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Executive summary 

EDF Energy is constructing Hinkley Point C (HPC), a new nuclear build power station in the Severn Estuary 

due to become operational in 2027. HPC will use twin EPR reactors generating 3.2GW electricity and 

requiring a total cooling water flow of approximately 132 m3 s-1 (cumecs) at Mean Sea Level. HPC will be 

built adjacent to the existing Hinkley Point B (HPB) station at the western end of Bridgwater Bay, on the 

southern shore of the Severn Estuary. HPB ceased generating electricity in July 2022. HPB consisted of a 

‘once-through’ cooling system that abstracted 34.37 cumecs of seawater to condense the turbine steam and 

provide essential and auxiliary cooling water flows. HPB generated approximately 960Mwe of electricity.  

Rotating fine-mesh drum screens filter the cooling water before it enters the power station cooling system 

and thus prevent blockages of the condenser tubes. Fish, crustaceans, and large planktonic organisms 

abstracted in the cooling water are impinged on these screens. 

Impingement data collected at the HPB station forms the basis for predictions of future impingement by HPC. 

Impingement sampling was carried out at HPB as part of the BEEMS programme. Sampling data were used 

to estimate the number and weight of fish, invertebrates and other material passing through the station 

cooling water systems. A Comprehensive Impingement Monitoring Programme (CIMP) was conducted at 

HPB. This sampling programme was designed to provide unbiased, high-resolution data on impingement 

rates over a full year. The CIMP targeted 40 × 24-hour samples per annum (BEEMS Scientific Advisory 

Report SAR005), stratified between quarters with sampling dates pseudo-randomly selected within the 

constraints of the operation requirements of the station. The first CIMP was undertaken between February 

2009 and January 2010 and the resulting data informed the evidence base for the Development Consent 

Order (DCO) for HPC.  

This report presents the results of a second CIMP (CIMP 2), which was carried out between 15th June 2021 

to 16th June 2022. CIMP 2 represented the final opportunity to collect impingement data from HPB and 

sampling ended one month before HPB ceased operations. The CIMP 2 commenced during the COVID-19 

pandemic, at a time when the station was approaching the end of its operational life, and logistical and 

operational challenges were encountered. The CIMP 2 ultimately involved 35 sampling visits. This report 

describes the taxa, estimated numbers and weights and length distributions of biota impinged during the 

period of CIMP 2, and raises these to annual estimates of impingement at HPB.  

Sixty-three fish taxa were recorded in 2021/22, the most abundant of which were sprat Sprattus sprattus and 

Atlantic herring Clupea harengus. Ten species contributed to the top 95% (96.6%) of total finfish 

impingement by number, these were sprat, Atlantic herring, whiting Merlangius merlangus, gobies of the 

genus Pomatoschistus spp., Dover sole Solea solea, poor cod Trisopterus minutus, five-bearded rockling 

Ciliata mustela, thin-lipped grey mullet Chelon ramada, common sea snail Liparis liparis, and bib Trisopterus 

luscus. An estimated 1.49 million finfish were impinged by HPB at full operational capacity between June 

2021 and June 2022. 

Fourteen species contributed to the top 95.0% of total finfish impingement by weight. These were conger eel 

Conger conger, whiting, Dover sole, European flounder Platichthys flesus, five-bearded rockling, thin-lipped 

grey mullet, Atlantic herring, sprat, lesser spotted dogfish Scyliorhinus canicula, European sea bass 

Dicentrarchus labrax, bib, thornback ray Raja clavata, poor cod, and gobies of the genus Pomatoschistus 

spp.. An estimated 10.3 tonnes of finfish were impinged by HPB annually. 

Impingement rates changed throughout the year. The majority of sprat (99.3%) and common sea snail (99.4%) 

were impinged during the winter period, Q1 and Q4 (October - January). The peak impingement for many 

species occurred in Q3 (July – September), including Atlantic herring (84.7%), whiting (42.5%), and Dover 

sole (61.5%). For other species, such as twaite shad Alosa fallax, impingement occurred fairly consistently at 

low numbers throughout the year, with less pronounced peaks in abundance. 
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Thirty-seven invertebrate taxa were enumerated. The three most abundant invertebrate taxa by number 

were ghost shrimp Pasiphaea spp, brown shrimp Crangon crangon and pink shrimp Pandalus montagui. 

These three taxa contributed 97.8% by number to the total invertebrate count. A mean estimated 48.1 million 

invertebrates were impinged by HPB annually. 

Sixty-three invertebrate and macroalgae taxa were weighed. The most abundant taxa by weight were brown 

seaweeds, ghost shrimp, brown shrimp, sea lettuce Ulva lactuca, pink shrimp and red seaweeds 

Rhodophyceae. These taxa contributed 95.3% of the total invertebrate and macroalgae weight. Gelatinous 

zooplankton (ctenophores and jellyfish) accounted for <1% of impinged invertebrate and macroalgae 

biomass. A mean estimated 123.4 tonnes of invertebrates and macroalgae were impinged by HPB annually. 
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1 Background  

Hinkley Point is situated on the southern shore of the Severn Estuary. The Severn Estuary is the second 

largest estuary in the U.K. and is characterised by strong tides. Hinkley Point B (HPB) power station is at the 

western end of Bridgwater Bay, near the mouth of the River Parrett. Like other coastal power stations with 

‘once-through’ cooling systems, HPB abstracted large volumes of seawater (34.37 m3 s-1, 34.37 cumecs) to 

condense the turbine steam and to provide essential and auxiliary cooling water flows. EDF Energy is 

constructing Hinkley Point C (HPC), a new nuclear build power station, adjacent to the existing Hinkley Point 

B site. Hinkley Point C (HPC) will also comprise a once-through cooling system design, though the total 

volume of cooling water abstracted will be larger (131.86 cumecs at Mean Sea Level) than at HPB. Although 

the cooling water intakes will be protected by widely spaced bars to prevent the intake of cetaceans, seals 

and large items of debris, biota that can pass through the bars, including fish and crustaceans, and plankton, 

will enter the cooling water intake. The larger organisms that enter the cooling water intake are impinged on 

screens before the water enters the power station cooling system. These organisms are impinged on fine-

mesh drum screens, which protect the main cooling water supply to the station condensers, and on band 

screens, that protect the essential and auxiliary cooling water systems. The HPB drum screens are fitted with 

10 mm square mesh (the proposed mesh size for HPC is a 5 mm mesh). The smaller organisms (mostly fish 

eggs and larvae, and other plankton) that are not impinged on the drum screens are entrained and pass 

through the power station cooling system without causing significant blockages.  

Sampling carried out at HPB has recorded the number and weight of fish, invertebrates and other material 

impinged on the drum screens. The resulting data contributed to predictions of impingement by the HPC 

development, as assessed in the original DCO and as part of the Water Discharge Activity (WDA) Permit. 

Impingement sampling at HPB has comprised a 2009/10 Comprehensive Impingement Monitoring 

Programme (CIMP) and a longer-term Routine Impingement Monitoring Programme (RIMP). The CIMP was 

designed to provide unbiased, high-resolution data on impingement over a full year. The CIMP targeted 40 × 

24-hour samples per annum (BEEMS Scientific Advisory Report SAR005), stratified between quarters and 

with sampling dates pseudo-randomly selected within the constraints of the operation of the station. The 

original CIMP programme (CIMP 1) consisted of 40 sample visits to HPB from February 2009 to January 

2010. The sampling target was to collect a 24-hour sample on each station visit by taking seven samples, 

consisting of six samples of one hour during daylight hours, followed by one 18-h overnight bulk sample. A 

full description of the sampling methodologies used and the raw data obtained during the original CIMP 

programme (2009-2010) are given in the annual report presented by Pisces Conservation Ltd (BEEMS 

Technical Reports TR129). 

In contrast, the RIMP sampled at lower frequency and was designed to enable identification of long-term 

fluctuations and trends in impingement. The RIMP data series comprised 443 samples over a 37-year period 

from 1981 to 2017. Two additional years of RIMP data, for 2018 and 2019, have subsequently become 

available and are used to inform trend analyses (Appendix E.1). The RIMP consisted of six one-hourly 

samples, collected once per month. Each sample was taken at the same point in the tidal cycle. Sampling 

was conducted during daylight, midway between springs and neaps, from high water on the ebb tide.  

This report presents a second CIMP (CIMP 2), which was carried out between June 2021 and June 2022. 

CIMP 2 represented a final opportunity to collect impingement data from HPB prior to the station ceasing 

operations in July 2022. CIMP 2 was undertaken to provide a contemporary estimate of impingement rates 

and provide additional evidence to augment the predictive power of CIMP 1.  

The same sampling methods used in the original 2009/10 CIMP 1 were adopted, consisting of six samples of 

one hour each during daylight, followed by one 18-h overnight bulk sample, to give a 24-hour sample.  

This report describes the taxa, estimated numbers and weights and length distributions of biota impinged 

during CIMP 2, and raises these to annual estimates of impingement at HPB. 
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2 Methodology 

2.1 Sampling overview 

Sampling was carried out from June 2021 to June 2022, with a target of 10 sampling visits per quarter. As 

with the original program, sampling dates were distributed as randomly as possible, within the limitations of 

station access. It was not possible to select sampling dates completely at random due to power station 

operational constraints, for example sampling could only take place on weekdays. However, selection of 

sampling dates was not constrained by biological factors.  

The HPB station has four rotating drum screens fitted with a 10 mm square mesh (Figure 1). Fish, 

invertebrates and debris are washed from these screens into the trash pit (Figure 2).  

 

Figure 1 One of the four rotating drum screens at Hinkley Point B showing the screen wash channel.   

During hourly sampling, net baskets were fastened around the mouth of the pipes from the screen wash 

hoppers (Figure 3). Due to obstructive machinery, the nets could only be set in the screen wash channel to 

the right-hand side of each drum screen (perspective facing the drum screen). The left-hand screen wash 

channel was partially obstructed by machinery. As a consequence, the sampling team were instructed not to 

deploy nets in these channels on health and safety grounds. This was accounted for when raising the data 

(see section 2.5.4). Unless numbers impinged were large and sampling was stopped at a timed point within 

the hour (subsequently a raising factor was applied to the data to account for the time not sampled), the nets 

remained in place throughout the hour-long sampling period. At the end of each hour, the nets were briefly 

removed, and emptied into a fish basket before being replaced.  
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For the overnight bulk sample, the hourly nets were not deployed, and the flow from both the drum screen 

channels emptied directly into an empty trash basket. The following morning, the trash basket was removed, 

the sample drained of excess water and emptied into a large container for sorting (Figure 4 and Figure 5). It 

was not operationally permissible to affix a net within the trash basket.  

 

Figure 2 Trash pit and baskets at Hinkley Point B, where all material impinged on the drum screens is 

collected. 
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Figure 3 Position of the net used to collect hourly samples from the screen wash channels. 

 

 

Figure 4 Trash basket being removed from the trash pit by the winch crane to collect the bulk sample. 
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Figure 5 Emptying of trash basket bulk sample into a container for sorting. 

 

2.2 The sampling regime 

The hourly and bulk sampling regime is provided in Table 1. Fish were sorted from each sample first, before 

the invertebrates, macroalgae, and litter portions were sorted.  

Table 1 Standard sampling pattern for Cefas impingement sampling.  

Day sample 
collected 

Time Sample 

Day 1 09:00h – 10:00h Hourly 1 

Day 1 10:00h – 11:00h Hourly 2 

Day 1 11:00h – 12:00h Hourly 3 

Day 1 12:00h – 13:00h Hourly 4 

Day 1 13:00h – 14:00h Hourly 5 

Day 1 14:00h – 15:00h Hourly 6 

Day 2 15:00h on day 1 – 

09:00h on day 2 
Bulk 
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2.3 Sample processing 

2.3.1 Hourly sampling 

The hourly sample net was deployed for the full period of 60 min whenever possible. If significant quantities 

of fish, weed or invertebrates were being captured, so that it would have been impossible to sort, measure 

and weigh the sample in a reasonable time, or such that the net would be filled to overflowing, then the 

sampling period was reduced accordingly (temporal sub-sample). For the remaining time, the sample was 

diverted to the trash pit. When samples were large and the sample time was reduced, the weight of the 

measured sub-sample was recorded to allow the sample to be raised (i.e., scaled) accordingly to the 

duration of sampling to estimate numbers in a total hourly sample. 

All fish were sorted to species, weighed and measured. If there were particularly high numbers of a single 

species, then all individuals in a representative sub-sample were measured, and the weight of the sub-

sample and the remaining sample recorded to allow sub-sample numbers to be raised to estimate numbers 

in the total sample. Lengths were recorded to the nearest half cm below, following standard Cefas offshore 

sampling protocols (i.e., a fish measuring between 3.0 cm – 3.4 cm would be recorded as 3 cm, and a fish 

measuring 3.5 cm – 3.9 cm would be recorded as 3.5 cm) (Section 2.4).  

If the remaining invertebrate/weed/litter mix was large, a subsample was taken. All subsampled invertebrates 

were identified to species where possible, before being weighed and counted. However, if significant 

damage had occurred such that whole specimens were not present (common with jellyfish for example), the 

species were weighed only. All edible crabs Cancer pagurus were also measured to the nearest mm, across 

the carapace. All remaining weed, and trash were identified where possible and weighed.  

2.3.2 Bulk sampling 

Wherever possible, the whole of the bulk sample was sorted and fully processed. On the occasions where 

the bulk sample was too large to fully process, all large fish (>30 cm long) were picked from the sample and 

the remainder sub-sampled. As per the hourly sample processing, all fish were sorted to species, weighed 

and measured. If high numbers of a species were present it was subsampled as described in section 2.3.1. 

After removing the fish, any particularly large invertebrates (e.g., edible crabs) were removed from the 

invertebrate/weed/litter mix. It was common practice to take a subsample of this mix, in which all 

invertebrates were identified to species where possible, before being weighed and counted. If there was a 

particularly large number of a given species (e.g., shrimps or prawns), a portion of the total were counted, 

and the weight of the portion was recorded, so that the total number could be calculated. All edible crabs 

Cancer pagurus were measured to the nearest mm, across the carapace. All remaining weed, and trash 

were identified where possible and weighed.  

A limitation of the bulk sampling is the presence of drainage holes in the trash basket (Figure 2, Figure 4 and 

Figure 5). The drainage holes are 24.1 mm in diameter and are situated on the bottom and sides of the trash 

basket. Whilst weed and other material was often observed clogging the drainage holes, there is the 

potential for the loss of small fish and invertebrates through these holes, leading to an underestimate of 

impingement (Section 2.6).  

2.4 Fish length measurements 

All fish were measured to Total Length (TL) see section 2.3.1. TL is defined as the length from the most 

anterior point of the body to the tip of the longer lobe of the caudal fin, usually measured with the lobes 

compressed along the midline. This is a straight-line measurement and does not measure the curve of the 

body. TL is the length routinely used in all Cefas’ biological sampling programmes (e.g. research vessel 

surveys; sampling of commercially landed fish on fish markets), and in the BEEMS offshore sampling.  

Initial evaluations of the fish on site indicated that the caudal fins, even of delicate species such as herring or 

sprat, were not badly damaged on removal from the net (even the bulk net), and that almost all individuals 
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were intact. Therefore, there appeared to be no merit in using the Standard Length (SL) measure, which 

could create the risk of samplers unconsciously using the more familiar TL, which would erroneously be 

assumed to be SL. The use of a single measure also meant there would be no confusion between which 

species should be measured to SL and which to TL. In addition, the calculation of Equivalent Adult Value 

(EAV) requires TL measurements, therefore the use of TL from the outset avoids the need for an additional 

step to convert lengths from SL to TL, reducing one form of potential variability in the calculations.  

Fish are measured to the nearest half cm below, however, during EAV (equivalent adult value) calculations, 

the mid-point of length class is applied to avoid potential undervaluation of small fish. 

2.5 Data capture 

All data were captured in Cefas’ FSS (Fishing Survey Systems) database. This database is the central 

repository of all Cefas’ research vessel and charter vessel survey data and is also where the BEEMS survey 

data are stored. In 2021, all data were recorded on paper data sheets, and the data were manually input to 

the FSS on return to the laboratory. All data were cross-checked for quality (Section 2.5.1). From February 

2022, on-site data were captured using a portable Electronic Data Capture (EDC) system (Figure 6). The 

benefit of using this system is that it minimises the need to manually key in and check data on return to the 

laboratory and there are inbuilt quality checks.  

The EDC consists of a combined computer/monitor system in a waterproof housing (IP66 rated), powered by 

a low voltage waterproof battery unit. Waterproof ports in the unit allow a keyboard, mouse and measuring 

wand to be attached, and a USB stick to be inserted to allow data to be downloaded. Multiple units are 

connected via a network hub to allow continuous communication during the data collection process. The 

computer runs Windows software with Cefas-designed fish sampling software to collect the data.  

The measuring system uses a measuring board which has RFID pit tags embedded along its length at one 

cm and half cm intervals. Each tag is individually coded for the length that it represents. Additional tags are 

embedded in the measuring board and coded for the letters of the alphabet and numbers, along with other 

functions, such as ‘enter’ or ‘complete’. The user tells the EDC unit, via the measuring board the sample 

number and the 3-letter code of the fish species being measured and whether the measure represents the 

complete sample or a sub-sample. In the latter case, the measurer inputs the sub-sample weight to allow for 

the calculation and application of the appropriate raising factors. 

Two EDC units were generally used (both were loaded with the same software so that they could be 

interchangeable). The first unit used the ‘EDC deckmaster’, software which captured information on the 

sample (sample number, the sample type – hourly 1 – 6 or bulk) and the total fish weights by species, along 

with the number and weight of all invertebrate species and weed and mud. All sample metadata were 

recorded on to a hard copy sheet, for subsequent input to the FSS system in the laboratory.  

The second unit used the ‘EDC measure’ software to record all the fish lengths. Each fish was measured by 

placing it on the measuring board and moving the wand over the relevant pit tag to record the length. A light 

flashed on the wand to confirm the value had been recorded and a visual cue on the monitor showed the fish 

length being added. Once all the fish were measured and the sample was logged as complete, the measure 

software communicated with the deckmaster software to confirm that the species was measured. This 

process ensures that all weighed species are measured, and that the species codes used are correct, before 

uploading to the database. Additionally, each species has an acceptable size range, so that any accidental 

measurements outside of this known range will be flagged. The system also has an internal guide weight for 

individual species lengths. Once all fish in a sample are measured the system will compare the estimated 

weight from the length measurements against the actual weight input by the ‘deckmaster’. This is an 

additional check to make sure that the sample weigh has been correctly input. Once back in the lab, the 

sample data was transferred to the FSS via a USB stick.  
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Figure 6 Measuring a Dover sole using the EDC system. 

2.5.1 Data QC process 

On the FSS, the sample metadata were input for each sample (in principle 7 samples were taken on each 

visit), from the paper sampling sheets. This data included the visit designation, sampling date, sampling time 

(start and end), sample type (hourly 1, hourly 2, bulk), and the number of pumps and screens in operation at 

HPB. All manually input metadata were independently checked to ensure accurate inputting. The data from 

the sampling visit were then uploaded directly into the FSS from the USB stick. The system performs several 

checks against the data to ensure that the correct sample process codes (WM – weighed and measured, 

WC – weighed and counted, WO – weighed only) were used to capture that data. Once the data are 

uploaded, the FSS system automatically calculates any raising factors for sub-sampled WC species, to raise 

up the sampled numbers to total numbers, and in the case of sub-sampled fish, the system automatically 

calculates the numbers at length raised to the total weight of fish present, using the measured numbers at 

length, the total weight and sub-sample weight. The FSS database was again independently checked to 

ensure accurate inputting before the data were extracted. 

2.5.2 Extraction of the data 

Prior to analysis, all data were extracted from FSS to an Access database, which was interrogated using a 

series of queries to produce 1) the complete set of sample data, 2) the numbers, weights and lengths of all 

weighed and measured (WM) fish and crabs, 3) the numbers and weights of all weighed and counted (WC) 

invertebrates, and 4) the weights of weighed only (WO) components. These were combined to a single 

dataset which consisted of, for each sample, the sample details and the weight and number of all the 

impinged components. Having the data in a single dataset ensured that any raising would be uniformly 

applied to all the components of a given sample. 

2.5.3 Raising to the full sample duration 

As described in the sampling methods, samples were of either 1-hr or 18-h duration, but in some cases, the 

sampling time was reduced because of high volumes of material entering the net. Therefore, each sample 

was raised to its intended sampling duration by multiplying by either (60/sampling duration) for hourly 
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samples, or (1080/sampling duration) for bulk samples, where sampling duration was the number of minutes 

sampled based on the start and end times. 

2.5.4 Raising to account for unsampled screen channels 

Two channels carry water and impinged material from each drum screen. The sampling team were 

instructed not to deploy nets in the left-hand side of each drum screen (perspective facing drum screen) on 

health and safety grounds, due to the presence of operational rotating machinery covering the channel. This 

sampling constraint is applicable for the hourly samples only, there were no access issues to the bulk 

sample, which collected impinged material from all screen channels.  

There is no reason to presume that the flow coming from each side of the drum screen is not equally split. 

Therefore, data from the hourly samples was raised by factor of 2 to account for the missing fraction in the 

unsampled screen channels.  

2.5.5 Raising to full pumping capacity 

At full operational capacity HPB operates with four Main Cooling Water (MCW) pumps and four associated 

drum screens, but these are not always operational. When the station is operating at reduced cooling water 

capacity, e.g., with three pumps operating, all impinged components were raised to full pumping capacity to 

normalise impingement rates throughout the data series. The number of pumps and screens in operation 

was recorded for each sample taken, this data was confirmed with the HPB engineers to ensure that all data 

was raised correctly. 

The estimated total cooling water flow at full operational capacity is 34.37 cumecs (BEEMS Scientific 

Position Paper SPP112).  

During the 35 sample visits of the CIMP, full operational capacity with four pumps running occurred on 26 

visits. When three pumps are operating the volume of water screened is approximately 29.47 cumecs. The 

station ran on three pumps during nine CIMP sample visits. For samples taken at a reduced flow rate 

impinged components were raised to full pumping capacity by a scaling factor of 1.166 (34.37 / 29.47). 

Annual impingement rates are calculated based on full capacity operations 365.25 days a year and are 

therefore conservative estimates for HPB. 

2.5.6 Combination of samples to give 24-hour sample 

Seven samples comprised each 24-hour sample (6 × hourly samples plus 1 × bulk sample). For visits where 

all hourly samples and the bulk sample were available, the impinged components (raised to their full duration 

and full pumping capacity) were simply summed to give the number and weight of organisms impinged 

during those 24 hours. This occurred on 17 occasions. 

For visits where the some of the hourly samples were not obtained, the remaining samples were summed 

(e.g., Hourly 2 – Hourly 6, plus the bulk), and the summed totals were raised to 24 hours by multiplying by 24 

hours / the number of hours sampled (e.g., 24/23). This occurred on 5 occasions. 

For visits where the bulk sample was not taken, the hourly samples were summed and the summed total 

numbers and weights were raised to 24-hours by multiplying by 24 hours / the number of hours sampled 

(e.g., 24/6). This occurred on 13 occasions. This assumes that hourly samples collected between 09:00-

15:00 are representative of 24-hour impingement. However, this potentially may lead to diurnal bias in the 

data, caused by differing, species dependent, rates of impingement during the hours of daylight and 

darkness (Section 2.6). 
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The 2021-22 dataset comprised 35 daily estimates of the number and weight of fish, invertebrates and other 

material impinged over 24-hours with the station pumping at full capacity, as well as the raised length 

distributions for all fish and measured crab species.  

2.6 Limitations of the sampling approach 

As with any monitoring programme the data is bound by the limitations of the sampling protocols. 

Operational constraints precluded 24-hour access to the site. Therefore, overnight sampling was achieved 

using bulk sampling (18-hour duration) collected from the trash basket. Sampling from the trash basket and 

the reduced incidence of successfully collected bulk samples (see section 3.1) has the potential for sampling 

limitations to be introduced into the data collected during CIMP 2 due to: 

• The effects of drainage holes in the trash basket and any resulting loss of impinged biota on raised 

numbers. 

• The potential for diurnal bias to affect raised numbers when there is no overnight bulk sample, and 

the hourly samples are used to estimate 24-hour impingement rates. 

Overnight bulk samples are collected in the trash basket and it was not possible to install a net within the 

existing framework. The presence of holes in the trash basket, as shown in Figure 2, may result in the loss of 

small or elongate fish and invertebrates from the sample. The drainage holes are 24.1 mm in diameter and 

are situated on the bottom and sides of the trash basket. The degree to which biota could be lost through 

these holes is expected to be species dependent, with certain species being more susceptible than others. 

Morphology and relative size both dictate which species are more likely to be retained in the trash basket 

sample and which could pass through the drainage holes. Only the most robust species would be expected 

to actively seek to escape due to the drop height into the trash pit resulting in mortality of delicate species 

(Figure 2). Further, large quantities of macroalgae are impinged at HPB, which were regularly observed 

partially clogging the holes in the trash basket and may lead to the greater retention of smaller taxa in the 

bulk sample, as most of the water will filter through layers of material before draining from the holes at the 

bottom of the trash basket (Figure 4). 

On 13 occasions out of the 35 sample visits it was not possible to collect an overnight sample, the reasons 

are outlined in Section 3.1. No overnight sampling failed as a result of high fish or invertebrate biomass 

events overwhelming the trash basket and invalidating the sample. When no overnight sample was obtained, 

the data from the available daytime one-hour samples was extrapolated to estimate 24-hour impingement. 

Periods of darkness occur during the period when bulk samples were collected (15:00 until 09:00). The 

length of periods of darkness will vary throughout the year. Depending on the species-specific diurnal 

behaviour there is the potential that extrapolation to 24-hour impingement predictions results in over- or 

underestimates of impingement for species more or less likely to be impinged in the hours of darkness. 

Furthermore, the probability or not of hourly sampling detecting sporadic high biomass impingement events 

may result in these events being either missed or inflated when data is raised to 24-hours. Instances of high 

impingement of herring occurred in hourly samples on the 11th of August and 7th of September 2021, when 

no bulk was set. Whilst there is uncertainty as to the numbers that would have occurred had a bulk sample 

been set, raising the hourly samples to 24-hour estimates resulted in exceptional daily impingement rates on 

those dates (Figure 7).  Equally, if such events occurred at night when a bulk sample was missed, raising 

hourly data could lead to underestimates of daily impingement. 

2.7 Calculation of annual impingement 

2.7.1 Calculation approach 

Estimates of annual impingement were calculated by first summing all samples from each quarter of the year 

and raising the quarterly total by the ratio between the number of days in the quarter and the number of 

sampling visits. The quarterly totals were summed to give an annual impingement estimate. Variability was 

estimated by bootstrapping the dataset – randomly selecting a set of visits from each quarter and repeatedly 
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estimating the total annual impingement to give 95% confidence interval estimates around the mean value. 

Thus, lower confidence intervals represent the 2.5th percentile value in the distribution, while upper estimates 

provide the 97.5th percentile value in the distribution.  

2.7.2 Bootstrap methods 

Impingement estimates were made by applying a bootstrap process (run in R software version 4.1.2 with 

package boot v1.3-28) to the impingement data. Each species was assessed separately.  

The bootstrapping approach mimics a higher frequency of repeated sampling than was achieved 

experimentally. The CIMP measurements of impingement at HPB are resampled for each species with 

replacement within each quarter of the year. Calculating the estimates by quarter addresses the imbalance 

caused by different numbers of samples in each quarter. The estimates from the input data were used for the 

annual and quarterly mean values, and the distribution of the 100,000 bootstrap iterations used to calculate 

the 95% confidence interval with the BCa (bias-corrected and accelerated) method (this method is a 

refinement of directly taking the percentiles).  The final bootstrap outputs provided for each species were: 1) 

the mean numbers impinged by quarter, which was converted to percentage impingement by quarter to 

show the seasonal patterns and 2) the mean annual impingement with 95% confidence intervals based on 

the distribution of the bootstrap iterations.  

In the case of invertebrate taxa and macroalgae, some species were weighed but not enumerated during 

impingement monitoring and individual weights for those that were enumerated are prone to reduced 

precision. Therefore, invertebrate and macroalgae weight was estimated by applying the bootstrapping 

method to calculate weight impinged and 95% confidence intervals. 

2.8 Size distributions of impinged taxa   

Annual length distributions of impinged individuals were plotted for the key finfish species (see Section 3 for 

selection criteria). The length distributions are required to calculate the Equivalent Adult Value (EAV) of the 

fish impinged, thus allowing losses to be contextualised against the relevant Spawning Stock Biomass 

(SSB), population estimate, or fisheries landing statistics for the species in question.  
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3 Results 

These results in this section centers on the species that have been the focus of DCO and WDA Permit and 

the representative key taxa based on ecological importance to the assemblage (contribute to the top 95% or 

over 1% of numbers impinged), conservation importance, and/or socio-economic importance. However, 

impingement numbers and weights of the full species list is provided in Appendix A.1 and Appendix B.1, 

respectively.  

3.1 Sampling summary 2021 - 2022  

The CIMP 2 ran from 15th June 2021 to 16th June 2022, during this period 35 sampling visits were completed 

(Table 2). From these 35 visits, six one-hour samples were obtained during each visit, and an overnight bulk 

sample was obtained on 22 occasions. As such, there were 13 occasions when impingement numbers for 

the full 24-hour had to be estimated from the hourly samples.  

Bulk sample collection typically failed for operational or logistical reasons rather than overflows due to 

ingress of biota. Other than a large ingress of macroalgae on the 11th of August 2021 invalidating the bulk 

sample, all other occasions were caused by operational/logistical constraints rather than high biomass 

events (Table 2). A malfunction of the winch crane, used to lift the trash basket containing the bulk sample, 

prevented a sample being collected on six occasions, whilst issues with the subcontractor tasked with 

moving the skip to enable the sample to be deposited into the sample container prevented a sample being 

collected occurred on four times. The remaining instances when a bulk sample failed to be collected were as 

a result of a site muster and positive COVID test results within the sample team preventing bulk sampling. 

On occasions where the bulk sample was not possible the sampling team remained on site and carried out 

additional hourly samples (Table 2). These additional samples have not been included in the annual 

impingement estimates, as they do not conform to the prescribed 24-hour sampling pattern. However, they 

were taken in case the data could add value to future assessments of impingement at HPB. The data have 

been provided to the EA. 

Table 2 Summary of sampling visits between 2021 – 2022 

Month Dates Hourly Bulk Notes 
Additional data 

collected 

2021 

June 15th, 16th & 17th Valid Valid  ✓ (bulk) 

June 29th & 30th Valid Valid   

July 6th & 7th Valid No bulk 
Contractor unavailable to move 

skip, required to retrieve sample. 
✓ (hourly) 

July 21st & 22nd NA NA Cancelled - HPB site muster.  

July 28th & 29th Valid No bulk Crane malfunction ✓ (hourly) 

August 11th & 12th Valid No bulk 

Sample aborted at 17:00 after 120 

minutes due to ingress of 

macroalgae, following recent 

stormy conditions. 

 

August 17th & 18th Valid No bulk Site muster on 18th   

August 24th & 25th Valid Valid   

September 7th & 8th Valid No bulk Crane malfunction  

September 15th & 16th Valid No bulk Crane malfunction  

September 29th & 30th Valid Valid   
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The most successful bulk samples by quarter were achieved in Q4 and Q2, achieving 100% and 80% 

success rates, respectively (Table 3). However, Q1 and Q3 both had sampling success rates of <50%, with 

44% in Q1 and 25% in Q3.  

October 12th & 13th Valid Valid   

October 20th & 21st Valid Valid   

October 27th & 28th NA NA 
Cancelled – positive COVID test 

results. 
 

November 2nd & 3rd Valid Valid   

November 10th & 11th Valid Valid   

November 24th & 25th Valid Valid   

December 1st & 2nd Valid Valid   

December 7th & 8th Valid Valid   

December 15th & 16th Valid Valid   

2022 

January 12th & 13th Valid No bulk 
Contractor unavailable to move 

skip, required to retrieve sample. 
✓ (hourly) 

January 19th & 20th Valid Valid   

January 26th & 27th Valid Valid   

February 9th & 10th Valid No bulk Crane malfunction ✓ (hourly) 

February 16th & 17th Valid Valid   

February 23rd & 24th Valid Valid   

March 2nd & 3rd Valid No bulk 
Contractor unavailable to move 

skip, required to retrieve sample. 
✓ (hourly) 

March 16th & 17th NA NA 
Cancelled – positive COVID test 

results. 
 

March 23rd & 24th Valid No bulk Crane malfunction ✓ (hourly) 

March 30th & 31st Valid No bulk Crane malfunction ✓ (hourly) 

April 6th & 7th Valid No bulk Positive Covid test results.  

April 20th & 21st Valid Valid   

April 27th & 28th Valid Valid   

May 4th & 5th Valid No bulk 
Contractor unavailable to move 

skip, required to retrieve sample. 
✓ (hourly) 

May 17th & 18th Valid Valid   

May 25th & 26th Valid Valid   

June 8th & 9th Valid Valid   

June 15th & 16th Valid Valid   
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Table 3 Quarterly summary of successful bulk samples between 2021 and 2022 

Quarter 

Sample visits 

(hourly sample 

collected) 

Bulk samples % Bulk samples successful 

Q1 9 4 44% 

Q2 10 8 80% 

Q3 8 2 25% 

Q4 8 8 100% 

Sum 35 22 63% 

 

3.2 Estimated numbers of fish and invertebrates impinged 

Sixty-three fish taxa were recorded in CIMP 2, the most abundant of which were sprat Sprattus sprattus and 

Atlantic herring Clupea harengus (Table 4). Ten species contributed to the top 96.6% of total finfish 

impingement numbers, these were sprat, herring, whiting Merlangius merlangus, gobies of the genus 

Pomatoschistus spp.1, Dover sole Solea solea, poor cod Trisopterus minutus, five-bearded rockling Ciliata 

mustela, thin-lipped grey mullet, Chelon ramada, common sea snail Liparis liparis, and bib Trisopterus 

luscus.  

An estimated 1.49 million finfish were impinged by HPB annually at full operational capacity between June 

2021 and June 2022.  

Annual impingement predictions for all species are provided in Appendix A.1. Observed numbers of fish, 

prior to raising are provided in Appendix D.1. 

Table 4 Number of finfish and invertebrates contributing to the top 95% of mean annual estimated HPB 

impingement. 

Common name Scientific name 
Number 

impinged HPB 

% of 

total 

Cumulative 

total (%) 

Finfish 

Sprat Sprattus sprattus 465,740 31.3 31.3 

Atlantic herring Clupea harengus 460,277 31.0 62.3 

Whiting Merlangius merlangus 110,277 7.4 69.7 

Gobies of the genus 

Pomatoschistus spp. 
Pomatoschistus spp. 106,282 7.1 76.9 

Dover sole Solea solea 102,271 6.9 83.7 

Poor cod Trisopterus minutus 48,373 3.3 87.0 

Five-bearded rockling Ciliata mustela 42,728 2.9 89.9 

Thin-lipped grey mullet Chelon ramada 35,858 2.4 92.3 

Common sea snail Liparis liparis 32,952 2.2 94.5 

Bib  Trisopterus luscus 30,964 2.1 96.6 

 

1 Gobies of the genus Pomatoschistus spp. were speciated in the 2009/10 CIMP where P. minutus accounted for 98.7% 
of the individuals in the genus, whereas the painted goby P. pictus contributed 1.3% of the numbers. In CIMP 2 Gobies 
of the genus Pomatoschistus spp. were not speciated, therefore this group represents a taxa complex.  
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Invertebrates 

Ghost shrimp Pasiphaea spp 29,235,551 60.7 60.7 

Brown shrimp Crangon crangon 16,164,854 33.6 94.3 

Pink shrimp Pandalus montagui 1,692,089 3.5 97.8 

 

Several species of conservation importance were recorded. The "S41 Priority Species" spreadsheet 

provided by Natural England (http://publications.naturalengland.org.uk/publication/4958719460769792) was 

used to assess the conservation status of the fishes recorded in Bridgwater Bay. This spreadsheet was 

based on the legislation in Section 41 of the Natural Environment and Rural Communities (NERC) Act 2006. 

Species also listed under Annex II of the Conservation of Habitats and Species (Amendment) (EU Exit) 

Regulations 2019 are afforded a high degree of protection. Ten species impinged during the core monitoring 

period in 2021 are listed as S41 Priority Species. These were twaite shad Alosa fallax, European eel Anguilla 

anguilla, Atlantic herring, Atlantic cod Gadus morhua, whiting, blue whiting Micromesistius poutassou, 

European plaice Pleuronectes platessa, and Dover sole. These species were included in the list of key taxa. 

In addition, there was a single record of an undulate ray Raja undulata and a single occurrence of European 

hake Merluccius merluccius. This ray was a juvenile specimen of 14 cm and represents the first occurrence 

in the HPB time series. Misidentification is a possibility due to the relative difficulty in species determination 

of some juvenile rays.  

Other S41 Priority Species previously recorded in impingement monitoring but not present during CIMP 2 

were Atlantic salmon Salmo salar, sea trout Salmo trutta, river lamprey Lampetra fluviatilis, sea lamprey 

Petromyzon marinus and allis shad Alosa alosa. A more detailed analysis of shad impinged at HPB during 

2021/22 is presented in BEEMS TR567, which applied genetic and morphometric analyses and 

demonstrated the individuals impinged at part of CIMP 2 were either hybrids or twaite shad. No allis shad 

were observed during CIMP 2. One sea lamprey was recorded in the additional data (03/03/2022), which 

was not used in the final annual dataset. These species are key taxa for assessment purposes.  

Thirty-seven invertebrate taxa were enumerated. The three most abundant invertebrate taxa by number 

were ghost shrimp Pasiphaea spp, brown shrimp Crangon crangon and pink shrimp Pandalus montagui. 

These three taxa contributed 97.8% by number to the total invertebrate count (Table 4). A mean estimated 

48.1 million invertebrates were impinged by HPB annually. 

3.3 Estimated weights of fish and invertebrates impinged 

Fourteen species contributed to the top 95.0% of total finfish impingement by weight (Table 5). These were 

conger eel Conger conger, whiting, Dover sole, European Flounder Platichthys flesus, five-bearded rockling, 

thin-lipped grey mullet, Atlantic herring, sprat, lesser spotted dogfish Scyliorhinus canicula, European sea 

bass Dicentrarchus labrax, bib, thornback ray Raja clavata, poor cod and gobies of the genus 

Pomatoschistus spp. An estimated 10.3 tonnes of finfish were impinged by HPB annually. Annual 

impingement predictions for all species are provided in Appendix B.1. 

 

Sixty-three invertebrate and macroalgae taxa were weighed. The most abundant taxa by weight were brown 

seaweeds, ghost shrimp Pasiphaea spp, brown shrimp Crangon crangon, Sea lettuce Ulva lactuca, pink 

shrimp Pandalus montagui and red seaweeds Rhodophyceae. These taxa contributed 95.3% by number to 

the total invertebrate count (Table 5). A mean estimated 123.4 tonnes invertebrate and macroalgae were 

impinged by HPB annually. 

 

 

http://publications.naturalengland.org.uk/publication/4958719460769792
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Table 5 Weight (kg) of finfish and invertebrates contributing to the top 95% of mean annual estimated HPB 

impingement. 

Common name Scientific name 
Weight impinged 

HPB (kg) 

% of 

total 

Cumulative 

total (%) 

Finfish 

Conger eel Conger conger  2,990 29.1 29.1 

Whiting Merlangius merlangus 1,340 13.1 42.2 

Dover sole Solea solea 954 9.3 51.5 

European flounder Platichthys flesus 780 7.6 59.1 

Five-bearded rockling Ciliata mustela  745 7.3 66.3 

Thin-lipped grey mullet Chelon ramada 613 6.0 72.3 

Atlantic herring Clupea harengus  535 5.2 77.5 

Sprat Sprattus sprattus 531 5.2 82.7 

Lesser spotted dogfish Scyliorhinus canicula 358 3.5 86.2 

European sea bass Dicentrarchus labrax  223 2.2 88.4 

Bib  Trisopterus luscus 212 2.1 90.4 

Thornback ray Raja clavata 163 1.6 92.0 

Poor cod Trisopterus minutus 155 1.5 93.5 

Gobies of the genus 

Pomatoschistus spp. 
Pomatoschistus spp. 153 1.5 95.0 

Invertebrates and macroalgae 

Brown seaweeds indet Phaeophyceae 75,645 61.3 61.3 

Ghost shrimp Pasiphaea spp 18,362 14.9 76.2 

Brown shrimp Crangon crangon 15,743 12.8 88.9 

Sea lettuce Ulva lactuca 3,593 2.9 91.8 

Pink shrimp Pandalus montagui 2,305 1.9 93.7 

Red seaweeds indet Rhodophyceae 2,008 1.6 95.3 

 

3.4 Quarterly impingement  

Species’ abundance varied seasonally. Most species were not impinged in consistent numbers year-round, as 

shown by variation in the proportion (%) of finfish species and invertebrate taxa impinged by quarter from the 

bootstrapping results (Table 6). For example, the majority of sprat (99.3%) and common sea snail (99.4%) 

were impinged during the winter period, Q1 and Q4. The peak impingement for many species was Q3 (July – 

September), these species include Atlantic herring (84.7%), whiting (42.5%), Dover sole (61.5%), poor cod 

(79.8%), bib (86.3%), European flounder (39.4%), Atlantic cod (68.7%) and thornback ray (41.5%). For other 

species, such as twaite shad, impingement occurred at relatively low frequency throughout the year with less 

pronounced seasonal peaks in abundance. 
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Table 6 Proportion (%) of finfish and invertebrate taxa impinged by quarter. Cells are colour-coded to 

highlight seasons of greatest impingement; dark green = 50 – 100% of total number impinged annually, light 

green 20 - <50%, yellow 5 - <20%, pink 1 - <5%, no colour < 1%.   

Common name Number impinged 

per annum at HPB 

Proportion of annual number of fish impinged (%) 

Q1 Q2 Q3 Q4 

Finfish 

Sprat 465,740 47.8 0.6 0.1 51.5 

Atlantic herring 460,277 1.9 2.8 84.7 10.7 

Whiting 110,277 21.3 6.6 42.5 29.5 

Gobies of the genus 

Pomatoschistus spp. 
106,282 25.3 5.6 28.1 41.0 

Dover sole 102,271 2.2 23.1 61.5 13.1 

Poor cod 48,373 5.5 0.9 79.8 13.8 

Five-bearded rockling 42,728 14.3 1.3 23.5 61.0 

Thin-lipped grey mullet 35,858 23.7 3.6 33.0 39.7 

Common sea snail 32,952 44.9 0.1 0.6 54.5 

Bib (pout-whiting) 30,964 1.8 4.2 86.3 7.7 

European flounder 15,678 14.1 38.2 39.4 8.3 

Atlantic cod 7,016 3.2 10.0 68.7 18.1 

Twaite shad 3,348 23.2 15.1 22.3 39.4 

Dab 3,182 5.6 0.0 0.0 94.4 

European sea bass 2,953 10.5 45.6 9.2 34.7 

European plaice 1,549 68.4 11.5 16.0 4.1 

Thornback ray 532 19.4 15.4 41.5 23.7 

European eel 141 7.0 65.2 0.0 27.7 

Horse-mackerel 86 0.0 84.4 0.0 15.6 

Blue whiting 63 86.2 13.8 0.0 0.0 

Sea lamprey 0     

River lamprey 0     

Allis shad 0     

Sea trout 0     

Atlantic salmon 0     

Invertebrates 

Ghost shrimp 29,235,551 0.0 8.5 86.7 4.8 

Brown shrimp 16,164,854 12.4 8.3 46.6 32.7 

Pink shrimp 1,692,089 3.4 25.9 20.3 50.4 

 

Invertebrate impingement at HPB also displayed quarterly variation. Both ghost shrimp (86.7%) and brown 

shrimp (46.6%) peaked in abundance in Q3. In contrast pink shrimp was must abundant in Q4 (50.4%). 

3.5 Seasonal variation in total fish impingement 

When variations in total impingement numbers per 24-hour across individual sampling dates are considered 

(Figure 7 and Figure 8), sporadic peaks in numbers impinged occurred in August and September with over 

20,000 individuals per 24-hour, and 18,500 individuals per 24-hours respectively. These peaks were driven 

by an abundance of juvenile Atlantic herring. However, as no bulk sample could be collected on these dates 

the 24-hour estimates were extrapolated from the hourly samples and may lead to inflated estimates.  
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Another peak in abundance occurred during the winter months November to January, driven by high 

abundance of sprat. The periods of spring and early summer are characterised by a decrease in numbers 

impinged per 24-hour. While numbers of fish are low during this period, biomass is relatively high, 

suggesting that a smaller number of larger fish are impinged at this time. 

 

Figure 7 Raised number of fish impinged per 24-hour during the 35 CIMP sampling dates. Not plotted on 

precise sample dates. 

 

 

Figure 8 Raised weight (kg) of fish impinged per 24-hour during the 35 CIMP sampling dates. Not plotted on 

precise sample dates.
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3.6 Size distribution of impinged finfish contributing to the top 95% of mean annual HPB 
impingement numbers. 

The length distributions of finfish contributing to the top 95% of mean annual HPB impingement numbers 

show that the majority of fish impinged at HPB are small and that for many species they would be immature 

juveniles (Figure 9, Figure 10 and Figure 11). The length distribution data will be applied to determine EAV 

factors for assessment purposes.  

 

 

Figure 9 Size distribution of impinged finfish contributing to the top 95% of mean annual estimated HPB 

impingement by numbers. 
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Figure 10 (Continued) Size distribution of impinged finfish contributing to the top 95% of mean annual 

estimated HPB impingement by numbers. 

  

 

 

Figure 11 (Continued) Size distribution of impinged finfish contributing to the top 95% of mean annual 

estimated HPB impingement by numbers.
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4 Discussion 

The CIMP programme was designed to provide unbiased, high-resolution data on impingement over a full 

year.  

The annual CIMP targeted 40 × 24-hour samples (BEEMS Scientific Advisory Report SAR005), and the final 

data set was derived from 35 sample visits, 22 of which provided 24-hour samples. The bulk sample success 

rate of 63% resulted in 13 sampling visits being scaled to 24 hours based on the hourly daytime samples. 

Other than a large ingress of macroalgae on the 11th of August 2021, invalid bulk samples were not caused 

by high fish or invertebrate biomass events overwhelming the trash basket. Instead, operational factors 

dictated sampling success rates, most commonly this was a malfunction with the crane used to lift the 

sample (Table 2). Whilst bulk sample success rates in Q2 and Q4 were relatively high, achieving 80% and 

100% success rates respectively, only 44% of bulk samples were successful in Q1 and 25% in Q3.  

When overnight bulk samples could not be collected, data from the daytime hourly samples was extrapolated 

to estimate 24-hour impingement and thus to account for the missing 18 hours of bulk sampling. This may 

introduce diurnal and size-related biases that have not been quantified (Section 2.6).  

Sixty-three fish taxa were recorded in 2021/22, the most abundant of which were sprat Sprattus sprattus and 

herring Clupea harengus (Table 4). Ten species contributed to the top 96.6% of total finfish impingement by 

weight, these were sprat Sprattus sprattus, herring Clupea harengus, whiting Merlangius merlangus, sand 

goby Pomatoschistus spp., Dover sole Solea solea, Poor cod Trisopterus minutus, five-bearded rockling 

Ciliata Mustela, thin-lipped grey mullet, Chelon ramada, common sea snail Liparis liparis, bib Trisopterus 

luscus. An estimated 1.49 million finfish were impinged by HPB annually. 

Impingement rates vary seasonally. Most species are not impinged in consistent numbers year-round. The 

majority of sprat (99.3%) and common sea snail (99.4%) are impinged during the winter period, October - 

January. The peak impingement for many species occurred between July – September, these include Atlantic 

herring (84.7%), whiting (42.5%), Dover sole (61.5%), poor cod (79.8%), bib (86.3%), European flounder 

(39.4%), Atlantic cod (68.7%) and thornback ray (41.5%). For other species, such as twaite shad, impingement 

occurred throughout the year with less pronounced peaks in abundance. 

Thirty-seven invertebrate taxa were enumerated. The three most abundant invertebrate taxa by number 

were ghost shrimp Pasiphaea spp, brown shrimp Crangon crangon and pink shrimp Pandalus montagui. 

These three taxa contributed 97.8% by number to the total invertebrate count (Table 4). A mean estimated 

48.1 million invertebrates were impinged by the HPB annually. 

Whist the CIMP 2 has some sampling limitations, the data augment both the RIMP and CIMP 1. The three 

datasets together become a powerful tool for assessing the rate of impingement at HPB over different 

timescales and provide a basis for estimating the potential impacts of a future HPC development. 
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Appendix A Estimated number of finfish and 

invertebrates impinged annually at HPB 

A.1 Annual predicted numbers of individuals that are estimated to be impinged by HPB.  

Colour-coding indicates the key finfish species, see section 3 for selection criteria.  

 

Key finfish and shellfish species 

 

Table 7 Estimated number of finfish and invertebrates impinged annually at HPB, including upper and lower 

estimates. 

Common Name Scientific Name Mean Lower Upper 

Finfish 

Sprat Sprattus sprattus 465,740 263,261 723,046 

Atlantic Herring Clupea harengus l. 460,277 204,752 881,015 

Whiting Merlangius merlangus 110,277 75,156 171,244 

Sand goby Pomatoschistus spp 106,282 81,361 143,915 

Dover sole Solea solea 102,271 68,239 180,804 

Poor cod Trisopterus minutus 48,373 17,036 131,627 

Five-bearded rockling Ciliata mustela (l.) 42,728 34,842 51,315 

Thin-lipped grey mullet Chelon ramada (risso) 35,858 24,588 50,981 

Common sea snail Liparis liparis 32,952 18,650 69,828 

Bib (pout-whiting) Trisopterus luscus 30,964 14,371 66,911 

European Flounder Platichthys flesus (l.) 15,678 12,400 19,343 

Atlantic Cod Gadus morhua l. 7,016 3,630 11,451 

Grey gurnard Eutrigla gurnardus 3,607 2,249 5,909 

Twaite shad Alosa fallax 3,348 2,263 5,013 

Dab Limanda limanda (l.) 3,182 1,237 6,133 

Bass Dicentrarchus labrax (l.) 2,953 1,843 5,183 

Conger eel Conger conger l. 2,046 1,425 2,890 

European Plaice Pleuronectes platessa l. 1,549 551 3,961 

Three-bearded rockling Gaidropsarus vulgaris 933 469 1,692 

Sand-smelt indet Atherinidae 774 406 1,308 

Lesser spotted dogfish Scyliorhinus canicula 740 377 1,487 

Dragonet Callionymus lyra l. 662 208 1,626 

Pogge (armed bullhead) Agonus cataphractus 633 298 1,162 

Rock goby Gobius paganellus 612 267 1,080 

Norway pout Trisopterus esmarki 602 238 1,463 

Sea (15 spined) stickleback Spinachia spinachia 544 57 1,975 
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Common Name Scientific Name Mean Lower Upper 

Tub gurnard Chelidonichthys (trigla) lucerna 543 146 1,334 

Thornback ray (roker) Raja clavata 532 236 1,291 

Transparent goby Aphia minuta 463 200 810 

Snake pipefish Entelurus aequoreus 387 156 767 

Greater pipefish Syngnathus acus 384 180 758 

Nilsson's pipefish Syngnathus rostellatus 337 80 857 

Lumpsucker Cyclopterus lumpus 327 39 1164 

Common sandeel Ammodytes tobianus 288 61 924 

Three-spined stickleback Gasterosteus aculeatus 274 60 891 

Pollack Pollachius pollachius 271 13 973 

Mullet, red Mullus surmuletus l. 266 27 641 

Crystal goby Crystallogobius linearis 218 0 655 

Turbot 
Scophthalmus maximus (Psetta 
maxima) 203 31 550 

Pearlside Maurolicus muelleri 199 27 553 

Lesser weever fish Echiichthys (Trachinus) vipera 184 0 552 

Shore rockling Gaidropsarus mediterraneus 160 0 481 

European Eel Anguilla anguilla (l.) 141 53 396 

Scaldfish Arnoglossus laterna 99 0 340 

Garfish Belone belone 92 0 276 

Horse-mackerel (scad) Trachurus trachurus 86 0 305 

Topknot Zeugopterus punctatus 76 0 228 

Blue whiting Micromesistius poutassou 63 19 165 

Goby, black Gobius niger l. 63 0 223 

Anchovy Engraulis encrasicolus (l.) 53 18 107 

Spotted ray Raja montagui 52 0 156 

Sandeels Ammodytidae 47 0 140 

Greater sandeel Hyperoplus lanceolatus 27 0 81 

Red gurnard 
Chelidonichthys (Aspitrigla) 
cuculus 27 0 80 

Sea snail indet Liparis spp 27 0 80 

Smalleyed (painted) ray Raja microocellata 24 0 72 

Northern rockling Ciliata septentrionalis 22 0 57 

Boar fish Capros aper 21 0 53 

Small-mouthed wrasse Centrolabrus exoletus 13 0 38 

Blonde ray Raja brachyura 9 0 27 

European hake Merluccius merluccius 9 0 27 

Undulate (painted) ray Raja undulata 9 0 26 

Ballan wrasse Labrus bergylta 0 0 0 

Corkwing wrasse 
Symphodus (Crenilabrus) 
melops 0 0 0 

Lemon sole Microstomus kitt 0 0 0 
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Common Name Scientific Name Mean Lower Upper 

Sea lamprey Petromyzon marinus 0 0 0 

Solenette Buglossidium luteum 0 0 0 

Tompot blenny Parablennius gattorugine 0 0 0 

NA Clupeidae 0 0 0 

Skate eggcase* Skate eggcase 582 0 1,746 

Invertebrates 

Ghost shrimp Pasiphaea spp 29,235,551 20,939,538 37,326,823 

Common (brown) shrimp Crangon crangon 16,164,854 12,921,353 20,097,869 

Pink shrimp Pandalus montagui 1,692,089 1,204,201 2,418,678 

Sea gooseberry Pleurobrachia pileus 491,305 218,218 1,166,019 

Common prawn Palaemon serratus 223,925 103,288 412,510 

Common swimming crab Polybius (Liocarcinus) holsatus 94,026 46,461 168,249 

Anemone indet Anemone indet 93,843 58,971 169,654 

Amphipod Phoxocephalidae 31,410 0 94,229 

Amphipod indet Amphipoda 24,102 13,062 42,869 

Jellyfish NA 22,547 382 88,744 

Caprellid amphipod indet Caprellidea 20,019 6,205 41,257 

Crab, edible Cancer pagurus 13,613 11,298 15,986 

Hermit crab indet Paguridae 9,466 0 37,287 

Green shore crab Carcinus maenas 7,252 2,011 19,107 

Gammaridean amphipod indet Gammaridae 4,690 0 14,071 

Cuttlefish (without cuttlebone) Sepiolidae 2,288 311 9,575 

Swimming crabs indet Portunidae 2,111 0 6,334 

Ragworm indet Nereis spp / nereidae 1,622 123 4,420 

Polychaete worm indet Polychaeta 1,519 36 5,704 

Isopod Idotea spp (idoteidae) 1,385 403 3,132 

Mussel indet Mytilidae (mollusca) 1,341 0 4,024 

Dahlia anemone Urticina (Tealia) felina 1,150 190 3,714 

Lugworm Arenicola marina 1,133 0 3,398 

Macropodia sp indet Macropodia spp 947 0 2,616 

Long-leg spider crab Macropodia rostrata 932 18 3,672 

Edible mussel Mytilus edulis 844 19 3,263 

Plumose anemone Metridium senile 599 0 1,475 

Velvet swimming crab Necora puber 577 268 1,145 

Limpets Patellidae indet 484 100 1,362 

Ragworm Nereis diversicolor 428 0 1,283 

Cuttlefish (with cuttlebone) Sepia spp (sepiidae) 184 0 552 

Bivalve indet Mollusca-bivalvia 146 0 437 

Sea spider indet Nymphonidae 140 0 421 

Whelk indet Buccinidae 40 0 120 
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Common Name Scientific Name Mean Lower Upper 

Common whelk Buccinum undatum 19 0 57 

Hermit crab indet whelk indet Pagurus in Buccinum 18 0 55 

Common cuttlefish Sepia officinalis 18 0 44 

Ascidian Ascidiacea 0 0 0 

Ascidian Ascidiella scabra 0 0 0 

Common sea spider Pycnogonum littorale 0 0 0 

Hairy crab Pilumnus hirtellus 0 0 0 

Masked crab Corystes cassivelaunus 0 0 0 

Swimming crab Liocarcinus depurator 0 0 0 

* Elasmobranch egg case, not speciated 
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Appendix B Estimated weight (kg) of finfish and 

invertebrates impinged annually at HPB 

B.1 Annual predicted weight (kg) of individuals that are estimated to be impinged by HPB.  

Colour-coding indicates the key finfish species, see section 3 for selection criteria.  

 

Key finfish and shellfish species 

 

Table 8 Estimated weight (kg) of finfish and invertebrates impinged annually at HPB, including upper and 

lower estimates. 

Common Name Scientific Name Mean Lower Upper 

Finfish 

Conger eel Conger conger l. 2,990 2,000 4,513 

Whiting Merlangius merlangus 1,340 986 1,836 

Dover sole Solea solea 954 699 1,292 

European Flounder Platichthys flesus (l.) 780 505 1,302 

Five-bearded rockling Ciliata mustela (l.) 745 575 1,003 

Thin-lipped grey mullet Chelon ramada (risso) 613 360 1,065 

Atlantic Herring Clupea harengus l. 535 274 971 

Sprat Sprattus sprattus 531 301 802 

Lesser spotted dogfish Scyliorhinus canicula 358 187 635 

Bass Dicentrarchus labrax (l.) 223 123 373 

Bib (pout-whiting) Trisopterus luscus 212 119 353 

Thornback ray (roker) Raja clavata 163 66 330 

Poor cod Trisopterus minutus 155 71 381 

Sand goby Pomatoschistus spp 153 120 200 

Common sea snail Liparis liparis 147 93 244 

Three-bearded rockling Gaidropsarus vulgaris 113 44 263 

Atlantic Cod Gadus morhua l. 95 56 150 

European Plaice Pleuronectes platessa l. 64 27 149 

European Eel Anguilla anguilla (l.) 22 7 54 

Grey gurnard Eutrigla gurnardus 11 7 22 

Dab Limanda limanda (l.) 9 4 21 

Twaite shad Alosa fallax 6 4 9 

Norway pout Trisopterus esmarki 5 2 13 

Sand-smelt indet Atherinidae 4 2 8 

Lesser weever fish Echiichthys (Trachinus) vipera 4 0 11 

Rock goby Gobius paganellus 3 1 5 
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Common Name Scientific Name Mean Lower Upper 

Blonde ray Raja brachyura 3 0 8 

Lumpsucker Cyclopterus lumpus 2 0 9 

Blue whiting Micromesistius poutassou 2 1 6 

Sea (15 spined) stickleback Spinachia spinachia 2 0 7 

Tub gurnard Chelidonichthys (Trigla) lucerna 2 1 5 

Pogge (armed bullhead) Agonus cataphractus 2 1 5 

Turbot 
Scophthalmus maximus (Psetta 
maxima) 2 0 8 

Pollack Pollachius pollachius 2 0 6 

Shore rockling Gaidropsarus mediterraneus 1 0 4 

Dragonet Callionymus lyra l. 1 0 3 

Common sandeel Ammodytes tobianus 1 0 2 

Topknot Zeugopterus punctatus 1 0 2 

Anchovy Engraulis encrasicolus (l.) 1 0 1 

Boar fish Capros aper 1 0 3 

Spotted ray Raja montagui 1 0 2 

Snake pipefish Entelurus aequoreus 0 0 1 

Transparent goby Aphia minuta 0 0 1 

Horse-mackerel (scad) Trachurus trachurus 0 0 1 

Nilsson's pipefish Syngnathus rostellatus 0 0 1 

Greater pipefish Syngnathus acus 0 0 1 

Mullet, red Mullus surmuletus l. 0 0 1 

Three-spined stickleback Gasterosteus aculeatus 0 0 1 

Smalleyed (painted) ray Raja microocellata 0 0 1 

Greater sandeel Hyperoplus lanceolatus 0 0 1 

Pearlside Maurolicus muelleri 0 0 1 

Northern rockling Ciliata septentrionalis 0 0 1 

Goby, black Gobius niger l. 0 0 0 

Red gurnard 
Chelidonichthys (Aspitrigla) 
cuculus 0 0 0 

Crystal goby Crystallogobius linearis 0 0 0 

Small-mouthed wrasse Centrolabrus exoletus 0 0 0 

Undulate (painted) ray Raja undulata 0 0 0 

Scaldfish Arnoglossus laterna 0 0 0 

Garfish Belone belone 0 0 0 

Sea snail indet Liparis spp 0 0 0 

European hake Merluccius merluccius 0 0 0 

Sandeels Ammodytidae 0 0 0 

Ballan wrasse Labrus bergylta 0 0 0 

Corkwing wrasse 
Symphodus (Crenilabrus) 
melops 0 0 0 

Lemon sole Microstomus kitt 0 0 0 
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Common Name Scientific Name Mean Lower Upper 

Sea lamprey Petromyzon marinus 0 0 0 

Solenette Buglossidium luteum 0 0 0 

Tompot blenny Parablennius gattorugine 0 0 0 

NA Clupeidae 0 0 0 

Skate eggcase* Skate eggcase 2 0 7 

Invertebrates 

Brown seaweeds indet Phaeophyceae 75,645 51,168 130,943 

Ghost shrimp Pasiphaea spp 18,362 12,349 24,155 

Common (brown) shrimp Crangon crangon 15,743 12,766 18,952 

Mud Mud 4,561 2,281 9,723 

Sea lettuce Ulva lactuca 3,593 2,067 6,074 

Pink shrimp Pandalus montagui 2,305 1,694 3,174 

Red seaweeds indet Rhodophyceae 2,008 1,241 3,086 

Green seaweed indet Chlorophyceae 1,385 775 2,298 

Common prawn Palaemon serratus 1,006 470 1,853 

Hydroid indet Hydroida (order) 603 408 1,002 

Marine litter - plastics Marine litter - plastics 598 445 957 

Hydroid Tubularia spp 591 427 927 

Sea gooseberry Pleurobrachia pileus 568 255 1280 

Anemone indet Anemone indet 480 324 659 

Jellyfish NA 272 7 1176 

Crab, edible Cancer pagurus 187 145 238 

Common swimming crab Polybius (Liocarcinus) holsatus 135 67 259 

Broken shell Broken shell 129 99 169 

Hermit crab indet Paguridae 93 0 372 

Epibenthic mix unidentified Epibenthic mix unidentified 90 30 191 

Green shore crab Carcinus maenas 54 14 165 

Bladder wrack Fucus vesiculosus 52 0 155 

Amphipod Phoxocephalidae 22 0 67 

Common cuttlefish Sepia officinalis 19 0 47 

Dahlia anemone Urticina (Tealia) felina 16 1 47 

Amphipod indet Amphipoda 12 7 19 

Sea grass Zostera spp 8 2 22 

Caprellid amphipod indet Caprellidea 7 3 14 

Japweed Sargassum muticum 7 0 28 

Velvet swimming crab Necora puber 6 3 13 

Cuttlefish (without cuttlebone) Sepiolidae 6 1 24 

Mussel indet Mytilidae (mollusca) 5 0 16 

Edible mussel Mytilus edulis 3 0 10 

Plumose anemone Metridium senile 2 0 6 
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Common Name Scientific Name Mean Lower Upper 

Ragworm indet Nereis spp / nereidae 2 1 5 

Polychaete worm indet Polychaeta 2 0 6 

Isopod Idotea spp (idoteidae) 2 1 3 

Gammaridean amphipod indet Gammaridae 1 0 4 

Swimming crabs indet Portunidae 1 0 3 

Long-leg spider crab Macropodia rostrata 1 0 4 

Macropodia sp indet Macropodia spp 1 0 3 

Curly weed Alcyonidium diaphanum 1 0 3 

Whelk eggs indet Buccinum eggs 1 0 2 

Wracks indet 
Fucus spp other fucoid algae 
(phaeophyceae) 1 0 2 

Lugworm Arenicola marina 1 0 2 

Cuttlefish (with cuttlebone) Sepia spp (sepiidae) 1 0 2 

Hermit in whelk 
Eupagurus / pagurus in 
buccinum 0 0 1 

Limpets Patellidae indet 0 0 1 

Ragworm Nereis diversicolor 0 0 1 

Whelk indet Buccinidae 0 0 1 

Ascidian Ascidiidae  0 0 1 

Morlog Morlog 0 0 1 

Bryozoan Bugula spp (bugulidae) 0 0 0 

Sea spider indet Nymphonidae 0 0 0 

Common whelk Buccinum undatum 0 0 0 

Bivalve indet Mollusca-bivalvia 0 0 0 

Ascidian Ascidiella scabra 0 0 0 

Ascidian Ascidiacea 0 0 0 

Cnidarian indet Cnidaria 0 0 0 

Common sea spider Pycnogonum littorale 0 0 0 

Hairy crab Pilumnus hirtellus 0 0 0 

Masked crab Corystes cassivelaunus 0 0 0 

Sponges indet Porifera 0 0 0 

Swimming crab Liocarcinus depurator 0 0 0 

* Elasmobranch egg case, not speciated 
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Appendix C Monthly impingement 

C.1 Monthly impingement of key species 

Monthly patterns in abundance of key finfish and invertebrate taxa impinged at HPB (Table 9) provide a 

higher resolution assessment of variation than impingement by quarter and complements the results by 

quarter from the bootstrapping (Table 6). However, unlike the quarterly estimates of impingement numbers, 

these data are not normalised. (Four samples were collected in June and two in October, while all other 

months had three sample visits).  

Of the key fish species recorded in the HPB CIMP, whiting, five-bearded rockling, thin-lipped grey mullet, 

gobies of the genus Pomatoschistus spp., and European flounder were recorded all year round at broadly 

similar densities. However, even these are subject to seasonal fluctuations in impingement. Other species, 

such as sprat and herring are impinged during a few months and scarce for the rest of the year. For 

example, 82% of sprat impinged by HPB were in the winter months January, November and December, 

whereas total impingement in the seven-month period from April to October accounted for <1% of total 

annual impingement. 
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Table 9 Monthly impingement rates of the key species assessed in this report, expressed as percentage of total impingement numbers during the 12-month 

HPB CIMP. Cells are colour-coded to highlight months of greatest impingement; dark green = 50 – 100% of total number impinged annually, light green 20 - 

<50%, yellow 5 - <20%, pink 1 - <5%, no colour < 1%.   

Species 
Raised 24-hour 

numbers from CIMP Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Finfish 

Sprat 43,403 33.1 13.9 4.2 0.5 0.1 0.0 0.0 0.0 0.0 0.1 26.9 21.2 

Atlantic Herring 40,432 0.3 0.2 1.6 1.0 0.6 1.9 9.1 33.7 41.1 2.8 6.2 1.5 

Whiting 10,057 6.8 2.0 14.5 5.3 1.6 1.1 3.3 16.8 20.5 3.6 11.7 12.8 

Sand goby (Pomatoschistus spp.) 9,722 7.7 3.8 16.1 4.5 1.7 0.5 2.1 16.8 7.8 6.8 16.4 15.8 

Dover sole 9,465 0.2 0.7 1.6 4.1 12.2 11.2 7.4 35.8 14.7 4.4 6.4 1.5 

Poor cod 4,251 2.8 1.0 2.4 0.1 0.1 1.0 18.0 57.3 3.6 0.7 6.4 6.5 

Five-bearded rockling 3,806 9.2 3.1 3.7 0.9 0.4 0.3 4.7 9.4 8.8 9.3 21.0 29.2 

Thin-lipped grey mullet 3,256 6.5 2.3 17.3 2.3 1.1 0.9 7.5 20.7 3.4 5.7 7.1 25.3 

Common sea snail 3,055 16.4 18.1 13.7 0.0 0.1 0.0 0.5 0.0 0.0 0.1 4.1 46.9 

Bib (pout-whiting) 2,729 0.8 0.6 0.6 0.0 0.0 5.2 19.9 50.5 14.7 1.3 2.7 3.6 

European Flounder 1,529 1.0 1.2 12.2 12.6 14.4 16.0 6.3 15.4 13.4 4.1 3.0 0.3 

Atlantic Cod 629 0.8 0.0 2.8 0.0 0.0 12.2 16.5 26.3 23.8 2.4 10.4 4.8 

Twaite shad 313 17.9 0.7 6.1 8.5 8.1 1.2 0.0 16.4 4.4 13.1 16.2 7.4 

Dab 279 2.2 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 36.6 55.6 

European sea bass 292 3.8 0.4 6.4 4.7 7.3 38.7 2.7 5.4 0.0 5.5 8.2 16.9 

European plaice 152 0.0 1.5 67.9 12.2 0.6 0.0 0.0 3.6 10.5 0.8 2.9 0.0 

Thornback ray 49 0.0 4.6 16.2 5.8 4.1 8.3 0.0 38.8 0.0 11.1 11.0 0.0 

European eel 15 6.8 0.0 0.0 0.0 55.1 14.7 0.0 0.0 0.0 8.0 15.4 0.0 

Horse-mackerel 9 0.0 0.0 0.0 0.0 87.3 0.0 0.0 0.0 0.0 12.7 0.0 0.0 

Blue whiting 6 31.1 53.8 0.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sea lamprey NA             

River lamprey NA             
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Sea trout NA             

Atlantic salmon NA             

Invertebrates 

Ghost shrimp 2,598,995 0.0 0.0 0.0 0.0 2.5 7.9 22.8 35.9 26.1 3.5 1.1 0.1 

Brown shrimp 1,462,132 3.6 3.0 7.1 2.5 3.4 4.3 9.6 24.1 11.1 9.8 8.7 12.9 

Pink shrimp 157,927 0.8 1.9 1.0 4.7 11.9 13.9 3.7 2.9 12.3 22.0 17.4 7.5 
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Appendix D Observed numbers of key species at HPB 

D.1 Numbers Observed during the 2021/22 CIMP 

The total seawater volume sampled during the 2021/22 CIMP was 56.2 million cumecs, or 5.2% of the total 

HPB seawater abstraction at full operational capacity. Observed numbers of the majority of fish species are 

low, for example observed numbers of cod and European seabass were 183 and 209 individuals 

respectively (Table 10). Differences between observed and raised numbers per 24-hours are due to the 

various levels of raising applied to the data, outlined in sections 2.5.3 to 2.5.6. This raising takes into account 

reduced sample durations, unsampled screen wash channels, pumping capacity and any missing hourly, or 

bulk, samples. As a result, the raising factors applied vary between samples and sample visits.  

Table 10 The observed number of key species impinged, the number raised to 24-hour and the estimated 

bootstrapped numbers impinged per annum at HPB. 

Species 

Actual number 

sampled during 

2021/22 CIMP 

Raised 24-hour 

numbers from 

2021/22 CIMP 

Number 

impinged per 

annum at HPB 

Sprat 20,799 43,403 465,740 

Atlantic herring 6,789 40,432 460,277 

Whiting 3,570 10,057 110,277 

Sand goby (Pomatoschistus spp.) 3,734 9,722 106,282 

Dover sole 3,719 9,465 102,271 

Poor cod 854 4,251 48,373 

Five-bearded rockling 2,001 3,806 42,728 

Thin-lipped grey mullet 1,341 3,256 35,858 

Common sea snail 1,281 3,055 32,952 

Bib (pout-whiting) 505 2,729 30,964 

European flounder 659 1,529 15,678 

Atlantic cod 183 629 7,016 

Twaite shad 152 313 3,348 

Dab 154 279 3,182 

European sea bass 209 292 2,953 

European plaice 35 152 1,549 

Thornback ray 21 49 532 

European eel 7 15 141 

Horse-mackerel 2 9 86 

Blue whiting 6 6 63 

European hake 1 1 9 

Sea lamprey* 0 0 0 

River lamprey 0 0 0 

Allis shad 0 0 0 

Sea trout 0 0 0 

* One sea lamprey was recorded in the additional data, which was not used in the final annual dataset. 
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Appendix E RIMP trends  

E.1 Trend analysis from the RIMP data series 

Trend analyses in the RIMP data series follow the same methods reported in Appendix C of BEEMS 
SPP112. In this appendix, these analyses are repeated to include additional years of data (2018 and 2019) 
that were made available after the publication of SPP112. The methods and results are presented below.  
 
Trends in fish numbers may be assessed using the Mann-Kendall statistic (Mann, 1945; Kendall, 1975). For 
a particular species, this looks at all pairs of counts (Cj,Ck) in the time series. If Ck>Cj then the pair scores a 
1, if Ck<Cj then the pair scores a -1, if they are the same then the score is 0. The statistic MK is the sum of 
all these scores. Thus, an increasing series would have a positive score; a decreasing series would have a 
negative score. This statistic only measures trend in some average sense over the whole range of years. 
Thus, it could detect generally increasing positive or negative trends. 
 

The previous analysis of the RIMP dataset is extended to account for any existence of different rates of 

impingement in different months of the year. We implement the Seasonal Kendall Test (SKT) for trends which 

is insensitive to month-to-month variation in impingement rates. This test is conducted by computing the Mann-

Kendall (MK) test separately for each month, 𝑖. Denote the set of 𝑛 (𝑛𝑖=37 for our series observations in the 

𝑖𝑡ℎ month) by 𝑌𝑖𝑗 (𝑗=1,…,𝑛𝑖) and the set of 𝑚𝑖 observations which occur in a later year than 𝑌𝑖𝑗 by 𝑌𝑖𝑘 (𝑘=1,…,𝑝𝑖). 

We then calculate the statistic  

𝑀𝐾𝑖 =  ∑ ∑ 𝑠𝑔𝑛(𝑌𝑖𝑗 , 𝑌𝑖𝑘)

𝑚

𝑘=1

𝑛

𝑗=1

 

where 𝑠𝑔𝑛 is an indicator function for month 𝑖. This function takes on the values of 1, 0 or -1 according to the 
sign of the difference in 𝑌𝑖𝑗 − 𝑌𝑖𝑘.  

To facilitate comparison, we report the test statistic standardised by the number of paired comparisons 𝑛𝑖(𝑛𝑖 −
1)/2. 

𝑡𝑎𝑢𝑆𝐾 = ∑
𝑀𝐾𝑖

𝑛𝑖(𝑛𝑖 − 1)/2
𝑖

 

Thus, if there is a perfect increasing series then the statistic will have value +1; if there is a perfect decreasing 

series then the statistic will have value -1. 

Under the alternative hypothesis of some form of trend (not specifying positive or negative trend) p-values are 

calculated using a z-test, dividing the test statistic by its standard deviation. We use the rkt package (Marchetto 

2017) in R version 4.1.2 (R Development Core team, 2022) to compute these p-values, which corrects for 

missing values and correlation between months. The SKT test is based on one value per month, which 

matches the RIMP sampling. Therefore, in seven cases where the sampling was carried at the end of the 

adjacent month the analysis used the target month, and an additional sample in 1983 (28/12/1983) was 

dropped. To minimise the number of spurious trends, no statistics were computed for species with less than 

three observations in each period (1981-1999, 2000-2019 or 1981-2019). This threshold effectively reduced 

the number of species, as 19 species were found to have less than three observations in the 38-year period. 

An additional seven species were found to have less than five observations, but we adopt a conservative 

approach so as not to eliminate species of interest.  

The Seasonal Kendall’s Test is not able to tease out more subtle situations where, for example, the trend 

increases and then decreases. Thus, it is important to consider this statistic in conjunction with plots of the 

data. Where a statistically significant trend is observed, we therefore plot the data for each species with a 
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LOESS smoothing curve to illustrate trends. This local polynomial method combines robustness ideas from 

linear regression and local fitting ideas from kernel methods. Polynomials are fit to the data in a selected 

window and the predicted response at the middle of the window is the fitted value. We then slide the window 

over the range of the data, repeating the fitting process as the window moves.   

E.1.1 Trend analysis results 

Separate Seasonal Kendall Test statistics and associated p-values for each of the RIMP species in 1981-

1999, 2000-2019 and for the full time period 1981-2019 have been calculated. The results are shown in Table 

11. All values for which the p-value was less than 0.05 are shown in bold. There are several species with 

statistically significant trends as shown in the table and the direction of the trend can be determined from the 

sign of the statistic (tau) and plots (Figure 12 to Figure 19).  

The trend analysis shows very similar results to those presented in BEEMS Scientific Position Paper SPP112. 

On seven occasions (highlighted in green in Table 11) a previously significant trend is no longer significant. 

The species to which this applies were hooknose, Twaite shad, European eel, reticulated dragonet, golden 

mullet, brill and black sea bream. However, the proximity to α = 0.05 and the strength of the tau parameter 

should be interpreted in relation to the associated figures and number of fish in the sample. for four species 

(highlighted in purple in Table 11), a significant trend was observed whereas previously it had not been. These 

were tub gurnard, northern rockling, Dover sole and greater pipefish. 

As previously observed, European eel was subject to a decline in impingement rates in the RIMP for the 

duration of the program between 1981 and 2019 (tau = -0.187, p = < 0.001, Table 11 and Figure 12). Likewise 

European eel had previously seen a significant decline in RIMP impingement rates between 2000 and 2017 

(tau = -0.063, p = 0.037), however between 2000-2019 this was no longer significant (tau = -0.05, p = 0.065). 

Between 1981 and 2019 herring increased significantly (tau = 0.314, p < 0.001) as did cod (tau = 0.131, p = 

0.011), and sprat (tau = -0.173, p < 0.001). Twaite shad had previously seen a significant decline in RIMP 

impingement rates between 1981 and 2017, however between 1981-2019 this was no longer significant (tau 

= -0.074, p = 0.114). Between 2000 and 2019 Dover sole increased significantly (tau = 0.126, p < 0.036), 

whereas this was not significant between 2000 and 2017. 

Table 11 Calculated Seasonal Kendall Test statistics. Results with significant trends highlighted in bold text. 

A positive value of tau indicates a positive trend and a negative value a negative trend in impingement rates. 

Some species were observed less than three times during a given time period and no statistics are 

calculated for them. For clarity, any species with less than three observations in 1981-2019 is omitted from 

the table. Cells highlighted in green no longer have a significant trend, those highlighted in purple did not 

have a significant trend in BEEMS Scientific Position Paper SPP112 (1981-2017) but are now significant.  

 Species  Common name 
1981-2019 1981-1999 2000-2019  

tau p tau p tau p No. fish 

Agonus cataphractus Hooknose 

(Pogge) 0.05 0.084 0.061 0.167 0.038 0.357 254 

Alosa fallax Twaite shad -0.074 0.114 0.05 0.531 0.007 0.892 598 

Ammodytes tobianus Common sand 

eel 0.026 0.066 -0.008 0.65 0.036 0.116 35 

Anguilla anguilla European Eel -0.187 0 -0.057 0.194 -0.05 0.065 341 

Aphia minuta Transparent 

goby 0.017 0.626 -0.049 0.289 0.022 0.685 575 
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 Species  Common name 
1981-2019 1981-1999 2000-2019  

tau p tau p tau p No. fish 

Atherina boyeri Sand smelt 0.019 0.229 0.028 0.184 -0.008 0.752 35 

Callionymus lyra Dragonet -0.005 0.749 0.037 0.134 -0.057 0.015 97 

Callionymus 

reticulatus 

Reticulated 

dragonet 0.018 0.017 NA NA 0.028 0.06 15 

Capros aper Boarfish 0.026 0.003 NA NA 0.044 0.011 20 

Chelidonichthys 

lucerna 

Tub gurnard 

0.024 0.308 -0.011 0.715 0.091 0.016 90 

Chelon auratus  Golden grey 

mullet  0.003 0.829 0.032 0.056 -0.04 0.077 25 

Chelon labrosus Thick-lipped 

grey mullet -0.004 0.593 0.031 0.047 NA NA 8 

Chelon ramada Thin-lipped grey 

mullet 0.156 0.001 0.035 0.585 0.039 0.496 2026 

Ciliata mustela Five-bearded 

rockling 0.264 0 0.221 0.009 0.081 0.297 3077 

Ciliata septentrionalis Northern 

rockling 0.035 0.049 0.039 0.156 0.008 0.768 120 

Clupea harengus Atlantic Herring 0.314 0 0.072 0.047 0.129 0.125 6532 

Conger conger Conger eel 0.044 0.273 0.039 0.376 -0.002 0.98 370 

Crystallogobius 

linearis 

Crystal goby 

-0.013 0.019 -0.006 0.58 NA NA 9 

Ctenolabrus rupestris Goldsinny 

wrasse -0.01 0.063 -0.008 0.416 NA NA 6 

Cyclopterus lumpus Lumpsucker -0.044 0.004 -0.055 0.034 -0.011 0.456 117 

Dicentrarchus labrax European 

seabass 0.115 0.054 0.242 0.007 -0.077 0.343 3439 

Echiichthys vipera Lesser weever 0.012 0.027 NA NA 0.019 0.042 5 

Engraulis encrasicolus Anchovy -0.003 0.63 -0.01 0.43 NA NA 8 

Entelurus aequoreus Snake pipefish, 

Snake 0.038 0.318 -0.003 0.927 -0.086 0.198 751 

Eutrigla gurnardus Grey Gurnard 0.184 0 0.129 0.032 0.137 0.068 943 
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 Species  Common name 
1981-2019 1981-1999 2000-2019  

tau p tau p tau p No. fish 

Gadus morhua Atlantic Cod 0.131 0.011 0.206 0.006 -0.024 0.735 2216 

Gaidropsaurus 

vulgaris 

Three-bearded 

rockling 0.016 0.082 NA NA 0.011 0.504 15 

Gasterosteus 

aculeatus 

Three-spined 

stickleback 0.027 0.249 0.036 0.069 -0.071 0.076 73 

Gobius niger Black goby -0.007 0.557 0.002 0.926 -0.044 0.02 26 

Gobius paganellus Rock goby 0.027 0.001 NA NA 0.02 0.149 13 

Hyperoplus 

lanceolatus 

Greater sandeel 

0.002 0.809 NA NA -0.022 0.185 8 

Labrus bergylta Ballan wrasse -0.013 0.194 -0.008 0.66 -0.017 0.144 16 

Lampetra fluviatalis River lamprey -0.006 0.472 0.029 0.039 NA NA 9 

Limanda limanda Dab -0.118 0.002 -0.038 0.493 0.024 0.576 1855 

Liparis liparis Common sea 

snail -0.03 0.358 -0.066 0.172 0.021 0.68 3810 

Lophius piscatorius Angler fish -0.006 0.466 -0.028 0.051 0.013 0.225 22 

Maurolicus muelleri Pearlsides 0.018 0.351 0.075 0.006 -0.052 0.073 59 

Merlangius merlangus Whiting 0.074 0.211 0.277 0.004 -0.127 0.1 56748 

Merluccius merluccius Hake -0.169 0 -0.087 0.177 NA NA 201 

Micromesistius 

poutassou 

Blue whiting 

0.016 0.128 NA NA -0.011 0.573 70 

Molva molva Ling -0.002 0.627 NA NA NA NA 4 

Mullus surmuletus Red mullet 0.016 0.207 0.014 0.384 -0.027 0.183 157 

Parablennius 

gattorugine 

Tompot blenny 

-0.004 0.47 0.007 0.484 NA NA 6 

Platichthys flesus European 

Flounder 0.031 0.516 0.175 0.009 -0.144 0.05 3506 

Pleuronectes platessa European Plaice 0.051 0.057 0.074 0.041 -0.027 0.52 224 

Pollachius pollachius Pollack -0.042 0.109 -0.007 0.869 -0.057 0.133 147 

Pomatoschistus 

lozanoi 

Lozano's goby 

0.092 0.019 NA NA 0.175 0.023 1217 
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 Species  Common name 
1981-2019 1981-1999 2000-2019  

tau p tau p tau p No. fish 

Pomatoschistus 

microps 

Common goby 

0.088 0.007 0.042 0.139 0.049 0.379 210 

Pomatoschistus 

minutus 

Sand goby 

0.049 0.444 0.152 0.113 -0.187 0.052 12707 

Pomatoschistus pictus Painted goby -0.004 0.392 NA NA NA NA 6 

Psetta maxima Turbot 0.011 0.442 0.011 0.527 -0.017 0.499 32 

Raja clavata Thornback ray 

(roker) -0.004 0.875 -0.013 0.744 0.011 0.704 99 

Raniceps raninus Tadpolefish -0.009 0.106 -0.014 0.177 NA NA 5 

Salmo salar Atlantic salmon -0.004 0.505 -0.004 0.685 -0.012 0.213 11 

Scophthalmus 

rhombus 

Brill 

-0.021 0.069 -0.024 0.282 0.003 0.777 23 

Scyliorhinus canicula Lesser-spotted 

dogfish 0.107 0 0.008 0.78 0.088 0.01 104 

Solea solea Dover sole 0.331 0 0.237 0.001 0.126 0.036 10884 

Spinachia spinachia 15-spined 

stickleback -0.003 0.712 -0.002 0.881 -0.008 0.546 8 

Spondyliosoma 

cantharus 

Black sea bream 

-0.014 0.022 0.006 0.644 NA NA 7 

Sprattus sprattus Sprat 0.173 0 0.126 0.023 0.078 0.192 67766 

Syngnathus acus Greater pipefish -0.002 0.921 0.09 0.016 -0.09 0.002 43 

Syngnathus rostellatus Pipefish, 

Nillson's 0.014 0.508 -0.024 0.345 0.003 0.939 94 

Trachurus trachurus Scad (Horse 

mackerel) -0.008 0.383 0.004 0.831 0.007 0.565 18 

Trisopterus esmarkii Norway pout -0.068 0.024 0.001 0.984 -0.037 0.28 305 

Trisopterus luscus Pout -0.209 0.003 0.018 0.855 -0.333 0.001 4160 

Trisopterus minutus Poor cod -0.171 0.009 -0.078 0.366 -0.16 0.105 7741 

Zeus faber John Dory 0.002 0.66 NA NA NA NA 6 
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Figure 12 Species plots for eel, Atlantic salmon and twaite shad. Loess smooths applied to the full period 

(1981-2019, red dashed lines), 1981-1999 (in green), and 2000-2019 (in blue). The grey dashed vertical line 

indicates December 1999, when Hinkley Point A stopped extracting cooling water. Zero values omitted for 

clarity. Values are for each sample visit raised to 24-hours at full pumping capacity. 
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Figure 13 Species plots for bass, cod, herring and whiting. Loess smooths applied to the full period (1981-

2019, red dashed lines), 1981-1999 (in green), and 2000-2019 (in blue). The grey dashed vertical line 

indicates December 1999. Zero values omitted for clarity. Values are for each sample visit raised to 24-hours 

at full pumping capacity. 
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Figure 14 Species plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each species. The 

grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample visit raised to 

24-hours at full pumping capacity. 
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Figure 15 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each 

species. The grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample 

visit raised to 24-hours at full pumping capacity. 
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Figure 16 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each 

species. The grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample 

visit raised to 24-hours at full pumping capacity. 
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Figure 17 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each 

species. The grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample 

visit raised to 24-hours at full pumping capacity. Liza ramada refers to Chleon ramada, the R code uses a previous name. 
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Figure 18 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each 

species. The grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample 

visit raised to 24-hours at full pumping capacity. 
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Figure 19 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each 

species. The grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2019. Values are for each sample 

visit raised to 24-hours at full pumping capacity. 

 


