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1. Introduction

1.1. Legislative Requirement

Filter feeding, bivalve molluscan shellfish (e.g. mussels, clams, oysters) retain and
accumulate a variety of microorganisms from their natural environments. Since filter
feeding promotes retention and accumulation of these microorganisms, the
microbiological safety of bivalves for human consumption depends heavily on the
quality of the waters from which they are taken.

When consumed raw or lightly cooked, bivalves contaminated with pathogenic
microorganisms may cause infectious diseases (e.g. Norovirus-associated
gastroenteritis, Hepatitis A and Salmonellosis) in humans. Infectious disease
outbreaks are more likely to occur in coastal areas, where bivalve mollusc production
areas (BMPASs) are impacted by sources of microbiological contamination of human
and/or animal origin.

In England and Wales, fish and shellfish constitute the fourth most reported food
item causing infectious disease outbreaks in humans after poultry, red meat and
desserts (Hughes et al., 2007).

The risk of contamination of bivalve molluscs with pathogens is assessed through
the microbiological monitoring of bivalves. This assessment results in the
classification of BMPAs, which determines the level of treatment (e.g. purification,
relaying, cooking) required before human consumption of bivalves (Lee and
Younger, 2002).

Under EC Regulation 854/2004 laying down specific rules for the organisation of
official controls on products of animal origin intended for human consumption,
sanitary surveys of BMPAs and their associated hydrological catchments and coastal
waters are required in order to establish the appropriate representative monitoring
points (RMPs) for the monitoring programme.

The Centre for Environment, Fisheries & Aquaculture Science (Cefas) is performing
sanitary surveys for new BMPAs in England and Wales, on behalf of the Food
Standards Agency (FSA). The purposes of the sanitary surveys are to demonstrate
compliance with the requirements stated in Annex Il (Chapter Il paragraph 6) of EC
Regulation 854/2004, whereby ‘if the competent authority decides in principle to
classify a production or relay area it must:

a) make an inventory of the sources of pollution of human or animal origin
likely to be a source of contamination for the production area;



b) examine the quantities of organic pollutants which are released during the
different periods of the year, according to the seasonal variations of both
human and animal populations in the catchment area, rainfall readings,
waste-water treatment, etc.;

c) determine the characteristics of the circulation of pollutants by virtue of
current patterns, bathymetry and the tidal cycle in the production area; and

d) establish a sampling programme of bivalve molluscs in the production area
which is based on the examination of established data, and with a number
of samples, a geographical distribution of the sampling points and a
sampling frequency which must ensure that the results of the analysis are
as representative as possible for the area considered.’

EC Regulation 854/2004 also specifies the use of Escherichia coli as an indicator of
microbiological contamination in bivalves. This bacterium is present in animal and
human faeces in large numbers and is therefore indicative of contamination of faecal
origin.

In addition to better targeting the location of RMPs and frequency of sampling for
microbiological monitoring, it is believed that the sanitary survey may serve to help to
target future water quality improvements and improve analysis of their effects on
shellfish hygiene. Improved monitoring should lead to improved detection of pollution
events and identification of the likely sources of pollution. Remedial action may then
be possible either through funding of improvements in point sources of
contamination or as a result of changes in land management practices.

This report documents the information relevant to undertake a sanitary survey for
mussels (Mytilus spp.) and cockles (Cerastoderma edule) within the Lune bivalve
mollusc production area. The area was prioritised for survey in 2013-14 by a shellfish
hygiene risk ranking exercise of existing classified areas.



1.2. Area Description

The Lune production area is situated in the southern end of Morecambe Bay, on the
north west coast of England and extends from Heysham to Fleetwood. It is a

relatively open embayment, predominantly of intertidal sandflats, into which the
estuaries of the Lune and the Wyre drain.
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Figure 1.1 Location of the Lune

The survey area forms part of the Morecambe Bay Special Protection Area (SPA),
Special Area of Conservation (SAC) and Ramsar Site. Sections have also been
designated as Sites of Special Scientific Interest (SSSIs) and a National Character



Area (NCA). These designations are a result of its estuarine habitats; large intertidal
flats, salt marshes, reefs and sand/shingle banks and the wildlife that they attract
including aggregations of internationally and nationally important species of
overwintering birds.

The adjoining estuaries host a commercial port and a ferry port, two yacht clubs and
two marinas, and a significant fishing fleet. Shellfisheries within the area are for wild
mussels, which grow on several discrete rocky areas, and every few years there are
major settlements of cockles which attract high levels of commercial harvesting.

1.3. Catchment

Figure 1.2 illustrates land cover within the hydrological catchment which covers an
area of approximately 1,300 km? (Environment Agency, 2009). It is predominantly
covered by rural land (pasture), with small clusters of urbanised land primarily
concentrated close to the coast representing the towns of Blackpool, Fleetwood and
Heysham. Approximately 20% of the catchment, in the north east, is within the
Yorkshire Dales and a small corner in the north west of the catchment is within the
Lake District; both largely comprise moors and heathland with smaller areas of peat
bogs and mixed and coniferous forest. The Forest of Bowland and
Arnside/Silverside Areas of Outstanding Natural Beauty (AONB) exist in the south of
the catchment. Arable land is restricted to the southern catchment where the soll
quality is more suitable (Environment Agency, 2009).

Different land cover types will generate differing levels of contamination in surface
runoff. Highest faecal coliform contribution arises from developed areas, with
intermediate contributions from the improved pastures and lower contributions from
the other land types (Kay et al. 2008a). The contributions from all land cover types
would be expected to increase significantly after marked rainfall events, particularly
for improved grassland which increase up to 100 fold.

The north and west of the catchment features steep slopes whereas flatter terrain
exists to the east and south. Soils are of low permeability in the upper catchment,
and are generally of moderate permeability in the lower catchment (NERC, 2012).
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Figure 1.2 Landcover in the Lune catchment area



2. Recommendations

It is recognised that shifting stock distributions may result in changes to the exact
location of some RMPs. Where needs be, RMP locations may be adjusted to reflect
this. Any change in RMP location should follow the principles identified in these
recommendations to ensure they are best protective of public health. New RMP
locations should be recorded via GPS, noted on sample submission forms, and
communicated to Cefas.

2.1. Cockles

The following four zones are proposed for cockles:

Middleton Sands. This zone lies to the north of the Lune estuary approach channel,
and contains the Middleton Sands cockle bed. The main contaminating influence is
the ebb plume from the Lune estuary. It is therefore recommended that the RMP be
located at the south eastern tip of this bed to best capture contamination from this
source.

Lune Island. This zone contains a discrete cockle bed (Lune Island) which lies on a
sandbank just to the south of the Lune approach channel. Again, the main
contaminating influence will be the ebb plume from the Lune estuary, so it is
recommended that the RMP is located at the eastern tip of this bed to best capture
contamination from this source.

Pilling Sands. This zone includes the Pilling Sands cockle bed. The ebb plume from
the Lune estuary will pass this bed to the north under most conditions, and the ebb
plume from the Wyre will be carried north and west, and therefore away from this
bed. The most significant local sources are three watercourses/surface water
outfalls. Contamination washing off the Cockerham saltmarshes where sheep are
grazed, and from geese which graze the saltmarshes and adjacent fields during the
winter, are also likely to be an influence. Contamination from all these will be carried
through the area in drainage channels at lower states of the tide, within which quite
high concentrations of bacterial indicators may arise. The river Cocker and the
Cockerham marshes are likely to represent the largest combined input. It is
therefore recommended that the RMP be located immediately adjacent to the Cocker
drainage channel, or if the bed does not extent this far east, at its eastern tip.

Fleetwood. This zone includes a small cockle bed at Marine Beach Fleetwood. It is
in close proximity to the mouth of the Wyre estuary, the ebb plume from which will be
the main contaminating influence. It is therefore recommended that the RMP be
located at the south eastern tip of this bed to best capture contamination from this
source.
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The following specifications apply to all cockle RMPs:

e They will only require classification if the IFCA identify that there are sufficient
stocks to open a fishery. This may only occur every 5-10 years, but when it
does a high level of effort is anticipated, so classifications must be in place
before the fishery opens. Not all beds/zones may require classification when
such an event does occur.

e The sampling interval should be monthly. The months of May and June may
be omitted assuming all other 10 months are sampled. Currently preliminary
classification may be issued immediately using data from current monitoring
of other classification species (following a RMP assessment). A provisional
classification can be issued on the basis of 10 samples taken not less than a
week apart.

e Samples should be of animals of a harvestable size (20 mm).

e Samples should be hand gathered.

e A tolerance of 100 m applies to ensure that there are sufficient stocks for
repeated sampling.

2.2. Mussels
The following four zones are proposed for Mussels:

Plover Scar. The Plover Scar bed does not currently hold harvestable stocks of
mussels, but has in the past so a sampling plan is required in case it regenerates. It
lies on the southern shore of the mouth of the Lune estuary. As such, the ebb plume
from this estuary will be the main contaminating influence. It is therefore
recommended that the RMP is located on the north eastern tip of this bed to best
capture contamination from this source.

Wyre Estuary. This includes the Sea Centre mussel bed which lies on the east bank
of the outer reaches of the Wyre estuary. Within this estuary there is likely to be an
underlying gradient of increasing levels of contamination towards its head. Preesall
STW discharges to the east bank of the Wyre estuary about 500 m south of this
mussel bed, although it provides UV treatment and so the bacterial loading it
generates is typically minor. It is therefore recommended that the RMP is located at
the southern extremity of this mussel bed.

Wyre Approaches. This zone includes several discrete mussel beds lying either side
of the Wyre estuary approach channel. The ebb plume from the Wyre estuary will be
the main contaminating influence within this zone. It is therefore recommended that
the RMP is located at the southern extremity of the Knott Spit mussel bed.

Rossall and Kings Scar. This zone includes three discrete mussel beds which lie on
the edge of the intertidal between Rossall Point and Kings Scar. The ebb plume
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from the Wyre estuary is likely to be an influence here, but not to the extent that it is
in the Wyre approaches. There is an intermittent discharge to the subtidal about
1km west of Rossall Point, but this will only be an occasional influence. The
Fleetwood Marsh STW, which is a large works only providing secondary treatment
discharges to the edge of the Lune Deep about 5 km off Rossall Point. The flood
tide will carry the plume from this discharge along the edge of this deepwater
channel directly towards the Kings Scar mussel bed, which also lies on the edge of
this channel. Although the distance between the two is just over 4km, given the high
bacterial loading the STW generates, and the direct path towards the bed, it is
recommended that the RMP is located on the north western corner of the King Scar
mussel bed to best capture its’ plume.

There are also some intermittent discharges in the Rossall Point area
The following specifications apply to all mussel RMPs:

e The sampling interval should be monthly, and sampling should be undertaken
all year round.

e Samples should be of animals of a harvestable size (45 mm).

e Samples should be hand gathered.

e A tolerance of 50 m applies to ensure that there are sufficient stocks for
repeated sampling.

12



3. Sampling Plan

3.1. General Information

Location Reference

Production Area

Cefas Main Site Reference
Ordnance survey 1:25,000 map

Admiralty Chart Nos.

Lune

M066
296

2010, 1552

Shellfishery

Mussels
Cockles

Species/culture

Wild
Wild

Seasonality of
harvest

Currently closed on conservation grounds. Closed season for cockles
1* May to 31* August when open. No closed season for mussels.

Local Enforcement Authorities

Name

Environmental Health Officer
Telephone number @
Fax number =

Environmental Health
Wyre Borough Council
Wyre Civic Centre
Breck Road
Poulton-Le-Fylde
Lancashire FY6 7PU
Neil Greenwood
01253 891000

E-mail =7 ngreenwood@wyrebc.gov.uk
Environmental Health Department
Lancaster City Council

Name Town Hall
Morecambe

Environmental Health Officer
Telephone number @

Fax number =

E-mail =7

Lancashire LA4 5AF

Suzanne Lodge

01524 582935

01524 582709
shellfishaction@lancaster.gov.uk

3.2. Requirement for Review

The Guide to Good Practice for the Microbiological Monitoring of Bivalve Mollusc
Harvesting Areas (EU Working Group on the Microbiological Monitoring of Bivalve
Mollusc Harvesting Areas, 2010) indicates that sanitary assessments should be fully
reviewed every 6 years, so this assessment is due a formal review in 2019. The
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assessment may require review in the interim should any significant changes in
sources of contamination come to light, such as the upgrading or relocation of any
major discharges.
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Table 3.1 Number and location of representative monitoring points (RMPs) and frequency of sampling for classification zones within the Lune

RMP Latitude & Growing | Harvesting | Samplin
RMP NGR | Longitude Species g . g ping Tolerance | Frequency Comments
name (WGS84) method | technique | method
. Middleton | SD o ,
Middleton B0O66U* | Sands 4162 o3 58'99,N Ten samples, ,
Sands 02° 53.50'W Only requires
South 5450 sampled not less e
than 1 week apart classification if
Lune Island BO66V** :_l:ned 2552 53" 58.25N if provisional " and when the
une Islan slan 02° 55.41'W provisional. IFCA identify the
East 5314 classification is
Pilling SD required prospect of a
: ' Cockles | Wild Hand Hand 100 m - fishery opening.
Pilling Sands | BO66W* | Sands 4183 32;557:;,8279',\'\/\/ Otherwise monthly. Y opening
East 5241 : The months of May -
Feasibility of
and June need not . .
Existing SD be sampled sampling Marine
Marine 53° 55.81°'N . ' Beach needs to
Fleetwood RMP Beach 3320 03° 01.13'W assuming all other be confimed
BO66R** 4870 ' 10 months are. '
No harvestable
SD o , stock at present,
Plover Scar B066X* Plover 4250 530 58'92,N may require
Scar 02° 52.70'W e
5435 reclassification if
stocks recover.
Sea SD Little, if any
53° 55.02’'N '
W E B Y** 4 i
yre Estuary | BOB6Y™ ) Centre | 3450 | )0 59 92w | Mussels | wild Hand Hand 50 m Monthly harvesting
South 4722 activity in the
SD o , area at present.
varreoaches BO66Z** | Knott Spit | 3419 gg gg;;\'fv
bp 4862 ' Feasibility of
. SD o , sampling King’s
E_ossag and B66AA* glngs 3056 ggo gg;?{;‘v Scar needs to
ings Scar car 5049 . be confirmed.

* Lancaster CC; *Wyre CC
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4. Shellfisheries

4.1. Species, location and extent

Shellfish resources within the survey area comprise naturally occurring cockles and
mussels. These are all managed by the North Western IFCA under their local
byelaws.

Cockle beds
B Mussel beds

| 3
Produced by the Centre for Environment, Fisheries and Aquaculture Science, Weymouth Laboratory. 0 2 4 r

@ Crown Copyright and Database [2013]. All rights reserved.

Ordnance Survey licence number [10000356745) kilometres

Figure 4.1: Approximate distribution of shellfish within the survey area

Distributions and densities of cockles vary significantly from year to year, and this is
reflected in harvesting. There has not been any significant cockle recruitment in the
Morecambe Bay area since 2008, and although there are small numbers of cockles
still present in the area there are no beds holding commercial densities at present.
Significant spatfalls are likely to occur at some point in the future, and the main
resulting concentrations of harvestable stocks tend to fall in the discrete areas
indicated in Figure 4.1. Historically, some very dense settlements have occurred
within the survey area, and up to 650 individuals have been recorded working in
harvesting the Morecambe Bay area at such times. The last significant fisheries
occurred in 2003-2005 and 2007-2008, and were preceded by a long period of low
stocks stretching back to the mid 1990s. The cockle fishery within the survey area
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(and the wider Morecambe Bay area) is currently closed under byelaw 13a to protect
remaining stocks, which are considered to be below safe biological limits.

Mussel distributions tend to be more stable from year to year, as they only settle on
firm substrates such as the rocky skears off Fleetwood, although the amount of
harvestable stock may vary. Currently there is no commercial stock on the Plover
Scar bed, by the mouth of the Lune estuary. The Wyre Estuary and Fleetwood
mussel beds had abundant recruitment in 2012, and some recruitment in 2013,
although some stock has been lost to storms and natural mortality. These beds are
currently open for harvesting, and have been harvested commercially in recent
years. The IFCA indicate that recent mussel harvesting activity in the Morecambe
Bay area has been directed towards beds outside of the area considered in this
survey however.

4.2. Growing Methods and Harvesting Techniques

All stocks considered in this report are wild. The intertidal cockles and mussels are
exploited by hand gathering.

4.3. Seasonality of Harvest, Conservation Controls
and Development Potential

Currently, the fishery is managed under the NW IFCA’s byelaws. The cockle fishery
in this district, when open, operates a closed season running from 1% May to 31%
August to protect settling spat. There is no closed season for mussels. Statutory
minimum landing sizes apply to cockles (20 mm) and mussels (45 mm). Gear
limitations (hand gathering only) apply to the intertidal cockle and mussel fisheries,
limiting levels of exploitation and preventing the use of techniques more destructive
to the stocks and the habitat. Both cockles and mussels are a public fishery and
anyone is allowed to take up to 5 kg of each species per calendar day (unless the
fishery is closed under byelaw 13a). Greater (commercial) quantities can only be
taken by licensed operators. Permits are issued by the NW IFCA, allowing
exploitation of cockle and mussel beds within the entire district. A total of 280
permits were issued for the 2013/14 season.

Cockle stocks are likely to fluctuate significantly in their overall biomass and their
distribution around the area. Success of spatfalls may vary greatly between years
and storms, temperature extremes, diseases, predation and of course exploitation
can all affect them and mass mortalities may occur at times. A pattern of long
periods of low stock levels, with sporadic large recruitment events resulting in a
significant fishery for a year or two has been apparent in the recent past in cockle
beds in the north west. The next significant recruitment event is likely to spark a
major fishery in the area.
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Mussel stocks are likely to vary in quantity from year to year, but not in their
distribution. As such they are a much more stable resource, but are of course
subject to natural fluctuations in population size and structure. Over the last decade
hand-gathering for market size mussels has declined to very low levels, probably
due to a combination of low prices and a diminishing demand for the wild product as
the availability of high quality “clean” cultivated mussels has increased (Knott &
Houghton, 2012).

There are proposals to replace local byelaws with a hybrid fishery order in the near
future. Implementing a hybrid order would allow a ‘suite’ of adaptive management
measures that are flexible to stock levels and environmental considerations,
including restricting numbers of licences and fishing methods, setting fees,
implementing permanent and temporary spatial and temporal closures, designating
access and landing points, enforcing total allowable catches (TACs) and bag limits,
and restricting fishing hours’ (Knott & Houghton, 2012).

4.4. Hygiene Classification

Table 4.1 Historical hygiene classifications, 2004 to present

Bed name Species 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Sunderland Bank Cockles B B-LT B B B B B-LT

Cockerham Sands Cockles B B-LT B B B B B-LT B-LT B-LT B-LT
Middleton Sands Cockles B B B B B-LT

Pilling Sands Cockles B B B B B-LT B-LT B-LT B-LT
Knott Spit Mussels Cc B B B B B B B B-LT B-LT
Wyre End Scar Mussels B B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT
Perch Scar Mussels B B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT
Kings Scar Mussels B B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT
North Wharf Mussels B B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT B-LT
Plover Scar Mussels P P Cc B B B B-LT B-LT B-LT
Rossall Point Mussels B B B B B B

The Neckings Mussels B B B B B B

Sea Centre Mussels C C C C C C B B B B
Marine Beach Cockles B B B B B B B-LT B-LT B-LT B-LT

Since 2004 all cockle classifications have been B. C classifications have arisen at
Sea Centre, Knott Spit and Plover Scar. Plover Scar was prohibited in 2004 and
2005, but improved to a long term B before it was declassified. All cockle beds to
the south of the Lune channel remain classified, despite the current closure.
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Table 4.2 summarises the post-harvest treatment required before bivalve molluscs
can be sold for human consumption.

Table 4.2: Criteria for classification of bivalve mollusc production areas.

Post-harvest treatment

Class Microbiological standard® .
required

Live bivalve molluscs from these areas must not exceed
AZ 230 Most Probable Number (MPN) of E. coli 100g™ Fluid ~ None
and Intravalvular Liquid (FIL)

Live bivalve molluscs from these areas must not exceed
the limits of a five-tube, three dilution MPN test of 4,600 E.
coli 100g™ FIL in more than 10% of samples. No sample
may exceed an upper limit of 46,000 E. coli 100g™ FIL

Purification, relaying or
cooking by an approved
method

Relaying for, at least, two
months in an approved
relaying area or cooking
by an approved method

Live bivalve molluscs from these areas must not exceed
ct the limits of a five-tube, three dilution Most Probable
Number (MPN) test of 46,000 E. coli 100g™" FIL

Prohibited® >46,000 E. coli 100g™ FIL® Harvesting not permitted

" The reference method is given as 1ISO 16649-3.

%By cross-reference from EC Regulation 854/2004, via EC Regulation 853/2004, to EC Regulation
2073/2005.

% From EC Regulation 1021/2008.

* From EC Regulation 854/2004.

® This level is not specifically given in the Regulation but does not comply with classes A, B or C. The
competent authority has the power to prohibit any production and harvesting of bivalve molluscs in
areas considered unsuitable for health reasons.

® Areas which are not classified and therefore commercial harvesting of LBMs cannot take place. This
also includes areas which are unfit for commercial harvesting for health reasons e.g. areas
consistently returning prohibited level results in routine monitoring and these are included in the FSA
list of designated prohibited beds
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5. Overall Assessment

5.1. Aim

This section presents an overall assessment of sources of contamination, their likely
impacts, and patterns in levels of contamination observed in water and shellfish
samples taken in the area under various programmes, summarised from supporting
information in the previous sections and the Appendices. Its main purpose is to
inform the sampling plan for the microbiological monitoring and classification of the
bivalve mollusc beds in this geographical area.

5.2. Shellfisheries

Historically, commercial density settlements of cockles have occurred on three main
discrete beds; Middleton, Lune Island and Pilling Sands. They have also occurred
on a much smaller area just to the west of the mouth of the Wyre estuary.
Sporadically, dense settlements occur in these areas which attract a particularly high
level of commercial harvesting. The last major cockle fishery in the Morecambe Bay
area occurred in 2007-8, but all cockle beds in the Morecambe Bay area have been
closed since this time due to low stock levels. A sampling plan will be required to
cover all of these potential resources so it can be applied when the next significant
fishery arises. Although commercial concentrations, when they do arise, tend to
occur in broadly similar places their exact distribution may vary significantly. A
degree of flexibility in RMP location will therefore be required to ensure they are
located in positions which are suitably protective of public health but also have
sufficient stocks for sampling. There is a closed season for cockles in the district
which runs from the 1% May to the 31% August. It will therefore not be strictly
necessary to sample the months of May and June, assuming all other 10 months of
the year are sampled.

There are also significant mussel resources in the area. These are mainly located
on the rocky skears to the north of Fleetwood, but they do extend into the outer
reaches of the Wyre estuary. Although these do hold significant stocks, recent
harvesting activity in the Morecambe Bay area has focussed on beds at Foulney,
some distance to the north of the area considered in this survey. There has also
historically been a mussel bed at Plover Scar, just south of the mouth of the Lune
estuary, and although this currently holds little stock it could regenerate in the future.
It is therefore concluded that sampling plans will be required to cover all of these
beds, and should be applied or otherwise on the advice of the IFCA. Mussel
settlements are limited to these hard substrates and therefore only occur in these
areas, so less flexibility in RMP location is needed for this species. Harvest of
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mussels may occur at any time of the year, so any classification sampling should
occur monthly and on a year round basis.

Cockles and mussels accumulate E. coli to similar levels, but a tendency for cockles
to return more extreme high results has been noted (Younger & Reese, 2011). As
such, the use of cockle monitoring results to classify mussels may be justified on
public health protection grounds. However, the borderline class B compliance in the
area around the Wyre estuary mouth would preclude this approach here as it may
potentially result in an unfairly poor classification for mussels. Also, the geographical
distribution of the two species is very different throughout, with cockles typically lying
further away from the main estuary drainage channels. As such, the use of
surrogate species to reduce the monitoring burden is not considered appropriate
within this survey area.

5.3. Pollution Sources

Freshwater Inputs

All rivers and streams carry some contamination from land runoff and so will require
consideration in this assessment. Their impacts will be greatest where they enter
the area, and within or immediately adjacent to any drainage channels they follow
across the intertidal area.

The two main freshwater inputs to the survey area are the Lune and the Wyre. The
Lune has a drainage catchment of about 1,300 km? and is a high gradient spate
river. The Wyre drains an area of about 300 km? which is generally low lying. Both
receive contamination from agricultural runoff as well as several sewage works. The
Lune has a mean daily discharge of 38 m3/s, whereas the Wyre has a mean daily
discharge of about 7.4 m*/s. For both the high flow rate (Q0) exceeds the base flow
rate (Qgs) by a factor of about 25, indicating there is a large amount of variation in
discharge. Both rivers pass through enclosed estuaries before reaching the main
shellfish concentrations, although there are some mussel stocks in the outer reaches
of the Wyre estuary. As such there will be significant dilution before contamination
carried by these rivers reaches the shellfisheries, but both are anticipated to deliver
variable and potentially very large bacterial loadings to coastal waters within the
survey area. As such the plumes from them are likely to have wide ranging
influence, particularly that from the Lune. Their impacts will be most acute in and
around the drainage channels they follow across the sand flats.

There are several other smaller freshwater inputs to the survey area which may
nevertheless cause significant hotspots of contamination at times. The most
significant of these are probably the River Cocker and several other surface water
outfalls to the Cockerham Marshes. Between Cockerham and Pilling there are two
main surface water outfalls (Broadfleet and Mill House). Shoreline survey
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observations suggest they discharge significant volumes (although they were not
measured) and generally carry quite high concentrations of faecal indicator bacteria,
presumably of largely agricultural origin, particularly the outfalls in the vicinity of the
Cockerham Marshes. There is also a pumped surface water outfall at Preesall.
RMPs located where their drainage channels cut through any cockle beds would
best capture contamination from these watercourses.

Flow gauging records indicate a strong seasonality in discharge rates with river flows
highest in the colder months. Whether this translates to an overall seasonal
variation in the bacterial loadings delivered by these rivers is uncertain. Although the
largest flood events tended to occur in the autumn and winter, high flow events were
recorded in most if not all months of the year.

Human Population

The total resident population within the Lune catchment area was approximately
334,000 at the time of the last census (2011). The main population centres are,
Morecambe and Lancaster located around the mouth of the Rivers Lune and
Blackpool and Fleetwood around the mouth of the River Wyre. The highest
population density that is directly adjacent to the shellfisheries is Fleetwood and this
area will be at the most risk from contaminated urban runoff. Impacts from sewage
will depend on the nature and locations of discharges associated with these
settlements.

Approximately 44% of the catchment lies within either the Lake District or Yorkshire
Dales national parks or the Bowland Forest Area of Outstanding Natural Beauty.
This explains the relatively low population densities in much of the catchment, up to
100 persons per km2. However this number is likely to increase during the summer
months when tourists visit these areas for outdoor activities such as walking or
cycling. Therefore it can be assumed that there will be a significant seasonal
variation of population levels in the catchment and bacterial loadings from sewage
treatment works serving the area would be expected to fluctuate accordingly.

Sewage Discharges

There are several major sewage works discharging to tidal waters in and around the
survey area. The largest of these is the Fleetwood Marsh STW, which provides
secondary treatment for a consented dry weather flow of 62,000 m®day. It
discharges via a long sea outfall, about 5 km WNW of Rossall Point, to the southern
edge of the Lune Deep, in about 6m of water. This works is likely to deliver a large
bacterial loading, estimated at around 2x10'* faecal coliforms/day. As such, it is
likely to impact over a wide area. The geographical profile of these impacts will
depend on water circulation patterns in the area.
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There are two further major sewage works discharging to coastal waters here.
Lancaster STW discharges to the enclosed Lune estuary, about 5 km from its mouth.
It provides UV disinfection for a consented dry weather flow of 35,210 m®/day. Final
effluent testing data indicates that the disinfection is generally very effective,
although occasionally the concentration of faecal coliforms in the effluent is up to two
orders of magnitude higher than the average. The average bacterial loading this
works delivers is minor, at about 4x10'° faecal coliforms/day. As such it will make a
small and generally insignificant contribution to levels of faecal indicator bacteria in
the plume emanating from the mouth of the Lune estuary. Morecambe STW
discharges to the shallow subtidal just off Middleton Sands. This works also
provides UV disinfection and has a consented dry weather flow of 13,820 m*/day.
Again, effluent testing data indicates that the disinfection step is usually very
effective, although occasionally elevated concentrations of indicator bacteria were
found. Given the average bacterial loading it delivers is also around 4x10*° faecal
coliforms/day, it will also generally be of only very localised significance.

There is another sewage works discharging direct to the Lades Marsh on the north
shore of the outer reaches of the Lune estuary (Middleton/Overton STW). This is a
mid- sized secondary works which generates an estimated bacterial loading of about
5x10% faecal coliforms/day. This will make a contribution to the bacterial loading
delivered to the survey area by the ebb plume from this estuary. The Wyre estuary
receives effluent from the Preesall STW, a mid-sized works which provides UV
treatment and discharges to the east bank of the outer estuary about 500m south of
a mussel bed. Whilst it only delivers an average bacterial loading of 3x10* faecal
coliforms/day, it may be of some impact on this mussel bed, particularly on
occasions when the treatment is working less effectively than normal.

The more rural inland areas of the catchment are served by a series of relatively
small sewage works which discharge to watercourses. The total volume discharged
is >8000 m*/day and most works provide secondary treatment. Most discharge to
the Wyre or Lune river catchments, so will contribute to the bacterial loadings carried
by these watercourses to some extent.

The River Cocker receives effluent from Cockerham STW, a small secondary treated
works located at its tidal limit and this will contribute to the bacterial loading delivered
by this watercourse. There was no consented flow rate specified in the database for
this discharge. The Broad Fleet receives effluent from Pilling STW, a small works
providing UV disinfection. The average loading it generates is only about 2x10°
faecal coliforms/day and as such its impacts will be negligible.

In addition to the continuous sewage discharges, there are a large number of
intermittent water company discharges associated with the sewerage networks (85
within a 2 km radius of the survey area). The vast majority are clustered around the
Wyre and Lune estuaries, so it is assumed that these are impacted to the greatest
extent. Only a small proportion of the intermittent discharges have spill records,
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which extend back between one and four years. Records for the 2012-13 reporting
period are most complete, so comparisons of spill frequencies are drawn from data
covering this period. These indicate that three of the 17 monitored discharges
spilled for between 5 and 10% of the time, all three discharge to the Lune estuary
upstream of the shellfisheries. A further five discharges for between 1 and 5% of the
time of which two discharge to the Lune estuary, two to the Wyre estuary, and one to
the subtidal about 1km west of Rosall Point. The other monitored discharges spilled
for less than 1% of the time. For those with no event monitoring it is difficult to
assess their significance apart from noting their location and their potential to spill
significant volumes of untreated sewage.

Intermittent discharges create issues in management of shellfish hygiene however
infrequently they spill. Their impacts’ are not usually captured during a year’s worth
of monthly monitoring from which the classification is derived as they only operate
occasionally. Thus when they do have a significant spill, heavily contaminated
shellfish may be harvested under a better classification than the levels of E. coli
within them may merit. A reactive system alerting relevant parties to spill events in
real time may therefore convey better public health protection.

Although the vast majority of the survey area is served by water company sewerage
infrastructure, there are also a number of private sewage discharges. Where
specified, these are generally treated by small treatment works such as package
plants. The majority of these are small, serving one or a small number of properties.
Of the 99 private discharges that lie within 2 km of the estuary, 91 discharge to water
and 8 to ground via soakaway. Most of those within 2 km of the estuary lie on the
eastern shore of the Lune or are clustered upstream in the River Wyre, around
Hambleton, Singleton and other villages.

Agriculture

The majority of land within the hydrological catchment is used for agriculture. Most
are pastures, although there are many smaller pockets where crops are cultivated in
the Wyre catchment. A total of 126,715 cattle and 510,799 sheep were recorded
within the catchment area in the 2010 agricultural census, so significant and
widespread impacts from grazing animals are anticipated. Faecal matter from
grazing livestock is either deposited directly on pastures, or collected from livestock
sheds if animals are housed indoors during the colder months and then applied to
agricultural lands as a fertilizer. Some poultry and pigs are also farmed in the
catchment. Manure from these is typically stored and applied tactically to nearby
farmland.

The majority of the agricultural land lies within parts of the catchment drained by the
Lune and the Wyre, so impacts will primarily be felt via the ebb plume from these
estuaries and RMPs should be located in areas most affected by these plumes.
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Most other watercourses will be affected to some extent. High concentrations of
grazing animals were seen during the shoreline survey between the mouth of the
Lune and Pilling. These were not only on fenced fields, but also on the saltmarsh on
the foreshore.

The primary mechanism for mobilisation of faecal matter from agricultural land is via
land runoff, so fluxes of livestock related contamination into the estuary will be highly
rainfall dependent. Rainfall and river flows are generally higher during the winter
months, although high rainfall events may occur at any time of the year. Peak
concentrations of faecal indicator bacteria in watercourses are likely to arise when
heavy rain follows a significant dry period (the ‘first flush’). Numbers of sheep and
cattle will increase significantly in the spring, with the birth of lambs and calves, and
decrease in the autumn when animals are sent to market. The seasonal pattern in
application of manures and slurries to agricultural land is uncertain. Cattle may be
housed indoors during the winter, so applications of slurry collected from such
operations is likely to be spread in the late winter and spring, depending on the
storage capacities of each farm.

The saltmarsh at Cockerham is used extensively for grazing sheep. Contamination
deposited in the intertidal areas will be carried into the estuary via tidal inundation
which is a particularly direct and predictable mechanism, the risk of which is greater
during spring tides. Sheep are present for most of the year, and are only removed
during the larger spring tides, and for about a month in late winter for lambing.

In summary, the majority of contamination of agricultural origin will be delivered to
the survey area via the Lune and to a lesser extent the Wyre estuaries. Therefore,
RMPs as close to the estuary mouths (or as far up-estuary) as shellfish stocks
extend would best capture contamination of agricultural origin. Other watercourses,
namely the Cocker and the Broadfleet and Mill House outfalls are likely to be
significantly impacted by agriculture. There are likely to be hotspots associated with
drainage channels which smaller watercourses follow across the intertidal areas,
notably the Cocker and other outfalls to the Cockerham Marshes, and the Broadfleet
and Mill House outfalls in the Pilling area. Tidal inundation of the Cockerham
Marshes is likely to result in significant fluxes of sheep faeces directly into adjacent
coastal waters.

Boats

The survey area is used by a variety of craft in transit to and from the Lune and Wyre
estuaries. This includes commercial shipping, fishing vessels, and recreational craft
of various sizes. Both the Lune and the Wyre estuaries support a small commercial
port each, a marina each, and areas of boat moorings in their outer reaches.
Between the two marinas there are around 640 berths, and only the Glasson Basin
Marina in the Lune has sewage pumpout facilities. The RYA describe the routes to
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these two estuaries as receiving ‘medium recreational use’. A fleet of around 30
fishing vessels operate out of Fleetwood on the Wyre, which is also used by vessels
associated with wind farms in the Irish Sea. Commercial shipping from the Wyre
consists of twice daily ferry sailings to Northern Ireland. The Port of Glasson
handles grain imports and cargo shipping to and from the Isle of Mann and the
Western lIsles.

Commercial shipping is not permitted to discharge to inshore waters so should be of
little or no impact, although it is possible that they make discharges in the Lune
Deeps. lItis likely that the larger of the private vessels (yachts, cabin cruisers, fishing
vessels and possibly wind farm traffic) which have onboard toilets make overboard
discharges from time to time. This may occur whilst boats are on passage, and it is
quite likely that any boats in overnight occupation on the moorings will make a
discharge at some point during their stay. On this basis, the outer reaches of the two
estuaries, and navigation routes to and from the ports and marinas are likely to be
most at risk. There will be higher volumes of recreational craft during the summer,
but other vessel types will operate all year round. However, it is difficult to be more
specific without any firm information about the locations, timings and volumes of
such discharges, and as such boating will have little material bearing on the
sampling plan.

Wildlife

The Lune estuary features a variety of different estuarine habitats including intertidal
sand and mud flats, salt marshes, reefs, and sand/shingle banks. These features
attract significant populations of waterbirds (waders and wildfowl) with the Lune
estuary supporting around 13,000 overwintering birds the Wyre estuary supporting
around 6,000. Pink footed geese frequent the Pilling Marsh during the winter
months, with numbers reportedly reaching over 30,000 at peak times.

Some species of waders feed on intertidal invertebrates so will forage (and defecate)
directly on the shellfish beds across a wide area. They may tend to aggregate in
certain areas holding the highest densities of their preferred size and species of
prey, but this may vary from year to year. They will therefore represent a diffuse
input and whilst they may be a significant contaminating influence at times, they will
not influence the positioning of any RMPs. Other overwintering waterbirds such as
grazing geese will mainly frequent the saltmarsh and pastures, where their faeces
will be carried into coastal waters via runoff into tidal creeks or through tidal
inundation. RMPs positioned in or by creeks and channels draining from such areas
would be best positioned to capture contamination from these. Given the large
numbers of geese which aggregate on the Pilling Marshes, creeks draining this area
may be quite heavily impacted at times.
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Although the majority of waterbirds migrate elsewhere to breed, other species such
as gulls and terns are present during the summer months. Relatively small numbers
of gulls use the area to breed. They are likely to forage around the estuary so
represent a minor source of diffuse contamination, but this will not influence the
sampling plan.

There are no seal colonies in the vicinity of the survey area, so whilst the occasional
seal may visit the area this will have no influence on the sampling plan. No other
wildlife population which may affect shellfish hygiene within the survey area have
been identified.

Domestic animals

Dog walking takes place on beaches and paths adjacent to the shoreline of the
survey area and could represent a potential source of diffuse contamination to the
near shore zone. The intensity of dog walking is likely to be higher closer to the
more urban areas. As a diffuse source, this will have little influence on the location
of RMPs.

Summary of Pollution Sources

An overview of sources of pollution likely to affect the levels of microbiological
contamination to the shellfish beds is shown in Table 5.1 and Figure 5.1.

Table 5.1: Qualitative assessment of seasonality of important sources of contamination.

Pollution source Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Urban runoff

Continuous sewage discharges

Intermittent sewage discharges

Birds

Boats

Red - high risk; orange - moderate risk; yellow - lower risk.
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5.4. Hydrography

The survey area is an open and largely intertidal embayment at the southern end of
Morecambe Bay, to which the estuaries of two significant rivers drain. It consists of
a large area of intertidal sand flats, through which the two subtidal estuary approach
channels cut. There are also a number of smaller intertidal drainage channels
across the flats, some of which carry minor freshwater inputs. A large proportion of
water is exchanged each tide, but the dilution potential will be relatively low.
Concentrations of faecal indicator bacteria are likely to be highest in the estuary
approach channels and the intertidal drainage channels around low water. At the
outer edge of the survey area, depths drop away rapidly into the Lune Deep. The
Lune and Wyre estuaries are enclosed, relatively narrow, and characterised by a
meandering river channels flanked by intertidal areas. As they are enclosed, and
receive significant sources of contamination including significant rivers draining to
their heads, they will contain higher concentrations of faecal indicator bacteria then
the open embayment to which they drain. As such the plumes emanating from the
estuary mouths will be major contaminating influences within the embayment. Within
the estuaries, a gradient of increasing levels of runoff borne contamination towards
their heads are anticipated. There are slight constrictions at their mouths, which may
accelerate flows and induce some vertical mixing of the water column.

Water circulation in the area will largely be driven by tides. Tidal range is large, at
around 8.2 m on spring tides and 4.2 m on neap tides. The only tidal diamonds are
located in the Lune Deep, and these indicate a bidirectional circulation, with water
moving up this channel and into Morecambe Bay on the flood, with the reverse
occurring on the ebb. Estimates of tidal excursion along this channel vary from
about 11-15 km on spring tides, and about 5-10 km on neap tides. Within the
embayment, the early flood tide progresses from the Lune Deep up the estuary
approach channels and into the estuaries. As the intertidal areas become covered,
flows progress across the intertidal in an easterly direction, so they start to run
primarily across the Wyre approach channel rather than along it. Across the
shallower areas, current speeds will be lower. Flood streams across Pilling Sands
will be in an easterly direction. It is likely that flood streams across Middleton Sands
originate from the Lune Deep and generally progress in an easterly direction across
the flats. The reverse will occur on the ebb. The plume from the Wyre estuary will
therefore impact across the intertidal area to the north of Fleetwood, and along its
approach channel. The ebb plume from the Lune estuary will primarily impact within
and adjacent to its approach channel. The Fleetwood Marsh STW discharges via
long sea outfall to the inshore edge of the Lune Deep in about 6m of water, about 5
km WNW of Rossall Point. Contamination from this discharge will be carried up the
Lune Deep on the flood tide, and as the plume spreads it will impact along the edge
of the intertidal and may progress some way up the estuary approach channels
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before the tide reverses. The discharge is over 4km from the nearest shellfish
resource (Kings Scar mussel bed). Significant dilution and dispersion will occur in
the Lune Deep before it impacts on the shellfishery, though tidal streams will carry
the plume directly towards this mussel bed. Contamination from shoreline sources
discharging direct to the embayment will follow drainage channels until it meets tidal
waters, after which it will tend to be carried east on the flood, and west on the ebb. It
will be most concentrated within these drainage channels when they are not covered
by the tide.

Freshwater may modify water circulation via density effects. Such effects, if they do
arise, are likely to be confined to the enclosed river estuaries, and will result in a net
seaward movement in the upper water column, with a corresponding return of more
saline waters at depth. Strong correlations were found between salinity and the
concentrations of faecal indicator bacteria in the water column for all bathing waters
and shellfish waters monitoring points in the area. This suggests that salinity is a
useful indicator of levels of runoff borne contamination. The spatial profile of
salinities across five monitoring points within the embayment showed little variation,
with all points showing an average salinity of just under that of full strength seawater,
even for locations in close proximity to the estuary mouths. It must be noted
however that these samples were taken around high water, when the extent of the
influence of these estuary plumes is lowest. Within the enclosed estuaries there is
likely to be a gradient of decreasing salinity towards the upper reaches, although
there were no measurements available to substantiate this. One density effect of
potential relevance is the tendency for plumes from sewage outfalls to rise to the
surface as they are less dense than the receiving seawater. This may increase its
propensity to spread across the intertidal flats, and will also allow wind effects to
significantly modify the path the plume follows.

Strong winds will modify surface currents by driving surface water currents, which
will in turn drive return currents at depth or along sheltered margins. The
embayment is most exposed to the west. The prevailing south westerly winds will
tend to push surface water in a north easterly direction. North westerly winds may
advect the plume from Fleetwood Marsh STW towards and across the intertidal flats
where the shellfisheries are located. Exact effects of wind are dependent on its wind
speed and direction as well as state of the tide and other environmental variables so
a great number of scenarios may arise. Where strong winds blow across a sufficient
distance of water they may create wave action, and where these waves break
contamination held in intertidal sediments may be re suspended.

5.5. Summary of Existing Microbiological Data

The Lune estuary has been subject to considerable microbiological monitoring over
recent years, deriving from Bathing Waters and Shellfish Waters monitoring
programmes as well as shellfish flesh monitoring for hygiene classification purposes.
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Figure 5.2 shows the locations of the monitoring points referred to in this
assessment. The last major sewage treatment upgrades occurred in 2002, so data
from 2003 onwards is considered in this assessment.
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Bathing Waters

Two sites were monitored under the Bathing Waters monitoring programme. Around
twenty water samples were taken from each of these monitoring points during each
bathing season (May to September) between 2003 and 2011 and were enumerated
for faecal coliforms. Average results were quite high at both, but were significantly
higher at Half Moon Bay compared to Fleetwood Beach (geometric means of 117.2
and 68.0 faecal coliforms/100ml respectively. A comparison of paired (same day)
samples indicated a strong correlation between results from the two sites, despite
the distance between them. This suggests that they are influenced by sources which
respond to environmental variables such as rainfall in a similar way. Since 2003,
results from both have been similar on average, perhaps with a slight increase in
faecal coliform concentrations at Fleetwood Beach during 2007/8. A significant but
weak correlation between tidal state on the high/low cycle was found for Fleetwood
Beach, but no strong pattern was apparent when this data was plotted. At Half Moon
Bay, a significant influence of the spring/neap tidal cycle was detected, and faecal
coliform concentrations tended to be higher on average just before and during spring
tides. A rapid and strong influence of recent rainfall was apparent at both sites. This
was stronger at Fleetwood Beach, likely due to its pr