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EXECUTIVE SUMMARY 

 

Within the submission of a permit variation which removes the mitigation measure of 

Acoustic Fish Deterrent (AFD) at Hinkley Point C (HPC), the Applicant outlined an 

approach to quantify the scale of predicted impingement losses. For the marine fishes 

examined in detail, the Applicant’s preferred method was to identify losses using 

International Council for Exploration of the Sea (ICES) spawning stock biomass (SSB) 

figures and international fisheries landings. 

The stock units considered relevant by the Applicant for HPC extend beyond the 

Severn Special Area of Conservation (SAC) out to sea, by a factor of between 90 and 

15,190 times the size of the SAC, depending on the species evaluated. The use of 

such large areas as a meaningful ecological assessment of the losses to fish 

populations within the Severn SAC is considered within this report and revisions 

proposed as part of the Environment Agency’s assessment approach. 

The population structure literature base is examined for each species, concluding 

evidence to support more fine scale structures within these biological stock unit areas 

for many of the species. 

This paper also considers two approaches to compare the predicted losses of sprat 
from impingement and entrainment at HPC with the spawning stock biomass within 
the population. These two approaches allow use of either the Comprehensive 
Impingement Monitoring Program (CIMP) or Routine Impingement Monitoring 
Program (RIMP) data from Hinkley Point B (HPB) within the assessment. The two 
approaches estimate sprat SSB in 2009 and 2013-2016 to compare with the 
impingement losses estimated using the CIMP and RIMP respectively. Both 
approaches also require the additional losses from entrainment and the change in 
screen size mesh size to be accounted for in addition to the impingement estimates 
from the RIMP or CIMP. 
 
It is suggested that for whiting, cod, herring, bass, thornback ray and blue whiting, 

smaller areas are used. It is also suggested that a re-scaling reduction factor between 

4.00 (herring) and 32.42 (sea bass) is used to develop more appropriate population 

sizes for the ecological impact assessment of HPC. For sprat the stock units identified 

by the Applicant are considered appropriate. 
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Position outlined by the Applicant 

Revised Predictions of Impingement Effects at Hinkley Point C 2018 TR456 Edition 2 

Revision 10 (TR456 Ed2) sections 1.5 and 5.2.2 state that three impingement effect 

indicators are used to determine the ecological impact of the proposed station. In order 

of preference these are: 

1. comparison with the ICES adult spawning stock biomass (SSB); 

2. comparison with the ICES international landings; 

3. analysis of the 37-year trend data. This evidence report will examine the 

appropriateness and validity of the stock unit sizes of the first two of these 

indicators. 

Section 1.5 concludes that, “The stock units that have been used in this assessment 

are the ICES 2017 definitions which are the outcome of the best available international 

science.” The evidence to support the use of this approach is outlined in the 

acknowledgements section, stating: “This report is based upon the most up to date 

fisheries science and represents contributions from a large number of internationally 

recognised marine fisheries scientists. The authors are especially grateful for the 

independent review and helpful suggestions provided by Dr. C. O’Brien, Chief fisheries 

science advisor to Defra and vice President of ICES.” The use of areas ranging 

between 90 (sole; plaice) and 15,190 (blue whiting) times larger than the 737km2 

Severn SAC was previously challenged by the Environment Agency. 

Table 1 ICES stock unit assessments (adapted from TR456 Ed2) 

Species Stock units ICES Working Group 
report 

Area size 
(km2) 

Whiting VIIbc, e-k WGCSE, Celtic Sea 
Ecoregion 

615,933 

Sole VIIfg WGCSE, Celtic Sea 
Ecoregion 

66,376 

Cod VIIe-k WGCSE, Celtic Sea 
Ecoregion 

491,742 

Herring VIIef (no SSB estimate) HAWG, Herring 
Assessment for area 
to south of 62N. stocks 
with limited data 

75,162 

Plaice VIIfg WGCSE, Celtic Sea 
Ecoregion 

66,376 

Bass IVbc, VIIa, VIId-h Celtic Sea and Greater 
North Sea Ecoregions 

608,983 

Thornback 
ray 

VIIafg (no SSB 
estimate) 

WGCSE, Celtic Sea 
Ecoregion 

116,487 

Blue Whiting 1-9,12 and 14 North East Atlantic 11,195,262 

Sprat 30E4, 30E5, 31E4, 
31E5, 31E6, 32E5  
(Bristol Channel Inner 
Celtic seas) 

n/a n/a 
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The precautionary principle 

In its regulatory capacity, the Environment Agency is obligated to conform to its legal 

duties regarding the precautionary principle. Defra’s core guidance for developers, 

regulators & land/marine managers (Defra, 2012) states: “The Government expects 

competent authorities and licensing bodies to exercise their duties under habitats 

legislation to help deliver its biodiversity policy by protecting European sites and 

protected species. They should proceed in accordance with the precautionary 

approach required by the Directives and, if there is doubt about the impacts of 

proposed activities, precautionary decisions should be taken to protect relevant sites 

and species. The absence of information is not a basis to assume no negative effect.” 

The legislative framework for this requirement is described in Article 6.4 of the Habitats 

Directive, section 1.2.1 (European Commission, 2007). The Directive states that, “The 

preliminary assessment of the impacts of a plan or project on the site, provided for in 

Article 6(3), enables the competent national authorities to arrive at conclusions 

regarding the consequences of the initiative envisaged in relation to the integrity of the 

site concerned. If these conclusions are positive, in the sense that no reasonable 

scientific doubt remains as to the absence of effects in the site, the competent 

authorities can give their consent on the plan or project. In case of doubt, or negative 

conclusions, the precautionary and preventive principles should be applied and 

procedures under art. 6(4) followed. Furthermore, taking into account the 

precautionary principle and applying a preventive approach might also lead to the 

decision not to proceed with the plan or project.” 

The Defra (2012) guidance goes on to state that, “It is for the competent authority 

(taking due account of expert advice from the SNCB [Statutory Nature Conservation 

Bodies]) to decide when there is, and is not, any reasonable scientific doubt on which 

to decide whether AEoI [Adverse Effect on Integrity] can be ruled out. The authority 

should proceed on a precautionary basis, and not grant consent for a plan or project 

if there is doubt over whether AEoI may result.” 

Environmental Impact Assessment & Habitats Regulation Assessment 

Environmental Impact Assessment’s (EIA) help to ensure that an authority giving 

development consent, for a project, makes its decision in the full knowledge of any 

likely significant environmental effects on the environment. 

For EIAs to adequately characterise the impact of a proposed development or activity 

on a particular species it must be directed at an appropriate biological scale in order 

to identify the relevant local population (or “sub-population”) that displays some 

meaningful degree of genetic, demographic, or spatial discreteness which may be 

impacted (i.e. population unit affected) (Chabanne et al., 2017). An effective EIA may 

therefore require information about population structure, so that decision-makers can 

evaluate the biological significance of potential impacts. Not assessing impacts at the 

appropriate biological scale and underestimating the significance of a projects 

environmental impact, risk the depletion of particular components with ecological 

consequences. 
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Where a plan or project may impact designated sites a Habitats Regulations 

Assessment (HRA) including Appropriate Assessment (AA) is required to determine if 

a plan or project may affect the protected features of a habitats site before deciding 

whether to undertake, permit or authorise it. The competent authority may agree to the 

plan or project only after having ruled out adverse effects on the integrity of the habitats 

site. Where an adverse effect on the site’s integrity cannot be ruled out, and where 

there are no alternative solutions, the plan or project can only proceed if there are 

imperative reasons of over-riding public interest and if the necessary compensatory 

measures can be secured. 

An appropriate assessment must contain complete, precise and definitive findings and 

conclusions to ensure that there is no reasonable scientific doubt as to the effects of 

the proposed plan or project. 

Risks associated with use of fisheries management units for ecological impact 

assessments 

Developments in electronic tagging technologies, otolith chemistry analyses, and 

genetic methods have all allowed ecologists to address long-standing questions on 

migration ecology, population structure, and connectivity of marine and diadromous 

fish populations. In many cases these scientific findings are widely recognised as 

contradicting unit stock assumptions underlying fisheries stock assessments and 

management frameworks. Scientific data, indicating finer scale biological stock 

structure has to date been slow, to incorporate into stock assessment models and 

management of stocks due to the spatial and temporal resolution of sampling and also 

political timescales and constraints associated with gaining agreement for refining 

stock boundaries for internationally shared stocks. The challenges associated with the 

incorporation of such studies into effective fisheries management of shared fish stocks 

should not however preclude what is often “best available scientific evidence” on 

biological population structure from being used to inform the environmental 

assessment of projects at ecologically appropriate and biologically relevant scales as 

part of EIA and AA requirements. 

ICES widely recognise that many species are currently managed and assessed at 

scales that fail to fully reflect the underlying biological stock structure. A whole theme 

was dedicated to tackling these issues at the 2019 ICES Annual Science Conference 

– Theme E - Integrating information on population structure and migration into fisheries 

stock assessment and management. 

In 2017, a global review of marine fish stock identity research was undertaken the 

ICES Stock Identification Methods Working Group. The review highlights that the 

majority of species exhibit complex structure and that “research efforts have 

demonstrated that marine fish with little population structure and essentially 

homogeneous genetic and phenotypic characteristics are the exception rather than 

the rule” (Kerr et al., 2017). The use of a method that is designed to avoid a depletion 

in fish stocks through overharvesting can lead to the development of management 

strategies that are mismatched to ecological processes (Wilson et al. 1999; Reiss et 

al., 2009; Ying et al. 2011; Kerr et al., 2014; Kerr et al. 2017; Guan et al., 2018). 



 

 9 

This notion is also recognised by the UK representative on the ICES Science 

Committee. Writing about cod in division VIa (Northwest Coast of Scotland and North 

Ireland or West of Scotland) it is mentioned that, “within and between these stocks 

there are known and recognised issues of mixing and substructure. Therefore these 

stocks, in at least some cases, do not represent single biological populations.” (Farrell 

& Wright, 2018). 

Article 6.3 of the Habitats Directive requires an ‘appropriate assessment’ of the effects 

on a European site (SAC or SPA) in view of the conservation objectives and must 

consider the various ecological processes of the site (Rees et al., 2013). Using very 

large indicators may result in local overexploitation where the setting of catch limits do 

not reflect more confined ecological spatial structures (Hintzen et al., 2015; Voss et 

al., 2018). 

While it is recognised that there is some mixing between stocks, recent developments 

in genetic approaches suggest that the traditional view of homogeneous populations 

over large areas may be better identified as series of heterogeneous, more localised 

subpopulations or metapopulations of smaller numbers that largely remain 

independent of one another (Hauser & Carvalho, 2008; Cadrin et al. 2014; Rogers et 

al. 2018, Roney et al. 2018; Jorde et al. 2018). 

However, genetic techniques cannot always distinguish between 

subpopulations/metapopulations because the amount of migration necessary to 

obscure most genetic evidence of stock structure is small, described as ‘only a handful 

of individuals per generation’ by Waples (1998). Importantly, the number of migrants 

necessary to render adjacent metapopulations genetically indistinguishable from one 

another, may also be far lower than would be needed to rebuild a depleted 

metapopulation (Waples, 1998). Marine fishes then may occupy a ‘population grey 

zone’, where it is impossible to discriminate populations based on genetic data alone 

(Bailleul et al., 2018). 

In addition to genetic studies, Waples (1998) concludes that, although they have their 

own limitations ‘studies designed to measure demographic parameters directly (e.g. 

through tagging studies, monitoring movements of cohorts in space and time, 

measuring current patterns, etc.) can be an important complement to indirect genetic 

studies of population structure.’ 

The movements of many fish species, including cod, sole and plaice, are well-

documented, featuring repeated returns to the same spawning grounds, the location 

of which can remain stable from year to year. This site fidelity indicates that even 

though a genetically identical population may span a large area, one could impact 

upon a locally discrete population due to a lack of mixing with the wider group. 

Estimating connectivity is ecologically relevant in estuaries since they, or even habitats 

within them, may differ greatly in terms of their nursery role, contributing 

disproportionately to adult populations and influencing the structure of these 

populations (Gillanders, 2005). 
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Evidence of this biocomplexity and fundamentally more heterogeneous population 

structure means that smaller discrete units must be considered to determine if an 

activity could have a more localised ecological impact while not impacting the larger 

fishery management stock. 

The term ‘stock’ is commonly used in fisheries management, but can be defined in 

different ways depending on the management aims. ‘Fisheries stock’ refers to a group 

of fishes exploited in a particular area or using specific gear (e.g. ICES management 

units), ‘biological stock’ refers to an intraspecific group of randomly mating individuals 

with temporal and spatial integrity, while ‘genetic stock’ refers to the largest group of 

animals that can be shown to be genetically connected through time (Bailleul et al., 

2018). Of these, it is the ‘biological stock’ which is most relevant to the needs of 

assessing environmental impacts and appropriate assessment. Further examination 

is undertaken in this review for each marine species that has been taken to detailed 

assessment by the Applicant using the ICES stock areas (Table 1). 
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Whiting (Merlangius merlangus) 

A member of the codfish family, the benthopelagic fish is common throughout United 
Kingdom coastal waters (Knijn et al., 1993). Whiting is highly targeted by fishermen in 
northern European fisheries. The species is commonly found near the bottom, in 
waters from 10 to 200 m, but may move into midwater in the pursuit of its prey (ICES, 
2006). 

Whiting is also one of the three most common species in the Severn Estuary 
(Henderson & Bird, 2010). Estuaries are important nursery areas for whiting (Elliott et 
al., 2007) and are found to form an important food web relationship with brown shrimp 
(Crangon crangon) in Bridgwater Bay (Henderson & Holmes, 1989). The small whiting 
then play an important role as a food fish for many other animals in Bridgwater Bay 
and the Bristol Channel. 

Whiting is of not only of particular concern due to its importance within the Bristol 
Channel community but also the most recent analysis of the ICES southern Celtic 
Seas and western English Channel fisheries stock indicates that the spawning–stock 
biomass (SSB) of whiting in divisions 7.b–c and 7.e–k. dropped below a biological safe 
limit (Blim) in 2019 (Figure 1) (ICES, 2019a). 
 

 

Figure 1 Spawning stock biomass of whiting, 1999-2019 (ICES, 2019a) 

 

Historically the ICES assessment unit for Whiting in the Celtic sea has been VIIe–k 
with the Divisions VII b-c regarded as a separate stock although this was more recently 
revised (ICES, 2014). 

Most fisheries stock structure analyses have taken place in the North Sea, where the 
species is of secondary commercial importance that is caught in large numbers 
throughout the entire North Sea area. Whiting is distributed in the north-east Atlantic 
from the Northern coast of Portugal to Iceland and the South-western Barents Sea. 
Stock structure is unclear at the present time as the biological, stock assessment and 
fisheries management units do not coincide (Barrios et al., 2017). 

Attempting to elucidate structure, mixed effects models were used to examine whiting 
in the north-east Atlantic Ocean. Barrios et al. (2017) revealed that growth was found 
to differ among most ICES divisions. The authors suggest that the management units 
might deserve revision by considering separate stocks for the Celtic Sea and the 
English Channel. 
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Stock differences are reported between NE Atlantic and the Irish Sea as well as 
potentially three distinct populations in the North Sea (ICES, 2014). Further support 
for a discrete pelagic fish populations, associated with specific spawning grounds 
within the Irish Sea, can be found in Geffen et al. (2003). Charrier et al. (2007) 
identifies a lack of genetic distinctness to the west of the British Isles, however the 
nearest site used in the study was over 150 miles to the north west of the Severn 
Estuary. 

There is strong evidence to suggest that biological subpopulation structuring is present 
in this species within the larger identified North Sea stock (Hanski, 1999; Kritzer and 
Sale, 2004; Charrier et al., 2007; de Castro et al. 2013). Pawson (1995) states there 
was “little indication of any migration” based on tagging of ~4000 individual in the 
western channel (1958-1960) with a return rate of 12-13% within 3 months (ICES, 
2014). Whiting released in the summer months between 1957 and 1961 near 
Carmarthen Bay moved south and west towards the two spawning grounds off 
Trevose and south-east of Ireland. There was no evidence of emigration out of the 
Celtic Sea area (ICES, 2014; Cefas, 2000). 

Figure 2 illustrates the area as defined in TR456 Ed2 in blue. The stock unit in TR456 
Ed2 for whiting is defined as VIIbc, e-k extends around 300 miles off the west coast of 
the ROI, covering an area of 615,933 km2. 
 

 
 

Figure 2 Whiting stock unit defined in TR456 Ed2 (blue) 

 
Potter et al. (1988) concludes that, “whiting from the Irish Sea and Severn Estuary-
Bristol Channel probably do not intermix to any great extent [and] would be in 
agreement with the observation that the movements of most whiting from the Irish Sea 
occur within that region and the area around the Clyde (Garrod & Gambell, 1965; Hillis, 
1971). This supports the applicants’ approach for not including the Irish Sea area in 
the whiting population assessment. 
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Potter also states, “Moreover, a distinct spawning area for whiting off the north coast 
of Devon has been delineated by Lee & Ramster (1981). It is probably from this locality 
that many of the young whiting found in the Bristol Channel and Severn Estuary are 
derived”. 

 

Figure 3 Whiting spawning areas (blue) reproduced from Coull et al. (1998) 

 
Compiling data from the Fisheries Research Services and CEFAS, Coull et al. (1998) 
identified two Celtic Sea spawning areas, off the north Cornish coast and south-east 
Republic of Ireland coast. More recent icthyoplankton surveys further support this 
Cornwall spawning area (Ellis et al., 2012). Spawning areas for whiting have also been 
identified on the west coast of ROI and Northern Ireland (ICES, 2009). 
 
Coupling knowledge of known spawning grounds (Figure 3) and the length of the fish 
entering the Bristol Channel, it is highly likely that Bristol Channel whiting spawned off 
Trevose Head, supporting information stated in Potter et al. (1988). 
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The Potter et al. (1988) information combined with the knowledge of other spawning 
sites for whiting in the Celtic seas area, while limited does suggests a more localised 
population than reported in TR456 Ed2. Tagging studies of cod (Figure 10) suggest 
that it is highly likely that whiting (in the same family as cod), with access to local 
spawning areas and nursery grounds of the Bristol Channel, will remain in a much 
more localised area. While some mixing is likely to occur, it must be recognised local 
populations may remain much more biologically and geographically local than the area 
identified by the Applicant. 
 
Cod and whiting share similar ecology and life history characteristics (ICES, 2005b; 
ICES, 2005d). While whiting is more abundantly impinged than cod at HPB, the two 
species use the estuary in the same way (as juveniles) in roughly similar times of the 
year. It is therefore a logical scenario that Celtic Sea whiting will travel similar distances 
to cod; a more appropriate relevant population scaling has been produced for this 
species (red, Figure 4). The indicated area spans all of VIIf and the south-east half of 
VIIg as well as an upper section of VIIh. Covering a total area of 38,444 km2, this area 
is 16 times smaller than that identified by the Applicant. This is considered a more 
ecologically relevant assessment unit for the Site Integrity test of the Severn SAC and 
Ramsar. 
 

 

Figure 4 Rescaled whiting population size relevant to the application 
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Sole (Solea solea) 

Also known as the Dover sole or common sole, this flatfish is the most abundant 

member of the Soleidae family in European seas, although it reaches the northern limit 

of its range to the north of Britain. The very young live in the breakers and on sandy 

shores. Adults migrate into shallow water during summer and into deeper water in 

winter; in very cold winters they accumulate in deep pits, for example those in the 

North Sea where the water is slightly warmer. The Sole is an important and valuable 

commercial fish. It is caught mainly in beam trawls, but some are taken in set nets. It 

has little interest for anglers because of its rather specialized food requirements and 

nocturnal habits (Maitland & Herdson, 2009). The biogeographical range of sole 

extends from the north-west African coast and Mediterranean in the south to the Irish 

Sea, southern North Sea, Skagerrak and Kattegat in the north (ICES, 2005a). 

The sole has a complicated lifecycle with success rates from each life stage remaining 

low. Rochette et al. (2012) indicate that retention of larvae to spawning grounds is high 

and nursery grounds have been recognised as remaining distinct amongst 

geographically localised estuarine and coastal areas (Coggan and Dando, 1988; Riou 

et al., 2001). In the Eastern Channel, ICES provide independent stock information for 

area VIId while Kotthaus (1963) suggests that this population could contain three 

separate subpopulations (Figure 5). An examination of the Eastern Channel stocks by 

Archambault et al. (2018) highlight the importance of coastal nursery habitat 

availability. 

 

 

Figure 5 Eastern Channel sole metapopulations (Archambault et al., 2018) 

 

Horwood (1993) highlights the importance of the Severn estuary as a nursery ground 

for a localised population that comprises VIIf-g. 2018 studies conducted by Plymouth 

University and D&S IFCA in 2018 and 2019 suggest that, for sole Bridgwater Bay is a 

preferred location compared to intertidal mudflats elsewhere in the Severn Estuary 

(Weston Super Mare and Sand Bay) (Devon & Severn IFCA, 2019). 
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More recent studies indicate that within the fisheries management unit of VIIf-g, sole 

are likely to remain in more localised groups. Site fidelity in sole is well documented 

with tagging studies indicating sole undertake relatively short movements (~75km) 

away from their coastal nursery and spawning grounds compared to other species, 

returning to the same spawning ground year after year (Burt & Milner, 2008). 

Likewise, studies in the Bristol Channel including tagging of 6,000 sole on the nursery 

grounds of the Bristol Channel and the Irish Sea between 1977 and 1988 indicate that 

once adults recruited to an area they tended to remain there (Symonds and Rogers, 

1995; Cefas, 2000). 

Based upon evidence from Symonds and Rogers (1995), Cefas (2000), Burt & 

Milner (2008) and Archambault et al. (2018), it is proposed that a more biologically 

relevant population size of VIIf is used, rather than VIIf&g as identified by ICES for a 

suitable fisheries management unit (

 

Figure 6). 
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Figure 6 Sole stock unit defined in TR456 Ed2 (red and blue) and redefined 

area (red) 
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Cod (Gadus morhua) 

Cod is widely distributed in a variety of habitats from the shoreline to well down the 

continental shelf, in depths of 600 m. Cod occurs throughout the boreal region of the 

North Atlantic: in the west from North Carolina to Labrador, around Iceland and 

Greenland, and in the Northeast Atlantic from the Bay of Biscay up to Svalbard 

(Spitsbergen) and Novaya Zemlya (ICES, 2005b). To the south of its range it is found 

in shallow water only during the winter, and there, as elsewhere, it is the younger, 

smaller fish which live close inshore. It usually schools at least 30-80 m off the bottom, 

although it forages for food on the sea bed and in mid-water (Maitland & Herdson, 

2009). 

Spawning stock biomass (SSB) has been below a biological safe limit (Blim) since 2004 

in areas VIIe-k (Figure 7), except from 2011 to 2013, however ICES also recognises 

that “there is a very strong tendency to overestimate SSB” (ICES, 2019b). ICES advise 

zero catch in 2020 in areas VIIe-k to allow the species to recover. It is therefore of 

particular concern to explore relevant studies to help identify a suitable biological stock 

unit in this assessment, to determine local population-level impacts. 

Cod is a species that shows a particularly fine scale of population structuring and it is 

widely recognised that cod are currently managed at a scale that fails to fully reflect 

the underlying biological stock structure with the historic widening of the Celtic Sea 

management unit to VIIe-k based on few biological criteria (ICES, 2009; Neat et al., 

2014). 

 

Figure 7 Spawning stock biomass of cod in areas VIIe-k, 1970-2019 (ICES, 

2019b) 
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High spawning site fidelity has been reported for many cod spawning areas with cod 

tracked in the Celtic Sea returning to roughly the same area during spawning times 

(Wright et al., 2006; Fox et al., 2000; Neat et al., 2006; Neat et al., 2014). In the Celtic 

Sea cod spawning grounds occur off south-east Ireland and off Cornwall (Trevose 

Head). Tagging studies suggests that most cod in the eastern Celtic Sea regularly 

return to the spawning area off north Cornwall (Cefas, 2000). Robichaud and Rose 

(2001) used sonar transmitting tags to demonstrate repeat homing of cod were all to 

within 10km of their release position the majority being within a few hundred metres in 

a spawning area in Placentia Bay, Newfoundland. No tagged fish were relocated at 

other spawning grounds or elsewhere in the bay during the spawning season. 

Cod is a broadcast spawning species, with females producing and releasing more than 

one million eggs per spawning adult (Wroblewski et al., 1996). However, it has been 

noted that while oceanic populations travel large distances to complete their lifecycle, 

coastal cod are relatively stationary, staying within a restricted geographic area 

(Knutsen et al., 2011). Recent advances in genetic analyses have allowed researchers 

to explore the degree of connectivity and mixing within cod stocks (Reiss et al., 2009). 

Examining stocks in and around the Norwegian fjords, Jorde et al. (2018) concludes 

that, “Our findings confirm the existence of two sympatric cod stock components in 

coastal Skagerrak, indicating that existing management units are biologically 

inappropriate and should be reconsidered.” 

TR456 Ed2 identifies that the appropriate stock unit for cod is VIIe-k (Figure 8, blue). 

The project ‘Macro-ecology of marine fish in UK waters’ (Defra, 2011) aimed to 

improve our understanding of population biology and ecology for key species, 

including cod. Specifically, relationships between fish population sub-units in 

spawning areas, on nursery grounds and on feeding grounds, how these vary year-

on-year, and the contribution of the environment to such variation. The results of the 

study indicate that cod present in the eastern Celtic Sea are those that are local to the 

Severn, moving between VIIf and VIIh but not over the larger area of VIIe-k identified 

by the Applicant. 
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Figure 8 Cod stock unit proposed by Applicant for Severn estuary population 

(blue) 

 

Neat et al. (2006) showed that of out of 39 cod recaptured up to 608 days after release 

from around the coastal waters of Shetland, only two travelled more than 15km further 

than their release site. More recently, Neat et al. (2014) examined the movement of 

cod around the British Isles, concluding that while there is some mixing between some 

stocks, “this study provides evidence that cod living around the British Isles are 

comprised of at least one more distinct population unit that is currently recognized for 

stock management purposes. Failure to recognize this complexity of stock structure in 

past management plans is likely to have been a contributory factor to the over-

exploitation of cod stocks around the British Isles.” 

The paper also includes information on West channel populations providing supporting 

evidence to suggest a population more localised to the Bristol Channel (Figure 9, 

black). The outer area represents the full extent of range while the inner area 

represents one standard deviation. The movements of cod of the West channel 

indicate a total home range of 107,965 km2. 
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Figure 9 Home range of cod relevant for Bristol Channel (black) (Neat et al., 

2014) 

 

North Sea tagging studies also support this approach, indicating that the average 

annual feeding and spawning movements are usually limited to distances between 20 

and 120 nm (ICES, 2005b). Most recently, the Irish Marine Institute, in partnership with 

CEFAS, have been conducting a cod tagging project in the Irish and Celtic Seas 

between 2016 and 2018 in order to better understand factors that have an influence 

on cod in the Irish Sea (Marine Institute, 2019). 
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The more northerly tagged fish from the Irish Sea travelled further than fish from other 

locations. The 18 cod tagged from the Celtic Sea (closest location to the Severn 

Estuary) no further than around 100 nm (Figure 10) and 66% not travelling further than 

50 nm. While the small numbers of Celtic Sea tagging limit the usefulness of this study 

for the purposes of this Application consideration, this most recent cod tagging study 

does lend further support the that the fish do not move over very large areas, as 

suggested by the Applicant. This study also supports the results from both ICES 

(2005b) and Neat et al. (2014). 

 

 

Figure 10 Irish Sea tagged cod distance travelled (Marine Institute, 2019) 

 

Due to continued stock health concern across the North East Atlantic coupled with its 

importance as a commercial species, the population status of cod around the U.K. is 

the most well studied of any marine fish. While there remains some ambiguity, it is 

clear that there is evidence to suggest that cod present in the Bristol Channel are not 

part of a population that covers an area that is over 600 times greater. It is proposed 

that the home range area as expressed in Neat et al. (2014) is the most relevant and 

useful measure of stock identity for this application (Figure 9). 
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Herring (Clupea harengus) 

Herring was an extremely abundant fish off northern Europe, but is now locally (as in 

the North Sea) overfished so that it is less economically valuable than it once was 

(Maitland & Herdson, 2009). It forms distinct breeding stocks often referred to as 

races, which are recognisable from their spawning grounds and seasons as well as 

meristic features, such as the number of vertebrae (Maitland & Herdson, 2009). 

Population dynamics of herring have been a subject of scientific scrutiny since the late 

1880s and still continue to provide interest for the examination of metapopulations 

(McQuinn, 1997). There is strong evidence to suggest a Thames population is distinct 

from the larger North Sea stock (Roel et al., 2004; Fox et al., 1999). Devon and Severn 

(D&S) IFCA has been working with local fishermen from Somerset and North Devon, 

Swansea University, the Blue Marine Foundation and the North Devon Biosphere 

Reserve under the Marine Pioneer Programme to investigate whether there are 

separate herring populations in the Severn Estuary and Bristol Channel. Historic data 

showed that there was a separate population at Milford Haven (Clarke & King, 1985). 

While there remains some uncertainty with regards to the current ongoing analyses, 

D&S IFCA suggest that the Bristol Channel herring population may be distinct from 

the Milford Haven population (D&S IFCA, 2019). 

In Chapter 8 of the Report of the Herring Assessment Working Group for the Area 

South of 62°N (HAWG), ICES confirm that for divisions VIIe&f, the stocks have very 

little data associated with them and have been poorly described in recent reports 

(ICES, 2018). Furthermore, the nearby Celtic Sea herring is undergoing a period of 

recovery following a collapse of the fishery in 2004 (Clarke & Egan, 2017). Therefore 

additional precaution must be used when assessing impacts on herring in and around 

the Bristol Channel area as the Bristol Channel is likely to play a very important role 

as a nursery area of in the recovery of a population that may be locally isolated. 

It is recommended by the EA that a conservative estimate would be to reduce the 

current assessment from VIIe&f to only VIIf (Figure 11), but work currently underway 

by D&S IFCA may help confirm the ambiguities of stocks within the Bristol Channel in 

the future. 
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Figure 11 Herring stock unit defined in TR456 Ed2 (red and blue) and redefined 

area (red) 
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European Plaice (Pleuronectes platessa)  

Adults of common sole and European plaice are philopatric to the spawning ground, 

returning year on year (Rijnsdorp et al. 1992; Hunter et al. 2003) and make well‐
documented seasonal migrations (Hunter et al. 2003; Burt and Millner 2008). 

Electronic data storage tags, were used by Hunter et al. (2003) to test whether plaice 

exhibited migration route and spawning area fidelity in successive spawning seasons. 

Results showed synchronous timing of migration, repeated consistent pre– and post–

spawning migration routes and 100% spawning area fidelity, including two individuals 

that returned to within 20 km of their previous season's spawning location. 

Tagging of over 2,000 juvenile plaice in Carmarthen Bay in 1993 indicated the majority 

of the recaptured plaice were caught close to the release sites, but there is some 

evidence that fish from the South Wales coast join the adult population off the north 

Cornish coast during spawning (Cefas, 2000). 

Dunn and Pawson (2002) tagged 13,784 plaice and used the analysis of the 2,788 

recaptures received to confirm known spawning, feeding grounds and describe the 

stock structure and migrations of plaice on the west coast of England and Wales. Tag 

recaptures indicated resident sub‐stocks of plaice in the north‐east Irish Sea, the 

south‐east Irish Sea, Cardigan Bay and Bristol Channel, a contingent of plaice in all 

areas that undertook permanent dispersal to other areas, and a contingent which 

originated in the south‐east Irish Sea and migrated to spawn in the Bristol Channel. 

Plaice originating in the Bristol Channel rarely moved north into ICES Vila (Figure 12). 
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Figure 12 Migrations of European plaice on the west coast of England and 

Wales (reproduced from Dunn & Pawson 2002) 

 

Based on the above evidence on fine scale population structure, it is proposed that 

the area for consideration with regards to this application should be redefined as area 

VIIf opposed to areas VIIf&g as proposed by the applicant (Figure 13). 
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Figure 13 Plaice stock unit as defined in TR456 Ed2 (blue) 

 

Bass (Dicentrarchus labrax) 

A relatively common fish in the sea around England, Wales, Ireland and the southern 

North Sea coasts; Bass becomes much rarer to the north. It is an active swimmer, 

schooling fish in inshore waters, commonly entering estuaries (Maitland & Herdson, 

2009). 

ICES determine that relevant stock unit development is decreasing over time and is 

presently functioning at a reduced reproductive capacity (Figure 14). “Spawning–stock 

biomass has been declining since 2005 and is now below Blim…recruitment was 

estimated to be poor since 2008, with the exception of the 2013 and 2014 year-class 

estimates which show average recruitment.” (ICES, 2018c). ICES advises that total 

commercial fishing removals should be no more than 880 tonnes in 2018 for an area 

that covers central and southern North Sea, Irish Sea, English Channel, Bristol 

Channel, and Celtic Sea (area used by applicant). ICES also recognises that stock 

identity remains poorly understood. This suggests that precaution must be taken when 

considering the impact of this stock. 
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Figure 14 Spawning stock biomass for bass in Divisions 4.b–c, 7.a, and 7.d–h, 

1985-2019 (ICES 2019c) 

 

Movements of bass in UK waters have been studied for many decades (Holden & 

Williams, 1974; Kelley, 1979) however the complex lifecycle and localised specificity 

of this important stock continues to drive metapopulation research to inform 

sustainable exploitation. Further genetic studies indicate a complex population 

structure around the British Isles (Fritsch et al., 2007; de Pontual et al., 2019). Pawson 

et al. (2007) undertook an extensive tagging study, concluding that, “these 

observations reaffirm the hypothesis that adult sea bass may move considerable 

distances to offshore winter spawning areas, but there was little evidence of the 

spawning migrations between the North Sea and the western Channel that were 

observed in the early 1980s.” 

Many adult sea bass (>40cm total length) tagged between May and October around 

the coasts of England and Wales have been recaptured close to their respective 

tagging locations in successive years (Pawson et al., 2008). Analysis of mark and 

recapture data sets, for the late 1970s and early 1980s and in 2000–2006, show that 

some 55% of all recaptures were within 16km of their original release position (Pawson 

et al., 2008). 

Cambiè et al. (2016) investigated the connectivity and movement patterns of bass in 

Welsh waters. Using isotope tags to study the movement of fish, their findings 

suggests the possible presence of (at least) two separated sub-populations of sea 

bass in Welsh waters, with little mixing between sea bass in the south with those in 

mid and north Wales (Figure 15). 
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Figure 15 Subpopulations (rectangles) of Welsh bass (Cambiè et al., 2016) 

 

Unfortunately within Cambiè et al. (2016), the area further south towards the lower half 

the Severn Estuary wasn’t studied. While fish from the southern end of the study will 

most likely make up a large amount of the Bristol Channel population, some ambiguity 

over the movements of bass in this area remains. In lieu of more precise information, 

it is proposed that the area of VIIf is a pragmatic solution for bass stock size (Figure 

15, red) rather than the larger area proposed by the Applicant (Figure 15, red and 

blue). 
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Figure 16 Redefined bass area (red); bass stock unit defined by Applicant (red 

and blue) 

 

Thornback Ray (Raja clavata) 

The most common ray in shallow water, the thornback ray (also known as thornback 

skate), is found on muddy, sandy, or gravelly bottoms, rarely even on rough grounds. 

The breeding cycle appears to govern its migrations. In the spring the mature females 

move into inshore waters, followed within a month or so by the mature males (Maitland 

& Herdson, 2009). 

Upon reviewing genetic differentiation around the British Isles, Chevolet et al. (2006) 

did not provide a clear basis for genetic differentiation of U.K. thornback ray stocks. 

However as mentioned earlier, migration patterns are also useful to identify whether 

limited movements might lead to genetic homogeneity. 

Tag and recapture studies indicate a separate stock identified in the English Channel, 

distinct from the North Sea stocks and that residence area averages 30-50 miles 

(North Sea) and 10-15 miles (English Channel). Some individuals may cover several 

hundred kilometres but the majority of tagged rays move no further than 50-60 km 

(Walker et al., 1997; ICES, 2005b). Hunter et al. (2005) suggest a maximum home 

range of 70 miles. Bird (2019) states, ‘In contrast, skates tagged in the Irish Sea and 

Bristol Channel (Division 7.f) generally remained in that area, with only occasional 

recaptures from Division 6.a.’ 

It is proposed that the area of VIIf, which extends nearly 200 miles to the south-west 

of the Bristol Channel is a more appropriate, pragmatic and precautionary stock unit 

size of ecological relevance for the Bristol Channel (figure 10, red). This compares to 

the area of VIIagf as proposed by the Applicant (figure 10, blue and red). 
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Figure 17 Thornback ray stock unit from TR456 Ed2 (red and blue) and 

redefined area (red) 

Blue whiting (Micromesistius poutassou) 

The Blue Whiting is an oceanic fish living mainly in midwater over the edge of the 

continental shelf. It is most abundant 100- 300 m below the surface in depths of 1,000 

m or more (Maitland & Henderson, 2009). Occasionally it is present in shallow inshore 

waters, including the Bristol Channel in small numbers. It is common in the northeast 

Atlantic Ocean from Morocco to Iceland and Spitsbergen. It also occurs in the northern 

parts of the Mediterranean, where it may be locally abundant. It can also occur in the 

northwest Atlantic Ocean between Canada and Greenland, but is considered rare 

(Bailey, 1982). 

The blue whiting stock unit is the largest unit used by the applicant for their 

impingement assessment for Hinkley Point C. The stock unit covers an area over 

15,000 times larger than the Severn SAC (Figure 13, blue and red areas). While this 

species does migrate over large distances, there is evidence to suggest more fine 

scale populations are present. Mahe et al. (2016) concludes, “The results indicated 

two stocks located north and south of ICES Divisions VIa and VIb (54°5N to 60°5N, 

4°W to 11°W). The central area corresponds to the spawning area west of Scotland… 

The results corroborate previous studies indicating a structuring of the blue whiting 

stock into two stocks, with some degree of mixing in the central overlap area.” It is 

therefore proposed that the area of interest be refined according to Mahe et al. (2016) 

to a more localised area (Figure 13, red). 
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Figure 18 Area relevant for blue whiting from TR456 Ed2 (blue and red); refined 

area (red) 

 

European sprat spawning stock biomass (SSB) 

Summary 

Two approaches to compare the predicted losses from impingement and entrainment 
at HPC with the spawning stock biomass within the population unit are discussed. 
These two approaches allow use of either the CIMP or RIMP data from HPB within the 
assessment. The two approaches estimate spawning stock biomass in 2009 and 
2013-2016 to compare with the impingement losses estimated using the CIMP and 
RIMP respectively. As the CIMP data has been used for the impingement assessment, 
then the ‘alternative assessment of impingement losses using CIMP data’ approach 
to setting the European sprat SSB has been taken forward to the impingement 
assessment. 
 
Both approaches presented also require the additional losses from entrainment and 
the change in screen size mesh size to be accounted for in addition to the impingement 
estimates from the RIMP or CIMP. 
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Assessment of impingement losses using RIMP data 

TR456 Ed2 compares the predicted impingement losses at HPC, derived using the 
RIMP data for 2013-2016, with the PELTIC survey biomass estimates for 2013-2016. 
The RIMP data for 2013-2016 is reproduced in Table 2 below. 
 
Table 2 European sprat impingement records for 2013-2016 from the RIMP 

Year European sprat recorded impingement numbers (RIMP, April-March 
inclusive) (number of individuals) 

2013 2,018 

2014 5,719 

2015 2,573 

2016 2,301 

 
When the CIMP and RIMP were both sampled concurrently from April 2009 to March 
2010 inclusive, the CIMP sampled 106,733 European sprat individuals whilst the RIMP 
sampled 3,117 European sprat individuals. The CIMP sampled 10.4% (38/365.25) of 
the year, whilst the RIMP sampled 0.8% (3/365.25) of the year. 
 
If the RIMP sampling effort was scaled up to the CIMP sampling effort, the estimated 
catch using the RIMP data would only be 39,482 ((38/3)*3117), indicating that the 
RIMP data would considerably underestimate the impingement numbers of this 
species in this year. If using the RIMP data within the assessment, it must therefore, 
be first increased by a factor of 2.70 (2009/10 CIMP impingement divided by 2009/10 
RIMP impingement; 106,733/39,482) to bring the impingement estimates in line with 
the more representative CIMP impingement estimates, before scaling to a full year 
(Table 3). 
 

Table 3 European sprat HPB annual impingement estimate for 2013-2016 from 

the RIMP (RIMP recorded impingement numbers * 2.70 * (365.25/3)) 

Year European sprat annual HPB impingement estimates (number of 
individuals) 

2013 663,367 

2014 1,879,978 

2015 845,809 

2016 756,396 

 
These impingement numbers can then be scaled to HPC impingement, converted to 
EAVs and multiplied by the mean weight within the spawning stock to generate a 
tonnage of losses to be compared with the SSB calculated using the PELTIC surveys. 
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Alternative assessment of impingement losses using CIMP data 

The Celtic Sea Herring Acoustic Survey (CHAS), conducted by the Marine Institute 
Ireland, also predicts European sprat biomass in the Celtic Sea, and has records back 
to 1991 (ICES, 2018). It is acknowledged by ICES (2018b) that the results of the CHAS 
may underestimate sprat biomass in the Celtic Sea as the survey does not cover some 
areas of known high abundance. The survey only covers roughly half of the Celtic Sea, 
with the eastern Celtic Sea and Bristol Channel covered by the PELTIC survey as 
described above. However, the CHAS covers a wider area of the Celtic Sea than the 
PELTIC surveys (extending over to the Irish coast) and therefore detects European 
sprat biomass that will not form part of the Bristol Channel/Celtic Sea population. 
 
Between the PELTIC survey and the CHAS, nearly full coverage of the Celtic Sea via 
acoustic survey is achieved. As European sprat spawning occurs offshore, then the 
spawning grounds are likely to be in the Celtic Sea, with some of the stock moving into 
Irish coastal waters, and some moving into the Bristol Channel. Therefore, the whole 
stock should be detected by a combination of the PELTIC survey and CHAS. The 
extent of the split between biomass moving into Irish coastal waters or into the Bristol 
Channel is unclear, but where data for similar years is available from the PELTIC 
survey and CHAS, these have been compared in the Table 4. 
 

Table 4 Comparison of European sprat biomass estimates from the CHAS and 

PELTIC surveys in 2013 to 2016 

Year CHAS European sprat 
biomass estimate (tonnes) 

PELTIC survey European sprat 
biomass estimate (tonnes) 

2013 44,685 24,560 

2014 33,728 57,235 

2015 83,779 147,551 

2016 28,016 22,360 

Mean 47,552  62,927  

SD 21,756  50,772  

 
Table 4 shows that, for the period of survey overlap between the PELTIC survey and 
the CHAS, the stock moving into the Bristol Channel and detected by the PELTIC 
surveys is estimated to be around 32% higher than the CHAS on average, with a wider 
variability. 
 
Applying the 32% uplift to the historic CHAS data, it is therefore, possible to determine 
a biomass estimate for October 2009 in the Bristol Channel of ~21,400t (16,229t*1.32). 
This value was converted to a SSB by modelling mortality rates and growth rates for 
the stock from October 2009 to Summer 2010 when the individuals would have 
spawned (TR456 Ed2 has done this for 2013-2016 with SSB being between 33-39% 
of October biomass). This conversion results in an SSB estimate for the 2009/10 
European sprat cohort of 7,062-8,346t. Giving a mean of 7,704t. 
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Re-scaled stock units 

Based on the evidence above for localised subpopulations for the marine species, an 

approach is now available to re-scale the assessment areas used in TR456 Ed2. By 

dividing the ICES area by the re-scaled area, a ratio between 1 and 32.42 is calculated 

(Table 5). Using this approach, it is assumed that the adult populations of each species 

are homogenous across the original stock units identified by ICES. No evidence is 

available at the present time which would enable us to use an alternative method of 

estimating numbers at these finer spatial scales. 

Table 5 Environment Agency re-scaled units for Bristol Channel populations 

Species Stock units 
ICES 
area 
(km2) 

Re-scaled stock 
units 

Re-scaled 
area (km2 ) 

Scale 
ratio 

Whiting VIIbc, e-k 615,933 
VIIf plus a 
proportion of g & h 

38,444 16.02 

Sole VIIfg 66,376 VIIf 18,784 3.53 

Cod VIIe-k 491,742 

Home range of 
cod relevant for 
Bristol Channel 
Neat et al.(2014) 

107,965 4.55 

Herring 
VIIef (no SSB 
estimate) 

75,162 VIIf 18,784 4.00 

Plaice VIIfg 66,376 VIIf 18,784 3.53 

Bass 
IVbc, VIIa, 
VIId-h 

608,983 VIIf 18,784 32.42 

Thornback 
ray 

VIIafg (no SSB 
estimate) 

116,487 VIIf 18,784 6.20 

Blue 
Whiting 

1-9,12 and 14 
11,195,
262 

IVc,VIIa-IXb2 2,069,031 5.41 

Sprat 

30E4, 30E5, 
31E4, 31E5, 
31E6, 32E5  
(Bristol 
Channel Inner 
Celtic seas) 

N/A 

30E4, 30E5, 
31E4, 31E5, 
31E6, 32E5  
(Bristol Channel 
Inner Celtic seas) 

N/A N/A 

 

These ratios are then applied to the values expressed in Table 23 in TR456 Ed2 for 

both SSB (where possible) and fishery values to determine a more appropriate 

assessment scale for comparison with expected losses. For those fishes for which no 

SSB has been presented or is currently available (herring and thornback ray), only the 

comparison with the ICES international landings is undertaken. 

The scale ratio was applied to the applicant’s estimates for the fishery and SSB 

predictions (columns 4&5, Table 6). The Applicant’s method for calculating the 

uncertainty range for the SSB was replicated for the regulator’s assessment based 

upon the re-scaled areas (column 6, Table 6). 
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“The analytical processes used in ICES assessments of the relevant commercial 

stocks only provide confidence limits for plaice and bass. The Chair of the ICES 

WGCSE working group (Dr T Earl pers. comm.) has used expert judgement to 

estimate conservative confidence limits for whiting, sole and cod (i.e. 50% of mean 

SSB, 200% of mean SSB). Confidence limits are provided for the sprat survey biomass 

estimates from the Cefas PELTIC surveys.” (TR456 Ed2). The conservative 

confidence limits approach has also been extended to Blue Whiting for completeness. 

Table 6 Predictions for size of fishery, SSB and SSB uncertainty range 

 

Species 

Used in Applicant’s 

assessment 

Used in Environment Agency’s 

assessment 

Predicted 
SSB Uncertainty 

Range Fishery 

(t) 
SSBmean 

Fishery 

(t) 
SSBmean 

Whiting 6,572.00 34,918.00 410.20 2,179.44 1,089.72 – 4,358.88 

Sole 805.00 2,857.00 227.81 808.52 404.26 – 1617.04 

Cod 3,292.00 5,092.00 722.78 1,117.98 558.99 – 2,235.96 

Herring 627.00 N/A 156.69 N/A N/A 

Bass 5,657.00 18,317.00 174.49 564.98 282.49 – 1129.96 

Plaice 1,089.00 4,707.00 308.18 1332.06 666.03 – 2664.12 

Thornback 

ray 
755.00 N/A 121.75 N/A N/A 

Blue 

Whiting 
635,000.00 2,781,230.00 117,356.33 514,007.77 

257,003.88 – 

1,028,015.5 

Sprat N/A N/A N/A 7,704.00 7,062 – 8,346 
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