey, cod and herring.   

6.2.11 Other species show a slightly increased sensitivity to the avoidance parameter with 

salmon, eel, sea trout and shad appearing most sensitive when the difference 

between the baseline and zero avoidance scenarios are compared (Chart 44).   
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Table 18 : Comparison of Baseline Model with Zero Avoidance Model Median Impact Values. 
 

   

 
Chart 43 :  Comparison of Models with and without Avoidance 

 

 

 

Baseline Inc.  Avoidance Zero Avoidance
% Difference 

from Baseline

Sandeel 1.11% 1.11% 0.00%

Herring 0.75% 0.78% 4.00%

Cod 1.49% 1.53% 2.68%

Sea Lamprey 1.24% 1.25% 0.81%

Salmon 0.50% 0.57% 14.00%

Sea Trout 3.64% 4.00% 9.89%

Shad 0.58% 0.64% 9.81%

River Lamprey 5.59% 5.68% 1.61%

Whiting 1.85% 2.01% 8.88%

Eel 0.40% 0.44% 10.00%

Median Values
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Chart 44 :Comparison of Models with and without Avoidance 
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6.3 Scenario Test 2 : Sandeel Population Range 

Current Approach 

6.3.1 The current population range for sandeel is parameterised in the baseline model as 

being the Bristol Channel. This was based on research reports by Cefas (Ellis et al, 

2012) which indicated that the main spawning grounds for sandeel are situated to 

the west of Swansea Bay and off the north Cornish coast in particular. There is no 

evidence of sandeel spawning in Swansea Bay indicating that adults must leave the 

Bay to spawn and young sandeel migrate inwards from their nursery areas.  

 

Alternative Scenario 

6.3.2 NRW-PS have requested that the model be run to assess the impact on a discrete 

population of sandeel within Swansea Bay.  

6.3.3 TLSB do not believe that there is any evidence to support such an approach.   

6.3.4 Sandeel fisheries are known to have been present in Oxwich and Port Eynon Bays but 

not in Swansea Bay itself. Results of an alternative scenario are therefore provided 

Rationale /Evidence 

6.3.5 TLSB have provided reasoning, supported by Cefas data, for the original population 

range of sandeel.  

6.3.6 No evidence has been provided for the vastly reduced, alternative scenario of 

Swansea Bay however an impact value has been estimated (Scenario 1) as well as for 

the slightly larger area that incorporates the nearest known sandeel net fishery 

(scenario 2).  

6.3.7 As anticipated, a reduction in the population range results in increased risk of 

encounters with the turbines and therefore an increased impact value.  

Table 19 : Comparison of Baseline Impact Values and Avoidance. 
 

 

  

Mean 

(Average) 

Median 

(50%) 

90th 

Percentile 

95th 

Percentile 

Baseline 

 

Bristol Channel  

Area = 579,000 ha 1.19% 1.11% 1.84% 2.10% 

Scenario 1 

 

Swansea Bay  

Area = 11,614 ha 
23.29% 22.63% 4.41% 41.03% 

Scenario 2 

 

East Gower 

Area = 77,500 ha 

5.27% 4.73% 1.19% 9.76% 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 68 

TLSB_ML_Fish Dec 2018  

 

 

6.4 Scenario Test 3 : Sea Trout Population Range 

Background 

6.4.1 The baseline sea trout model incorporates an agreed population range for sea trout 

of the ‘Celtic Sea’  (shown in the diagram below), an area covering approximately 

2,875,000 ha-1. 

Figure 2: Map Showing Extent of ‘Celtic Sea’ used in Sea Trout Model 
 

 

 

 

 

 

 

 

 

Rationale /Evidence 

6.4.2 The ‘Celtic Sea’ population range used in the baseline models (both conservative and 

precautionary) is highly precautionary   and this was acknowledged as such by Cefas 

during discussions.  

6.4.3 Work by Cefas as part of the Celtic Sea Trout Project used an Individual Based Model 

to simulate the distribution of sea trout from the River Tywi in Carmarthenshire. The 

‘fish’ were modelled as distributing over a wide geographic area, travelling throughout 

the Irish Sea to the north of Ireland and well into Scottish waters. This area covers an 

area greater than 8,169, 257ha-1, far in excess of the 2,879,000 ha-1 used in the 

baseline model.  Tawe, Neath and Afan sea trout would be expected to follow a 

similar distribution pattern.  

 

Scenarios  

6.4.4 In order to comply with the request from NRW-PS, TLSB have modelled sea trout 

covering four different geographic areas as indicated in Table 20 below.  
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6.4.5 The scenarios modelled by Cefas (see diagram below) as well as a coastal strip 

extending around the coast of Wales north west England and into south west 

Scotland. 

Figure 3: Approximate Distribution of Tywi Sea Trout Modelled by Cefas 
 

 

 

6.4.6 No evidence has been provided for using the vastly reduced, alternative scenario of 

Swansea Bay. 

 

Table 20 : Comparison of Baseline Impact Values and Avoidance. 

 

 
  

Mean 

(Average) 

Median 

(50%) 95th Percentile 99th Percentile 

Baseline 

 

Celtic Sea 

Area =    2,879,000 ha 

 

4.96% 4.00% 11.85% 18.88% 

Scenario 

1 

 

 

Irish Sea 

Area =  8,169,257   ha 

 

3.93% 3.05% 9.85%% 15.45% 

Scenario 

2 

 

 

Irish Sea Coastal Strip  

Area =  2,750,241  ha 

 

5.00% 4.01% 11.79% 18.48% 
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6.5 Scenario Test 4 : Herring Population Range 

Background 

6.5.1 The baseline herring model incorporates an agreed population range for herring of 

the ‘Bristol Channel’ an area covering approximately 481,579 ha-1 (illustrated below).  

Figure 4: Map showing extent of ‘Bristol Channel’ population range 
 

 

 

 

 

 

Rationale /Evidence 

6.5.2 The ‘Bristol Channel’ population range has been used for the baseline population 

range in order to represent the area into which herring migrate, from deeper water, 

in order to spawn.  

6.5.3 The juvenile population range is set to between 15-25% of the adult range and it is 

assumed that they will reside in the shallower areas before migrating to deeper 

water. 

Scenarios  

6.5.4 Alternative scenarios have been requested by NRW-PS including calculating the 

impact on both a Swansea Bay population and also a population area covering water 

of less than 30m depth. This approximate area is illustrated in the chart below as the 

polygon bounded by a blue line in the second chart.  

Scenario 

3 

 

 

 

25% reduction in Celtic Sea  

Area = 719,750 ha 

 

 

8.66% 7.40% 18.75% 26.80% 
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Figure 5: Map showing approximate extent of 30m depth profile 

 

6.5.5 In the case of the 30m depth profile scenario, the juvenile population range has been 

maintained at 15-25% of the adult population range. This has not been applied to the 

Swansea Bay population range scenario. 

Results  

6.5.6 The table below provides an indication of the results obtained from the baseline best 

estimate and subsequent alternative scenarios.  

Table 21 : Results of Reduced Population Range for Herring 
 

 

 

 

 

 

6.5.7 Clearly, the smaller the population range the greater the predicted impact. This is due 

to the increased likelihood of fish entering the draw zone and encountering the 

turbines and entering or leaving the lagoon.   

6.5.8 TLSB do not believe that there is any justification for applying impacts to a smaller 

population range even if the duration of presence were also to be adjusted. Whilst 

herring have been reported historically to have spawned in Swansea Bay the annual 

surveys undertaken on behalf of TLSB have not revealed any evidence of this 

occurring in the past 3-4 years it is therefore suggested that they are sporadic visitors 

and spawners. 

 

  Estimated % Egg Loss 

  

Mean 

(Average) 

Median 

(50%) 

95th 

Percentile 

Baseline 

 

Bristol Channel 

Area =   579,000    ha 
0.73% 0.94% 2.44% 

Scenario 1 

 

30m depth profile 

Area =  458,791   ha 
0.82% 1.07% 2.84% 

Scenario 2 

 

Swansea Bay  

Area =   11,614  ha 

13.70% 19.75% 59.83% 
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6.6 Scenario Test 5 :  Application of Selective Tidal Stream Transport by 

Elvers 

Background  

6.6.1 When migrating into estuaries elvers are believed to adopt a strategy of selective tidal 

stream transport to move upstream. This involves the elvers being carried by a 

flooding tide up an estuary. As the tide starts to ebb the elvers, rather than being 

swept back out with the tide, move to the bed of the estuary where flows are lower 

and hold position. They then remobilise on the next flood tide and move further 

upstream.  

Rationale 

6.6.2 It is has been hypothesised that elvers entering the tidal lagoon will adopt a similar 

pattern of migration which, if followed precisely, would result in them being unable to 

leave the lagoon because every exiting tide would be ‘interpreted’ by the elvers as 

being an ebb tide. 

6.6.3 However, the precise cues used by the migrating elvers which stimulate their 

behavioural response to stem the tide is not fully understood. It may, for example, be 

related to the influence of salinity and the presence of fresh/brackish water neither of 

which will be present in the lagoon as it is not an estuary.  In addition, elvers are 

believed to remobilise slightly before the start of the ebb, if this occurred within the 

lagoon a proportion may get carried back out into Swansea Bay. Additionally, elvers, 

along with all other fish, will be able to leave the lagoon through the sluice gates at 

the end of each tidal cycle.  

6.6.4 The eel model currently used assumes that a proportion of the eel population remain 

in coastal waters where they develop into adult eels. These coastal residents are then 

believed to migrate back to the Sargasso Sea to spawn.  It is therefore logical that a 

proportion of the elver stock remains in the coastal environment rather than entering 

nearby rivers.  Thus, elvers entering the lagoon will be able to colonise this area, grow 

and then leave in future as adult silver eels.  The premise that all elvers entering the 

lagoon should be considered as lost from the population thus seems illogical. There 

is no reason why the elvers could not colonise and thrive in the interior of the lagoon 

just as they would in the wider Swansea Bay.   

6.6.5 If zero survival of elvers is incorporated into models TLSB believe that the resident 

lifecycle phase currently modelled should be removed.  

Scenarios / Application  

6.6.6 The impact of loss of elvers within the lagoon has been assessed in two ways, firstly 

by applying a 100% predation rate to all elvers within the lagoon and, as a backup, 

the injury rate of elvers entering the lagoon has been set to 100% thus no elvers 

survive entry.  
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6.6.7 An alternative logical scenario is also presented whereby the presence of coastal 

resident adult eel life stage is removed from the model given that these would only 

be present if elvers were able to survive in such an environment. No suggestion has 

been made that elvers would not be able to thrive in the interior of the lagoon.    

 

 

Results  

Table 22 : Impact of Simulated Selective Tidal Stream Transport on Elvers 

 

Scenario  Mean Median 95th %ile  99th %ile 

Baseline  0.49% 0.40% 1.24% 1.63% 

100% Predation  1.11% 1.07% 1.90% 2.30% 

100% STRIKER rate 1.09% 1.05% 1.84% 2.21% 

No resident eels and 

100% STRIKER rate 
0.72% 0.66% 1.41% 1.89% 
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6.7 Scenario Test 6 :  Retention Period for Migratory Fish 

Background  

6.7.1 This test has been carried out following a request by NRW-PS (following comments 

from Cefas and NRW-TE) to consider the sensitivity of the model when fish are 

retained within the lagoon. 

6.7.2 The use of a retention period will replace the application of a cut-off date applied at 

the end of the modelled migrant life-stages. 

6.7.3 The approach taken for the application of retention follows a methodology proposed 

by Cefas and models adapted to incorporate such changes. 

6.7.4 Tests have been carried out for salmon, silver eel, shad, sea trout, river lamprey and 

sea lamprey at the request of NRW-PS. 

6.7.5 Fish present after various numbers of tides are modelled as being lost to the 

population, although no reason for their demise is postulated (as noted above there 

is no evidence from a similar situation to indicate this is currently an issue).  

6.7.6 Different lengths of retention period have been applied to the different life-stages of 

each species to which the methodology has been applied and justifications provided. 

6.7.7 It has been assumed that retention poses more of a threat to migrant life-stages than 

resident with the latter having less of an imperative to move either out to sea or into 

nearby rivers. 

6.7.8 Residents will be able to sustain long periods within the lagoon where the 

environment will be similar to that outside the lagoon, and with a similar tidal cycle 

(albeit with a delay). 

Rationale 

6.7.9 The approach used is based on the presumption that fish entering on tide Y, and are 

still present after X number of tides, might not behave as they would normally – i.e. 

their migration behaviour – either upstream or out to sea – might be affected by 

being retained within the lagoon for an extended period. It should be noted that 

there is no empirical evidence to confirm that this is indeed an issue – and if it is, how 

long a fish would have to be retained for its behaviour to be affected. 

6.7.10 The retention period for each model iteration is applied within the ADZ life-stage 

worksheets in each of the models.   

 

Scenarios 

6.7.11 Whilst retention periods have not been suggested for the species considered, two 

approaches have been taken in order to undertake the hypothetical scenario testing.  
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6.7.12 Firstly, in the case of salmon and sea trout, the retention of fish during September, 

October has been applied using the duration of presence value generated for each 

model iteration.  Thus, a fish with a longer duration of presence in Swansea Bay will 

have a longer retention period before it is considered lost whilst, on the contrary, a 

fish with a short duration of presence will be more prone to loss due to retention.  

6.7.13 The second approach applies to shad, silver eel, river lamprey and sea lamprey none 

of which use a duration of presence in their models in the same way as for the 

migratory salmonids.  In these cases, hypothetical retention periods have been 

applied so that the potential impact of retention can be seen even if there is no 

empirical evidence to support its inclusion in the models.  
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Results 

Shad 

6.7.14 The following table provides the impact assessment results for a range of retention 

periods applied to shad. The Median and 99th %ile values are also displayed in the 

chart below. 

Table 23 : Results of Scenario Testing  of a Shad Retention Period . 
 

Duration 

(tides) 
Mean Median 95th %ile 99th %ile 

Baseline 

99th%ile 

Baseline 

(Median) 

1 14.06 13.15 23.82 28.57 2.33 0.58 

5 5.78 5.12 11.06 14.31 2.33 0.58 

10 3.44 2.95 7.16 9.44 2.33 0.58 

20 1.87 1.55 4.24 5.9 2.33 0.58 

30 1.27 1.06 2.88 4.13 2.33 0.58 

40 1.02 0.86 2.31 3.36 2.33 0.58 

50 0.87 0.73 1.99 2.54 2.33 0.58 

60 0.8 0.68 1.83 2.61 2.33 0.58 

 

Chart 45 : Impact of Changes in Retention Period on Shad Egg Loss 

 

 

 

 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 77 

TLSB_ML_Fish Dec 2018  

 

European Eel 

6.7.15 Table 24 and chart 46 provide the results of applying differing levels of retention on 

silver eels that enter the lagoon.   

Table 24 : Results of Scenario Testing  of an Eel Retention Period . 

 

 

Chart 46 : Impact of Retention on Silver Eel Escapement 
 

 

 

 

 

Duration 

(tides)
Mean Median 95th %ile 99th %ile

Baseline 

Median

Baseline 

99th %ile

0 0.500 0.415 1.245 1.664 0.397 1.640

1 0.494 0.407 1.236 1.635 0.397 1.640

3 0.493 0.407 1.237 1.630 0.397 1.640

5 0.490 0.404 1.236 1.630 0.397 1.640

10 0.488 0.402 1.234 1.628 0.397 1.640

15 0.488 0.401 1.234 1.627 0.397 1.640

20 0.484 0.396 1.247 1.652 0.397 1.640

30 0.483 0.398 1.215 1.600 0.397 1.640

40 0.484 0.396 1.225 1.625 0.397 1.640

50 0.485 0.396 1.236 1.622 0.397 1.640
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River Lamprey 

6.7.16 In order to test the effect of a retention period on migrant river lamprey the model 

has been rerun adjusting the hypothetical retention period (Duration) to mimic fish 

being retained in the lagoon.  The cut-off date used in the baseline model is removed 

when retention testing is applied.  

6.7.17 Results are presented in Table 25 and chart 47. below.  

Table 25 : Results of Applying a Retention Period to River Lamprey Model 
 

 

 

 

 

 

 

 

 

 

 
 

 Chart 47 : Results of Applying a Retention Period to River Lamprey Model 
 

 

Duration 

(tides) 
Mean Median 95th %ile 99th %ile 

Baseline 

99th%ile 

Baseline 

(Median) 

1 6.92 5.66 17.23 24.41 21.82 4.87 

5 6.59 5.38 16.26 22.87 21.82 4.87 

10 6.23 4.95 16.26 22.62 21.82 4.87 

15 6.17 4.97 15.99 22.64 21.82 4.87 

20 6.13 4.91 15.88 22.07 21.82 4.87 

25 6.06 4.83 15.77 22.16 21.82 4.87 

30 6.11 4.89 15.76 22.21 21.82 4.87 

40 6.21 4.98 15.99 22.14 21.82 4.87 

50 6.11 4.85 15.76 21.71 21.82 4.87 
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Sea Lamprey  

6.7.18 In order to test the effect of a retention period on migrant sea lamprey the model has 

been rerun adjusting the hypothetical retention period (Duration) to mimic fish being 

retained in the lagoon.  The cut-off date used in the baseline model is removed when 

retention testing is applied.  

6.7.19 The results of applying a hypothetical retention period to sea lamprey migrants are 

presented in Table 26 and Chart 48 below.  

Table 26 : Results of Applying a Retention Period for Sea Lamprey 
 

 

 

 

 

 

 

Chart 48 – Results of Applying a Retention Period to Sea Lamprey Model 
 

 

 

 

 

 

  

Duration 

(tides) 
Mean Median 

95th 

%ile 

99th 

%ile 

Baseline 

99th%ile 

Baseline 

(Median) 

1 1.28 1.28 2.58 2.82 2.81 1.22 

2 1.28 1.27 2.56 2.82 2.81 1.22 

3 1.27 1.27 2.56 2.82 2.81 1.22 

4 1.25 1.24 2.54 2.81 2.81 1.22 

5 1.24 1.22 2.54 2.81 2.81 1.22 

10 1.24 1.22 2.54 2.81 2.81 1.22 
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Salmon 

6.7.20 The table below provides the results of the scenario tests undertaken for 1SW and 

MSW salmon the detail of each being as follows :  

• Baseline – no change to model 

• Scenario 1- retention applied by using the duration of presence value 

randomly selected  for each iteration of the test. This is applied for fish present 

during September and October only. 

• Scenario 2 – retention applied by using the duration of presence value 

randomly selected for each iteration of the test throughout the whole year.  

Table 27 : Results of Scenario Testing  of a Salmon Retention Period . 
 

 Estimated Impact (% Egg Loss) : Salmon 

 Mean Median 95th %ile 99th %ile 

Baseline 1.04 0.48 3.52 10.42 

Scenario 1 (Sept/Oct) 1.87 1.27 5.05 10.82 

Scenario 2 (All year)  3.05 2.30 8.03 11.80 

 

Sea Trout 

6.7.21 The same approach has been taken with sea trout  

6.7.22 The scenarios applied are as follows:  

• Scenario 1: applied all year but to migrant life-stages only 

• Scenario 2:  applied all year to all life-stages 

• Scenario 3: applied from September onwards for migrants only  

 

Table 28  : Results of Scenario Testing  of a Sea Trout Retention Period . 
 

 Estimated Impact (% Eg Loss) : Sea Trout  

Scenario Mean Median 95th %ile 99th %ile 

Baseline     

Scenario 1 9.76 8.60 19.44 28.81 

Scenario 2  13.37 11.76 25.99 37.99 

Scenario 3 11.38 9.97 22.42 33.65 
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Scenario Test 7 :  Impact of Increased Predation  

Background  

6.7.23 TLSB have previously been requested to consider the incorporation of a predation 

variable into the fish encounter and injury impact model.   

6.7.24 Predation has always been acknowledged by TLSB as a potential impact and is likely 

to occur particularly in the vicinity of the turbines and sluices. However, given the 

ecological complexity of predator/prey interactions the issue was assessed 

qualitatively within the successful DCO submission (Chapter 9 of Environmental 

Statement) and duly accepted by the Secretary of State.  

6.7.25 Nevertheless, TLSB have complied with the request and further considered predation 

in the sensitivity testing of May 2018. The approach taken was criticised by consultees 

although no guidance has been provided as to how such a factor should be 

quantified other than the suggestion of engaging with experts and reviewing scientific 

papers (again).  

6.7.26 A further number of published papers have been reviewed to ascertain if there are 

any suitable examples of predation studies relevant to the Swansea Bay Tidal Lagoon 

from which quantifiable values might be obtained.  

6.7.27 A summary of the findings of the papers is provided in Table 21 below.  

Rationale  

6.7.28 It is believed that the issue of predation has been raised following concerns about 

predation both within the in-river/estuarine impoundments including both the 

Swansea and Cardiff barrages and also the discharge downstream. TLSB are not 

aware that such predation has been quantitatively assessed (pre and post 

impoundment) and reported and if so, what the impact actually is on the predation 

rates within the ecosystem of such locations.  

6.7.29 Parallels appear to be drawn between the barrage impoundments and the lagoon yet 

there are significant differences in terms of scale and exchanged water volumes, in 

the case of Swansea Bay Tidal Lagoon, approximately half the volume of water in the 

lagoon will be exchanged on every tidal cycle. In addition, given the lack of freshwater 

input saline stratification will not be an issue – as it has been historically with barrage 

impoundments.  

6.7.30 The papers reviewed indicate that predation does take place but none are directly 

comparable to the lagoon situation, for example, on-line freshwater lakes and 

associated barriers or small streams with limited options for escape by prey, are 

studied and none actually state what the overall impact is (either positive or negative) 

in terms of damage to marine fish biomass or wider ecosystems focusing instead on 

the interaction of a limited range of predators and prey.  

6.7.31 A wide range of values are thus produced which are largely incomparable as they 

report for example on composition of a particular predators diet,  % of fishery 

landings or differences between predation rates on stocked and wild fish.  
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6.7.32 In the previous sensitivity test submission predation upon the largest fish was, 

correctly in the view of TLSB, restricted to outside the lagoon. This was on the 

grounds that marine mammals and cetaceans, the principle predators of larger fish 

such adult salmon, will not be able to enter the lagoon environment. This in itself may 

lead to lower predation rates on such fish waiting to enter adjacent rivers although a 

value associated with this is not speculated.  

6.7.33 The approach assumes that there will be some predators within the lagoon, but their 

diversity will be restricted. For example, mammalian and cetacean predators are 

known to be present outside the lagoon, but it is intended that they will be prevented 

from entering using deterrent devices on the turbine and sluice structures.  Thus, 

predation on adults is unlikely within the confines of the lagoon compared to that in 

the open sea.  The result tables below indicate the life-stages and location at which a 

predation impact has been applied.    

6.7.34 Whilst acknowledging point 5.8.11 above, fish of all ages leaving the lagoon may be 

predated on upon exit and thus the predation rates used within the lagoon are also 

applied to all life-stages exiting the lagoon via the sluices and turbines.  

6.7.35 The scenarios have been applied to : 

• fish remaining in the lagoon once injured fish have been subtracted from the 

total present in the lagoon after each flood tide. 

• fish exiting the lagoon once those injured have been subtracted from the total 

exiting on each ebb tide. 

 

6.7.36 The approach taken does not take into account many of the complex relationships 

that occur in predator/prey relationships including as examples (and not exhaustive) :  

• The potential for the lagoon wall construction to provide refuges for either 

predators or prey. 

• The diversity of alternative prey species availability and prey preferences of 

particular predators. 

• Seasonal presence of predators. 

• Diversity of fish, bird, mammalian predator species and inter/intra-specific 

competition. 

• Availability of prey sizes and each predators prey size preference. 

 

Scenarios  

6.7.37 The initial approach to applying a predation variable into the original encounter and 

injury model was to simply apply a loss rate of 1, 2 or 3%.  Despite a lack of evidence 

of alternative values, this was not deemed acceptable and the issue has been 

revisited.  

6.7.38 Independent discussions with two of TLSBs expert advisors (consultants at THA and 

APEM) both suggested using annual instantaneous mortality rates as a baseline upon 

which a hypothetical predation rate could be applied.   
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6.7.39 The models for herring and shad have been modified and the ‘Parameter ‘ sheet and 

‘Survival Calculations’ sheets amended in order to test the approach. 

Figure 6 : Example of Table incorporated into Survival Calculations 

 

6.7.40 Whilst an alternative process by which predation can be incorporated has been 

proposed the actual level of increased or decreased predation attributed to the 

lagoon and the subsequent impact on stocks is impossible to predict even utilizing 

data from reviewed papers.  However, in order to fulfill the request for a second time 

TLSB have incorporated a methodology using mortality data from life-tables 

previously reported in the Fish Parameter sheets. This mortality is raised by the 

following factors to determine hypothetical impacts of predation at a range of rates 

which cover those gleaned from the literature.   

• Maximum predation rate – 79% 

• Minimum predation rate – 1%  

• Mean predation rate – 27 % 

• Median predation rate = 19% 

 

Results  

6.7.41 The table below summarises the estimated impact obtained from the hypothetical 

predation rates above. The same predation rate has been used both inside and 

outside the lagoon – as with the other rates used, this is a hypothetical approach.   

6.7.42 Not surprisingly, the results show that an increased predation rate leads to an 

increased impact estimate.   

6.7.43 These values include the loss of fish due to turbine passage. A fourth column of 

values shows the increase in impact from the predation modelled baseline value.  

6.7.44 The losses are reported in the table and chart below : 

 

 

 

Annual Natural 

Instantaneous 

Mortality per year

Survivorship

Natural 

Instantaneous 

Mortality per tide

predation factor in 

lagoon (2 is 

doubling, 3 is 

tripling)

total inst. 

mortality per tide
lookup

Losses due to 

predation etc

predation factor 

outside lagoon (2 

is doubling, 3 is 

tripling)

total inst. 

mortality per tide
lookup

Increased 

mortality per 

tide in lagoon 

0.1520 0.8590 0.0002

0.0700 0.9324 0.0001

6.2300 0.0020 0.0088

3.6500 0.0260 0.0052 0.1870 0.0010 1 0.0010 0.1870 0.0010 1 0.0010

0.7900 0.4538 0.0011 0.1870 0.0002 2 0.0002 0.1870 0.0002 2 0.0002

0.9000 0.4066 0.0013 0.1870 0.0002 3 0.0002 0.1870 0.0002 3 0.0002

0.6100 0.5434 0.0009 0.1870 0.0002 4 0.0002 0.1870 0.0002 4 0.0002

0.5700 0.5655 0.0008 0.1870 0.0002 5 0.0002 0.1870 0.0002 5 0.0002

0.5700 0.5543 0.0008 0.1870 0.0002 6 0.0002 0.1870 0.0002 6 0.0002

0.5900 0.5434 0.0008 0.1870 0.0002 7 0.0002 0.1870 0.0002 7 0.0002

0.6100 0.5599 0.0009 0.1870 0.0002 8 0.0002 0.1870 0.0002 8 0.0002

0.5800 0.5599 0.0008 0.1870 0.0002 9 0.0002 0.1870 0.0002 9 0.0002

0.5800 0.5599 0.0008 0.1870 0.0002 10 0.0002 0.1870 0.0002 10 0.0002

0.5800 1.0000 0.0008 0.1870 0.0002 11 0.0002 0.1870 0.0002 11 0.0002

Losses Outside LagoonLosses inside lagoon
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Tables 29/30 : Results of Scenario Testing  of Predation on Shad and Herring . 

 

Scenario  - Shad Predation 
Rate 

Used 
Median Mean 

95th 

%ile 

99th 

%ile 

% 

Difference 

from 95th 

%ile 

Baseline 0% 0.57% 0.69% 1.61% 2.50% 0.00 

1- maximum predation 

rate 
79% 

0.76% 0.87% 1.84% 2.60% 14.02 

3 - mean predation rate 27% 0.64% 0.75% 1.68% 2.47% 4.02 

4 - median predation rate 18.70% 0.62% 0.73% 1.64% 2.44% 1.67 

2- minimum predation rate 1% 0.58% 0.69% 1.64% 2.37% 1.44 

 

 

Scenario - Herring Predation Rate Used Median Mean 
95th 

%ile 

% 

Difference 

from 95th 

%ile 

Baseline 0% 0.75% 0.95% 2.42% 0.00 

1- maximum predation rate 79% 1.52% 1.66% 3.50% 44.63 

2- minimum predation rate 1% 0.74% 0.95% 2.50% 3.31 

3 - mean predation rate 27% 0.99% 1.18% 2.77% 14.46 

4 - median predation rate 18.70% 0.92% 1.11% 2.67% 10.33 
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Chart 49  : Hypothetical Predation Impacts on shad and herring 
 

 

 

6.7.45 It should be noted that the project may have positive, as well as negative, impacts on 

population levels as a result of changes in predation e.g. predation rates in the 

lagoon could be expected to be lower than levels outside the lagoon due to marine 

mammals being absent.  However, both the negative and positive impacts are difficult 

to quantify.   

6.7.46 The hypothecated losses due to predation reported are additional to the loss of fish 

which are modelled as being injured (and assumed to have died) by the STRIKER 

model. They are also in addition to those that would occur naturally in a marine 

ecosystem. 
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Table 31 : Summarising Predation Papers Reviewed for Appropriate Evidence 

 

 

 

 

 

 

  

Summary of Predation Papers 

Author Year Title Location Prey Species Predator Predation Rate Comments

Jaunes and Blackwell 1998 Predation on Atlantic Salmon Smolts by 

Striped Bass after Dam Passage

Merrimack River, tailrace of 

Essex Dam

Atlantic Salmon 

smolts

Striped Bass (Morone 

saxitilis )

48% of bass with prey had consumed 

smolts. 

Smolts comprised 80% of prey remains. 

Koed at al, 2006 River Skjern Atlantic Salmon Cormorant P.carbo 

sinensis

39% Creation of a new online lake provided a roosting area for birds 

which increased predation on restored river system 

downstream.  This led to estuarine mortality of 39% for salmon 

and 12% for brown trout. 

Brown Trout Cormorant P.carbo 

sinensis

12%

Engstrom  H. 2001 Long term effects of cormorant 

predation on fish communities and 

fishery in a freshwater lake. 

Lake Ymsen, Sweden Ruffe, roach, perch Cormorant P.carbo 

sinensis

12.8kg of fish per ha-1yr-1 by cormorants 

compared to 8.6kg ha-1yr-1 by the 

fishery.

Largest cormorant colony in Sweden established but no 

change in fish biomass detected.

Carpentier et al 2009 Effects of commercial fishing and 

predation by cormorants on the 

Anguilla anguilla stock of a shallow 

eutrophic lake. 

Grand-Lieu Lake in France Eel and cyprinid 

species.

Cormorant P.carbo 

sinensis

No link established between cormorant predation and decine 

in eel fishery. 'contrary to previous extrapolations made at the pan-

European scale, P.carbo predation in shallow lakes is not invariably 

a major contributor to A.anguilla mortality, even in the presence of 

large colonies.'

Koed et al 2002 Initial mortality of radio-tagged Atlantic 

salmon (Salmo salar  L.) smolts 

following release downstream of a 

hy dropower station

Tail race of hydro-power 

plant on River Gudenaa

Atlantic Salmon Pikeperch, pike, grey 

heron 

70% "Hydropower plants not only block the free movement of 

migratory fish, hence preventing the utilisation of spawning 

and rearing areas, but also form the basis of areas with 

increased mortality."

Jespen et al 2018 1st Danish lowland river Wild trout Cormorants 30% Cormorants believed to have caused collapse of fish 

populations in many Danish streams.

Grayling Cormorants 72%

2nd Danish lowland river Grayling Cormorants 79%

Vetemaa et al 2010 Changes in fish stocks in an Estonian 

estuary: overfishing by cormorants ? 

Kaina Bay estuary, Estonia Perch, roach and 

other coarse fish

Cormorants Establishment of a cormorant colony could have damaged fish 

stocks playing a similar role to an expanding fishing fleet by 

overexploiting the resource. 

Troynikov et al 2013 Cormorant Catch Concerns for Fishers: 

Estimating the Size-Selectivity of a 

Piscivorous Bird

Curonian Lagoon, 

Lithuania

European perch Cormorant Mode = 8.00cm Cormorants preferred prey size was below the legal netting 

limit of 18cm.

Jespen et al 1998 Survival of radio-tagged Atlantic salmon 

(Salmo salar L.) and trout (Salmo trutta 

L.) smolts passing a reservoir during 

seaward migration

Lake Tange, Denmark a 

long narrow, reservoir

Atlantic salmon and 

trout

Fish - 56% of deaths

Birds - 35% of deaths

Smolt showed a preference for deep open water.

Zamon et al 2012 Measuring estuary avian predation 

impacts on juvenile salmon by 

electronic recovery of passive 

integrated transponder (PIT) tags from 

bird colonies on East Sand Island, 2012 

East Sand Island, Columbia 

river

Pacific salmon Caspian terns 2.60%

 Double-breasted 14.90%

Mixed species 0.80%

Ovregard et al Cormorant impact on trout (Salmo 

trutta) and salmon (Salmo salar) 

migrating from the river Dalälven 

emerging in the Baltic Sea

River Dalalven, Baltic Sea Trout Cormorant 0.8 - 2.3% Cormorant population increased and fish populations of trout 

and salmon decreased. No impact recorded on salmon but 

impact on trout estimted at 1.9%

Atlantic salmon Cormorant low

Daniels et al 2018 Miramichi River, Canada Atlantic salmon Striped bass 1.9 - 17.5% 

DTU Aqua 2014 Villestrup River Salmon Avian 31.60%

Sea trout smolts Avian 17.40%

Trout (>25cm) Avian 9.10%

Ringkoebing Fjord Smolts Avian 24 - 31%

Baltic Cormorant 2-4% of fishery landings

Cod 20%

Juvenile Flounder Cormorant 6-82% 

Montevecchi et al 2002 Predation on marine-phase Atlantic 

salmon (Salmo salar ) by gannets 

(Morus bassanus ) in the Northwest 

Atlantic.

Newfoundland Atlantic salmon smolt Gannet 0.29 - 6.37% of intake Increases in intake due to changes in oceanic currents. 

Beland et al 2001 Striped Bass Predation upon Atlantic 

Salmon Smolts in Maine

Maine, USA Atlantic salmon 

smolts

Striped bass Significant predation by striped bass may take place in one year 

but they are not attibuted to being the cause of a persistent 

decline in salmon populations 

Lacroix G.A. 2008 Influence of origin on migration and 

survival of Atlantic salmon (Salmo salar) 

in the Bay of Fundy, Canada

Bay of Fundy Atlantic salmon Potential predators present in habitats where survival was 

lowest but no direct link. 

Change of foraging behavior of 

cormorants and the effect on river fish

Causes of mortality of Atlantic Salmon 

(Salmo salar) and brown trout (Salmo 

trutta) smolts in a restored river and its 

estuary
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Scenario Test 8 : Assessment of Eel Impact at Tawe Level  

Background 

6.7.47 As a catadromous species, the eel population enters the Swansea Bay rivers as glass 

eels/elvers having migrated from their spawning site in the Sargasso Sea. When 

mature and preparing to spawn the adult eels migrate out of the rivers and coastal 

waters and cross the Atlantic.   

6.7.48 Unlike salmon and sea trout, eels do not ‘return’ to natal rivers. Glass eels/elvers 

carried across the Atlantic are widely distributed (dictated by oceanic currents) across 

European coasts and thus the river of first entry into freshwater is more random in its 

nature. There is not therefore a discrete Welsh, Severn Estuary or even River Tawe 

stock. 

6.7.49 Local stocks of eel are replenished each spring by the next generation of elvers. 

These numbers are unknown each year and greatly influenced by oceanic 

environmental conditions and currents.  

6.7.50 Eel Management Plans have been produced which cover discrete geographic areas 

with the Western Wales River Basin District (RBD) encompassing the Swansea Bay 

rivers.   

6.7.51 The RBD assesses compliance with targets using silver eel escapement as the 

indicator measure. It is a requirement to report impacts at the RBD level.  

Current Approach to Assessment 

6.7.52 The assessment for eels differs from the other species assessed and acknowledges 

significant differences in their life-cycles and approach to management. 

6.7.53 In keeping with the Eel Management Plan approach to reporting TLSB have assessed 

eel impacts of the lagoon in terms of a reduction in escapement of silver eel rather 

than % egg loss which is used for the other assessed species.   

6.7.54 TLSB have assumed that a proportion of inward migrating elvers populate the coastal 

waters (e.g. Swansea Bay) each year with the remaining surviving elvers populating 

the rivers Tawe, Neath and Afan.  

6.7.55 Modelled impacts on escapement from Swansea Bay have been scaled to the 

Western Wales RBD Eel Management Plan using a proportional wetted area of 

Swansea Bay and rivers compared to the total wetted area of the RBD Eel 

Management Plan area.  The wetted area comprises of the river, lake, transitional and 

coastal water bodies.  
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Table 32 : Summary of Wetted Area Used for Assessments 
 

Area Wetted Area Total 

Western Wales River Basin District 

Eel Management Plan  

4553.019 km2 4553.019 km2 

Swansea Bay 128.14 km2  

 

132.96 km2 

Estuaries (Tawe, Neath, Afan) 3.341 km2 

River Tawe 0.88 km2 

River Neath 0.37 km2 

River Afan 0.23 km2 

 

Alternative Scenario 

6.7.56 NRW-PS have requested scenario testing of European eel at the local River Tawe 

population scale.  

6.7.57 The current reported approach does assess the reduction in escapement as a result 

of the impact of the tidal lagoon on silver eels leaving Swansea Bay and then reports 

the proportionate impact this has in reducing escapement from the whole Western 

Wales RBD.  

6.7.58 If the impacts on the population of eels in the River Tawe alone is considered then 

the model needs to consider the impact on elvers migrating into the river and estuary 

and silver eels migrating from the river and estuary to the sea. Coastal resident eels 

are not considered part of the River Tawe eel population.   

6.7.59 The contribution to the reduction in escapement from one river (e.g. Tawe) has been 

provided as an alternative scenario as requested and presented in the table below as 

the impact at the RBP EMP level (Alternative Scenario 1) and also at the local level 

(Alternative Scenario 2). 

6.7.60 Clearly, the proportionate impact of the River Tawe losses of eels is considerably less 

than that of Swansea Bay given the respective wetted areas.  
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Table 33 : Comparison of Baseline (Swansea Bay) and Alternative Scenario (Tawe). 

 

  

  

Mean 

(Average) 

Median 

(50%) 

95th 

Percentile 

99th 

Percentile 

 

Baseline 

 

Swansea Bay 

impact at RBD EMP 

level. 
0.49% 

 
0.40% 

 
1.25% 

 
1.64% 

 

Alternative 

Scenario 1 

 

River Tawe only - 

impact at RB EMP 

level  
0.01% 0.01% 0.02% 0.02% 

Alternative 

Scenario 2 

River Tawe only - 

local  impact  
0.21% 0.17% 0.52% 0.80% 
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7 Concluding Comments 

7.1.1 TLSB have incorporated the requested parameter changes into each of the ten fish 

models used in this assessment enabling baseline values to be obtained.  

7.1.2 For the purpose of sensitivity testing 10,000 iterations has been deemed suitable in 

order to assist in more efficient running of models.  

7.1.3 Over 17,000,000 values have thus been produced from more than 1700 individual 

parameter tests across twenty-nine fish life-stages.   

7.1.4 The Sensitivity testing has fulfilled its original purpose in that : 

• Errors in the original models have been identified and corrected.  

• Those parameters having the greatest influence have been identified. 

• The hypothetical scenario tests do not justify further precaution being added 

to the parameter values being used.   

 

7.1.5 The most sensitive parameters across all species and their life-stages are : 

• Population Range – an increase in the range results in reduced impacts and 

vice versa.  

• Swim Speed – a decrease in swimming speed results in an increase in the size 

of the modelled draw zone and thus increases the risk of fish encountering the 

turbines.  

• STRIKER Injury Rate – an increase in the predicted STRIKER injury rate results in 

an increase in impact value.  

 

7.1.6 TLSB believe that the reduction in population range or swim speed is not justified 

given that these parameters have been set at a highly precautionary level. As stated 

above a further reduction in swimming speed, whilst not impossible, is considered 

highly unlikely given that the swim speed of fish is set to the lower end of their 

swimming ability with an extensive range of faster swimming speeds available to all 

fish, other than passive drifters such as glass eels/elvers.  

7.1.7 Numerous hypothetical scenarios have been undertaken as requested and described 

above. These too have confirmed the importance of the above parameters but do 

not justify further precautionary changes to the parameter values currently being 

used. Where evidence is less strong for the parameterisation, as in the case of river 

lamprey, the parameters chosen have resulted in higher potential impact values.  

7.1.8 The results obtained from this latest assessment appear to be closely correlated with 

IBM/STRIKER values submitted as part of the original DCO application. This has not 

only increased the confidence in the original predictions, but clearly demonstrated 

that, even with extremely precautionary tests, involving hypothetical 

parameterisation, the numbers are still insignificant especially when compared to 

natural and anthropogenic losses (including commercial fishing and angling).  

7.1.9 Having developed the models and peer reviewed the results :- 
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• The models are robust – running correctly and giving correct results. 

• That even when certain of the parameters used were artificially exaggerated, or 

reduced to unrealistic levels, as in the hypothetical scenarios, extensive 

sensitivity tests have now shown that the impacts predicted on fish, do not 

change significantly. 

• The analysis presented indicates that the models are operating consistently 

across all species and life-stages. 

 

 

 

  



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 92 

TLSB_ML_Fish Dec 2018  

 

APPENDIX A : Alternative Draw Zone v.2 model User Guide  

Introduction 

7.1.10 Version 1 of the Alternative Draw Zone (ADZ) models (ADZv.1), published in July 2016 

as part of the formal submission by TLSB to the NRW Permitting Service, were 

deterministic models that calculated encounter and injury rates for a variety of fish 

species and life-stages. These models were chosen as the preferred basis on which 

NRW Permitting Service would determine the Marine Licence for TLSB. The 

calculation methods within these models are described within Alternative Fish Impact 

Assessment Methodology (TLSB, July 2016). 

7.1.11 Version 2 of the ADZ models (ADZv.2) was adapted to incorporate stochastic 

modeling of parameters, as described within Section 1, selecting parameters from 

defined ranges, as well as integrating calculation of Population Impacts from Annual 

Mortality Rates.  

7.1.12 ADZv.2 is a model that has been developed in Microsoft Excel 2013. This is therefore 

currently the optimum software for running the models. The calculations are split 

across multiple sheets within the model, with a model provided for each species or 

population under consideration. For example, individual models have been 

developed for shad or sea lamprey, however for species with a discrete local 

population such as Atlantic salmon and sea trout, individual models have been 

developed for river-specific populations (the Rivers Tawe, Neath and Afan in the case 

of TLSB). 

7.1.13 This User Guide describes each sheet within an individual model, using Atlantic 

salmon as an example, but describing the variety of methods for parameterising or 

using the model for other species where relevant. The following sections describe 

each sheet of the model in detail. This Guide has been adapted from that submitted 

in July 2017. 

‘Index’ sheet 

7.1.14 This sheet simply provides links to other sheets within the model to aid navigation. 

Users can return to the Index from other sheets by clicking on the ‘Return to INDEX’ 

cell.   

(a) ‘Introduction and Explanation of Worksheets’ sheets 

a. These sheets provide brief explanations of the models and sheets, as a 

summary version of this User Guide.  

(b) ‘Injury rate’ sheet 

a. This sheet transposes the injury rate distributions generated for each 

species and life-stage from the STRIKERv.5TM turbine passage injury model 

(reported in THA, May 2017) into a frequency distribution table:  
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7.1.15 The calculation, in this sheet, picks turbine passage injury rates from the frequency 

distribution table for each species life-stage and for each iteration of the model. This 

value is then carried throughout the model for each time a fish encounters and 

passes through the turbines. 

 

‘Operating period’ sheet 

7.1.16 Operational data from the TLSB turbines and sluices, at a one-minute timestep, has 

been summarised to provide a dataset showing the duration of generating and 

sluicing periods for both the flood and ebb tides throughout a full year. The model, in 

the ‘Parameters’ sheet, picks one tide at random for each iteration of the model and 
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then utilizes the generating and sluicing periods selected. This value is then carried 

throughout the model in order to calculate the encounter rate on each tide. 

 

 

 

Section of Parameter Sheet showing Random Tide No. selection (red) 
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‘Parameters’ sheet 

7.1.17 The ‘Parameters’ sheet is the central sheet of the model, whereby each input 

parameter relevant to the model can be adjusted. Parameters can be amended, by 

the user, within the model whilst still retaining the model’s structural integrity and 

these parameters cells are highlighted in green. Results from the modeling of 

parameter distributions are highlighted in orange and should not be adjusted. The 

first three columns (A-C) in this sheet present and describe the chosen parameter 

values for that model iteration, with columns F-P presenting and describing the 

ranges and distributions from which  the parameter value is chosen. A range of 

continuous and discrete statistical distributions (uniform, normal, log-normal, 

binomial, negative binomial/geometric, Poisson etc.) have been considered for 

modelling all parameters within the models. Where data is limited, a default uniform 

distribution is used.  

7.1.18 For each parameter, where relevant, each life-stage modelled selects values from a 

separate distribution, even if the shape and boundaries of the distributions between 

life-stages is the same. Therefore, whilst some life-stages may choose parameters 

from distributions with the same shape and boundaries as other life-stages, the 

individual values chosen at each model iteration can be different between life-stages. 

7.1.19 Starting Population: this value has no bearing on the outcome of the model as 

predicted mortalities are always taken as proportional to this Starting Population. A 

nominal value of 100,000 individuals is used for each species to visualize the 

operation of the models.  

7.1.20 STRIKERv.5TM: These values are drawn from the ‘Injury rate’ sheet described above. 

7.1.21 Population Range: This is the geographic area that fish of each modelled species and 

life-stage inhabit, for the duration of presence and swimming speeds chosen. 

Consequently, the value varies depending upon the species and life-stage being 

modelled. Areas have been measured using GIS software for each species and life-

stage, and with a higher degree of accuracy than for the ADZv.1 models submitted in 

July 2016. 

7.1.22 Separate population ranges are determined for fish both inside and outside of the 

lagoon. For all fish inside the lagoon, this is set as the footprint of the lagoon 

(1,190ha). For diadromous individuals outside the lagoon, that are migrating to or 

from Swansea Bay rivers to either spawn or mature, the population range is set 

based on straight line progression rates over one tide for the chosen swimming 

speed for each iteration (combining fish length and body length per second (bls-1 ) 

swim speed). The resultant value is used to set the radial distance from the river 

mouth for the population area. Individual population areas are then calculated by 

taking the area of a circle, with radius of the straight line progression rate over one 

tide, and calculating the marine area covered by this circle. 

7.1.23 Fish present within the population area for more than one tide are then considered 

to be subject to greater wandering behaviour. If the population area chosen by this 

method within the model resampling is below the population area that overlaps the 

turbine and sluice housing structure then the encounter risk is set to zero.  
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7.1.24 The duration of presence parameter is then limited to a minimum of one tide and 

any number of tides chosen above one tide increases the tortuosity of the migratory 

routes of that individual. For diadromous species resident outside of the lagoon 

between migration, the population range is chosen on the basis of their understood 

geographical range, or a subset of a wider management unit (in the case of sea 

lamprey or European eel). For marine species, when they are resident, migrating to 

spawn or growing from the juvenile stage, the population range is based on their 

understood geographical range at the relevant life-stage. 
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7.1.25 Duration of presence: This is the period of time, measured in single tidal cycles, that 

individuals spend within the model. This is based on data available in  published 

evidence of timing and duration of migration and/or spawning and also data from fish 

tagging and tracking studies.  Two approaches have been used: the first utilizes actual 

values available within the literature to provide a mean duration of presence and 

thus generate a frequency distribution.   

 

The second (used in the salmon model), selects, at random, from a list of known 

duration of presence values from a range of studies. This approach is explained further 

in Appendix E.  
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Salmon duration of presence 

values for each model iteration 

are selected at random from a 

list of 488 fish used in tagging 

and tracking studies on eight 

rivers.  

 

 

 

 

This parameter does not apply to resident life-stages as they are present within the 

model year round: 

  

7.1.26 Swimming speed: Swimming speeds for each model iteration are selected from a 

distribution of fish lengths that are consistent with the distribution used for the 

STRIKERv.5TM model, and a distribution of body length per second (bls-1) ‘cruising’ 

swimming speeds that are available for many species from published literature. 

Within the ADZv.2 model, chosen swimming speeds influence the population range 

(for some species), draw zone size, whether a simple volumetric approach is taken to 

calculating the encounter rate if individuals are not swimming above background flow 

speeds (<0.2ms-1), as well as the wider swimming speed in the model which 

influences the rate of presentation of individuals to the draw zone:    
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7.1.27 Avoidance rate: The proportion of individuals, upon encountering the draw zone, that 

show a response and successfully avoid being drawn into and through the turbines 

and sluices is set by the avoidance rate. The original approach proposed by TLSB in 

2017 has been supplemented by a more conservative Cefas methodology.  

7.1.28 The new approach incorporates a near-field avoidance rate applied at between 0% 

and 25% for all fish that have a swimming speed greater than the background 

velocities in the Bay (i.e. 0.2 m.s-1).  Far-field avoidance is then applied at a variable 

rate, increasing from zero when the Draw Zone Width (DZW) is greater than 140 m to 

between 21.8% and 49.4% when DZW is less than 10 m (Shen et al. (2016)). Fish with 

a swimming capability of less than 0.2 ms-1 are assumed to be unable to avoid the 

turbines/sluices as proposed by TLSB.  As DZW is itself calculated from the swimming 

speed, the overall avoidance rate during the flood generating phase will vary between 

zero for fish with a cruise swimming speed less than 0.2 ms-1 to a maximum of 62% 

(i.e. 1- (1-0.25) x (1-.0.494)) for fish with cruising speeds greater than about 1.2 ms-1.  

As the relationship between swimming speed and DZW is different during generating 

and sluicing, and on flood and ebb tides, different avoidance rates will apply to the 

different phases of the generating cycle.  

  

Avoidance worst and best cases are calculated :  

 

and a value between the two selected at random for each model iteration :  
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7.1.29  

7.1.30  

7.1.31  

7.1.32 Operating period: These values are drawn from the ‘Operating period’ sheet 

described above.  

7.1.33 Age structure, fecundity and sex ratio: The values within these parameters vary by 

species depending on the Population Impact calculation method. Some species 

require the use of natural mortality rates between life-stages, age class data, 

proportions of marine residency, fecundity of females, or ratios of male:female fish to 

enable calculation of overall Population Impacts. These values are applied in 

calculation of the Population Impacts in the ‘Survival and Impact Calculations’ sheet. 

7.1.34 Draw Zone area: The area of the draw zone is linked to the chosen swimming speed 

of the individual. A relationship has been derived between the swimming speed 

chosen by the ADZv.2 models, and the corresponding area of the draw zone that 

relates to this precise swimming speed. This has been achieved by modelling the area 

of the draw zone within a 2-dimensional hydrodynamic model, over a two-week tidal 

cycle at a three-minute timestep. 

7.1.35 Data points are generated every three minutes and these are assigned to the 

operating phases of the lagoon - flood generation (including pumping), flood sluicing, 

ebb generation (including pumping), ebb sluicing and holding. Within the tables 

below these data points have been used to develop an exponential relationship 

between swim speeds and draw zone area  for each of the operating phases, where 

fish may enter or leave the lagoon through the turbine and sluice gate housing 

structure (i.e. data points relating to the holding phase have been removed). The 95% 

confidence levels around these regression lines have also been derived to account 

for the variability within the relationship, and these confidence levels will be utilised 

within the ADZ models, as shown below:  
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7.1.36 Within the Parameters sheet, values for the ‘slope’ and ‘intercept’ are randomly 

generated in order to subsequently calculate a draw zone area for each model  

iteration.  

 

7.1.37 Alternative Drawzone Based Non-Encounter Probability: These cells draw from the 

‘Draw Zone – Probability Calcs’ sheet, which amalgamates the above parameters into 

an overall encounter and non-encounter (1-encounter) rate with the turbine and 

sluice gate housing structure for each life-stage. 

Retention Scenario 

7.1.38 In order to assess the potential impact of retention of fish delayed within the lagoon 

the number of retained tides can be included within the worksheet. The retention 

period scenario is used as an alternative to the application of cut-off dates and is 

switch on/off in the model : 
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7.1.39 This can be entered manually, if a value for No. of Tides Retained  is known (currently 

no known values exist).   

7.1.40 In the case of salmon and sea trout adults, the retention period has been based 

upon the duration of presence value selected for each model iteration.  

 

 

 

 

 

Predation Scenario  

 The parameter sheets have been adapted to incorporate a predation rate of fish, if known, for fish 
both within the lagoon (P(in) and upon exit (P(exit). 

 

 

 

 

 

‘Population Data’ sheet 

7.1.41 This sheet sets the period of time during the year that fish are present within the 

model, and the proportion of the population that is present during these periods: 

 

‘Tides per month’ sheet 

7.1.42 This sheet describes how the year has been split into the number of tides in each 

month: 
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‘Draw Zone – Probability Calcs’ sheet 

7.1.43 This sheet describes how some of the parameters in the ‘Parameters’ tab (Population 

Range, Swimming Speed, Draw Zone area, Operating period) are used to calculate an 

overall encounter rate during each generating phase on each tide for each life-stage 

under consideration. The equations associated with this calculation are provided in 

Alternative Fish Impact Assessment Methodology (TLSB, July 2016): 

 

 

‘ADZ’ sheets 

7.1.44 Individual sheets are provided for each life-stage. Here the nominal 100,000 starting 

population from the ‘Parameters’ sheet are modelled through 704 tides (one year) of 

potential encounter and injury with the turbines and sluices of the lagoon. The year is 

split by month based on the ‘Tides per month’ sheet. The period that fish are present 

within the model are set by the ‘Population Data’ sheet and the number of tides they 

are present are set by the Duration of presence parameter in the ‘Parameters’ sheet. 

For fish that are present, their encounter rate on the flood and ebb tides are 

calculated from the ‘Draw Zone – Probability Calcs’ sheet. This sheet how many of the 

population present enter or leave the lagoon on any one tide through the turbines 

and sluices. For individuals that enter or leave through the turbines, a number are 

considered to be lost based on the values from the ‘Injury rate’ sheet. 

7.1.45 Fish that enter the lagoon are added to a ‘lagoon population’ and are deducted from 

the population outside the lagoon. Similarly, fish that leave the lagoon are added to 

the population outside the lagoon with the potential for re-entrainment. For some 

species and life-stages, fish present within the lagoon population after a certain point 

are assumed to be lost by virtue of their assumed failure to successfully complete 

their spawning or feeding migration. 
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7.1.46 The model is run for 704 tides from the time the first fish enters the model, and the 

losses after this period are calculated as a proportion of the starting population, to 

give an Annual Mortality rate for each life-stage, presented as follows:  

 

  

‘Survival and Impact Calculations’ sheets 

7.1.47 The Annual Mortality rates calculated within the ‘ADZ’ sheets are summarised in the 

Survival and Impact Calculations sheet.  

7.1.48 Each life-stage impact is then used to calculate an overall Population Impact for the 

species by considering the cumulative mortality over each life-stage for a number of 

years. This is calculated in a number of ways depending on the relevant species, and 

considers the age structure, fecundity and sex ratio parameters from the 

‘Parameters’ sheet.  

7.1.49 In the case of all species with the exception of European Eel, population Impacts are 

calculated in terms of egg losses (or % impact on egg deposition). The calculation 

considers outward migration of individuals from rivers as juveniles, periods of 

residence whilst maturing, single or multiple spawning events and the potential for 

residency in between spawning.  

7.1.50 Population impacts are calculated using the species age-structure, survival rates at 

each stage, fecundity and sex ratio : 

 

Example of Population level impact calculations for Atlantic Cod.  
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7.1.51 European eel Population Impacts are calculated as a proportional escapement 

impact, and for the marine species (cod, whiting, sandeel, herring, sole, plaice and 

bass), Population Impacts are calculated as the cumulative mortality over the life-

history of the species:  

 

‘Monte-Carlo analysis’ sheets 

7.1.52 The Population Impact result calculated in the ‘Survival and Impact Calculations’ sheet 

within the ADZv.2 models are variable given that the parameter values are selected 

from various distributions rather than an individual value. The Population Impact 

therefore changes each time the model is refreshed. 

7.1.53 This sheet presents the results of re-sampling the results of the model 100,000 times, 

generating a frequency distribution of Population Impacts. These frequency 

distributions and percentiles (1st, 5th, 95th and 99th as relevant) from within the 

distribution are presented in Section 4 of this Addendum, with an example shown 

below.  
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APPENDIX B : Summary of Amended Parameter Values  

 

Sandeel  

Parameter Original Value Requested Value NEW Value Used 

Length  Max. length increased 

from 0.16m to 0.25m 

Max. length includes fish 

of 0.25m. 

Fecundity Single value 

provided 

Include range from yr 

2 to yr 10 adults. 

Incorporated fecundity 

across all age groups 

into Survival and Impact 

Calcs.  

 

Population Range 

(Scenario Test) 

Bristol Channel 

population used.  

 Run second version of 

model using Swansea 

Bay as popn range.  

 

Swim speed    0.9 ± 0.06 bls 

 

Salmon  

 

Parameter Original Value Requested Value NEW Value Used 

Salmon adult swim speed 0.5-1.5bls 0.5-1.0bls 0.4-1.0bls 

Sex Ratio 0.45-0.55 0.35-0.55 – 1SW 

0.50-0.80 – MSW 

0.35-0.55 – 1SW 

0.50-0.80 – MSW 

Duration of Presence 7.2 ± 100 tides Incorporate Taff 

and other tracking 

data. 

Incorporates 

random selection 

from list of over 480 

fish. See parameter 

sheet for detail) 

Retention Time 

 (Scenario Test)  

Not included in 

original models 

No value proposed.  Value based on 

randomly selected 

duration of 

presence value. 

Models incorporate 

ability to switch 

between retention 

period or cut off 

date.   
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Cut off Dates Smolts : 30th June 

Adults : 1st Nov. 

Smolts : 1st June 

Adults : 1st Nov. 

Smolts : 16th June 

Adults : 1st Nov. 

 

 

Sea Trout  

 

Parameter Original Value Requested Value NEW Value Used 

Sea Trout  adult swim 

speed 

0.5-1.5bls 0.5-1.0bls Residents 

0.4-1.0bls - Migrants 

0.4-1.0bls All  

Population Range 

(Scenario Test) 

Celtic Sea  Celtic Sea +  

Closer to shore 

25% of popn range 

as an alternative 

scenario. 

 

Duration of Presence 10 ± 100 tides Use of other available 

data 

Data from Tywi 

used which 

increases Duration 

to 12 tides.  

Retention Time (Scenario 

Test)  

Not included in 

original models 

No value proposed.  Value based on 

randomly selected 

duration of 

presence value. 

Models incorporate 

ability to switch 

between retention 

period or cut off 

date.   

Cut off Dates . Kelts – 15th June No cut-off required 

for kelts 
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Shad 

 

Parameter Original Value Requested Value NEW Value Used 

Juvenile Length 0.055 ± 0.025m  0.1 ± 0.025m 0.1 ± 0.025m 

Adult Shad Two life-stages 

incorporated 

(juveniles and 

adults)  

Adjust adult and 

juvenile length to 

remove gap between 

the two.  

Intermediate life-

stage incorporated.  

Population Range 

(Scenario Test) 

Celtic Sea  Celtic Sea +  

Closer to shore 

25% of popn range 

as an alternative 

scenario. 

 

Duration of Presence One adult life-stage 

present all year. 

Introduce second life-

stage present for part 

of year.,  

Type 1 : as currently 

modelled 

Type 2 : present 

year-round 

Swim Speed 1-3bls 1-2bls 1-2bls 

Predation 

(Scenario Test) 

Not included in 

encounter and 

injury model but 

considered 

qualitatively in ES. 

Individuals entering 

lagoon should be 

modelled as being lost 

to the population. 

New approach 

proposed using 

annual 

instantaneous 

mortality rates.  
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Eel 

 

Parameter Original Value Requested Value NEW Value Used 

Population Range - elvers 

 

11614 ha Elvers modelled over 

6 tides.  

Elvers modelled over 

6 tides. 

Population Range – Silvers  Silvers modelled 

over radial distance 

of one tide. 

Silvers modelled over 

radial distance of one 

tide. 

Length – elvers 0.08 ± 0.025 m 0.7 ± 0.1m 0.07 ± 0.01m  

Length – adults (resident 

and silver) 

0.6 ± 0.1m 0.55 ± 0.15m  0.55 ± 0.15m 

Age Structure 3 year migration 

from Sargasso Sea 

2 year migration 

from Sargasso 

Silver eel age 

structure with mean 

of 10.65 and SD of 

3.25 years.  

Retention Time 

 (Scenario Test)  

Not included in 

original models 

No value proposed.  Value based on 

randomly selected 

duration of presence 

value. 

Models incorporate 

ability to switch 

between retention 

period or cut off date.   

Diurnal behaviour / 

Selective Tidal Stream 

Transport -  elvers 

(Scenario Test) 

Not included  Elvers entering the 

lagoon should be 

considered lost to 

the population.  

Elvers entering the 

lagoon should be 

considered lost to the 

population.  

Local Impacts 

 

(Scenario Test) 

Not included Not included as 

impact assessed at 

Eel Management 

Plan scale.  

Models presented 

twice – at river basin 

district level and 

Tawe population 

level.  
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River Lamprey  

 

Parameter Original Value Requested Value NEW Value Used 

Length – transformers 0.1 ± 0.05 m 0.15 ± 0.015m 0.15 ± 0.015m 

Length – migrant adults 0.24 ± 0.08m  0.35 ± 0.08m 

Length – resident adults 0.24 ± 0.08m Intermediate 

length range 

between 

transformer and 

migratory adult.  

 

24cm ± 0.04m used. 

Diurnal behaviour Same as sea 

lamprey e.g. 

0.4907% activity at 

night only,  

Use same values 

as for sea 

lamprey  

Range of 0.567 – 0.618 

to incorporate limited 

daytime activity.  

Population Range – 

resident adults  

Fixed at 77500 ha 

based on depth 

preference. 

 Resident population set 

between maximum 

transformer or migrant 

limits and 77500ha.  

Retention Time 

 (Scenario Test)  

Not included in 

original models 

No value 

proposed.  

Value based on 

randomly selected 

duration of presence 

value. 

Models incorporate 

ability to switch between 

retention period or cut 

off date.   

Cut off Dates – migrant 

adults  

Mid- April   Cut off date moved to 

mid-March 
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Sea Lamprey  

 

Parameter Original Value Requested Value NEW Value Used 

Length – transformers 0.1 ± 0.05 m 0.18 ± 0.015 m  0.18 ± 0.015m 

Length – resident adults 0.75 ± 0.125m Intermediate length 

range between 

transformer and 

migratory adult.  

 

24cm ± 0.04m 

used. 

Swim Speed 0.17-0.96 bls 0.17 – 0.96 bls 0.17 – 0.96 bls 

Diurnal behaviour Same as sea 

lamprey e.g. 

0.4907% activity at 

night only,  

Use same values as for 

sea lamprey  

Range of 0.567 – 

0.618 to 

incorporate limited 

daytime activity.  

Population Range – 

resident adults  

Fixed at 66789 ha 

based on depth 

preference. 

Resident population 

set between maximum 

transformer or 

migrant limits and 

66789ha. 

Maximum range of 

66789ha  should be 

used.  

Retention Time 

 (Scenario Test)  

Not included in 

original models 

No value proposed.  Value based on 

randomly selected 

duration of 

presence value. 

Models incorporate 

ability to switch 

between retention 

period or cut off 

date.   

Cut off Dates – migrant 

adults  

 Cut-off date of mid-

June used.  

Cut off date moved 

to 1st June. 
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Herring  

 

Parameter Original Value Requested Value NEW Value Used 

Population Range – 

juveniles 

 Juvenile population 

range between 86850 

and 144750 ha (e.g 

15-25% of adult range) 

Juvenile population 

range between 

86850 and 144750 

ha (e.g 15-25% of 

adult range) 

Duration of Presence  Change from 6 tides to 

3 months – adults  

6 to 420 tides for 

juveniles 

6-180 tides – Adults 

6 – 420 tides – 

Juveniles 

 

Length – adult  0.25 ± 0.03 m 0.25m ± 0.03m 

Swim speed   1.1 ± 0.03 bls 1.1 ± 0.03 bls 

Age Structure  In consistent 

instantaneous 

mortality data used in 

report,.,  

Revised mortality 

data to be 

incorporated into 

final survival and 

impact assessment 

tables.  

Fecundity   Allow for increases in 

egg production from 

Yr 2 to Yr 10.  

Incorporated 

fecundity across all 

age groups into 

Survival and Impact 

Calcs.  

 

Population Range  

(Scenario Test) 

Based on Bristol 

Channel population 

of herring.  

 The model 

presented with a 

population range of 

Swansea Bay and 

secondly from the 

30m depth strip to 

the Bristol Channel.  
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Cod 

 

Parameter Original Value Requested Value NEW Value Used 

Length 0.275 ± 0.05m Max length fish should 

be 0.561m 

Distribution used  

Fecundity  Include range from yr 

3 to yr 10 aduts. 

Incorporated 

fecundity across all 

age groups into 

Survival and Impact 

Calcs.  

.  

 

Age Structure  Include consistent 

values for 

instantaneous 

mortality.  

New life table data 

incorporated to 

ensure consistency.  

Seasonal Presence Only juvenile and 

adult life-stage 

included. 

Model 2nd year of cod 

being present 

2nd Year Cod life-

stage included with 

fish present for 12 

months.  

 

 

 

Whiting 

 

Parameter Original Value Requested Value NEW Value Used 

Fecundity  Include range from yr 

2 to yr 10 adults. 

Incorporated 

fecundity across all 

age groups into 

Survival and 

Impact Calcs.  

 

Age Structure  Include consistent 

values for 

New life table data 

incorporated to 
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instantaneous 

mortality.  

ensure 

consistency.  

Seasonal Presence  Juvenile whiting 

should be present all 

year round,  

Juvenile whiting 

already included as 

being present all 

year. 
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APPENDIX C –Comparison of Conservative and Precautionary 

Estimated Impact Values. 

  

Median (50%)
Mean 

(Average)

95th 

Percentile
99th Percentile

Conservative 1.10% 1.18% 2.09%

Precautionary Case 1.11% 1.19% 2.10%

Conservative 1.31% 1.47% 3.17%

Precautionary Case 1.49% 1.68% 3.62%

Conservative 0.71% 0.90% 2.28%

Precautionary Case 0.73% 0.94% 2.48%

Conservative 1.12% 1.17% 2.45% 2.78%

Precautionary Case 1.24% 1.24% 2.55% 2.80%

Conservative 0.39% 0.77% 2.64% 6.65%

Precautionary Case 0.50% 1.06% 3.60% 9.70%

Conservative 3.51% 4.35% 10.31% 17.13%

Precautionary Case 3.64% 4.59% 11.85% 18.88%

Conservative 0.58% 0.70% 1.64% 2.44%

Precautionary Case 0.58% 0.69% 1.61% 2.33%

Conservative 5.10% 6.16% 15.42% 22.07%

Precautionary Case 5.59% 6.82% 17.14% 24.02%

Conservative 1.82% 2.11% 4.72%

Precautionary Case 1.85% 2.22% 5.25%

Conservative 0.52% 0.58% 1.29% 1.67%

Precautionary Case 0.57% 0.62% 1.48% 1.91%

Sandeel

Cod

Herring

Sea Lamprey

Salmon

Sea Trout

Shad

River Lamprey

Whiting

Eel
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APPENDIX D : Charts Illustrating Difference from 95th (green) 

or 99th %ile (blue) Values for All Species and life-stages. 

Cod  
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European Eel 

 
 

-30 -20 -10 0 10 20 30

33. elver ebb tide population range -30%

154. elver FF avoidance rate mean +30%

81. Duration of elver presence range -30%

313. elvers avoidance dz width zero FF of 140m -30%

304. number of tides used to estimate elver population…

166. elver swim speed below which no avoidance +30%

103. Elver swimming speed range -30%

84. Duration of elver presence range +30%

263. Flood sluicing DZ area mean -30%

349. elvers combined avoidance -30%

301. number of tides used to estimate elver population…

30. elver flood tide population range +30%

97. Elver swimming speed mean -30%

316. elvers avoidance dz width zero FF of 140m +30%

370. swimming speed of 0.2ms-1 below which volumetric…

151. elver FF avoidance rate mean -30%

160. elver FF avoidance rate range +30%

142. elver NF avoidance rate mean +30%

36. elver ebb tide population range +30%

3. elver STRIKER rate -30%

260. Flood generation DZ area mean +30%

66. No. tides (6) used to set population range elvers +30%

78. Duration of elver presence mean +30%

334. elvers avoidance dz width max FF of 10m +30%

100. Elver swimming speed mean +30%

272. Ebb generation DZ area mean +30%

139. elver NF avoidance rate mean -30%

275. Ebb sluicing DZ area mean -30%

75. Duration of elver presence mean -30%

352. elvers combined avoidance +30%

269. Ebb generation DZ area mean -30%

27. elver flood tide population range -30%

367. swimming speed of 0.2ms-1 below which volumetric…

145. elver NF avoidance rate range -30%

106. Elver swimming speed range +30%

278. Ebb sluicing DZ area mean +30%

0. Baseline model run

331. elvers avoidance dz width max FF of 10m -30%

63. No. tides (6) used to set population range elvers -30%

148. elver NF avoidance rate range +30%

157. elver FF avoidance rate range -30%

6. elver STRIKER rate +30%

257. Flood generation DZ area mean -30%

163. elver swim speed below which no avoidance -30%

266. Flood sluicing DZ area mean +30%

Elvers : Ranked Difference from 99th%ile

Difference from 99th%ile



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 120 

TLSB_ML_Fish Dec 2018  

 

 

 
 

 

-30 -20 -10 0 10 20 30

243. proportion resident in coastal waters mean -30%
124. resident eel swimming speed mean +30%
379. swimming speed of 0.2ms-1 below which…

9. resident eel STRIKER rate -30%
229. duration of presence of adults in coast (years)…

54. resident flood tide population range +30%
235. duration of presence of adults in coast (years)…

223. resident swim speed below which no avoidance -30%
127. resident eel swimming speed range -30%

295. resident eel diurnality (proportion active during the…
263. Flood sluicing DZ area mean -30%

343. residents avoidance dz width max FF of 10m -30%
214. resident FF avoidance rate mean +30%

249. proportion resident in coastal waters range -30%
208. resident NF avoidance rate range +30%

260. Flood generation DZ area mean +30%
211. resident FF avoidance rate mean -30%
199. resident NF avoidance rate mean -30%

346. residents avoidance dz width max FF of 10m +30%
272. Ebb generation DZ area mean +30%

328. residents avoidance dz width zero FF of 140m +30%
275. Ebb sluicing DZ area mean -30%

57. resident ebb tide population range -30%
226. resident swim speed below which no avoidance…

269. Ebb generation DZ area mean -30%
130. resident eel swimming speed range +30%

217. resident FF avoidance rate range -30%
220. resident FF avoidance rate range +30%

60. resident ebb tide population range +30%
278. Ebb sluicing DZ area mean +30%

0. Baseline model run
205. resident NF avoidance rate range -30%

325. residents avoidance dz width zero FF of 140m -30%
361. residents combined avoidance -30%

202. resident NF avoidance rate mean +30%
257. Flood generation DZ area mean -30%
364. residents combined avoidance +30%

252. proportion resident in coastal waters range +30%
266. Flood sluicing DZ area mean +30%

298. resident eel diurnality (proportion active during the…
238. duration of presence of adults in coast (years)…

382. swimming speed of 0.2ms-1 below which…
121. resident eel swimming speed mean -30%

12. resident eel STRIKER rate +30%
232. duration of presence of adults in coast (years)…

51. resident flood tide population range -30%
246. proportion resident in coastal waters mean +30%

Resident Eel : Ranked Difference from 99th %ile

Difference from 99th…
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-30 -25 -20 -15 -10 -5 0 5 10 15 20

243. proportion resident in coastal waters mean -30%

229. duration of presence of adults in coast (years)…

235. duration of presence of adults in coast (years)…

172. silver NF avoidance rate mean +30%

69. No. tides (1) used to set population range silvers -30%

373. swimming speed of 0.2ms-1 below which…

289. silver eel diurnality (proportion active during the…

263. Flood sluicing DZ area mean -30%

358. silvers combined avoidance +30%

178. silver NF avoidance rate range +30%

118. silver eel swimming speed range +30%

18. silver eel STRIKER rate +30%

249. proportion resident in coastal waters range -30%

340. silvers avoidance dz width max FF of 10m +30%

260. Flood generation DZ area mean +30%

109. silver eel swimming speed mean -30%

45. silver ebb tide population range -30%

72. No. tides (1) used to set population range silvers +30%

15. silver eel STRIKER rate -30%

169. silver NF avoidance rate mean -30%

310. number of tides used to estimate silver population…

87. Duration of silver presence mean -30%

190. silver FF avoidance rate range +30%

337. silvers avoidance dz width max FF of 10m -30%

90. Duration of silver presence mean +30%

187. silver FF avoidance rate range -30%

272. Ebb generation DZ area mean +30%

184. silver FF avoidance rate mean +30%

275. Ebb sluicing DZ area mean -30%

292. silver eel diurnality (proportion active during the…

115. silver eel swimming speed range -30%

196. silver swim speed below which no avoidance +30%

112. silver eel swimming speed mean +30%

269. Ebb generation DZ area mean -30%

355. silvers combined avoidance -30%

322. silvers avoidance dz width zero FF of 140m +30%

39. silver flood tide population range -30%

42. silver flood tide population range +30%

278. Ebb sluicing DZ area mean +30%

0. Baseline model run

193. silver swim speed below which no avoidance -30%

319. silvers avoidance dz width zero FF of 140m -30%

181. silver FF avoidance rate mean -30%

376. swimming speed of 0.2ms-1 below which…

48. silver ebb tide population range +30%

175. silver NF avoidance rate range -30%

307. number of tides used to estimate silver population…

257. Flood generation DZ area mean -30%

252. proportion resident in coastal waters range +30%

266. Flood sluicing DZ area mean +30%

238. duration of presence of adults in coast (years)…

232. duration of presence of adults in coast (years)…

246. proportion resident in coastal waters mean +30%

Silver Eel : Ranked Difference from 99th %ile

Difference from…
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Herring 
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Sandeel 

  



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 125 

TLSB_ML_Fish Dec 2018  

 

River Lamprey 
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Sea Lamprey 

  



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 129 

TLSB_ML_Fish Dec 2018  

 
 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 130 

TLSB_ML_Fish Dec 2018  

 

 
 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 131 

TLSB_ML_Fish Dec 2018  

 

Sea Trout 
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Shad 
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Whiting 
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Salmon 
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APPENDIX E :  Duration of Presence Parameter 

Determination 

 

7.1 Introduction 

7.1.1 A stochastic probability model has been developed as an assessment tool to estimate 

the impact of encounter and injury of fish and the Swansea Bay Tidal Lagoon (SBTL).  

7.1.2 The model supplements a combined Individual Based Model (IBM) (encounter) and 

STRIKER (injury) tool used in the successful application for Development Consent 

Order for the SBTL project in 2015.  

7.1.3 The probability model incorporates a number of parameters relating to each species 

of fish modelled including, as examples, the fish life-stage, length, swimming speed, 

population range and fecundity. In order to apply a Monte Carlo Assessment (MCA) 

upper and lower values for each parameter have been agreed between Natural 

Resources Wales – Permitting Service (NRW-PS) and Tidal Lagoon Swansea Bay 

(TLSB).  

7.1.4 One parameter value that has prompted considerable discussion is the ‘Duration of 

presence’ which is intended to represent the amount of time (measured in number of 

tides) that salmon and sea trout spend in their population range during their 

migration phase into or out of the rivers discharging into Swansea Bay.  

7.1.5 Previous attempts to obtain suitable values for the duration of presence parameter 

have been proposed by TLSB in which a mean duration of presence value was 

proposed (with various options).  NRW-PS have now requested that TLSB adopt the 

approach proposed by Cefas in which, in the absence of more specific Swansea Bay 

data, each model iteration selects a duration of presence value from a ‘pick-list’ of fish 

from other tagging studies.  

7.2 Purpose  

7.2.1 The purpose of this paper is to explain how TLSB have attempted to address the 

request using evidenced data from a range of studies to establish a suitable value.    

7.2.2 In order to undertake the fish impact assessment for TLSB we have sought further 

studies and data which provide evidence of time taken for fish to move from the 

coastal environment into the relative sanctuary of their natal estuary.  

 

7.3 Background  
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7.3.1 Since the mid-1980s numerous studies have been undertaken which have 

considered the migration of salmon and sea trout during their transition between the 

marine and freshwater environments.  

7.3.2 Such studies have been largely instigated by the water regulatory bodies (NRA and 

subsequently EA/EAW) in association with water companies with a view to 

investigating the impact of either existing, or proposed, water resource or water 

quality schemes in the river or estuarine reaches of catchments.  Other schemes 

have focused on the impact of the construction of tidal barrages (e.g. Tawe, Taff and 

Tees).  

7.3.3 Many of the studies to date have focused on either the outward migration of fish 

(smolts and kelts) from freshwater to sea or, the movements of fish from an estuarine 

reach into freshwater (returning adults).   

7.3.4 Tagging and tracking studies in coastal areas are rare beyond the estuary and into 

coastal waters (Solomon pers comm 2018, Milner et al, 2012).  Such work is likely to 

have been restricted by cost, logistics and limited technology available in the past in 

order to tag and track fish in the marine environment.  

7.3.5 Where possible, information has been gathered from the range of studies to help 

inform this report. However, there are limitations with many of the schemes notably:  

• The schemes were predominantly designed for a site-specific purpose thus 

potentially presenting an incomplete or incomparable picture for use elsewhere. For 

example, there may be a considerable distance between the release point and first 

receivers.  This might simply occur due to a lack of suitable secure and effective sites 

for receiver deployment.  

• The location and method of capture of fish used for tagging may influence their 

subsequent behaviour.  In some studies traps in freshwater have been used (e.g. 

Tawe) whilst in many others commercial licensed salmon netsmen operating in 

estuaries/coastal waters have caught the fish used.  

• The behaviour of fish prior to capture is largely unknown.  

• The technology required to track fish in saline environments has evolved over the 

period of the studies, following development work by Cefas fisheries scientists in the 

mid/late 1980s. Improved tracking of fish in the coastal and estuarine environment 

has been facilitated by the development of acoustic fish tags and combined acoustic 

and radio tags (CART).   

 

7.3.6 The duration of presence is a key parameter in the SBTL model, impacting on the 

encounter rates of fish, with the more tides a fish is modelled as being present in the 

Bay, the greater the likelihood of that fish encountering and entering the turbines.  

Fish that pass through the Bay into the estuaries in the shortest time will be least 

likely to be entrained and potentially injured passing through the turbines.  

7.3.7 It is therefore important, to estimate the time fish reside in the Bay or the time taken 

to pass through it. Once in the estuary of the Tawe, Neath or Afan fish are no longer 



Tidal Lagoon Swansea Bay – Sensitivity Testing of MCA ADZ Fish Impact Models Page 147 

TLSB_ML_Fish Dec 2018  

 

in Swansea Bay and are effectively safe from being taken into the lagoon. The 

exception to this would be those fish which, having entered the estuary, head back to 

sea having been unable to ascend into the river (Blacklidge et al, 1992). However, 

several studies have reported that the survival of such fish is compromised, with a 

high proportion believed to perish (Potter, 1988; Solomon, 2018 pers comm). 

7.3.8 A key source of data and expert analysis arises from the historic tagging and tracking 

studies undertaken, some of which have records of fish movements in the coastal as 

well as estuarine environment.  A list of relevant studies and reviews, which is not 

intended to be exhaustive is provided in Annex C.  

7.3.9 The following summarises the general patterns of migration recorded in the above 

studies : 

• In general fish move quickly from the coastal environment into river estuaries 

(Solomon,1999, Karppinen et al , 2004, Potter and Dare, 2003).  

• Fish then either pass rapidly into freshwater (within a few days), or wait in suitable 

holding areas (if present) within the estuary (Solomon, 1999; Potter, 1988; Potter 

and Dare, 2003; Milner et al, 2012) 

• If the wait in the estuary is prolonged e.g. due to extreme low flows, fish may move 

back out to sea ((Solomon D., 1999; Potter E.C.E. 1988) 

• Where fish move back out to sea, or fail to enter the river, their mortality rate 

appears to be very high (>50%) (Solomon, 1999, Clarke et al, 1992, Solomon and 

Sambrook, 2004; Moore and Potter, 2004).   

• Some fish exhibit straying behaviour and may enter, and wait, in other catchments 

before returning to their natal river (Gough et al, 1990, Blacklidge et al, 1992).  

• All estuaries are unique and many influenced by physical structures such as weirs at 

head of tide and estuarine barrages and activities influencing water quality and 

volume such as water abstractions and discharges. Such structures can lead to 

accumulations of fish and delays in their the passage past the structure leaving them 

more vulnerable to predation (Moore and Potter, 2004, Potter and Dare, 2003; 

Blacklidge et al, 1993) 

• Seasonal variation occurs – but this may be due to the relationship with flows which 

will generally be lower in summer than autumn.  

• Fish are stimulated to migrate upstream by larger increases in flows during the 

summer and smaller increases later in the year (Solomon, 1999).  

• Non-detection of fish may be due to tag failure or regurgitation, but more likely to be 

a consequence of death due to predation, disease, injury or capture (illegal and 

legal) (Blacklidge, 1992) 

 

 

7.4 Application and Results 
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7.4.1 Following a further review of available data (including raw data and published papers) 

the list of tagged fish used in earlier assessments (Annex B) has been expanded to 

included fish from a less constrained selection of studies.   

7.4.2 This revised list comprises of 485 fish.  

7.4.3 The studies from which the data was obtained related to work on the following rivers 

and their estuaries :  

 

 

 
Table 1 : Summary of Tagged Fish Data Used for Randomly Selected Duration of Presence Value 

 

Catchment Studied Number of 

Fish Included 

Mean No. of 

Days Tracked 

North Esk 3 1.33 

Tana 35 3.22 

Swansea Bay 4 3.75 

Tywi 205 4.82 

Usk 12 10.08 

Tyne 99 12.00 

Taff 127 23.61 

TOTAL 485  

 Mean 11.19 

 Median 5.33 

 

7.4.4 Whilst reviewed, data has not been obtained from the Dee tagging studies as 

comparable values could not be gleaned from the published information.  

7.4.5 The salmon ADZ MCA model has been amended such that the duration of presence 

value is selected randomly from the list of 485 fish ( ‘DoP Data’ tab) for each iteration 

of the model.  The value is then doubled to allow, with added precaution, for two 

tides per day.  This is illustrated in the extract from the model below :  
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7.4.6 The results of this analysis is shown in the following table and compared to previous 

approaches to the duration of presence parameterisation.  

 

Scenario Mean Median 95th %ile 99th %ile 

Using original DoP 

fixed value of 7.2 

tides ± 100 (2017) 

0.42% 0.23% 1.43% 2.98% 

Using revised DoP 

fixed value of 15.7 

tides ± 100  

(June 2018) 

0.79% 0.53% 2.36% 3.77% 

Using original 

selection of 26 fish  

(Dec 2018) 

0.78% 0.37% 2.96% 5.86% 

Precautionary 

Values 

All Rivers (Baseline) 

(Dec 2018) 

1.04% 0.48% 3.58% 10.03% 

 

 

7.5 Conclusions 

7.5.1 The results, as expected, show that when a longer duration of presence value is used 

then the assessed impact increases.   

7.5.2 TLSB maintain their position that the results are distorted using tagged fish data from 

sites dissimilar from that in Swansea Bay and as a consequence their inclusion adds 

further to the precaution used in the modelling process.  

7.5.3 It should be noted that TLSB have not obtained the same detailed data for sea trout 

studies.  

7.5.4 The duration of presence values for sea trout have however, been amended based 

on information contained within the Tywi sea trout tagging work which was one of the 

most extensive sea trout studies.  This study indicated that sea trout took an average 

of 12 tides to travel from the estuary into freshwater.  As indicated above, sea trout 

studies were somewhat biased in that only larger fish (>0.5m) were able to be tagged 

(due to constraints of tag size at the time of studies).   
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ANNEX A : Example of Tagging Schemes Undertaken in England and Wales 

 

 

Location  Purpose Start Year No. Tagged 

Ribble Water quality investigations 1980 20 salmon 

Tamar Water resource investigations 1986 330 salmon  

Torridge Water resource investigations 1988 5 salmon 

Test and Itchen Water resource investigations 1989 48 salmon 

Loddon Salmon restocking assessment 1988 6 salmon 

Welsh Dee Water resource investigations 1991-1993 461 salmon 

Glaslyn  Effect of tidal doors on fish movement 1981 21 sea trout 

Taff Cardiff Bay pre-Barrage impacts 1990   

Tywi Water resource investigations 1988 260 salmon 

156 sea trout 

Tawe Barrage Tawe Barrage fish impacts 1990  48 salmon and 

sea trout 

Usk Estuary Water quality investigations 1987 251 salmon 

Avon and Stour Water resource investigations 1986 437 salmon 

7 sea trout 

Frome   1988 49 salmon 

Tavy Water resource investigations 1991-1995 174 salmon 

Taw and Torridge Water resource investigations 1992-1994 255 salmon 

Exe Water resource investigations 1991-1994 318 salmon 

Tees Tees Barrage fish impacts 2008-2013 199 salmon 

38 sea trout 

Fowey Fish movements from estuary 1985-1987 61 salmon 
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ANNEX B : Summary of known Coastal Release Fish Tracks Used in 2017 Assessment and 2018 

Sensitivity Testing.  

    

Year  
Tagging 

Scheme 

No. Of 

Days  
Species 

Actual / 

Estimate 

Extent of Movement 

Recorded 

Month of 

Release 

No. Of 

Tides 

2015 Swansea  1 Salmon Actual Coast to tidal limit Nov 1.93 

2015 Swansea  1 Sea Trout Actual Coast to tidal limit Sept 1.93 

1990 Taff 1 Salmon Actual Coast to Freshwater Nov 1.93 

1990 Taff 1 Salmon Actual Coast to Freshwater Nov 1.93 

1990 Taff 1 Salmon Actual Coast to Freshwater Dec 1.93 

1978 N Esk 1 Salmon Actual Coast to Freshwater July 1.93 

1978 N Esk 1 Salmon Actual Coast to Freshwater July 1.93 

1990 Taff 2 Salmon Actual Coast to Freshwater Nov 3.86 

1978 N Esk 2 Salmon Actual Coast to Freshwater July 3.86 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

1988/89 Usk  3 Salmon Estimate Coast to estuary   5.80 

2015 Swansea  6 Sea Trout Actual Coast to tidal limit Oct 11.59 

2015 Swansea  7 Salmon Actual Coast to tidal limit Dec 13.53 

1990 Taff 8 Salmon Actual Coast to Freshwater Oct 15.46 

1990 Taff 9 Salmon Actual Coast to Freshwater Dec 17.39 

1988/89 Usk  10 Salmon Estimate Coast to estuary   19.32 

1988/89 Usk  15 Salmon Estimate Coast to estuary   28.99 

1988/89 Usk  20 Salmon Estimate Coast to estuary   38.65 

1988/89 Usk  25 Salmon Estimate Coast to estuary   48.31 

1988/89 Usk  30 Salmon Estimate Coast to estuary   57.97 

1990 Taff 39 Salmon Actual Coast to Freshwater Nov 75.36 

      

Mean 

Value 15.57 
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