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Environment Agency response to ORDML145 Consultation on Tidal Lagoon Swansea Bay 

fish modelling sensitivity and scenario testing – March 2019 

 
Thank you for the opportunity to respond to this consultation.  
 
The following response represents the Environment Agency’s view and does not represent advice to 
Natural Resources Wales. The Environment Agency only has a limited resource available from our 
fish and modelling specialists to contribute to this consultation. Our response is not intended to be 
an exhaustive review of every parameter and supporting evidence.  We have concentrated our 
observations on the species that are closest to our area of expertise, and of those fish species most 
likely to be impacted at the proposed Swansea Bay Tidal Lagoon and subsequently attempt to 
migrate into the waters of English rivers, namely; salmon, sea trout, sea and river lamprey, eels and 
shad.   
 
Should Tidal Lagoon Power wish to have further input into the fish modelling work they’re 
undertaking as part of their Tidal Lagoon Swansea Bay Marine Licence application then we are happy 
to discuss a cost recovery agreement with them.  
 

General comments 
 
The Severn Estuary is recognised for its unique habitats and fish communities through its designation 

as a Special Area of Conservation (SAC) and Ramsar site. Whilst the SAC is not within the proposed 

development area of Tidal Lagoon Swansea Bay (TLSB), its large tidal range and dynamic habitat that 

support migratory fish, mean it is considered under an ‘off-site impacts’ assessment under a Habitats 

Regulations Assessment (HRA).  

The report suggests throughout that impacts to the Severn Estuary SAC/Ramsar fish populations are 

minor and insignificant. We do not support this interpretation for the reasons outlined below.  

The values used within the report appear to be based on little actual site specific data and based on 
a lot of assumptions. Furthermore, the technology being proposed is novel and its operational phase 
remains untested. We believe a precautionary approach is required on this basis and believe the 
upper value (95th percentile) should be used rather than the median value. 
 
Whilst the fish sampling covered a relatively wide spatial area, the monitoring techniques covered 

only a short period of time. The results from the monitoring appear to lack fish diversity both in 

numbers and abundance, with only a tiny proportion of the designated fish assemblage recorded.  

To fulfil the ‘off-site impacts assessment’ we must assume that the SAC fish species may visit the 

area regularly and at set times of the year, while others may only be sporadic visitors or only during 

eruptions of abundance every few years. The assessment must reassure the conservation authorities 

that the tidal lagoon will not have a cumulative effect over its operating lifetime.  

We have concerns around the agreed parameter changes used in the sensitivity analysis, as they 
have had little impact on the models outputs. The lack of impact either suggests the population size 
and range is so large that any loss at TLSB would be insignificant on the population as a whole, or 
some of the assumptions made by the model are unrealistic.   
 
The sensitivity modelling does indicate the three parameters that have the biggest influence on the 
output. These are swimming speed, STRIKER mortality and population area. 
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Swimming speed  

The modelling appears to make the assumption that fish will actively avoid the turbines and the 

lagoon area; we do not believe this to be the case. Fish move around their environment for a 

number of reasons: migration for reproduction, migration for food, and migration to avoid predation 

and resource pressures.  All fish attempt to do this in the most energy efficient manner and only rely 

on their burst or sustained swimming ability if they have to.  There have been many studies carried 

out that conclude that fish use passive tidal transport, e.g. move from one location to another using 

the tide rather than active swimming.  For example flat fish use the incoming tide to move them 

onto the intertidal habitat to feed, mullet actively use tide to take them to the inter-tidal feed area, 

bass follow their prey in the direction of tide. So during certain tidal conditions fish will move with 

the tide.  

Furthermore the assumption would suggest that fish are able to hear or detect the danger through 

the noise and turbid conditions. Again, we do not agree with this assumption. Our experience of 

assessing large volume abstractions for water cooling purposes suggests that many millions of fish 

can be impacted every year during the operation. These range from small fish that are unable to 

avoid the draw zone to larger fish that have the ability to swim away.  The reasons why these large 

fish are entrained are numerous but can result through surprise on encountering the turbines, 

inability to detect them because of other aquatic noises, active movement towards the turbines to 

seek food or refuge, etc.   

We believe the model impacts based on swimming speed should be considered as a minimum 

impact - not an absolute or most likely.  Again we would suggest a precautionary approach of using 

the 95th percentile values.  

STRIKER model or direct turbine mortality.   

The STRIKER model is a novel method that has not yet been peer reviewed and should be applied 

conservatively. We have concerns with this model being applied under the assumptions as explained 

above, especially since this model has been shown to be sensitive to the swimming speed 

parameter.  

Even a slight change in the STRIKER model would increase the mortality rates, which again would be 

cumulative (24/7 for 60+ years) for the duration of operation. 

Population area 

This sensitive parameter appears to overlook the local importance of the Severn Estuary SAC and 

instead concentrates on the maximum population area possible, which will minimise the impact on 

the total population.  We do not support this approach as precautionary. 

 

Specific comments 
 

Section and/or reference Comment 

1.1.2 “Confirm a quantitative 
estimate of the impact on the 
fish species and particularly 
the migratory fish that are 
features of the designated 

This sensitivity analysis may aid this estimate but without the 
figures we cannot agree with the assertion that there is no 
significance. 



3 
 

European sites (e.g. River 
Severn SAC and Ramsar site, 
River Usk SAC, River Wye 
SAC)”  
 
 

1.1.3 “Although marine hydro 
turbines have been around for 
a number of years, there seem 
to be no recorded instances of 
any significant impacts on the 
resident fish”  
 

Although we cannot dispute this statement, it is a big 
assumption to rely upon with very little data to support it.  There 
are very few marine hydro turbines and the technology used in 
each will be different as will the associated fish communities.  
Even if there are “no recorded” instances of impacts on fish at a 
population level, this isn’t the same as there being “no” impacts 
– they may just not have been studied, or not studied over a long 
enough period. We note that TLSB don’t provide any evidence to 
show that there, in fact, haven’t been any impacts. 
 

1.1.4 “This gives confidence 
that despite there having been 
little independent scientific 
research in this area [marine 
tidal lagoons], what little that 
has been done bears out the 
conclusions that, as there 
have been no reported 
instances of significant 
interactions to date, the risk 
will be extremely low”  
 

There seems to be little peer-reviewed scientific evidence on the 
impacts of current installations, as well as on the new turbine 
designs. This supports our view that a precautionary evaluation 
of 95th percentile should be used. 
 

Chart 1 This supports our position if you use the median value as 
proposed by TLSB to evaluate impact there are many modelled 
outcomes that show more severe impacts, and may be equally 
likely.  We recommend the 95th percentile as being appropriate 
for such a novel technology that will operate for many years – 
especially since it will be hard if not impossible to retrofit 
alterations, if impacts are realised. 

1.2.2 “In the course of this 
work, NRW has asked that the 
boundaries be pushed 
artificially wide to give them 
confidence in the modelling 
predictions” 
 

We do not agree that all of the examples presented represent 
“artificial” boundaries to the models. We discuss the use of the 
fish burst swimming speed elsewhere and why they may not use 
this to avoid the turbines. There is also limited evidence to show 
fish avoidance of the turbines in this particular situation and 
little evidence to show how the fish are actually using the 
estuary to say that these tests are unrealistic. 
 

Table 1 We have concerns with the modelled “precautionary” impacts 
on sea trout, river lamprey, whiting and cod, which are shown to 
be above the 2% value. Even in the “mean” case, the impact on 
sea trout, river lamprey and whiting are above the 2% value.  The 
modelled impacts on the other SAC designated species like shad 
and salmon also appear high, especially considering they are the 
only designated populations in the UK. Currently salmon 
numbers are so low that  there is a public inquiry on “all Wales” 
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salmon byelaws to protect the stocks and new protective 
byelaws have just been approved by the Minister in England.  
The results do not appear to take account of the cumulative 
impact of future licenced abstractions at Hinkley Point C or 
subsequent tidal lagoon developments. 
 

1.4.2 “This has not only 
increased the confidence in 
the original predictions, but 
clearly demonstrated that, 
even with extremely 
precautionary tests, involving 
hypothetical 
parameterisation, the 
numbers are still insignificant, 
compared to natural and 
anthropogenic losses 
(including commercial fishing 
and angling)” 
 

We do not support the view that the “numbers are still 
insignificant”. In Table 1 the mean results for many species is 
greater than 1% (this is the threshold being used at Hinkley 
Point C). 1 or 2% per year over 60+ years is a potentially big 
impact on the fish populations. 
 

1.4.2 “This is again consistent 
with actual literature studies 
and growing body of empirical 
evidence on real turbine 
installations (- hard 
evidence)” 
 

Many of the papers that have been cited are not based on tidal 
lagoons or the proposed turbine design. 
 

1.4.2 “The models are robust 
– running correctly and giving 
correct results” 
 

We do not believe there is enough empirical data to validate the 
models and conclude that they are “giving correct results”. 

1.4.7 “Guidance on 
interpretation advises that 
impacts predicted of the order 
of 2% or less, should be 
regarded as undetectable 
[under Habitats Directive] 
 

We are unsure where the 2% threshold has come from. We are 
aware that historically 1% was a default figure, but has since 
been challenged. For clear interpretation, we recommend that 
this threshold be referenced.   
 

3.1.5 “We have used the 
median value to assist the 
description of impact 
magnitude. This is a more 
appropriate statistic than the 
mean (average) value given 
the asymmetric (skewed) 
nature of the impact 
frequency distributions and is 
in alignment with statistical 
conventions. It should be 
noted that the median is still 
not the Conservative value 

For reasons stated above, we believe that the 95th percentile is 
the appropriate value to use to assess the potential impacts 
from the proposed tidal lagoon at Swansea Bay. 
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obtained in skewed 
distributions this is the model 
(most frequent value 
obtained) which will be 
represented by the uppermost 
peak in the 29 life-stage 
distribution models” 
 

4.1.3 “TLSB dispute is salmon 
and sea trout swimming 
speed”  
 

We do not believe that every fish will escape the impact of the 
lagoon and turbines just because they have a swimming ability 
above the approach velocity of the infrastructure.  Fish move at 
different speeds and for many motivating reasons.  Sea trout and 
salmon are just as likely to progress at speed well below their 
swimming ability, particularly if positively searching for their 
natal river or using tidal transport to conserve energy. 

4.1.4 “slow speeds were only 
included in the model to cover 
poor swimmers like elvers” 

We do not believe this statement represents true fish behaviour. 
Fast swimming species spend the majority of their time 
swimming at much lower speeds. Furthermore, fish may not 
perceive the flow as dangerous. 

Chart 12 We would welcome an explanation as to why, for sea lamprey, 
the results abruptly end at the 99th percentile with no tail of 
predicted observations.  
 

Chart 14 We have concerns over the results of egg loss for sea trout. 
Whilst this is unlikely to be of large impact on English sea trout 
stocks, it could be of concern to the sea trout angling 
communities.  Again this loss is cumulative leading to population 
pressure year on year. 
 

5.2.4 “In general the 
parameters to which the 
models appear most sensitive 
are swim speed, injury rate 
(STRIKER) and the population 
range. These results are as 
anticipated” 
 

Swimming speed is well documented in the scientific literature, 
but it is generally reported as burst speed which can only be 
maintained for short periods or cruise speed.  Cruise speed in 
particular is highly variable depending on the fish’s motivation to 
migrate.  The model uses a cut off of 0.2m/s below which no 
avoidance occurs.  We do not believe this is realistic as many fish 
have far higher swimming speeds but may still be entrained 
because avoidance was not attempted. 
 
The fish population range looks at whole stock level and assumes 
the fish could be anywhere within that range and only a much 
smaller number will be impacted by the lagoon and turbines.  
Again, we believe this to be unrealistic for species that could 
move through the Swansea Bay area at some point during their 
lives during normal migratory behaviour.  Lagoon turbines have 
the potential to act as a cropping device continually exploiting 
the total stock.  The impact is completely dependent on how 
many of these fish are subsequently lost to the population both 
as individuals and future recruitment through cumulative 
recruitment pressure.  If the cumulative exploitation is larger 
than the replacement value the population will collapse over the 
operation of the lagoon. The niche may then be vacated and 
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used by another species possibly preventing the return of the 
original species even after the lagoons have finished operation. 
 

Section 5 
 

This section shows the in-combination impact for the three 
parameters that appear to have the biggest impact on the model 
output.  This was done for salmon and whiting and shows that 
the cumulative impacts appear to be significant.  This is mostly 
driven by swimming speed as this is reduced as the draw zone 
increases so more fish are in theory susceptible for being 
entrained into the lagoons.  The model assumes that fish will not 
swim any slower than their cruise speed (5.6.6). For reasons 
already stated we feel this is an incorrect assumption. 
 

6.1.1 The hypothetical 
scenario testing:   
 

We do not agree with the view that these tests are unrealistic for 
the following reasons: 

1. Application of a zero 
avoidance rate. 

 

We feel this is highly likely to occur at certain times and for 
certain species as fish have to perceive a danger to avoid it, as 
stated previously tidal transport is a recognised method of fish 
movement, so fish may well use the draw to the turbines to 
facilitate movement.  This could be for movements to food or 
towards natal river for homing migrator species. 

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

We are unable to specifically comment on this, but it seems 
reasonable if there is a highly sedentary local population in 
Swansea Bay. 

3. Smaller population 
area for resident sea 
trout 

The document suggests that sea trout can roam over the whole 
Celtic Sea area which is possible but sea trout are likely to spend 
more time around their natal river, even if it is just on their 
migration to and from this river. 

4. Impact on Swansea 
Bay herring 
population 

We are unable to specifically comment on this, but it seems 
reasonable if there is a highly site loyal or local population in 
Swansea Bay. 

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

It is possible that every elver that enters the lagoon is impacted 
or actually lost to future recruitment through either predation, 
turbine mortality, density dependent pressures or loss to other 
habitats. 

6. Application of 
retention period for 
migratory fish 

If a migratory fish is entrained and subsequently delayed then 
the chance of it successfully spawning and contributing to the 
next generation are significantly reduced. All species have a 
reproductive window and if this is missed they are adapted to 
either re-absorb their eggs or try in subsequent years, so this 
seems a logical test not just hypothetical. 

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

This seems to suggest that predation is not an issue and that in 
some cases entering the lagoon is actually beneficial to the 
fishes.  We do not believe this makes any biological sense and 
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the evidence does not really support this, so it is appropriate to 
test this scenario. 

6.2 Zero avoidance rate 
 

This test suggests that other parameters are too lenient and that 
even if all the fish are entrained the impact on overall mortality 
is low.  This suggests to us that either the population range is 
unrealistic or that the STRIKER model implies very low levels of 
mortality even if all fish are entrained.  This does not seem 
realistic as is would conclude that if a fish is entrained or not it 
has no impact on the population. 
 

6.4 Sea trout population range 
 

The Celtic sea trout project was a valuable piece of peer 
reviewed research but the population range mentioned in the 
document is possible roaming range away from their natal river, 
it does not conclude that all fish undertake such a long 
migration, unlike salmon which are known to migrate to only a 
few possible “at sea” areas.  It seems likely to us that the 
majority of sea trout will roam far closer to the Severn Estuary 
than is proposed by the model.  Even at the model scenario the 
impact on sea trout seems high and possibly not sustainable.  
This may be particularly true for rivers that discharge on the 
south coast of Wales. 
 

6.7.8 “Residents will be able 
to sustain long periods within 
the lagoon where the 
environment will be similar to 
that outside the lagoon, and 
with a similar tidal cycle 
(albeit with a delay)” 
 

We do not feel comfortable with this assumption. The water 
chemistry, food resource, predation pressure, sediment 
dynamics and water temperature are likely to be significantly 
different.  All of which might lead to higher mortality or 
confusion particularly for migrator species. 
 

6.7.9  The entrainment might not physically lead to mortality but 
added predatory pressure, water quality issues and loss of 
opportunity will all play a significant part.  There are many 
studies that show that salmon delayed for significant periods fail 
to go on to spawn and are lost to the next generation. 
 

6.7.14  We have concerns with Table 23 and Chart 45 in relation to egg 
loss on shad eggs through retention of between 1 and 60 tides.  
It seems to suggest that the longer a shad is retained the less 
impact it has on the loss of eggs.   
The report does not reflect that retention is a big issue in terms 
of loss, but to us it seems possibly one of the biggest impacts of 
the lagoon.  Although there is significant water exchange on 
each tide we do not readily accept that fish retained on one tide 
will be placed back in the Bristol Channel on the next ebb tide.  
Entrained fish frequently become confused and remain 
entrained for prolonged periods.   
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Table 28 The Baseline values for comparison appear to be missing. 

6.7.23 Impact of Increased 
Predation 

The report does not reflect that predation could be an issue 
rather the level impact cannot be defined as there is no good 
scientific evidence.  We would suggest that any predation 
pressure above the background level for migratory fish returning 
to spawning is likely to have a negative impact and hence the 
need for this sensitivity analysis. 
 

Table 29 - Impact on shad Even with a predation rate of 79% the model still concludes that 
the medium impact on shad egg is only a tiny 0.79%.  Shad have 
a very mobile life, and live for upward of 8 years and can spawn 
up to 5 times.  During this whole life history shad have the ability 
to enter the draw zone. If the mortality of shad in terms of eggs 
overall is so low 1.64% (all parameters) and even if the majority 
(79%) of shad entrained are predated, the results only produce a 
population loss of 0.79% in terms of eggs. We do not feel the 
model is sufficiently realistic.  
 

Section 7 – 7.1.6 We do not agree with this point 

7.1.8 We do not feel comfortable that the model continues to produce 
results in line with the original model submission despite 
significant change in the input values.  This would suggest that 
the model underplays the overall impact, and median values are 
a poor representation of actual impacts. 
 

7.1.9 “The models are robust 
– running correctly and giving 
correct results” 
 

We do not feel we reach the same conclusion, for the reasons 
stated above. 
 

 
 
 

NRW Questions 

 
1. Has the sensitivity analysis and scenario testing been carried out correctly and in line with 

the instructions from NRW PS set out in our letters dated 28th March 2018, 12 September 
2018, and the associated parameters and validation spreadsheet? If not, please explain 
why.  

 

It would appear that the parameters requested by NRW PS following a consultation have been 
applied. 

 

 

2. Do you agree with the observations and conclusions of the sensitivity testing in the report 
(Section 1.4, Section 5.2, Section 5.6, Section 7)? If not, please explain why.  

 

No, we cite the following examples of why we disagree with some of TLSB observations and 
conclusions: 
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1.4.2 “This has not only increased the confidence in the original predictions, but clearly 
demonstrated that, even with extremely precautionary tests, involving hypothetical 
parameterisation, the numbers are still insignificant, compared to natural and 
anthropogenic losses (including commercial fishing and angling)” 

 
We do not reach the same conclusion, the model seems unreliable if you can change the input 
parameters by ±30% with so little impact on the results.  
 
1.4.3 “The models are robust – running correctly and giving correct results”. 
 
We do not doubt the model runs correctly to deliver results but we do not necessary believe that the 
results are correct in terms of impact on fish assemblages. To say that the “models are running 
correctly” just means that they are running as programmed and intended. There is very little 
empirical evidence to be able to conclude that the models are “giving correct results”.  
 
1.4.7 “Guidance on interpretation advises that impacts predicted of the order of 2% or less, should 
be regarded as undetectable [under Habitats Directive]. 
 
The impact on some Habitat Directive species, e.g. river lamprey and salmon are above this 2% 
threshold and close for shad. We would want to make sure that all possible in-combination impacts 
are considered over the lifetime of the licence.  We do not believe using the median figure is 
sufficiently precautionary.  
 

 

3. Do you agree with the observations and conclusions of the scenario testing in the report 
(Sections 1.4, Section 6, Section 7)? If not, please explain why.  

 

No, for the reasons explained above. 

 

4. In your opinion, should Selective Tidal Stream Transport be included in the eel model (see 
section 6.6 of the report)? Please explain why. 

 
Yes. It is known that early life stages - elvers and small eels – use selective tidal stream transport and 
it is unclear what impact including this effect would have on the model outputs. Therefore we 
suggest it should be included in the model. 
 

5. In your opinion, should retention time limits be parameterised in the models for any of the 
migratory fish species (salmon, eel, shad, sea trout, sea lamprey, river lamprey) (see 
section 6.7 of the report)? Please explain why.  

 

See below. 

 

6. In your opinion, should predation be included in the models for herring or shad (see 
section 6.8)? If yes, what predation rate should be used? Please explain why.  

 

Predation rates should be included for all species not just herring and shad.  For a truly 
precautionary approach, it should be assumed that any fish entering the lagoon are lost to the 
population.  (This is a standard assumption when assessing other marine water abstractions.) 

We do appreciate that for some species and life stages fish will successfully migrate through the 
turbines and lagoons - but we do not believe this should be assumed.   
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7.  

a. Population range (see section 6.3, 6.4 and 6.5, 6.7.47) a. In your opinion should 
population range for sea trout be modelled at the Celtic Sea scale or over a 
reduced area?  

As noted above, we consider that it should be at a smaller scale than the Celtic sea.  This is because 

sea trout generally use the coastal habitat closer to their natal river, depending on age.  They could 

migrate throughout the Celtic Sea scale, but as this is not appropriate for all the fish, we feel a 

smaller scale is more realistic .  

b. In your opinion should population range for sandeel be modelled at the Bristol 
Channel or Swansea Bay scale?  

We do not have specialist knowledge about sandeels or herring. However in line with our comments 
on sea trout, suspect that the Bristol Channel scale is likely to be appropriate.  

 

c. In your opinion should population range for herring be modelled at the Bristol 
Channel, Swansea Bay or 30m water depth scale?  

d. In your opinion should population range for eel be modelled at the Western Wales 
River Basin District Eel Management Plan scale or River Tawe population scale?  

Both. Elvers do not home but rather enter rivers on an opportunity basis and probably density 
dependent factors.  Eels lost by the operation of the lagoons will have both a local impact on the 
river Tawe and also on the Western Wales and Severn Estuary river basin district.  We consider that 
it will be important to examine both scales. 
 

e. NRW PS’s current position on the model parameters is set out in column D of the 
‘Model parameters and validation for sensitivity analysis 31 January 2019’ 
spreadsheet. In light of the results of the sensitivity and scenario testing could you 
please advise: a. Do you agree with the parameter values that NRW PS propose to 
use in the modelling?  

f. If you feel that any of the parameter values should be changed, please explain 
which parameters and why for each relevant species, and advise what you think 
the parameter should be changes to.  

 

Looking at the spreadsheet, this column appears to be the same set of values we previously 

reviewed, in 2018. Our opinion remains that these are appropriate. However, as noted above, while 

we do not specifically disagree with the selected parameters, we do not agree with how the model 

results are being interpreted.  

END. 


