
 

 

 
Lisa Hopkinson 
Senior Permitting Officer  
Permitting Service  
Natural Resources Wales 
Ty Cambria 
29 Newport Road 
Cardiff 
CF24 0TP 
 
 
22nd December 2016 
 
 
Dear Lisa, 

I write in response to your letter dated 25 November 2016 in which you set out NRW’s proposed 
potential fish impact levels associated with the Swansea Bay Tidal Lagoon.  This letter was followed 
by NRW’s letter to interested parties dated 1 December 2016 which states that NRW has now 
established predicted impact values based upon best available evidence received to date (Ref.: 
ORDML145/TLP).  This has now been made public. 
 
We believe there are a number of flaws in the science behind the figures used by NRW to arrive at 
these impact values.  We have evidence to suggest that the true impact levels will be significantly 
lower than those selected by NRW.  TLSB takes its data and science seriously and is an environmentally 
responsible developer.  Further still, protecting and enhancing the environment in the face of climate 
change is at the very heart of what we stand for.  Our science and evidence has been developed by 
our own in house experts including experienced fisheries scientists, together with evidence and 
analysis from a further 10 external leading specialists in the field of fisheries science.  We have 
consulted with an independent Fish Peer Review Group (FPRG), comprising leading experts in fisheries 
management and science. The FPRG scrutinises our work and advises on best practice.  At the most 
recent scrutiny session (19 December 2016), the FPRG challenged and assessed the range of issues 
covered below and fully endorses the points we’re now making in this letter. 
 
Before NRW proceeds with the next steps of the process we would suggest it is important that Tidal 
Lagoon Swansea Bay plc (TLSB) is given the opportunity to present this alternative view and the 
reasoning behind it.   
 
We therefore request a workshop which draws on the full suite of evidence available (including from 
respective specialists), establishes the facts from first principles, confirms the relative merits of each 
of the behavioural models, and seeks common ground so that agreement can be reached on the most 
appropriate scientific approach and parameters.  We believe that by working together we can identify 
a way forward, possibly through the inclusion at the workshop of an independent advisor who has the 
respect and recognised independence of all parties.  However, now that NRW has publicised the 



 

 

figures, these issues need to be resolved quickly (including jointly agreeing any further appropriate 
communications) and we request that all efforts are made to hold this workshop early in January 2017. 
 
We outline below the key topics which we believe should be given due consideration, to set the scene.  
For your information, we have included with this letter appendices which further expand on each of 
these topics, providing some of the detail which would need to be reviewed during the workshop. We 
strongly believe that discussing these issues will be vital to reaching an accurate assessment of the 
probable impacts on fish of this proposed development. 
 
1. Fish encounter modelling 
 
Both the Individual-Based Modelling (IBM) and Alternative Draw-Zone (ADZ) approaches have been 
developed to model and predict fish encounters with the lagoon turbines.  We contend that the IBM 
approach is the best available technique for assessing migratory fish behaviour such as salmon and 
certain life stages of sea trout.  TLSB’s modelling (using IBM for encounter rate and STRIKER for injury 
rate) was accepted as valid during the Development Consent Order (DCO) determination process and 
built in numerous levels of precaution, many of which have now been either disregarded or 
misunderstood.   
 
The ADZ approach was developed jointly by TLSB and Cefas as an alternative modelling approach to 
investigate the sensitivity of impact levels predicted by the IBM.  Most particularly, the ADZ allows 
behaviour such as marine residency to be considered.  It also allows the different behaviour exhibited 
by the various life stages for each species to be incorporated.  There is some logic therefore in applying 
an ADZ approach to model fish encounters for certain species and life stages, while employing an IBM 
approach for other species and life stages. 
 
However, the ADZ approach also makes a number of assumptions and includes significant additional 
levels of precaution in the parameters used.  For example, the ADZ model removes any directedness 
of swimming, distributing fish evenly across Swansea Bay and assuming they swim randomly around 
the Bay for 30 days (~60 tides). This duration was adopted as a precautionary value to allow fish to 
remain resident in the Bay and/or be delayed in migrating into freshwater due to low river flow 
conditions.  This is not representative of the behaviour of all fish species or life stages. 
 
We would suggest that the workshop discussion should aim to achieve a common understanding of 
the appropriate and scientifically based input parameters used in the jointly developed ADZ model 
where this is the more appropriate model for certain species and their life stages.  Where the IBM is 
agreed to be more appropriate for specific life stages of certain species this wold be used. 
 
2. Distribution of fish and population areas 

 
Cefas has suggested that reducing the size of the population areas for salmon and sea trout is a proxy 
for individuals being ‘more concentrated towards the river mouth’ and/or spending ‘more time in that 
area’ and to model a ‘linear decline in the density of fish, or time spent by fish, from the river mouth to 
the edge of the Bay’. 
 



 

 

We would support the assumption that fish are more concentrated towards the river mouths and/or 
in closer proximity to the coastline. However, the method proposed to represent this within the 
models is arbitrary.  
 
By reducing the population area, it is a reasonable assumption that a fish could equally occupy an area 
that is not adjacent to the turbine and sluice gate housing (which is located some 2.5km offshore) and 
so would not be at risk of encounter (such as if it was held up at the Tawe Barrage). The ADZ model is 
precautionary as it assumes that all fish spend their whole time at risk of encounter before migrating 
upstream. In reality, many fish will occupy areas some distance from the turbine and sluice gate 
housing structure, such as being ‘clumped’ around the river mouths. 
 
Furthermore, by reducing the size of the population area and trying to define the area that a fish would 
occupy as it migrates, as suggested by Cefas, the model moves towards the migratory route modelling 
as conducted for the IBM. If a fish showed migratory behaviour and was attracted to the river to 
migrate upstream then it would not spend 30 days swimming randomly around the Bay and therefore 
would not be at risk of encounter after the first few days. This is what was modelled by the original 
IBM. 
 
3. Duration of exposure 

 
With the exception of smolts, all fish were modelled to be present in the Bay for a whole month (~60 
tides/30 days) at a time.  However, we strongly believe this duration will be an overestimate for many 
species and life stages.  In most cases, with sufficient freshwater flow, fish will easily swim up the 
rivers.  We would not expect many fish to be present in the Bay for the duration of 60 tides unless 
prolonged periods of dry weather were experienced.  Furthermore, should the fish be concentrated 
around the river mouths they may spend considerably less than 60 tides in this area (or even the wider 
Swansea Bay) before moving up the river.   
 
4. Cut-off dates 

 

Cefas suggest that the cut-off date of the 1st December for migrating adult salmon and sea trout is too 
late in the year given that, as Cefas correctly state, it would take some time for fish present in Swansea 
Bay to reach Panteg Weir.  However, the monthly distribution of salmon and sea-trout used in the 
models is derived from the monthly distribution data for real fish from Panteg Weir.    Therefore, using 
the logic presented by Cefas, fish would be present within Swansea Bay much earlier than currently 
modelled. As a consequence, we would contest that if the cut-off date is moved forward, then it would 
be illogical not to also move forward the whole distribution by a month.  This would result in no change 
to the impacts predicted by TLSB. 

Cefas have indicated that our cut-off date of 1st July is too late for smolts.  However, evidence is stated 
which confirms that smolts are still leaving local rivers in mid-June. We would therefore propose that 
the distribution of smolts be adjusted to run from mid-March to mid-June and that a cut-off date of 
16th June should be applied. 
 
  



 

 

5. Mortality vs egg loss 
 

We believe that NRW has incorrectly compared the figures provided by Cefas to ‘% annual mortalities’ 
when they were actually calculated as ‘% egg losses’.  The two units of measurement are not directly 
comparable and the distinction is hugely important.  The result is that NRW has inadvertently more 
than doubled certain impact figures.TLSB and Cefas developed a methodology to consider the overall 
egg losses to a cohort of fish over their lifetimes, to account for potential multiple passes through the 
lagoon during different lifestages (e.g. as salmon smolt, returning 1 Sea Winter (1SW) or Multiple Sea 
Winter (MSW) adults).  The figures consider the impact of smolt loss, for example, on the number of 
subsequently returning adult 1SW and MSW salmon (of the same generation).  This produces a 
cumulative mortality for fish that have passed the lagoon on more than one occasion which is then 
considered as an impact on their resulting egg deposition, i.e. how many eggs will be lost (not laid) as 
a result of the loss of fish of different life stages. 
 
The combination of ‘% annual mortality’ rates over separate lifestages does not estimate the total 
‘annual’ loss, but the loss of eggs to the population over the whole life-cycle of the cohort (where a 
‘cohort’ is defined as all individual fish of a certain species spawned within the same river in the same 
year). The cumulative mortality from one lifestage to the next is calculated to account for the fact that 
fish in the cohort could have encountered the turbines and sluices at a previous lifestage. Losses are 
therefore cumulated through each lifestage of the fish over a number of years.  
 
NRW interpreting Cefas’ % egg loss impacts as ‘% annual mortalities’ significantly over-states the 
impact on each species (e.g. our original submission indicated % egg losses of 10.15% for sea trout 
whereas the equivalent annual mortality values ranged from 4.27% to 6.41%). 
 
6. MSSS vs cruising speeds 

 
Cefas state that fish will probably swim more slowly than their Maximum Sustained Swimming Speed 
(MSSS) while resident in the Bay.  We would agree that the ‘cruising’ speed of a fish is a more 
appropriate indicator and should be taken into consideration, as described in Appendix A.  The MSSS 
is used to define two important criteria within the ADZ model. It sets the speed at which fish swim in 
the model and is also used to define the size of the draw zone (the area within which fish are at risk). 
   
If fish swim more slowly than their MSSS, the distance and proportion of the population area covered 
by the fish would be reduced.  The chance that a fish would come into contact with the draw zone 
would therefore also be reduced, resulting in lower impact levels.  We would therefore argue that 
Cefas’ statement that ‘this will increase the estimated impacts of SBTL, with the effect for the slower 
swimming fish such as sandeel being greatest.’ is incorrect. 
 
We also agree with Cefas’ view that the encounter models do not take account of burst speeds that 
would allow fish to escape from the draw zone.  Such behaviour would indeed reduce the impacts 
predicted by the ADZ approach, and this is why far-field and near-field avoidance should be included 
within the modelling, as we discuss below. 
 
  



 

 

7. Avoidance 
 

The proposed impact figures take no account (nor make any mention) of any turbine avoidance 
behaviour by fish.  Throughout discussions with NRW and Cefas specialists on fish impact levels, 
avoidance has been acknowledged as an important and likely fish behaviour, both before coming into 
the vicinity of the turbine and sluice gate house (far-field avoidance) and on entering the structure 
(near-field avoidance).  
 
Recent field-based research evidence and other studies have provided empirical evidence on which 
to state that avoidance will be substantial, with up to 98% of fish showing avoidance behaviour in 
some cases.   We cite in Appendix F the evidence now available to support this position. 
 
8. Monte Carlo analysis 
 
In this submission to NRW, we are introducing the tool of statistical analysis. This is an industry 
standard tool to assess and arrive upon likely probabilities for any given event, as used by NRW to 
assess the impact of risk in the field of flood risk management. 
 
To illustrate the implications of the points previously raised under points 1 to 7 above, the graph below 
shows the result of running the ADZ model 10,000 times to test the range of potential impact values 
for salmon population mortality generated by the model.  Impact values are presented as ‘% egg 
losses’, i.e. the reduction in egg production that would result from the loss of fish of different ages.  
Applying industry standard (Monte Carlo) statistical analysis allows ‘confidence intervals’ to be drawn 
from the data – in this case the likelihood that the impact will be below the quoted % egg loss value 
can be calculated. 
 
An appropriate scientific approach would typically involve taking the 95% confidence interval as being 
sufficient to draw robust conclusions.  From the graph for salmon below, the 95% confidence interval 
equates to a 0.71% egg loss – i.e. using parameters from the ranges identified there is a 95% chance 
that egg losses will be 0.71% or less. 
 
The graph clearly demonstrates how much precaution is built into the original ADZ model.  The ADZ 
model predicts a 5.92% egg loss.  This represents a confidence interval of beyond 99.99% and shows 
that the figure proposed by NRW(PS) at 21% egg loss is extreme and unrealistic. Further details of the 
Monte Carlo analysis conducted are provided in Appendix A. 



 

 

 

 
9. Mitigation and Offsetting 

 
Further to the above, TLSB is proposing to deliver a comprehensive package of mitigation and fishery 
improvement measures which will more than offset any impact that the lagoon may have.  These 
mitigation measures are significant. NRW acknowledges that mitigation measures have not been 
taken into account in reaching the published impact values. 
 
In summary, we request that NRW urgently reviews its position before proceeding further, and that a 
workshop is arranged to discuss and resolve these issues, together with any other points that would 
benefit from discussion.  It is regrettable that NRW’s predicted impact levels have been made public 
at this stage, and we would therefore wish to also ensure that any future external communications 
are considered as part of the workshop.  
 
We have provided further explanation of the above points in the following Appendices: 
 
Appendix A – Fish Encounter Modelling  
 
Appendix B - TLSB Concerns with NRW (PS) Assessment and Changes to Population Areas 
 
Appendix C - TLSB Concerns Regarding NRW (PS) Changes to Cut-off dates 
 
Appendix D - TLSB Concerns in Relation to NRW (PS) Use of ‘% Annual Mortality’ vs ‘% Egg Loss’ 
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Appendix E - TLSB Concerns Regarding NRW (PS) Change to MSSS 
 
Appendix F - Introduction to Importance of Avoidance Behaviour 
 
Appendix G - Other TLSB Concerns Relating to NRW (PS) Assessment 
 
Appendix H - Contributors and Advisors 
 
Following the publication of NRW’s figures, the proposed workshop has become a matter of urgency. 
We would welcome a prompt response to this letter early in the new year, followed by a workshop 
(which we would be happy to help arrange) in early January 2017.  I look forward to your positive 
response. 
 

Yours sincerely, 
 

 
 

 
Tim Carter 
Head of Environment 
 
cc John Wheadon – Permitting Service Manager, Natural Resources Wales 
cc Emyr Roberts – Chief Executive, Natural Resources Wales 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX A: Fish Encounter Modelling  

Fish encounter modelling  

As indicated in the letter above it is of fundamental importance that the impact values used by NRW are 
consistent and appropriate. The initial impact assessment made, and subsequently issued, by NRW (PS) is 
incorrect in that the figures provided by Cefas (as % egg losses) were mistakenly equated to ‘% annual 
mortalities’. 

TLSB and Cefas developed a methodology to consider the overall egg losses to a cohort of fish over their 
lifetimes, to account, as a precaution, for potential multiple passes through the lagoon during different lifestages 
(e.g. as salmon smolt / returning 1SW or MSW adult). The figures consider the impact of smolt loss, for example, 
on the number of subsequently returning adult 1SW and MSW salmon (of the same generation) and thus 
produces a cumulative mortality which is then considered as an impact on their resulting egg deposition.  The 
figures in the tables that follow below are all therefore presented as ‘% egg losses’ following this same method. 

Individual-Based Modelling 

Individual-Based Modelling (IBM) is the industry standard and best-available technology with which to model 
fish movements in the marine environment.  The methodology has been used worldwide to model animal 
movements for many projects. 

All parties (including NRW (TE), Cefas and the Secretary of State) have previously agreed that an IBM approach 
is the best available technique for assessing fish behaviour (even if there remain different opinions on the 
parameters used within the model). The IBM was parameterised using peer-reviewed literature.   
 
TLSB is an environmentally responsible organisation, and our original models (IBM for encounter rate and 
STRIKER injury model) built in a number of levels of precaution including: 

 Testing of species in various geographical starting positions, times and tidal states (at model 

initialisation) and selecting the worst-case from each of these model runs; 

 Running the model 10,000 times so that all possible variations are accounted for, giving the greatest 

number of encounters and thus mortalities; and 

 Assuming every injury resulted in mortality. 

 

The original assessment of turbine and sluice entrainment and injury rates for fish was made using an IBM for 
each Valued Ecological Receptor (VER). The IBM modelled the movements of individual fish in the marine 
environment, including diadromous species, as they migrated to/from rivers and their estuaries. The IBM 
accounted for fish swimming speeds, response to tidal currents and phases and movements into and out of the 
rivers.  

The view held by Cefas was that the IBM did not:  

 Account for coastal wandering and searching behaviour and therefore modelled fish moving into the 

rivers too quickly; 

 Consider the delay of fish waiting to enter freshwater during, for example, drought periods.  

 Give sufficient consideration to different life-stages of migrant species.  

 Allow for coastal residency of particular life-stages of some fish species (e.g. sea trout).  

 

Full details for impacts from the IBM model for all species have been provided previously within the Alternative 
Fish Impact Assessment Results paper (TLSB, July 2016). Impacts on the different lifestages of salmon and shad 
have been combined below as set out in the Alternative Fish Impact Assessment Results (TLSB, July 2016). For 



 

 

comparative purposes with the latest Cefas/NRW(PS) figures, the impacts have been converted into ‘% egg 
losses’.  

Table 1: Comparison of NRW (PS) Assessment and Original IBM Values 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (IBM)  

(agreed as part of DCO) 

0.59 0.21 

 

Alternative Model Development 

We accept it is entirely appropriate to undertake sensitivity tests on model results, for example by varying the 
input parameters or testing alternative scenarios.  Alternative models were therefore developed through 
iterative discussions with Cefas and NRW(TE) solely to explore those aspects of the IBM that Cefas felt were not 
considered appropriate. These discussions led to the production of the ADZ models.  

The approach taken, for appropriate life-stages of each species, with the ADZ was therefore to remove any 
directedness of swimming, distributing fish evenly across Swansea Bay and assuming they swam randomly 
around the Bay for 60 tides (approximately 30 days). Our intention was to account for the possible wandering 
behaviour believed to occur within Swansea Bay and to increase the duration of presence of migrating fish within 
the Bay.  

In most cases, with sufficient freshwater flow, fish will easily swim up the rivers.  We would not expect many 
fish to be present in the Bay for the duration of 60 tides unless prolonged periods of dry weather were 
experienced.  Thus we would strongly assert that the original ADZ model submitted in July was already a 
precautionary approach.  

The ADZ approach includes significant additional levels of precaution and applies a number of worst-case 
scenarios in order to produce a modelled ‘% annual mortality’ for each lifestage and, where appropriate, a ‘% 
impact on egg loss’ for a species cohort.  The ADZ model as submitted in July does not produce the most probable 
impact levels. 

The original ADZ included many precautionary factors, such as: 

 No directed swimming behaviour or olfactory trail attraction to rivers while migrating, to allow for greater 

meandering behaviour of fish in Swansea Bay while migrating; 

 Exposing each fish to the turbines for approximately 60 tides/30 days per month (when in reality various 

lifestages will be present for much shorter periods and therefore at less risk);  

 Fish are replenished on each tide, thus maintaining a constant population level;  

 All fish that encounter the turbines/sluices are assumed to pass through – however taking into account 

near-field avoidance behaviour this will not be the case (see burst speed below);  

 All fish that are modelled as receiving an injury, no matter how minor, are deemed to be mortalities; 

 The Maximum Sustained Swimming Speed (MSSS) is used, though fish are known to cruise or forage at 

lower speeds and would therefore be less likely to encounter the turbines/sluices;  

 No burst speed is considered for fish which – as recognised by Cefas – would enable them to escape the 

draw zone and not get taken through the turbines;  



 

 

 The maximum size of draw zone was used rather than an average draw zone size thus increasing the 

likelihood of fish entering the zone;  

 The draw zones were calculated in flow velocity bands of 0.2ms-1 and a larger draw zone selected for fish 

falling within a band (e.g. for a fish with a MSSS of 0.5ms-1, the larger, 0.4ms-1 draw zone was selected); 

and   

 We used a rolling-average population which extended the period over which fish would be at risk of 

encounter and injury. 

Taking full account of all precautions, the ADZ model produces impact values as indicated in Table 2 below.  

Table 2: Comparison of Precautionary ADZ with IBM and NRW (PS) Assessment 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (agreed as part of 
DCO) 

0.59 0.21 

ADZ (precautionary) 5.92 1.57 

 

Moving Forward on Scientific Basis 

A ‘Most Probable’ ADZ approach  

The ADZ modelling results submitted in July represent a precautionary scenario, since this applied worst-case 
parameters across the model and further takes no account of joint probability. More likely, realistic values have 
been used to revise the ADZ model as follows: 

 use of the ‘average’ draw-zone size across each tide rather than the ‘maximum’ draw-zone size on each 

tide’;  

 use of potential for fish to use burst speeds when entering the draw-zone to swim out of the draw-

zone;  

 fish swimming at lower, more realistic ‘cruising’ speeds, rather than their MSSS;  

 presence of fish for fewer than 60 tides or 30 days while migrating (for migrating shad, 30 tides/15 

days rather than 60 tides/30 days, for migrating salmon 4 tides/2 days rather than 60 tides/30 days);  

 removal of averaging of the population for salmon (over several tides) 

 removal of replenishment of fish on each tide; and 

 splitting the salmon smolt run between April and May. 

 

Fish impact values using this revised ‘most probable’ ADZ model are provided in Table 3 below.  

 

 

  



 

 

Table 3: Most Probable ADZ Approach Compared to Previous Models 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (agreed as part of 
DCO) 

0.59 0.21 

ADZ (precautionary) 5.92 1.57 

ADZ (most probable values) 0.23 0.04 

 

Incorporating avoidance behaviour 

Cefas and TLSB have previously acknowledged that fish avoidance behaviour will be an important factor, but in 
publishing its figures NRW(PS) has ignored this aspect of Cefas advice and assumed zero avoidance. Evidence 
recently published in peer-reviewed scientific journals is now available to support the application of avoidance 
rates, as detailed in Appendix F. Applying avoidance figures to the revised ADZ model produces ‘most probable’ 
impact values as follows: 

Table 4: Most Probable ADZ with Avoidance Factors 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (agreed as part of 
DCO) 

0.59 0.21 

ADZ (precautionary) 5.92 1.57 

ADZ (most probable values) 0.23 0.04 

ADZ (most probable values, with 
avoidance) 

0.04 0.004 

 

Incorporating Monte Carlo analysis 

In any numerical analysis it is also appropriate to consider confidence limits in the modelling. If the variable or 
uncertain parameters within the ADZ model are distributed between a range of possible values, considering the 
parameters suggested by Cefas, then the model can be re-sampled to obtain a frequency distribution of the 
outcomes and thus assign levels of confidence to the figures produced. This is often termed a ‘Monte Carlo’ 
analysis. 

The basis of Cefas’ work on the parameter changes was to test the response/sensitivity of the model to these 
changes and to identify the extreme cases within the model. As we discuss above, many of these changes are 
not appropriate.  Compounding all changes together makes the parameterisation of the model at conflict with 
the evidence and knowledge of fish behaviour, and beyond the original purpose of the model as a sensitivity 
analysis of specific elements of asserted fish behaviour. 



 

 

However, to further demonstrate the precautionary nature of the ADZ models submitted on 8 July 2016, Monte 
Carlo analysis has been conducted for the species Atlantic salmon and shad.  This has been done by substituting 
the single values with parameters that have been distributed uniformly across a range of potential values as 
detailed within Tables 6a-c and 7a-c. This range has been generated between original model values, or more 
likely parameters on a joint-probability basis, and the parameters suggested by Cefas, to show that even using 
these extreme values in an appropriate and robust statistical modelling method the published figures from 
NRW(PS) are beyond ‘virtually certain’ not to occur (following established scientific language; IPCC AR5, 2013). 

The models have been re-sampled 10,000 times and the distribution of results are shown in the histograms in 
Charts 1a-c and 2a-c. Taking the 95% or 99% confidence interval as appropriate scientific confidence levels, 
results are far lower than the ADZ model outputs, showing the precautionary nature of this model and its 
appropriateness for use in decision-making. The analysis has produced the following results for the 99th 
percentile (or 99% confidence interval) for TLSB’s best estimate scenario, where NRW(PS) can be 99% confident 
that impacts in ‘% egg losses’ will be below this value. It is generally accepted that a lower, 95%, confidence 
interval is an acceptable level of statistical robustness to make scientific conclusions, and these values are also 
presented in Charts 1a-c and 2a-c. 

Table 5: Monte Carlo analysis 99th percentile results 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (agreed as part of 
DCO) 

0.59 0.21 

ADZ (precautionary) 5.92 1.57 

ADZ (most probable values) 0.23 0.04 

ADZ (most probable values, with avoidance) 0.04 0.004 

ADZ (Monte Carlo analysis, 99th percentile) 1.14 0.14 

 

This analysis demonstrates that the original ADZ is precautionary and beyond the 99% confidence interval and 
that NRW(PS) has selected impact values which are at the very extreme end of the distribution, far beyond even 
the 99th percentile.  We therefore request that NRW(PS) review their position in light of these results in making 
an evidence-based judgement. 

  



 

 

Atlantic salmon 

Table 6a: Distribution of parameters for Monte Carlo analysis – ‘most probable’ scenario, based on TLSB’s best 
evidence-based estimate of impact risk.  

Atlantic salmon 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values – Atlantic salmon 

Population area All – area of Swansea Bay 
(excluding the lagoon 
area) – 11,614ha 

All – uniformly distributed between Swansea Bay (11,614ha) and 
wider Swansea Bay area into the Bristol Channel (17,421ha) to 
account for variety of migratory routes and paths of inward 
migrating adult salmon and wandering/searching behaviour 

Number of tides 
present 

Smolts – 14 tides 

1SW, MSW, Kelts – 60 
tides 

Smolts – uniformly distributed between 2 and 14 tides 

1SW, MSW, Kelts – uniformly distributed between 4 and 60 tides 

Avoidance All – No avoidance 
applied 

All - Near-field avoidance – uniformly distributed between 28.5% 
and 98%, following Vowles et al. (2014) and Amaral et al. (2015). 

Far-field avoidance – at 37.2% following Shen et al. (2016) 

Draw-Zone area All - Area of draw-zone 
based on peak velocity 
through tidal cycle. 

All – Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

Swimming speed Smolts – 1.2ms-1 

Adults – 1.2ms-1  

Smolts – normally distributed 

Mean (µ): ‘cruising speed’ of 0.5ms-1 as suggested by PASAS 

Standard deviation (σ): 0.23ms-1, to approximate all fish swimming 
below their MSSS of 1.2ms-1 (3 standard deviations of the mean). 
Only results above the 50th percentile are taken so the minimum 
speed of fish used is the ‘cruising’ speed. 

Adults – normally distributed 

Mean (µ): average speed of 0.66ms-1 following Drenner et al. 
(2012), Standard deviation (σ): 0.18ms-1 to account for almost all 
fish swimming below their MSSS of 1.2ms-1 (3 standard deviations 
of the mean).  

Drenner et al. (2012) shows average salmonid swimming speed of 1 
body length per second and the average length of salmon taken 
from Panteg Trap data is 66cm, Only results above the 50th 
percentile are taken so the minimum speed of fish is the average 
speed. 



 

 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values – Atlantic salmon 

Cut-off dates 1st December for adult 
salmon. 

1st July for salmon smolts 

1st November for adult salmon but also with adjusted seasonal 
distribution for travel time from Swansea Bay to Panteg (i.e. moved 
forward) 

16th June for salmon smolts, but also with adjusted seasonal 
distribution of smolt run to mirror observations from the River Afan 
(from mid-March to mid-June). 

 

 

Chart 1a: results of ‘most probable’ scenario, based on TLSB’s best evidence-based estimate of impact risk – 
Atlantic salmon 
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Table 6b: Distribution of parameters for Monte Carlo analysis – scenario incorporating Cefas/NRW(PS) figures, 
with avoidance  

Atlantic salmon 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values incorporating Cefas values – Atlantic 
salmon 

Population area All – area of Swansea Bay 
(excluding the lagoon 
area) – 11,614ha 

All – uniformly distributed between ‘half of Swansea Bay’ (5,807ha) 
following Cefas suggestion, and wider Swansea Bay area into the 
Bristol Channel (17,421ha) to account for variety of migratory 
routes and paths of inward migrating adult salmon and 
wandering/searching behaviour 

Number of tides 
present 

Smolts – 14 tides 

1SW, MSW, Kelts – 60 
tides 

Smolts – uniformly distributed between 2 and 14 tides 

1SW, MSW, Kelts – uniformly distributed between 4 and 60 tides 

Avoidance All – No avoidance 
applied 

All - Near-field avoidance – uniformly distributed between 0% and 
98%, following Amaral et al. (2015). 

Far-field avoidance – uniformly distributed between 0% and 37.2% 
following Shen et al. (2016) 

Draw-Zone area All - Area of draw-zone 
based on peak velocity 
through tidal cycle. 

All – Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

Swimming speed Smolts – 1.2ms-1 

Adults – 1.2ms-1  

Smolts – normally distributed 

Mean (µ): ‘cruising speed’ of 0.5ms-1 as suggested by PASAS 

Standard deviation (σ): 0.23ms-1, to approximate all fish swimming 
below their MSSS of 1.2ms-1 (3 standard deviations of the mean). 
Only results above the 50th percentile are taken so the minimum 
speed of fish used is the ‘cruising’ speed. 

Adults – normally distributed 

Mean (µ): average speed of 0.66ms-1 following Drenner et al. 
(2012), Standard deviation (σ): 0.18ms-1 to account for almost all 
fish swimming below their MSSS of 1.2ms-1 (3 standard deviations 
of the mean).  

Drenner et al. (2012) shows average salmonid swimming speed of 1 
body length per second and the average length of salmon taken 
from Panteg Trap data is 66cm, Only results above the 50th 
percentile are taken so the minimum speed of fish is the average 
speed. 



 

 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values incorporating Cefas values – Atlantic 
salmon 

Cut-off dates 1st December for adult 
salmon. 

1st July for salmon smolts 

1st November for adult salmon but also with adjusted seasonal 
distribution for travel time from Swansea Bay to Panteg (i.e. moved 
forward) 

16th June for salmon smolts, but also with adjusted seasonal 
distribution of smolt run to mirror observations from the River Afan 
(from mid-March to mid-June). 

 

 

Chart 1b: results of scenario incorporating Cefas/NRW(PS) figures, with avoidance – Atlantic salmon 
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Table 6c: Distribution of parameters for Monte Carlo analysis – scenario incorporating Cefas/NRW(PS) figures, 
without avoidance  

Atlantic salmon 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values incorporating Cefas values – Atlantic 
salmon 

Population area All – area of Swansea Bay 
(excluding the lagoon 
area) – 11,614ha 

All – uniformly distributed between ‘half of Swansea Bay’ (5,807ha) 
following Cefas suggestion, and wider Swansea Bay area into the 
Bristol Channel (17,421ha) to account for variety of migratory 
routes and paths of inward migrating adult salmon and 
wandering/searching behaviour 

Number of tides 
present 

Smolts – 14 tides 

1SW, MSW, Kelts – 60 
tides 

Smolts – uniformly distributed between 2 and 14 tides 

1SW, MSW, Kelts – uniformly distributed between 4 and 60 tides 

Avoidance All – No avoidance 
applied 

All – No avoidance applied 

Draw-Zone area All - Area of draw-zone 
based on peak velocity 
through tidal cycle. 

All – Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

Swimming speed Smolts – 1.2ms-1 

Adults – 1.2ms-1  

Smolts – normally distributed 

Mean (µ): ‘cruising speed’ of 0.5ms-1 as suggested by PASAS 

Standard deviation (σ): 0.23ms-1, to approximate all fish swimming 
below their MSSS of 1.2ms-1 (3 standard deviations of the mean). 
Only results above the 50th percentile are taken so the minimum 
speed of fish used is the ‘cruising’ speed. 

Adults – normally distributed 

Mean (µ): average speed of 0.66ms-1 following Drenner et al. 
(2012), Standard deviation (σ): 0.18ms-1 to account for almost all 
fish swimming below their MSSS of 1.2ms-1 (3 standard deviations 
of the mean).  

Drenner et al. (2012) shows average salmonid swimming speed of 1 
body length per second and the average length of salmon taken 
from Panteg Trap data is 66cm, Only results above the 50th 
percentile are taken so the minimum speed of fish is the average 
speed. 

Cut-off dates 1st December for adult 
salmon. 

1st July for salmon smolts 

1st November for adult salmon but also with adjusted seasonal 
distribution for travel time from Swansea Bay to Panteg (i.e. moved 
forward) 



 

 

Model parameter Original parameter value 
(8 July 2016) 

Amended parameter values incorporating Cefas values – Atlantic 
salmon 

16th June for salmon smolts, but also with adjusted seasonal 
distribution of smolt run to mirror observations from the River Afan 
(from mid-March to mid-June). 

 
 

Chart 1c: results of scenario incorporating Cefas/NRW(PS) figures, without avoidance – Atlantic salmon 
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Shad 

Table 7a: Distribution of parameters for Monte Carlo analysis – ‘most probable’ scenario, based on TLSB’s best 
evidence-based estimate of impact risk.  

Shad 

Model 
parameter 

Original value (8 July 2016) Amended parameter values - Shad 

Population area Juveniles and Migrants – Bristol 
Channel (531,910ha) 

Residents – Bristol Channel 
(531,910ha) 

Juveniles and Migrants – Bristol Channel (531,910ha) 

Residents – Uniformly distributed between Bristol Channel 
(531,910ha) and Celtic Sea (2,597,910ha) 

Diurnality / Diel 
Behaviour 

Juveniles and Migrants – not applied 

Residents – applied 

 

Juveniles and Migrants – applied 

Residents – not applied  

Amendments following Cefas comments. (Note, discussions with 
M. Aprahamian suggest that shad may be more likely to exhibit 
diurnality during residency than migration). 

Number of tides 
present 

Juveniles and Migrants – 60 tides 

Residents – all year, no 
replenishment on each tide 

Juveniles and Migrants – uniformly distributed between 4 tides 
and 60 tides as a shad swimming at its MSSS could pass through 
the Bristol Channel in 2 days if it showed directed swimming. 

Residents – all year, no replenishment on each tide 

Avoidance No avoidance applied Near-field avoidance – uniformly distributed between 28.5% and 
98% following Amaral et al. (2015) 

Far-field avoidance - 37.2% following Shen et al. (2016) 

Draw-Zone area Based on area of flow speed of the 
MSSS of shad (EA, 2004). 

Area of draw-zone based on peak 
velocity through tidal cycle. 

Based on the area of flow speed of the burst swimming speed of 
shad (EA, 2004). 

Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

For juveniles, during flood generation, as the 0.2ms-1 draw-zone is 
indistinguishable from wider Swansea Bay flows, the draw-zone 
area has been uniformly distributed between 0 (as they would be 
carried past by wider Swansea Bay flows) and the average draw-
zone area. 

Swimming 
speed 

Juveniles – 0.025ms-1 

Migrants and Residents – 0.78ms-1 

Juveniles – 0.025ms-1 

Migrants and Residents – normally distributed 

Mean (µ): ‘cruising speed’ of 0.455ms-1 (EA, 2004) 



 

 

Model 
parameter 

Original value (8 July 2016) Amended parameter values - Shad 

Standard deviation (σ): 0.108ms-1, to approximate all fish 
swimming below their MSSS of 0.78ms-1 (3 standard deviations of 
the mean). Only results above the 50th percentile are taken so the 
minimum speed of fish used is the ‘cruising’ speed. 

Modelled life-
cycle 

3 years as juvenile in river/estuaries, 
2 years resident at sea then 3 repeat 
spawnings (with residency in-
between). 8 years in total. 

3 years as juvenile in river/estuaries, 2 years resident at sea then 3 
repeat spawnings (with residency in-between). 8 years in total. 

 

 

Chart 2a: results of ‘most probable’ scenario, based on TLSB’s best evidence-based estimate of impact risk – 
shad 
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Table 7b: Distribution of parameters for Monte Carlo analysis – scenario incorporating Cefas/NRW(PS) figures, 
with avoidance 

Shad 

Model parameter Original value (8 July 2016) Amended parameter values incorporating Cefas values – Shad 

Population area Juveniles and Migrants – Bristol 
Channel (531,910ha) 

Residents – Bristol Channel 
(531,910ha) 

Juveniles and Migrants – Bristol Channel (531,910ha) 

Residents – Uniformly distributed between Bristol Channel 
(531,910ha) and Celtic Sea (2,597,910ha) 

Diurnality / Diel 
Behaviour 

Juveniles and Migrants – not 
applied 

Residents – applied 

 

Juveniles and Migrants – applied 

Residents – not applied  

Amendments following Cefas comments. (Note, discussions with 
M. Aprahamian suggest that shad may be more likely to exhibit 
diurnality during residency than migration) 

Number of tides 
present 

Juveniles and Migrants – 60 tides 

Residents – all year, no 
replenishment on each tide 

Juveniles and Migrants – uniformly distributed between 4 tides 
and 60 tides as a shad swimming at its MSSS could pass through 
the Bristol Channel in 2 days if it showed directed swimming 

Residents – all year, no replenishment on each tide 

Avoidance No avoidance applied Near-field avoidance – uniformly distributed between 0% and 98% 
following Amaral et al. (2015) 

Far-field avoidance - uniformly distributed between 0% and 37.2% 
following Shen et al. (2016) 

Draw-Zone area Based on area of flow speed of the 
MSSS of shad (EA, 2004). 

Area of draw-zone based on peak 
velocity through tidal cycle. 

Based on the area of flow speed of the burst swimming speed of 
shad (EA, 2004). 

Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

For juveniles, during flood generation, as the 0.2ms-1 draw-zone is 
indistinguishable from wider Swansea Bay flows, the draw-zone 
area has been uniformly distributed between 0 (as they would be 
carried past by wider Swansea Bay flows) and the average draw-
zone area. 

Swimming speed Juveniles – 0.025ms-1 

Migrants and Residents – 0.78ms-1 

Juveniles – 0.025ms-1 

Migrants and Residents – normally distributed 

Mean (µ): ‘cruising speed’ of 0.455ms-1 (EA, 2004) 

Standard deviation (σ): 0.108ms-1, to approximate all fish 
swimming below their MSSS of 0.78ms-1 (3 standard deviations of 



 

 

Model parameter Original value (8 July 2016) Amended parameter values incorporating Cefas values – Shad 

the mean). Only results above the 50th percentile are taken so the 
minimum speed of fish used is the ‘cruising’ speed. 

Modelled life-
cycle 

3 years as juvenile in 
river/estuaries, 2 years resident at 
sea then 3 repeat spawnings (with 
residency in-between). 8 years in 
total. 

3 years as juvenile in river/estuaries, 4 years resident at sea then 3 
repeat spawnings (with residency in-between). 10 years in total. 

 

 

Chart 2b: results of scenario incorporating Cefas/NRW(PS) figures, with avoidance – shad 
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Table 7c: Distribution of parameters for Monte Carlo analysis – scenario incorporating Cefas/NRW(PS) figures, 
without avoidance. 

Shad 

Model parameter Original value (8 July 2016) Amended parameter values incorporating Cefas values - Shad 

Population area Juveniles and Migrants – Bristol 
Channel (531,910ha) 

Residents – Bristol Channel 
(531,910ha) 

Juveniles and Migrants – Bristol Channel (531,910ha) 

Residents – Uniformly distributed between Bristol Channel 
(531,910ha) and Celtic Sea (2,597,910ha) 

Diurnality / Diel 
Behaviour 

Juveniles and Migrants – not 
applied 

Residents – applied 

 

Juveniles and Migrants – applied 

Residents – not applied  

Amendments following Cefas comments. (Note, discussions with 
M. Aprahamian suggest that shad may be more likely to exhibit 
diurnality during residency than migration) 

Number of tides 
present 

Juveniles and Migrants – 60 tides 

Residents – all year, no 
replenishment on each tide 

Juveniles and Migrants – uniformly distributed between 4 tides 
and 60 tides as a shad swimming at its MSSS could pass through 
the Bristol Channel in 2 days if it showed directed swimming 

Residents – all year, no replenishment on each tide 

Avoidance All - No avoidance applied All - No avoidance applied 

Draw-Zone area Based on area of flow speed of the 
MSSS of shad (EA, 2004). 

Area of draw-zone based on peak 
velocity through tidal cycle. 

Based on the area of flow speed of the burst swimming speed of 
shad (EA, 2004). 

Area of draw-zone normally distributed 

Mean (µ): area of the draw-zone based on the average velocity 
through the tidal cycle,  

Standard deviation (σ): (peak velocity – mean velocity)/3, to 
approximate all values being within 3 standard deviations of the 
mean. 

Only results above the 50th percentile are taken so the minimum 
draw zone area used is the area of the draw-zone based on the 
average velocity through the tidal cycle. 

For juveniles, during flood generation, as the 0.2ms-1 draw-zone is 
indistinguishable from wider Swansea Bay flows, the draw-zone 
area has been uniformly distributed between 0 (as they would be 
carried past by wider Swansea Bay flows) and the average draw-
zone area. 

Swimming speed Juveniles – 0.025ms-1 

Migrants and Residents – 0.78ms-1 

Juveniles – 0.025ms-1 

Migrants and Residents – normally distributed 

Mean (µ): ‘cruising speed’ of 0.455ms-1 (EA, 2004) 

Standard deviation (σ): 0.108ms-1, to approximate all fish 
swimming below their MSSS of 0.78ms-1 (3 standard deviations of 
the mean). Only results above the 50th percentile are taken so the 
minimum speed of fish used is the ‘cruising’ speed. 



 

 

Model parameter Original value (8 July 2016) Amended parameter values incorporating Cefas values - Shad 

Modelled life-
cycle 

3 years as juvenile in 
river/estuaries, 2 years resident at 
sea then 3 repeat spawnings (with 
residency in-between). 8 years in 
total. 

3 years as juvenile in river/estuaries, 4 years resident at sea then 3 
repeat spawnings (with residency in-between). 10 years in total. 

 
 

Chart 2c: results of scenario incorporating Cefas/NRW(PS) figures, without avoidance – shad 
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Application of mitigation and offsetting 

The impact values should be considered alongside proposed mitigation and offsetting measures to indicate the 
‘net’ impact and then be applied, if required, before the impact values are used for the assessment of any 
potential WFD or HRA implications.  

This should have been done prior to publication. There are numerous mitigation measures available to TLSB to 
reduce impacts, such as mitigation by offsetting (for example through barrier removal/modification or habitat 
improvements to increase egg deposition and populations of species), or through implementation of Acoustic 
Fish Deterrents (AFDs) that will reduce impacts by between 70% and 80% for the species of concern.  

Applying appropriate mitigation will reduce impact values well below levels which could trigger the requirement 
for further WFD or HRA assessments.  

As set out in our submission of 8 July 2016, TLSB is committed to reducing impacts via mitigation by offsetting, 
over and above the project-specific mitigation to be implemented. This will be via, for example, habitat 
improvements or barrier removal/modifications within the Tawe, Neath and Afan catchments. With mitigation 
impacts from the Project can be reduced from even the precautionary ADZ figures submitted on 8 July 2016 to 
zero. 

 

Model 
% egg losses 

Atlantic salmon Shad 

Cefas/NRW(PS) figures 21.00 2.00 – 4.00 

Individual-Based Model (agreed as part of 
DCO) 

0.59 0.21 

ADZ (precautionary) 5.92 1.57 

ADZ (most probable values) 0.23 0.04 

ADZ (most probable values, with avoidance) 0.04 0.004 

ADZ (Monte Carlo analysis, 99th percentile) 1.14 0.14 

ADZ (with mitigation) 0 0 

 

 

  



 

 

APPENDIX B: TLSB Concerns with NRW(PS) Assessment and Changes to Population Areas 

The altered population area for salmon and sea trout within the models is inappropriate given that the original 
purpose of the ADZ model was to remove any subjective bias for the distribution of fish within Swansea Bay, to 
allow fish to cover large areas of the Bay (simulating the straying/wandering behaviour that has been suggested 
by NRW(TE)) and to account for delay on entering the river during migration but still being at risk of turbine 
encounter and injury. There is no other way to reduce the population area and still appropriately model fish 
movements in this way. 

Swansea Bay was chosen as the population area for salmon and sea trout as it represented the management 
unit NRW(TE) has been basing its advice on to date, i.e. fish migrating to the water bodies hydrologically 
connected to Swansea Bay Coastal Water body. As such we are unsure why the management unit has been 
changed at this late stage. 

Cefas has suggested reducing the size of the population areas for salmon and sea trout is a proxy for individuals 
being ‘more concentrated towards the river mouth’ and/or spending ‘more time in that area’ and to model a 
‘linear decline in the density of fish, or time spent by fish, from the river mouth to the edge of the Bay’. 

We would support the assumption of migratory fish being more concentrated towards the river mouth as 
evidence from tracking studies in the 1990s indicated that salmon and sea trout accumulated in the estuary 
below the Tawe Barrage. However, as indicated above, this location is situated 2.5km away from the turbines. 
If this area were selected as the population area then no fish would encounter the turbines whilst waiting to 
enter the river and consequentially, be at risk of injury.  

However, reducing the size of the population areas for salmon and sea trout does not act as a proxy for 
individuals being more concentrated around the river mouths. It acts as a proxy for individuals being more 
concentrated around the turbine and sluice gate housing structure (for which there is no evidence). Figures 1 to 
3 below demonstrate the effect of halving the population area to act as a proxy for individuals being more 
concentrated around the river mouths. It can be seen that if this assumption were to be used, then the impacts 
on salmon and sea trout would be 0%, as fish would never come in contact with the turbines, and thus our full 
Swansea Bay approach is precautionary. 

The population areas were chosen on the basis that these were the discrete areas that a fish could occupy for 
its migratory and/or residential life-cycle phases and could therefore be at risk of encountering the lagoon. The 
population area chosen always included the lagoon, and a fish occupied this population area for up to 30 days 
(60 tides) swimming in random directions at its Maximum Sustained Swimming Speed (MSSS) before entering 
the river.  

To suggest that fish will be accumulating in other locations in the Bay is a purely subjective opinion based on no 
evidence. The reason for producing the alternative models was to remove any subjectivity within the modelling, 
as this was the concern expressed by Cefas with the original IBM model. A random distribution of fish was 
applied over this population area; swimming in random directions removed any subjectivity from the encounter 
assessment, which was the criticism of the IBM (i.e. the waypoint approach).  However, subjectivity has been 
brought in by NRW(PS) changing the population area without evidence.  

As requested by Cefas when it was developed, the ADZ method removed any directional swimming or 
preference for certain areas or routes (such as following the olfactory trail). 

Additionally, fish were modelled to be present in the Bay for a whole month (~60 tides/30 days). Should the fish 
be concentrated around the river mouths they may spend considerably less than 60 tides in this area (or even 
the wider Swansea Bay) before moving up the river.  Assuming fish would be concentrated around the river 
mouths would mean that the searching/wandering behaviour that the alternative approaches tried to capture 
by allowing random distribution, swimming direction and presence for 60 tides across the whole Bay, would not 
be accounted for.   



 

 

By reducing the population area, it is a reasonable assumption that a fish could equally occupy an area that is 
not adjacent to the turbine and sluice gate housing (which is located some 2.5km offshore) and so would not be 
at risk of encounter (such as if it was held up at the Tawe Barrage). The TLSB model is precautionary as it assumes 
that all fish spend their whole time at risk of encounter before migrating upstream. In reality, many fish will 
occupy areas some distance from the turbine and sluice gate housing structure. 

Furthermore, by reducing the size of the population area, as suggested by Cefas, the model moves towards the 
migratory route modelling as conducted for the IBM, by defining a smaller area that a fish could occupy as they 
migrate. If a fish showed migratory behaviour and was attracted to the river to migrate upstream then it would 
not spend 30 days swimming randomly around the Bay and therefore would not be at risk of encounter after 
the first few days. This is what was modelled by the original IBM.  

 
Figure 1: Swansea Bay coastal water body – current area used within TLSB’s ADZ models. 



 

 

Figure 2: Approximately half of Swansea Bay coastal water body – to simulate fish concentrated around the river mouths, 
where the assertion has been made that fish are concentrated in these areas. As above, the impact would be 0% as no fish 
could encounter the turbines. If fish were concentrated around the river mouths, their area of inhabitation may be smaller 
than shown – i.e. less than half of Swansea Bay. 

 

It is important to note that the split between the Swansea Bay coastal water body population area chosen and 
the Outer Bristol Channel North coastal water body is an arbitrary management line, and will not be recognised 
by migrating or resident fish. Increasing the population area for fish prior to entering the rivers, as shown in 
Figure 4 below, into areas fish may reasonably inhabit for the 60 tides before they enter the river, would have 
the effect of reducing encounter rates. 

As demonstrated by the above, the approach taken to defining the population area offers a reasonable level of 
precaution within the assessment. Many of the suggestions put forward by Cefas and NRW(TE) would actually 
result in either lower or zero % annual mortality rates from turbine and sluice entrainment and injury. Cefas 
consistently asserts that fish would be ‘clumped’ in their distribution, around the river mouth. This would mean 
they would be over 2km from the turbines and sluices and consequently not susceptible to turbine entrainment 
and injury. Therefore, the even distribution across Swansea Bay is a precautionary approach and appropriate for 
decision making. 



 

 

 
Figure 3: Potential for extended population area into the Bristol Channel Outer North recognising the arbitrary nature of 
the boundary between the Swansea Bay coastal water body and the Bristol Channel Outer North coastal water body. 

 
  



 

 

APPENDIX C:  TLSB Concerns Regarding NRW(PS) Changes to Cut-off dates 

The amended cut-off dates for mortality of fish that remain within the lagoon after a certain date used by 
NRW(PS) contradict existing evidence from Swansea Bay. 

Adult salmon and sea trout  

TLSB recognises that the number of salmon and sea trout entering freshwater reduces during October, 
November and into December.  However, the seasonal distribution of adult salmon and sea trout within TLSB’s 
submission on 8 July 2016 was based on 10+ years of fisheries data on the River Tawe, specifically from trapping 
conducted at Panteg Weir on the River Tawe between 1991 and 2002 (River Tawe Fisheries Performance: Annual 
Report; Environment Agency Wales, 2002). This is actual data for real fish – not modelled or predicted data. The 
data shows that salmon and sea trout continue to migrate up the river in December, as they do in other river 
systems.  Therefore, even using a cut-off date of 1st December is precautionary – fish have been recorded 
migrating after this date and there is no evidence to suggest that they have not continued to spawn successfully.   

The Cefas suggestion adopted by NRW(PS) has stated that the cut-off dates for migrating adult salmon and sea 
trout of the 1st December are too late in the year given the time taken for fish to travel past the barrage and 
ascend the river. 

The monthly distribution of salmon and sea-trout used in the models mirrored exactly the monthly distribution 
from the Panteg Weir data. As Cefas correctly state, it would take some time for fish present in Swansea Bay to 
‘be attracted into the river and negotiate the barrage and lower reaches before reaching the trap’. This is 
particularly pertinent given that the trap on Panteg Weir is situated 18km up the River Tawe at the exit of a fish 
pass on the top of Panteg Weir. Therefore, fish would be present within Swansea Bay much earlier in the season 
than currently modelled.  

We would strongly contest that if the cut-off date is moved forward, as suggested by Cefas, then the 
corresponding monthly distribution of fish data should, using the same rationale, also be moved forward by one 
month to account for the time taken for fish passing the turbines and sluices to reach Panteg Weir. This would 
move the whole distribution forward by a month, resulting in no change to the impacts predicted within TLSB’s 
submission on 8 July.     

Salmon and sea trout smolts 

Cefas states that there is ‘very little information on how delays to migration in the sea may affect survival, but it 
would be prudent to assume that similar constraints may apply.’ This logic supports why we took the precaution 
of introducing a cut-off date for salmon smolts.   

We note that NRW(PS) states that ‘most salmon smolts from southern parts of Great Britain will have left 
freshwater by mid-May and will be well on their northerly migration… by July’. However, it is also stated that 
smolts have been ‘seen to run between mid-March to mid-June’ on the River Afan. We question why a 1st June 
cut-off is deemed appropriate when one of the few sources of local information that is available suggests that 
smolts are running until mid-June? We would suggest that the distribution of smolts is spread from mid-March 
to mid-June and that a cut-off date of 16th June is used.  

Finally, the EU-SALSEA-Merge project on which the assertion that the 1st July is too late as a cut-off date is based, 
showed that smolts leaving the rivers around Ireland and the western and southern coasts of Great Britain during 
May, would reach their northern maturing grounds in the Arctic Ocean during July and August.  As such not all 
smolts reach their maturing grounds by July and there is no evidence that there is any impact on fish arriving at 
the grounds after July.  

 

  



 

 

APPENDIX D: TLSB Concerns in Relation to NRW (PS) comparison of ‘% Annual Mortality’ to ‘% Egg Loss’ 

NRW(PS) has not presented comparable figures within their published document and have incorrectly related 
the figures provided by Cefas to the criteria defined within the EIA (ES Table 9.5) for determining the magnitude 
of impact.  

The criteria used within the EIA was ‘% annual mortality’ rates, whereas the figures provided by Cefas and 
published by NRW(PS) were ‘% impact on egg deposition’, calculated using a different method and using 
compound annual mortality rates over a number of years. 

Cefas states ‘The loss rates for separate lifestages are then combined, as appropriate for the life-cycle of different 
species, to estimate the total annual loss to the population (or to the egg deposition)’ 

This is not the same measure as calculating the ‘% annual mortality’ rates for species, which has been used to 
date for comparative purposes between model outputs and is what the significance criteria for the EIA is based 
on. Impacts as ‘% annual mortality’ rates were used in the submission on 8 July 2016 whereas Cefas have 
provided figures as ‘% impact on egg deposition’ to the population.  

NRW(PS) has incorrectly related the values provided by Cefas to the criteria agreed for ‘% annual mortality’ rates 
presented in the EIA. The combination of ‘% annual mortality’ rates over separate lifestages does not estimate 
the total ‘annual’ loss, but the loss of eggs to the population over the whole life-cycle of the cohort (where a 
‘cohort’ is defined as all individual fish of a certain species spawned within the same river in the same year). The 
cumulative mortality from one lifestage of the cohort to the next is calculated to account for the fact that fish in 
the cohort could have encountered the turbines and sluices at a previous lifestage. Losses are therefore 
cumulated through each lifestage of the fish over a number of years.  

Also included within the egg loss calculations is the baseline mortality rate between lifestages for salmon and 
sea trout, derived from 11 years of trapping and analysis data at Panteg Weir (1991-2002) (River Tawe Fisheries 
Performance: Annual Report; Environment Agency Wales, 2002) which was used to develop the age structure 
of the populations of salmon and sea trout within the Tawe. 

Table 1 below illustrates a comparison between calculation of annual impacts, impacts on a cohort over a 
number of years and impacts across the life-cycle of a species. TLSB acknowledges the use of full Life-Cycle 
Modelling (LCM) as a potentially useful tool, but for the reasons set out previously (T. Carter e-mail of 14 October 
2016) does not feel that it is possible at present to develop a robust model with the data available, considering 
the sensitivity of the models to a small number of parameters that have a very limited evidence base on which 
to parameterise them. We therefore agree with NRW(PS) that LCM would be inappropriate.  

TLSB accepts the use of % impact on egg deposition as an appropriate metric to quantify impacts, as this was co-
developed with Cefas. However, this does not provide comparability with the EIA significance criteria that were 
agreed by NRW(TE) and Cefas as part of the Statement of Understanding, and therefore should not be used as 
a basis for defining which species require mitigation or offsetting. 

  



 

 

Table 1: Comparison of annual impacts, cohort impacts and life-cycle impacts. 

Example of Annual, Cohort and Life-Cycle impacts for Atlantic salmon 

Annual Impact (combined annual impacts of each lifestage present that 
year, as an average weighted to age structure of population - multiple 
cohorts in one year). 

 Cohort A Cohort B Cohort C Cohort D Cohort E 

Year 1 0+Fry 
   

  

Year 2 1+Parr 0+Fry 
  

  

Year 3 2+Smolt 1+Parr 0+Fry 
 

  

Year 4 1SW 2+Smolt 1+Parr 0+Fry   

Year 5 2SW 1SW 2+Smolt 1+Parr 0+Fry 

Year 6 
 

2SW 1SW 2+Smolt 1+Parr 

Year 7 
  

2SW 1SW 2+Smolt 

Year 8 
   

2SW 1SW 

Cohort Impact (combined impact of a cohort from birth to death, 
considering cumulative impact across lifestages - one cohort over multiple 
years) e.g. loss of smolts will impact on future numbers of 1SW and MSW 
adults and is factored into calculations.  

 Cohort A Cohort B Cohort C Cohort D Cohort E 

Year 1 0+Fry 
   

  

Year 2 1+Parr 0+Fry 
  

  

Year 3 2+Smolt 1+Parr 0+Fry 
 

  

Year 4 1SW 2+Smolt 1+Parr 0+Fry   

Year 5 2SW 1SW 2+Smolt 1+Parr 0+Fry 

Year 6 
 

2SW 1SW 2+Smolt 1+Parr 

Year 7 
  

2SW 1SW 2+Smolt 

Year 8 
   

2SW 1SW 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We agree that it is useful to present the impacts to a cohort over a number of years, for context, however the 
impact assessment magnitude criteria (Table 9.4 of the ES) as agreed by NRW(TE) and Cefas are based on % 
annual mortality rates from turbine and sluice entrainment and injury. This is therefore the reason why results 
are presented and discussed by TLSB using the ‘% annual mortality’ values. 

Furthermore, the reason for adopting the use of the ‘% annual mortality’ figures for the assessment, is that this 
makes it possible to set and agree the level of mitigation and offsetting required for the Project, as the majority 
of the measures described within the Fisheries Mitigation, Monitoring and Offsetting Framework (TLSB, July 
2016) would provide benefits each year (either through reduced predation or through enhanced spawning from 
reduced density dependence effects).  Use of annual figures allows direct comparison of the benefits of 
mitigation that are provided by offsetting each year against the potential losses from turbine and sluice 
entrainment and injury each year. 

As set out within the Fisheries Mitigation, Monitoring and Offsetting Framework, there is potential for mitigation 
by offsetting within each of the Tawe, Neath and Afan catchments, which would reduce the theoretical impacts 
accordingly and could also provide enhancement to the catchment. TLSB requests clarification on how the 
impacts identified by Cefas would be split by each catchment between the Tawe, Neath and Afan. 

 

 

  

Life-cycle Impact (combined impact across multiple cohorts and years, 
requiring knowledge of stock-recruitment relationship, in-river 
mortalities and marine mortalities) 

 Cohort A Cohort B Cohort C Cohort D Cohort E 

Year 1 0+Fry         

Year 2 1+Parr 0+Fry 
  

  

Year 3 2+Smolt 1+Parr 0+Fry 
 

  

Year 4 1SW 2+Smolt 1+Parr 0+Fry   

Year 5 2SW 1SW 2+Smolt 1+Parr 0+Fry 

Year 6   2SW 1SW 2+Smolt 1+Parr 

Year 7   
 

2SW 1SW 2+Smolt 

Year 8       2SW 1SW 



 

 

APPENDIX E: TLSB Concerns Regarding NRW (PS) Change to Maximum Sustained Swimming Speed (MSSS) 

Cefas states ‘It is quite possible that fish will swim more slowly than their MSSS while resident in the Bay, and 
this will increase the estimated impacts of SBTL, with the effect for the slower swimming fish such as sandeel 
being greatest.’ 

We agree that fish will swim (cruise) more slowly than their MSSS, however if fish swim more slowly than their 
MSSS, the distance and proportion of the population area covered by the fish would be reduced.  The size of the 
draw zone would remain unchanged (as this is set by the MSSS). It is therefore less likely that fish would 
encounter the draw zone. Impacts would be reduced.  Assuming that fish swim at their MSSS is the worst-case, 
precautionary approach for the swim speed (with MSSS taken from the Fish Datasheets and referenced therein).  

We agree with the Cefas view that the encounter models do not take account of burst speeds by fish that would 
allow fish to escape from the draw zone.  Such behaviour would indeed reduce the impacts predicted by the 
ADZ approach, and this is why far-field and near-field avoidance should be included within the modelling. 

 

 

  



 

 

APPENDIX F: Introduction to Importance of Avoidance Behaviour 

The proposed impact figures take no account (nor make any mention) of any turbine avoidance behaviour by 
fish.  Recent field-based research evidence and other studies have shown this to be substantial, with up to 98% 
avoidance by fish in some cases.  
 
This fisheries research mirrors that undertaken in relation to bird-strike incidents and wind turbines in Scotland 
since 2000. Following initial concerns about perceived bird losses from on and off-shore windfarms the 
regulatory authorities, developers and third sector conservation bodies have developed agreed bird avoidance 
rates. These are periodically revised following the provision of empirical evidence. The latest figures produced 
in October 2016 increased avoidance rates for species such as geese to 99.8%.   

The impact levels presented by TLSB in July 2016 take no account of the likely avoidance behaviour of fish which 
would dramatically reduce impact levels.  Throughout discussions with NRW(TE) and Cefas specialists on fish 
impact levels, avoidance has been acknowledged as an important and likely fish behaviour, yet avoidance had 
not been taken into account in the impact values NRW(PS) is proposing.  This cannot be right.  We cite below 
examples of available evidence that shows that turbine avoidance by fish is likely to be high, significantly 
reducing our predicted impact levels.   

The models to date have not taken account of possible avoidance behaviour of fish before coming into the 
vicinity of the turbine and sluice gate house (far-field avoidance) or in entering the structure (near-field 
avoidance).   

During the development of the fish impact models (from January 2016 onwards) it was fully acknowledged by 
all involved that fish exhibit avoidance behaviour. However, limited empirical evidence was available to quantify 
this behaviour at the time. As indicated in para 4.1.12 of the Alternative Fish Impact Assessment Results (TLSB, 
July 2016), avoidance behaviour was therefore not included in the modelling on a precautionary basis.  

Whilst developing the alternative models with input from Cefas and NRW (TE) (January 2016) a generic 
avoidance rate was initially included in our calculations. However, at that time, a value could not be 
substantiated with evidence. Therefore, whilst avoidance behaviour was acknowledged as an issue, it was not 
considered further.  

However, studies have recently been identified which confirm fish do indeed exhibit avoidance behaviour in 
relation to marine and riverine generation schemes: 

 Amaral, S. V. Bevelhimer, G. F. Cada, D. J. Giza, P. T. Jacobson, B. J. and McMahon, B. J. (2015) Evaluation 

of behaviour and survival of fish exposed to an axial-flow hydrokinetic turbine. 

 Enders, E. C., Gessel, M. H. and Williams, J. G. (2009) Development of successful fish passage structures for 

downstream migrants requires knowledge of their behavioural response to accelerating flow. 

 Hammar L, Eggerston L, Andersson S, Ehnberg J, Arvidsson R, Gullstrom, M. et al. (2015) A Probablistic 

Model for Hydrokinetic Turbine Collision Risks : Exploring Impacts on Fish 

 Piper A. T., Manes, C., Siniscalchi, F., Marion, A., Wright, R. M. and Kemp, P. S. (2015) Response of seaward-

migrating European eel (Anguilla anguilla) to manipulated flow fields. 

 Shen, H., Zydlewski, G. B. and Viehman, H. A. (2016) Estimating the probability of fish encountering a 

marine hydrokinetic device. Garrett Staines School of Marine Sciences, University of Maine, Orono, ME, 

04469-5741, USA 

 Viehman, H. A. and Zydlewski, G.B. (2015) Fish interactions with a commercial-scale tidal energy device in 

the natural environment. 

 Vowles, A. S., Anderson, J. J. , Gessel, M. H., Williams, J. G. and Kemp, P. S. (2014) Effects of avoidance 

behaviour on downstream fish passage through areas of accelerating flow when light and dark.   



 

 

The studies show that there are significant levels of avoidance, as summarised in Table 2 below, with rates as 
high as 98% being recorded in relation to fish avoidance of accelerating flow velocities in the near-field and 
37.2% for far-field avoidance of structures.  

Avoidance by fish in both the far and near fields need to be combined to give an overall assessment of avoidance. 
By applying avoidance, the estimated mortality rates are significantly reduced.  Therefore, we do not agree that 
the modelled values represent minimum estimates of mortality. 

Cefas acknowledges in its letter to NRW(PS) (11/10/16) that the encounter models do not take account of the 
possible escape response of fish as they are drawn into the turbines and that if they were to do so, the impacts 
would be reduced. This fact is not acknowledged in the subsequent response from NRW(PS) received on 25 
November 2016 and yet coupled with far-field avoidance (as seen above), it will have a significant impact on the 
assessment.  

Table 2:  Summary of Avoidance Values  

 Source of Information  

 

Original 
ADZ 

 Vowles et al Shen et al  Eva et al Amaral et al 

Avoidance Rate 0%  12% 45% 37.2% 69.4% 94% 98% 

Near/Far Field 

N/A 

Near 
Field 

Near 
Field 

Far Field Near Field 
Near 
Field 

Near 
Field 

Parameter tested Nightime Daytime 

140m-
10m 

(distance 
from 

turbine) 

Flow  
1.1m/s 

flow  
2.0m/s 

flow 

 

 

  



 

 

APPENDIX G: Other TLSB Concerns Relating to NRW (PS) Assessment  

Impacts to sandeel 

It is suggested by Cefas and NRW(PS) that sandeel show ‘high site fidelity to a specific substrate’. These habitat 
preferences were included as part of the IBM encounter modelling. TLSB suggests that if all parties are in 
agreement with the high site fidelity of sandeel to specific substrate then the IBM values would be the most 
appropriate to use. 

If this species behaves as suggested, then the ‘draw zone’ area within the ADZ models would not be repopulated 
on each tide as it is currently, due to lack of appropriate substrate around the turbines and the limited movement 
of sandeel. Therefore, the original assessments are precautionary as fewer sandeels would actually encounter 
the turbines and sluices. In addition, available evidence from the seasonal characterisation surveys conducted 
for TLSB found very low populations of sandeel in Swansea Bay.  Sandeel are not present in high numbers.  

The population area of ‘Bristol Channel’ is deemed appropriate given that according to Cefas research reports  
(Spawning and Nursery Grounds of selected fish species in UK waters; Ellis et al., 2012), the main spawning areas 
for sandeel are located to the west of the Bristol Channel, with high intensity spawning grounds located off the 
north Cornish coast. This is supported by Cefas data which indicates low numbers of sandeel larvae are recorded 
to the east of the Gower. The fact that sandeels spawn outside Swansea Bay indicates that mixing must occur as 
both juveniles (migrating from spawning areas) and adults (migrating to spawn).  

Our assessment does not include the diurnal and seasonal behaviour of sandeel which is cited in some detail by 
van der Kooij et al (2008) which if applied would reduce risk of encounter and hence impacts.  

Use of the Western Wales River Basin District as the management unit to assess impacts to eel 

The Western Wales River Basin District management unit extends around the Welsh coast from the Vale of 
Glamorgan to the River Dee. It does not extend more than 2km offshore in many areas and so is not far enough 
offshore to account for marine residency of eels. Also there is unlikely to be any interaction between eels 
residing in coastal waters in Cardigan Bay or off the North Wales coast. We are not aware of any evidence of 
eels entering Swansea Bay as elvers and then moving around the coast of Pembrokeshire or further north during 
their yellowing phase. 

TLSB disagrees with the figures published by NRW(PS). The ADZ assessment for eels assessed the impacts to 
inward migrating elvers to Swansea Bay, resident yellow eels within the Bristol Channel and outward migrating 
silver eels from Swansea Bay. These impacts were then considered as part of the Western Wales River Basin 
District given that Swansea Bay is a subset of this wider management unit. 

The Bristol Channel was chosen as the population range for the resident lifestage given that elvers reaching, and 
passing through, Swansea Bay may mature further afield within the Bristol Channel (as well as in Swansea Bay 
rivers) but they would not mature in mid or North Wales.  

Diurnal activity of shad and lamprey 

Cefas notes that lamprey and shad exhibit diurnal behaviours during their migratory phases. Diurnal behaviour 
was included for resident shad only and was not considered for the pre/post spawning shad. Application of the 
proposed behaviour would reduce the reported annual mortality rates on the migratory lifestages of these fish. 

Resident lifestages of shad and sea lamprey were assigned population areas of the Bristol Channel on a 
precautionary basis.  However, it is recognised that there is limited evidence on the extent of the population 
ranges of these species during their marine residency phase, and that the Bristol Channel may act as a migratory 
corridor for these species with residency occurring at greater distance (e.g. Celtic Sea / N. Atlantic) as supported 
by literature (e.g. sea lamprey work by Hardisty and Potter, 1971). Evidence from the US/Canada shows that sea 



 

 

lamprey have been captured over 100km off-shore (Bigelow and Schroeder, 1948) (i.e. beyond the Bristol 
Channel population area).  

Age structure of shad 

Cefas contends that lifespans for shad were underestimated.  However, the 10-year old male shad and 12 year-
old female shad were the oldest fish of this species ever recorded within the Severn.  They were not average 
ages.  Every other fish in the estuary would be younger and thus have a shorter lifespan whilst being at risk to 
the lagoon. Therefore it is not appropriate to use these upper ages as representative of the population. 

The assessment for shad modelled two years of residency, plus three years of repeat spawning and thus being 
at risk from the lagoon for five years. However, it should be noted that shad can also spend a number of years 
maturing in the river/estuaries, before leaving the rivers to migrate to the sea.  During these phases the fish 
would not be at risk of turbine entrainment and injury. This behaviour was not included in the model and 
therefore impact predictions are precautionary. 

Population area of River Lamprey 

It is stated that ‘The applicant in the submitted model utilises an assumption that 75% of population is assumed 
to adopt a behaviour of remaining in the Bristol Channel. Cefas advise that there is little evidence to support that 
75% of river lamprey stay within the Bristol Channel Population area and 25% move off to the Celtic Sea. 
Therefore, given the level of available evidence this parameter has been set at the smaller Bristol Channel level 
for all life stages’. 

TLSB is unclear on this statement and the reasoning for increasing the values given that our models did not 
consider any lifestages of river (or sea) lamprey in the Celtic Sea.  

The original alternative encounter rate models utilised a population area of Swansea Bay for outward migrating 
transformers, and the Bristol Channel for resident and migrant adults. These figures were then used for the 
wider population level assessment over a number of years.  However, as river lamprey primarily remain resident 
within freshwater or in estuaries (rather than out at sea) a proportion were assumed to remain in these areas 
whilst resident and therefore not affected by turbine and sluice entrainment and injury. See Table 6.3 of the 
Alternative Fish Impact Assessment Results paper (TLSB, July 2016). 
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Tidal Lagoon Power 
 
Andrew Schofield – Head of Fisheries  
Andy has been involved in the public sector management of Welsh fisheries since graduating from 
Liverpool University in 1988 having worked for Dwr Cymru Welsh Water, MAFF, National Rivers 
Authority, Environment Agency and latterly Natural Resources Wales.  Previous posts have included: 
 

 Gower District Fishery Manager – 1992-1997 

 Sustainable Fisheries Programme Manager (Wales)  – 2002-2006 

 Fisheries, Recreation, Conservation and Navigation Strategy Manager (Wales)  -  2006-2011 

 Water Quality Strategy Manager (Wales) – 2011- 2014 
 

This work has involved the production of key environmental strategies on behalf of Environment 
Agency Wales and Welsh Government, implementation of domestic and EU legislation and the 
resourcing and delivery of major fishery improvement projects.  
 
Alex Scorey – Senior Environment Manager 
Alex has a variety of experience gained within consultancy, regulatory roles (secondments with 
Natural Resources Wales) and as a developer.  He has undertaken research on the effects of 
contamination from abandoned metal mines on aquatic ecosystems.  Most recently Alex has been 
responsible for the development of Environmental Impact Assessment and Water Framework 
Directive Assessment methodologies and associated survey and monitoring programmes.  
 
Tim Carter – Head of Environment 
Tim has over 20 years' experience in the environmental assessment of major infrastructure projects 
gained across a range of sectors, including marine, coastal defence, habitat creation, energy, 
highways, leisure, mining and rail. As Head of Environment, Tim leads the environment team with 
responsibility for the delivery of the Environmental Impact Assessments (EIAs) for the lagoon 
programme and associated work streams, including Habitats Regulations Assessment (HRA) and 
Water Framework Directive (WFD) elements.  Tim has presented environmental evidence at Public 
Inquiries and Oral Hearings as an Expert Witness. He is a Member of the Institute of Environmental 
Management and Assessment (IEMA) and also a Chartered Environmentalist (CEnv). 
 
Graham Hillier – Managing Director of Development 
Having graduated in Oceanography at Swansea University, Graham has over 35 years’ experience in 
environmental science.  Graham has particular experience in the marine sector, having worked in 
contracting and consultancy roles associated with international infrastructure projects in the 
estuarine, coastal and offshore environments.  Graham’s previous regulatory roles include Director 
with Natural Resources Wales and Executive Manager with Environment Agency Wales.  Graham is a 
Fellow of the Institution of Marine Environment, Science and Technology and former Chair of the 
Chartered Institution of Water and Environmental Management in Wales. 
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An Honorary Professor in the School of Engineering at Cardiff, David Slater has previously held roles 
as Chief Inspector of Her Majesty’s Inspectorate of Pollution and Director of Environmental 
Protection at Environment Agency. David is currently Chairman of Cambrensis Ltd. the strategic 
environmental and risk consultancy providing advice to several international Governments. He has 
also recently acted as Principal Partner of the Acona Group and Managing Director of OXERA 
Environmental Limited as well as chairing the UK Government's radioactive waste organisation 
(NIREX CLG). 
 
 
APEM 
 
Nicola Teague (nee O’Keeffe) – Associate Director 
Nicola is an Associate Director at APEM with responsibility for the company’s fisheries engineering 
and marine ecology teams as well as the South Wales office. Nicola has also specialised in fisheries 
engineering, migratory and estuarine fish dynamics and marine ecology in general throughout her 
career both at APEM and her previous positions at Fawley Aquatic Research and Jacobs Engineering. 
Nicola is well known for her migratory fish species expertise especially in relation to lamprey and 
shad. Nicola was topic lead for migratory and estuarine fish for DECC’s Severn Tidal Power Scheme 
study which involved extensive assessment of salmon, lamprey, eels and shad populations in the 
Severn Estuary and its tributary rivers. Nicola was also author of a review of lamprey populations in 
the UK for the EA as well as the follow on review dedicated to sea lamprey.  
 
Dr Rafael Perez-Dominguez – Principal Marine Ecologist (formerly APEM) 
Rafael supervises APEM’s marine projects and activities and is an experienced practitioner in marine 
ecology. He has undertaken work on European funded projects providing independent scientific 
understanding of the ecological functioning of estuaries and coastal waters across Europe. Rafael 
has extensive experience of intertidal and subtidal benthic and epifaunal survey and reporting work. 
Rafael has led pioneering work on the evaluation of environmental metrics and integrated indices in 
transitional waters for the implementation of the Water Framework Directive (WFD). Rafael is a 
member of the Transitional and Marine specialist section within the Institute of Fisheries 
Management with the mission to provide independent advice and opinion on fishery ecology issues 
in relation to policy drivers and assessment methodologies. 
 
Dr Nigel Milner - Senior Fisheries Biologist and Honorary Research Fellow, Molecular Ecology and 
Fisheries Genetics Laboratory, School of Biological Sciences, Bangor University. 
Nigel is a leading expert in salmon and sea trout ecology and behaviour. Nigel has been a major 
contributor to the Celtic Sea Trout Programme, as the task leader for Marine Ecology, Life Histories 
and Modelling.  The aim of this project (which started in May 2009 and ended in April 2013) was to 
improve the management and long-term future of sea trout by understanding and evaluating sea 
trout stocks in the Irish Sea to enhance sea trout fisheries, strengthen their contributions to quality 
of life, to rural economies and to national biodiversity.  It was also to explore the use of sea trout life 
history variation as a tool to detect and understand the effects of climate change. 
  



 

 

Nigel’s previous roles have included posts as Fisheries Science Manager, Head of Fisheries Science 
and Head of the Salmon and Trout Fisheries Centre for the Environment Agency. Nigel is a Member 
of the Institute of Chartered Environmentalists and a Fellow of the Institute of Fisheries 
Management. 
 
Dr Miran Aprahamian  
Miran gained a PhD in fish biology from Liverpool University in 1982. He was a Technical Advisor with the 
Environment Agency.  He is a Fellow of the Institute of Fisheries management, a Chartered 
Environmentalist and a Council member of the Fisheries Society of the British Isles. Miran has been 
involved with the joint EIFAAC / ICES eel working group and has been / is a member of a number of ICES 
working groups.  Miran has provided technical expertise on fisheries science and its application to stock 
management, in relation to diadromous fish (eel, salmon, sea trout, shad, lamprey and smelt). He also 
advises Government policy leads on scientific and strategy matters for these species. Previous work has 
included work on eel to meet the requirement of the EU regulation (1100/2007), sustainable 
management of flow to support fish and fisheries, salmonid stock assessment and Water Framework 
Directive fisheries classification. Miran has published 50+ scientific papers. 
 
 
Turnpenny Horsfield Aquatic (THA) 
 
Andy Turnpenny – Director 
Andy has 40 years’ experience in relation to fisheries science gained across consultancy focusing on 
energy industries, including nuclear, thermal power generation and marine renewables. This has 
included roles as Head of Aquatic Research & Technology at the Central Electricity Research 
Laboratories and Divisional Director with Jacobs Engineering, before setting up THA Aquatic. Andy 
has conducted extensive research and published many scientific papers in relation to fish behaviour 
and modelling for a range of energy and infrastructure projects, in particular cooling water 
abstractions, tidal power and hydro-electric power plants. 
 
Richard Horsfield – Director 
Richard is an aquatic ecologist with over 25 years’ experience of fisheries science with the Environment 
Agency and consultancy. He has a background in environmental regulation and legislation, scientific 
research and project management. Recent projects include design of fish passes and screens for the 
Environment Agency, local government and the power industry as well as EIA's and R&D for the power 
industry (hydro-electric and cooling water schemes). Key interests are in fisheries engineering schemes 
and fish migration, including fish counters and radio/acoustic telemetry. 

 
Dr Jay Willis – Researcher (formerly THA) 
Jay has extensive experience in the pioneering development of animal behaviour models and in 
particular, the representation of fish in hydrodynamic models. Having worked at HR Wallingford, 
Southampton and Oxford Universities his past fishery related modelling projects have included work 
on Tidal Lagoon Swansea Bay, Thames Tideway Tunnel and Severn Tidal Power (DECC).  
 
 
  



 

 

Fisheries Peer Review Group 
 
Chris Mills – Fisheries Peer Review Group Chair  
Former Director of Environment Agency Wales and Head of Wildlife, Recreation and Marine at the 
Environment Agency, Chris has an exemplary track record in: 
 

 Delivering organisational outcomes,  

 Driving organisational and cultural change, 

 Improving business performance.  

 Providing strategic advice and guidance. 
 
He has established strong fishery credentials in the UK following several years at the Salmon 
Research Trust of Ireland and as Area Fisheries, Ecology and Recreation Manager in North West 
England.   Chris is familiar with Government permitting requirements on complex developments, 
having lead the Environment Agency’s work on the Severn barrage proposals.  Chris has an 
established network of contacts across all sectors within Wales, the UK and internationally. 
 
Steve Colclough - Fisheries Peer Review Group Member and Director of Colclough & Coates Aquatic 
Consultants 
Steve has over 35 years’ experience in in the fields of biological, environmental and fisheries science; 
environmental impact assessment (EIA), and aquatic ecology. This has been gained in various roles with 
the Environment Agency (EA)(most recently as Senior Marine Fisheries Technical Advisor) and 
consultancy.  Steve is a Fellow of Institute of Fisheries Management and a Chartered Environmentalist 
with the Society for the Environment (C.Env.).  Within the IFM, Steve is the longstanding Hon. Sec. of the 
London & SE Branch and Chair of the National Transitional & Marine Specialist Section. He has a long 
established record of promoting and achieving sustainable development and management solutions and 
for utilising environmental data to maintain improve and develop fisheries management, science and 
policy. Steve’s team within the Environment Agency developed the fish component of the classification 
scheme needed in transitional waters for WFD. Steve is an advisor to the Environment Agency, Inshore 
Fisheries and Conservation Authorities (IFCAs) and Natural England on estuarine management. 
 
Dr Graeme Harris - Fisheries Peer Review Group Member 
Graeme has devoted over 45 years to the management of, and research into, fisheries in Wales becoming 
a world renowned expert on salmon and sea trout in particular.  
His past roles, prior to establishing his own consultancy have included:  
 

 Fisheries Scientist and Fishery Officer roles  

 Executive Director of Operations (Hamdden Ltd) 

 Fisheries Consultant to Dwr Cymru Cyf  
 
Graeme’s credibility is evidenced by his appointment, by Welsh Government, as Chair of the Fisheries 
Ecology and Recreation Advisory Committee. Graeme is also a member of the Nature Conservancy 
Council and its Marine Advisory Group. He has strong links with the fishery community in England, Wales 
and Ireland through roles as Vice-President of the Welsh Salmon & Trout Angling Association, 
Membership of the Technical Advisory Group of the Salmon & Trout Conservation Trust and being a 
former member of the Honorary Scientific Advisory Panel of the Atlantic Salmon Trust. 

https://www.linkedin.com/vsearch/p?company=Colclough+%26+Coates+Aquatic+Consultants&trk=prof-exp-company-name
https://www.linkedin.com/vsearch/p?company=Colclough+%26+Coates+Aquatic+Consultants&trk=prof-exp-company-name

