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1.0

SUMMARY

Within Eastern Inshore Fisheries and Conservation Authority’s district a variety of
inshore fisheries are operated by local fleets and individuals. These include
nationally important shellfish species including cockle, mussel, shrimp, crab, and
lobster, in addition to several finfish species. The district also supports a wealth of
important natural features that are protected under a suite of UK and EU
designations (Site of Special Scientific Interest, Special Protected Area, Special
Area of Conservation, Ramsar site), which collectively form a network Marine
Protected Areas. It is also likely that that several new Marine Conservation Zones
will be designated within the district during the next three years. To ensure the
District’s sea fisheries resources are managed in a sustainable manner, without
having an adverse impact on the environmental features, Eastern-IFCA conducts
stock assessments, fisheries impact research, environmental monitoring and
habitat mapping. A large proportion of these activities are conducted in the Wash
in order to support the Authority’s management of the Wash Fishery Order 1992,
which oversees the major molluscan fisheries in The Wash. This report details the
main research activities conducted by Eastern-IFCA during 2011.

During the previous year’s surveys the mussel stocks on the Wash intertidal beds
were found to have declined badly from 15,188 tonnes to 9,626 tonnes. Following
analysis of samples by Cefas, heavy infestations of the parasite Mytilicola
intestinalis were believed to be a major contributory factor in this decline. The
2011 surveys found that the total mussel biomass on these beds had increased to
11,204 tonnes. This recovery was disparate across the beds, however. Those
beds that had benefitted from good recruitment in either 2010 or 2011 appeared
rejuvenated and in good condition, while those that had not benefitted from
recent settlements were in poor condition. The survey also found that although
the total biomass had increased, mainly as a result of new recruitment and
growth, mortalities were still higher than usual, particularly among the older
cohorts.

Sub-littoral beds of mussel seed can provide an important resource for fishermen
wishing to stock their lays. The value of these beds has increased in recent years
with the development of European markets for seed mussels. Following a survey
in February 2011, a sub-littoral bed at Mundesley was opened during April and
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May. This provided a successful fishery from which approximately 7,000 tonnes of
seed mussels were removed. Unfortunately sub-littoral seed beds are ephemeral
in nature and can quickly disappear, either as a result of starfish predation or
smothering by sediment. Eastern-IFCA surveyed several areas during August and
September that had been identified by fishermen as supporting sub-littoral beds,
but delays caused by vessel and staff availability meant on several occasions the
beds had already been lost to predation by the time the surveys were conducted.
Having lost beds in this way at Cromer and along the Lincolnshire coast, the
services of a fishing boat was used by Eastern-IFCA in September to speed up the
survey process on a bed that had been identified at Sea Palling. Unfortunately,
even though it was possible to open this bed within one month of being notified of
its presence, high mortalities meant few of the stocks were able to be successfully
harvested.

The cockle stocks in the Wash have been suffering high mortalities since 2008
that have seen the stocks decline from a recent peak of 34,696 tonnes in 2007 to
10,000 tonnes in 2011. The cause of these mortalities is still to be confirmed, but
is believed to be associated with the presence of three species of Haplosporidian
parasites that have been found in cockle samples. As a result of these ongoing
mortalities, that have mainly affected larger cockles (typically those >14mm
width), most of the beds are now dominated by smaller juvenile stocks with only
a sparse coverage of larger cockles. This situation has led to difficulties identifying
potential fisheries, particularly for the dredge fishery which was last opened in
2008. The management of the 2011 cockle fishery was further complicated by the
requirement to ensure sufficient shellfish would be available for the wintering bird
populations. Due to the declines in both the cockle and mussel stocks, this
Conservation Objective target was not achieved. Under normal circumstances it
would have been difficult to pursue the opening of this fishery further, but due to
the high levels of mortality predicted to occur, there was an argument that
fishery losses could be mitigated against the stocks predicted to be lost to natural
causes. This enabled the opening of a fishery with a Total Allowable Catch (TAC)
of 1,500 tonnes. Winter surveys were conducted on three of the sands. These
found there had been substantial growth over the summer, particularly among
the juvenile cohorts.
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In addition to the cockle surveys conducted in the Wash, three surveys were
conducted between January 2011 and January 2012 on three small beds located
at Horseshoe Point. Management of these beds had been the responsibility of
NESFC until border changes placed them under the jurisdiction of Eastern-IFCA in
April 2011. Previous surveys conducted by NESFC found the stocks on these beds
ranged between 400 tonnes in 2000 and 51 tonnes in 2006, with a gradual
decline occurring over time. The recent surveys conducted by Eastern-IFCA found
the beds were dominated by year-0 juveniles, which though fast growing, tended
to die after attaining commercial size. This resulted in the total cockle biomass on
these beds increasing from 69 tonnes in January 2011 to 105 tonnes in August
2011, but then declining to 52 tonnes in January 2012.

ESFJC have conducted annual surveys since 2005 to map core areas of Sabellaria
reef. These surveys were continued by Eastern-IFCA during 2011, but because of
involvement in a joint Large Shallow Inlets and Bays mapping project with
Natural England and Cefas, the extent of the Sabellaria programme was reduced
to that of previous years. Within the sites surveyed the extent and quality of the
reefs was found to have declined from the previous surveys. Many of the samples
collected were found to have low or zero tube occupancy in the Sabellaria clumps.
Following the unexplained mortalities of cockles in 2008, ESFJC initiated a project
to study the productivity of the Wash in case localised food limitations were a
causal effect. The discovery that Haplosporidian parasites could be a major causal
factor in the cockle mortalities superseded this project. The project has continued
to monitor chlorophyll levels in the Wash, however, to determine what impact the
mussels on the several fishery lays might be having on chlorophyll levels. A short
term study found that chlorophyll RFU levels were lower above the lays than
outside of the lays, but this effect was very localised and limited to the area
directly above the lays. Chlorophyll concentrations were found to return to initial
levels within 100m of the lays.

Cockle surveys conducted in the River Orwell found that stocks at Pond Ooze had
increased significantly from 2010, but overall, the stocks in this river had declined
to their lowest recorded level. The stocks in the Holbrook Bay area of the River
Stour by contrast had increased to their highest recorded level. Similarly, the
stocks of manila clams were found to have declined in the River Orwell but had
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increased in the River Stour. Monitoring of the Sabella pavonina (Peacock worm)
colonies in these rivers found that though the colonies were still present in both
rivers, their extent had declined.
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2.0

WASH MUSSEL STOCKS

2.1

Introduction

The intertidal mussel stocks in The Wash have traditionally provided a valuable
resource for the local fishing industry; either being harvested directly for market
or relayed from poor-growing beds within the regulated fishery to leased lay
ground within the several fishery. These stocks also provide an essential food
resource for the internationally important communities of birds that reside or
over-winter in the Wash. Over the last century the abundance of mussels on the
regulated beds has been variable with at least four major fluctuations having
occurred. At their peak in the early 1920s the stocks were recorded as being
30,000 tonnes. Interspersed with low stock levels of approximately 7,000 tonnes
there have been further peaks of stock abundance. The magnitude of these peaks
has declined, however, with stock levels of 25,000 tonnes in the 1940s, 18,000
tonnes in 1981 and 12,000 tonnes in 1988 being recorded. Following several
years of heavy fishing activity in the late 1980s that coincided with poor spatfalls,
the mussel stocks declined below the previous 7,000 tonnes minimum and
remained below that level for eight years even though draconian management
measures were imposed to reduce fishery impacts. In 2001 an exceptional
spatfall rejuvenated the mussel stocks and prompted a recovery of stock levels
back to 12,000 tonnes by 2004. During this period of recovery a comprehensive
review of how the Wash shellfish stocks are managed was conducted, resulting in
a number of fisheries management policies being agreed in 2008. The
introduction of these policies has enabled Natural England to change the
conservation status of many parts of the Wash Site of Special Scientific Interest
(SSSI) from unfavourable declining to unfavourable recovering. Further, these
policies should not inhibit the Conservation Objectives for the Wash and North
Norfolk Coast European Sites being achieved.
Since 2004 sporadic spatfalls and mussel growth have enabled small annual
fisheries of approximately 1,000 tonnes to occur while maintaining overall stock
levels at about 12,000 tonnes. In 2009 the stocks reached a recent peak of
15,188 tonnes, but the survey conducted in 2010 revealed there had been
widespread mortalities among the mussel population, resulting in the stocks
falling back to 9,600 tonnes. Analysis of samples by CEFAS revealed a species of
copepod parasite, Mytilicola intestinalis, was present in high numbers in the
mussels and most likely responsible for the die-off. This decline in stocks, below
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the 12,000 tonnes Conservation Objective target, meant the mussel fishery
remained closed during the 2010/2011 season.

In recent years members of the industry have raised concerns about the state of
the mussels that are present on the intertidal beds. The recent management
measures, while providing some stability to the overall stock levels, have created
a situation where most of the beds support several mixed year-classes and size
ranges of mussels. On most beds the older mussels are also heavily encrusted
with barnacles and as a consequence are of poor commercial value. Here, the
preferred

requirements

of

the

fishery

conflict

with

those

preferred

by

conservation organisations. Whereas the industry’s preference would be for
mussel mono-cultures of similar aged and sized mussels, from a conservation
perspective, mixed-aged beds provide a far greater biodiversity and long-term
stability. Unfortunately satisfying the preferred requirements for both groups is
difficult.

Due to their importance to

both

the

fishing

industry and

conservation

organisations, the regulated beds have been surveyed annually since 1995 in
order to inform the management decisions. In 2011 these surveys were
conducted between August 31st and November 11th, during which 19 areas of
intertidal mussel bed, plus the Welland Bank, were surveyed.
2.2

Method

The survey method used for the 2011 mussel surveys was a procedure
demonstrated by the Dutch marine consultants, MarinX, during the 2004 mussel
surveys (van Stralen & Bol, 2004).

The perimeter of each bed was defined by walking around the bed at low water
and entering waypoints into a portable GPS unit. These waypoints were
transferred to a Geographic Information System (GIS), MapInfo, from which the
perimeter of each bed was plotted, allowing an estimation of their area to be
made. Transect surveys were conducted across the bed to ascertain the coverage
and density of mussel. Transects were chosen that would attain the most even
coverage of the bed that the low water period and the extent of the bed would

Eastern IFCA Research Report 2011

8

allow. The route of transects across the bed were recorded by entering waypoints
into the GPS unit and later plotting them in MapInfo.
As transects were walked across the bed, the coverage of mussels was
determined using an 11cm ring attached to a pole. Every three paces the ring
was placed down on the mussel bed and the presence (“hit”) or absence (“miss”)
of mussels within the ring recorded. Randomisation was achieved by placing the
ring down to one side, outside of the field of vision of the user. Mussel samples,
used to determine the biomass of the mussels on the bed, were collected from
those contained within the rings. Depending on the length of the track and the
mussel density, it was decided in advance if all hits were to be sampled, or
whether a lower proportion could be used to provide a total sample large enough
to determine the average density and size frequency of the population. In the
case of these surveys a sampling frequency of between once every second hit and
once every seventh hit was used.

Samples taken from the rings were collected in a container. Every 450 paces,
after 150 hit/miss determinations had been conducted, the samples were washed
using a 0.5mm sieve and placed in labelled bags. On returning to the research
vessel the live mussels were separated from the debris in each sample. The
length of each mussel was determined, and the samples divided into those
mussels that were of marketable size (>45mm) and those that were smaller. The
weights of these samples were then recorded. During this year’s surveys, the
number and weight of mussels >25mm length were also recorded as this size
range is favoured by oystercatchers.

The coverage, density and area of the mussel bed were multiplied together to
estimate the biomass of mussels on the bed. Size distributions were obtained
from the length measurements of mussel in the retained samples.
2.3

Results

Figure 2.0 shows the positions of 14 areas of intertidal mussel bed surveyed
during 2011 which, for survey purposes, were divided into 19 discrete beds.
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Figure 2.0 Distribution of intertidal mussel beds surveyed during 2011
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The surveys found that some of the beds had benefitted from a good settlement
of juveniles which had helped the total mussel biomass increase from 9,626
tonnes in 2010 to 11,204 tonnes. Among the adult populations (mussels >45mm
length) mortality rates were found to have exceeded recruitment resulting in the
biomass of adult mussels declining during the same period from 4,189 tonnes to
3,664 tonnes.

Although the total mussel biomass was found to have increased by 1,578 tonnes,
this recovery was not universal across all of the beds. On those that had
benefitted from good settlements of seed in either 2010 or 2011 (South Mare
Tail, Holbeach, Herring Hill, Trial Bank, East Breast, Daseley’s and Blackshore)
the recovery was found to be good. On beds that had not benefited from recent
settlements mortality appeared to have exceeded recruitment causing the stocks
to decline further. This was particularly noticeable on beds that had been
dominated in the past with larger, older mussels. On some of these, such as
Shellridge, East Mare Tail, Roger and Main End, where recruitment has been poor
for several years, the beds were found to have all but disappeared with only
scattered mussel clumps remaining amid old scars of dead shell. Figure 2.1
highlights the changes to biomass that have occurred on the regulated beds since
the 2010 survey.

Figure 2.1 Chart showing changes to stock biomass on the intertidal mussel beds
since 2010
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2.3.1 Mare Tail Beds
There are four discrete areas of mussel bed present on the Mare Tail sand, which
for survey and management purposes are referred to as the North, South, and
East Mare Tail beds and the Shellridge (figure 2.2). Until 2004 the area supported
a fifth bed near the RAF No.2 beacon, but following heavy exploitation during the
2004/2005 fishery this bed disappeared and has shown little sign of subsequent
resettlement. The mussels harvested from these beds are rarely of sufficient
quality to directly market, but have traditionally provided the industry with a
regular source of seed for relaying. During the 2004/2005 and the 2006/2007
seasons these beds attracted heavy fishing activity. Although quotas had been
placed on each bed to limit exploitation of individual beds beyond what was
considered sustainable, disparate fishing effort across the beds did cause heavy
disturbance in some areas while others remained relatively unscathed. In the
areas where disturbance was the heaviest, such as the Shellridge bed and the
northern part of the North Mare Tail bed, subsequent recovery has been slow. The
southern parts of these beds benefitted from a good settlement of spat in 2008,
but these were found to have suffered high mortality rates during 2010.

Figure 2.2 Mussel size distributions on the Mare Tail mussel beds – October 2011
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2.3.1.1

North Mare Tail



Area: 52.8 hectares



Coverage: 41%



Mean Density: 0.79 kg/0.1m2



Total Stock: 1,701 tonnes



Stock  45mm: 434 tonnes

The North Mare Tail bed was surveyed on September 10th 2011. Samples were
collected from every fifth “hit”, producing 85 samples from seven transects.
Figure 2.3 shows the mussel size frequency within the population taken from
these samples.

The area of the bed was found to have decreased from 55.9 hectares in 2010 to
52.8 hectares, mainly as the result of erosion along the southern and eastern
edges of the bed. Within the bed, the survey found there had been only slight
changes from the previous year, with the 41% coverage similar to the 42%
recorded in 2010 and a slight increase in mean density from 0.73 kg/0.1m2 to
0.79 kg/0.1m2. The total biomass of mussels on the bed was calculated to be
1,701 tonnes, a slight increase on the 1,685 tonnes recorded in 2010. During the
same period the stock of marketable sized mussels was found to have increased
from 370 tonnes to 434 tonnes. The mussels on the northern parts of the bed,
which have attracted disparate effort from recent fisheries, were found to be
sparse in coverage and quite shelly.
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Figure 2.3 Mussel size frequency on North Mare Tail - September 2011
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2.3.1.2

South Mare Tail



Area: 28.7 hectares



Coverage: 30%



Mean Density: 0.84 kg/0.1m2



Total Stock: 716 tonnes



Stock  45mm: 56 tonnes

The South Mare Tail bed was surveyed on September 3rd 2011. Samples were
taken from every fourth “hit”, producing 67 samples from six transects. Figure
2.4 shows the mussel size frequency within the population taken from these
samples.

Although this bed had suffered high mortalities in 2010 among the 2008 yearclass cohort, it had also received a good settlement of spat the same year.
Growth of these juveniles during 2011 enabled the bed to recover somewhat from
the previous survey. The area of the bed was found to have increased from 26.1
hectares to 28.7 hectares and the mean density from 0.65 kg/0.1m2 to 0.84
kg/0.1m2, while the coverage of mussels within the bed was found to be
unchanged at 30%. From these figures the total mussel biomass was calculated
to be 716 tonnes. While this is a good improvement on the 503 tonnes recorded
in 2010, it is still below the 863 tonnes recorded in 2009. 56 tonnes of these
mussels were found to have attained marketable size compared to 25 tonnes the
previous year.
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Figure 2.4 Mussel size frequency on South Mare Tail - September 2011
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2.3.1.3

East Mare Tail



Area: 5.8 hectares



Coverage: 18%



Mean Density: 0.43 kg/0.1m2



Total Stock: 44 tonnes



Stock  45mm: 11 tonnes

The East Mare Tail bed was surveyed on October 28th 2011. Samples were
collected from every third “hit”, resulting in 15 samples being taken from two
transects. Figure 2.5 shows the mussel size frequency within the population taken
from these samples.

For several years this bed has only received poor settlements of spat. As a
consequence of an ageing population, recent mortalities have greatly exceeded
recruitment resulting in a decline of stocks. Erosion all around the edges of the
bed had caused the area to fall from 9.8 hectares to 5.8 hectares, while within
the bed the mussel coverage had declined from 22% to 18% and the mean patch
density from 0.58 kg/0.1m2 to 0.43 kg/0.1m2. These changes meant the biomass
of mussels on the bed had fallen 65% from 126 tonnes to 44 tonnes. During the
same period, the stock of marketable sized mussels was found to have fallen from
69 tonnes to 11 tonnes.
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Figure 2.5 Mussel size frequency on East Mare Tail - October 2011
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2.3.1.4

Shellridge



Area: 2.5 hectares



Coverage: 20%



Mean Density: 0.25kg/0.1m2



Total Stock: 13 tonnes



Stock  45mm: 2 tonnes

The Shellridge bed was surveyed on October 28th 2011, following the survey on
the East Mare Tail bed. Samples were taken from every third “hit”, producing 16
samples from two transects. Figure 2.6 shows the mussel size frequency within
the population taken from these samples.

In 2006 this bed had covered 23.0 hectares and supported over 500 tonnes of
mussels, but disparate fishing effort during the 2006/2007 dredge mussel fishery
combined with poor recent recruitment has caused the bed to decline severely in
recent years. The 2011 survey found that only a small patch of the original bed
remained, causing the area to decline from 13.9 hectares in 2010 to 2.5 hectares.
Within the bed the mussel coverage had declined from 31% to 20% and the
mean density from 0.38kg/0.1m2 to 0.25kg/0.1m2. The total mussel biomass on
the bed was calculated to be 13 tonnes, a 92% reduction from the 166 tonnes
recorded in 2010. Of these 2 tonnes were of marketable size.
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Figure 2.6 Mussel size frequency on Shellridge - October 2011
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2.3.2 Gat Sand
The Gat sand supports the largest area of natural intertidal mussel bed in the
Wash, which for survey purposes is divided into three beds (Figure 2.7). Following
the wide scale decline of intertidal stocks throughout the Wash during the late
1980s, the Gat beds were closed to fishing in 1993. Although they were subject
to heavy poaching between 2000 and 2002, they were not officially opened to a
major dredge fishery until 2006 after an exceptionally good settlement in 2004
that had rejuvenated them. Having been closed for so long, these beds have
matured and, particularly along the exposed northern fringes of the bed,
developed into important biogenic reef features. Because of their environmental
importance, these features remained protected during the 2006 dredge fishery
and also from the small-scale handwork fisheries that have been opened
subsequently between 2007 and 2010. When surveyed in 2010, all three beds on
the Gat were found to have suffered heavy mortality rates, with 60% of the
mussel biomass being lost. These high mortality rates continued into 2011 on the
East Gat and to a lesser extent on the West and Mid Gat, leaving these beds in a
poor condition.

Figure 2.7 Mussel size distributions on the Gat mussel beds – September 2011
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2.3.2.1

West Gat



Area: 35.5 hectares



Coverage: 38%



Mean Density: 0.81kg/0.1m2



Total Stock: 1,088 tonnes



Stock  45mm: 541 tonnes

The West Gat bed was surveyed on September 27th 2011. Samples were taken
from every fifth “hit”, producing 68 samples from six transects. Figure 2.8 shows
the mussel size frequency within the population taken from these samples.

Significant erosion was found to have occurred around the edges of this bed since
the previous survey resulting in a loss of area from 48.0 hectares to 35.5
hectares. Within the bed the coverage was found to have changed from 33% to
38% and the mean density from 0.73kg/0.1m2 to 0.81kg/0.1m2. Although it
appears that these characteristics have improved since 2010, this is an artefact
caused by the reduction in bed area rather than actual improvements within the
bed. From these figures the total biomass of mussels on the West Gat was
calculated to be 1,088 tonnes, 76 tonnes less than the previous year. Of these,
541 tonnes were of marketable size, compared to 756 tonnes in 2010.
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Figure 2.8 Mussel size frequency on West Gat - September 2011
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2.3.2.2

Mid Gat



Area: 23.1 hectares



Coverage: 38%



Mean Density: 0.84kg/0.1m2



Total Stock: 737 tonnes



Stock  45mm: 330 tonnes

The Mid Gat was surveyed on October September 28th 2011. Samples were
collected from every fifth “hit”, producing 68 samples from six transects. Figure
2.9 shows the mussel size frequency within the population taken from these
samples.

Erosion along the southern and north-western edges of the bed resulted in a
reduction in area from 25.9 hectares in 2010 to 23.1 hectares. Within the bed the
mussel coverage was found to have increased during the same period from 32%
to 38% and the mean density from 0.77kg/0.1m2 to 0.84kg/0.1m2. From these
figures the total mussel biomass on the Mid Gat was calculated to be 737 tonnes,
a 16% increase on the 634 tonnes recorded the previous year. Mortality among
the older mussels was still high, however, as evidenced by a decrease in the
biomass of marketable sized mussels from 375 tonnes to 330 tonnes.
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Figure 2.9 Mussel size frequency on Mid Gat - September 2011
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2.3.2.3

East Gat



Area: 18.6 hectares



Coverage: 19%



Mean Density: 0.43kg/0.1m2



Total Stock: 152 tonnes



Stock  45mm: 43 tonnes

The East Gat was surveyed on September 28th 2011. Samples were taken from
every fourth “hit”, producing 21 samples from four transects. Figure 2.10 shows
the mussel size frequency within the population taken from these samples.

The high mortality rates that had occurred on this bed during 2010 were found to
have continued through 2011 leaving the bed in poor condition. The loss of some
mussel hills around the edges of the bed resulted in a reduction of area from 19.3
hectares in 2010 to 18.6 hectares, while within the bed the coverage had fallen
from 34% to 19% and the mean density from 0.58kg/0.1m2 to 0.43kg/0.1m2.
From these figures the total biomass of mussels on the bed was calculated to be
152 tonnes, a 61% reduction from the 387 tonnes recorded in 2010. This means
the total biomass is only 14% of the 1,086 tonnes present in 2009. Of these
stocks 43 tonnes were found to be of marketable size, compared to 214 tonnes in
2010 and 730 tonnes in 2009.
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Figure 2.10 Mussel size frequency on East Gat - September 2011
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2.3.3 Tofts


Area: 42.5 hectares



Coverage: 31%



Mean Density: 1.59 kg/0.1m2



Total Stock: 2,160 tonnes



Stock  45mm: 1,611 tonnes

Historically the Tofts supported a large bed of mussels, but by the 1990s this had
declined to a small shelly ridge in an area known locally as White Buoy Hill.
Between 2004 and 2009 the bed began to recover, expanding rapidly in area
following successive settlements. ESFJC officers proposed opening this bed to
both the 2008 and 2009 fisheries, but there was reluctance from the industry
towards these proposals, mainly from members with private lays close to the bed.
Nevertheless, the southern half of the bed was opened to the relaying fishery in
2010, during which approximately 400 tonnes of mussels were removed. Unlike
most of the other beds in the Wash, the Tofts did not suffer from high natural
mortalities in 2010 and remained relatively unscathed in 2011.

Figure 2.11 Mussel size distributions on the Toft mussel bed – October 2011
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The Tofts bed was surveyed on October 25th 2011. Samples were taken from
every fifth “hit”, producing 65 samples from seven transects. Figure 2.12 shows
the mussel size frequency within the population taken from these samples, while
figure 2.11 shows their size distribution over the bed.
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Figure 2.12 Mussel size frequency on the Tofts - October 2011
The area of the bed was found to have decreased from 47.0 hectares to 42.5
hectares, mainly due to losses along the northern and western edges of the bed.
Within the bed the coverage had declined from 33% to 31% but the mean density
had increased slightly from 1.51 kg/0.1m2 to 1.59 kg/0.1m2. These changes
meant the total biomass of mussels on the bed had decreased from 2,357 tonnes
to 2,160 tonnes. Of these, 1,611 tonnes were found to be of marketable size.
While this is a 15% decline from the 1,904 tonnes present in 2010, it
nevertheless means that this bed supports 44% of the remaining adult mussels
left in the Wash.
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2.3.4 Roger


Area: 2.0 hectares



Coverage: 23%



Mean Density: 0.72 kg/0.1m2



Total Stock: 32 tonnes



Stock  45mm: 24 tonnes

This small bed was surveyed on November 11th 2011. Samples were collected
from every fifth “hit”, producing 6 samples from a single transect. Figure 2.13
shows the mussel size distribution on this bed.

High mortality among the ageing population combined with poor recruitment has
resulted in this bed deteriorating badly over the past two years. The area of the
bed was found to have declined from 3.1 hectares in 2010 to 2.0 hectares, while
the mussel coverage within the bed had declined from 39% to 23%. Within the
mussel patches the mean density was found to have improved over the same
period from 0.46 kg/0.1m2 to 0.72 kg/0.1m2. From these figures the total
mussel biomass was calculated to be 32 tonnes compared to 55 tonnes in 2010.
Of these 24 tonnes were of marketable size, a reduction from the 32 tonnes
recorded in 2010.

Figure 2.13 Mussel size distribution on the Roger mussel bed – November 2011
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2.3.5 Herring Hill


Area: 17.8 hectares



Coverage: 35%



Mean Density: 0.47 kg/0.1m2



Total Stock: 293 tonnes



Stock  45mm: 2 tonnes

The Herring Hill bed was surveyed on September 11th 2011. Samples were taken
from every fifth “hit”, producing 63 samples from six transects. Figures 2.14 and
2.15 show the population size frequency taken from these samples and the
mussel size distribution across the bed.

The survey found that significant areas around the edges of the bed that had
supported low density patches of mussels in 2010 had been lost, resulting in the
area of the bed declining from 25.0 hectares to 17.8 hectares. Within the bed the
mussel coverage was found to have increased from 27% to 35% and the mean
density from 0.34 kg/0.1m2 to 0.47 kg/1m2. The improvements to coverage and
mean density are partially the result of the loss of the low density patches that
had lowered the average figures in 2010, and also due to a successful recruitment
during 2010. From these figures the total mussel biomass on this bed was
calculated to be 293 tonnes compared to 235 tonnes in 2010. Of these, only 2
tonnes were of marketable size, a decline from the 8 tonnes recorded in 2010.
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Figure 2.14 Mussel size frequency on Herring Hill - September 2011
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Figure 2.15 Mussel size distribution on the Herring Hill mussel bed – September
2011
2.3.6 Main End


Area: 5.6 hectares



Coverage: 11%



Mean Density: 0.56 kg/0.1m2



Total Stock: 36 tonnes



Stock  45mm: 23 tonnes

The Main End bed was surveyed on October 15th 2011. Samples were collected
from every third “hit”, producing 14 samples from three transects. Figure 2.16
shows the mussel size distribution across the bed.

The mussels on this bed are the remnants of a large settlement of spat that
settled in this region in 2001. As these were considered to be vulnerable to storm
damage at the time, they were opened to the relaying fishery in 2002 before they
were lost to natural causes. Following this fishery a small bed remained along the
edge of a large run and has remained fairly stable since. Since the original
settlement in 2001, the bed has received little recruitment. In recent years
mortality among the ageing population has caused the bed to decline with the
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mussel patches becoming sparse. Most of the remaining mussels in this bed are
now situated, submerged, in the bottom of the run.

Figure 2.16 Mussel size distribution on the Main End mussel bed – October 2011
Erosion around the edges of the bed caused the area to decline from 7.3 hectares
in 2010 to 5.6 hectares. Within the bed the coverage had declined to 11% from
15% but the mean density had increased slightly from 0.44 kg/0.1m2 to 0.56
kg/0.1m2. From these figures the total mussel biomass on the bed was calculated
to be 36 tonnes, a reduction from the 47 tonnes recorded in 2010 and only 17%
of the 214 tonnes reported in 2009. Of these 23 tonnes were found to have
attained marketable size.
2.3.7 Holbeach


Area: 11.0 hectares



Coverage: 45%



Mean Density: 1.18 kg/0.1m2



Total Stock: 584 tonnes



Stock  45mm: 16 tonnes

The Holbeach bed was surveyed on September 11th 2011. Samples were collected
from every fifth “hit”, generating 54 samples from four transects. Figures 2.17
and 2.18 show the size distribution of mussels across the bed and the mussel size
frequency within the population.
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Similar to the Main End bed, this bed was established following an exceptional
settlement in 2001 and subsequently opened to relaying in 2002. Unlike Main
End, however, the Holbeach bed has benefited from moderate settlements of spat
in recent years that have kept it rejuvenated. The area of the bed was found to
have increased slightly from 10.2 hectares in 2010 to 11.0 hectares. Growth of
mussels from a 2010 settlement and another settlement in 2011 helped the
mussel coverage within the bed to increase from 39% to 45% and the mean
density from 0.83 kg/0.1m2 to 1.18 kg/0.1m2. From these figures the total
mussel biomass on this bed was calculated to be 584 tonnes, an 80% increase to
the 325 tonnes recorded following the 2010 surveys. Only 16 tonnes of these
mussels were found to have attained marketable size.

Figure 2.17 Mussel size distribution on the Holbeach mussel bed – September
2011
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Figure 2.18 Mussel size frequency on Holbeach - September 2011

2.3.8 Trial Bank


Area: 29.3 hectares



Coverage: 40%



Mean Density: 1.14 kg/0.1m2



Total Stock: 1,352 tonnes



Stock  45mm: 243 tonnes

The Trial Bank mussel bed was surveyed on October 27th 2011. Samples were
collected from every sixth “hit”, producing 70 samples from seven transects.
Figures 2.19 and 2.20 show the size distribution of mussels across the bed and
the mussel size frequency within the population taken from these samples.
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Figure 2.19 Mussel size distribution on the Trial Bank mussel bed – October 2011
This bed has benefited from regular settlements of spat in recent years allowing it
to steadily increase in both size and mussel biomass since it was first surveyed in
2001. In 2010 it was opened to the relaying fishery, during which approximately
200 tonnes were removed, but it did not suffer the high natural mortalities that
were seen to have occurred on most of the other beds.
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Figure 2.20 Mussel size frequency on Trial Bank - October 2011
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When surveyed in 2011 it was found to have benefitted from another good
spatfall. Where these juveniles had settled into gullies along the western edge of
the bed, they helped the bed increase in area from 27.5 to 29.3 hectares. Growth
and new recruitment also helped the mussel coverage to increase from 25% to
40% and the mean density from 1.05 kg/0.1m2 to 1.14 kg/0.1m2. From these
figures the total biomass of mussels on this bed was calculated to be 1,352
tonnes, a 91% increase to the 709 tonnes present in 2010. Of these, 243 tonnes
were found to have attained marketable size, an improvement on the 133 tonnes
recorded the previous year.
2.3.9 Breast Sand
In 2001 a good settlement of spat created three discrete mussel beds on the
Breast sand, which for survey purposes were surveyed and reported separately.
Over time the West bed extended towards the Centre bed until only a run that
had originally delineated the western edge of the Centre bed separated them.
Disparate fishing effort over these beds since 2005 resulted in the Centre bed
declining in size until only the western edge remained. In 2009 the run separating
the West and the remains of the Centre bed disappeared. Although the two beds
had effectively become a single bed, in order to maintain reporting consistency,
MapInfo GIS was applied during the data analysis process to recreate the old
border between the two beds.
When surveyed in 2011, settlement was found to have occurred along the
western side of the East bed, encroaching over ground that had once supported
the southern half of the Centre bed and extending as far as the West bed.
Although mussels had settled onto ground that had once been occupied by the
Centre bed, it can be seen from figure 2.21 that the Centre bed no longer exists
as a discrete bed. As such, for survey purposes the area was divided into two
beds, rather than three, for the 2011 surveys. Figure 2.22 shows the mussel size
distribution over these beds following that survey
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Figure 2.21 Chart showing changes to the Breast beds between 2004 and 2011

Figure 2.22 Mussel size distribution on the Breast mussel beds – October 2011
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2.3.9.1

West Breast



Area: 24.6 hectares



Coverage: 18%



Mean Density: 0.65 kg/0.1m2



Total Stock: 282 tonnes



Stock  45mm: 23 tonnes

The West Breast bed was surveyed on October 3rd 2011. Samples were collected
from every fifth “hit”, producing 21 samples from four transects. Figure 2.23
shows the mussel size frequency within the population taken from these samples.
The survey found that the area of the West bed had increased significantly from
15.2 hectares to 24.6 hectares. This was partially due to incorporating 5.1
hectares of ground into this bed that until this survey had been part of the Centre
bed, and partially due to new settlement along the western edge of the bed. The
inclusion of these areas also had an impact on the average characteristics of the
bed. Although the coverage had changed little, from 19% to 18%, the mean
density had fallen from 0.93 kg/0.1m2 to 0.65 kg/0.1m2. From these figures the
total mussel biomass was calculated to be 282 tonnes. Although this is an
increase on the 268 tonnes recorded for this bed in 2010, it is lower than the 340
tonnes that were present within the combined West and Centre beds at that time.
Overall this area of mussel bed had experienced a decline in stock levels since the
previous survey.
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Figure 2.23 Mussel size frequency on West Breast - October 2011
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2.3.9.2

East Breast



Area: 26.8 hectares



Coverage: 35%



Mean Density: 0.87 kg/0.1m2



Total Stock: 815 tonnes



Stock  45mm: 134 tonnes

The East Breast bed was surveyed on September 12th 2011. Samples were taken
from every fifth “hit”, producing 57 samples from six transects. Figure 2.24 shows
the mussel size frequency within the population taken from these samples.

As mentioned above, significant settlement had occurred along the western side
of this bed, creating an increase in area from 11.7 hectares to 26.8 hectares.
Within the bed the settlement had helped the coverage to increase from 22% to
35%, but the predominance of smaller seed mussels caused the mean patch
density to decline slightly from 0.92 kg/0.1m2 to 0.87 kg/0.1m2. These changes
meant the total mussel biomass within the bed had increased 244% from 237
tonnes in 2010 to 815 tonnes. During the same period the stock of marketable
sized mussels was found to have increased from 42 tonnes to 134 tonnes.
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Figure 2.23 Mussel size frequency on East Breast - September 2011
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2.3.10

East Scotsman’s Sled



Area: 25.0 hectares



Coverage: 22%



Mean Density: 0.52 kg/0.1m2



Total Stock: 294 tonnes



Stock  45mm: 33 tonnes

The Scotsman’s Sled bed was surveyed on October 25th 2011. Samples were
collected from every fifth “hit”, producing 20 samples from five transects. Figures
2.24 and 2.25 show the mussel size distribution over the bed and the mussel size
frequency within the population taken from these samples.

Apart from slight changes, the 2011 survey found the bed to be in a similar
condition to when surveyed the previous year. There were minor changes along
the perimeter of the bed, but overall, the area of 25.0 hectares was similar to the
2010 figure of 25.3 hectares. Similarly within the bed, the coverage had changed
little from 21% to 22%, or the mean density from 0.56 kg/0.1m2 to 0.52
kg/0.1m2. From these figures the total mussel biomass within the bed was
calculated to be 294 tonnes, similar to the 299 tonnes recorded in 2010. Of these
33 tonnes were found to have attained marketable size compared to 78 tonnes
the previous year.

2.24 Mussel size distribution on the East Scotsman’s Sled mussel bed – October
2011
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Figure 2.25 Mussel size frequency on East Scotsman’s Sled - October 2011
2.3.10

Pandora



Area: 6.9 hectares



Coverage: 29%



Mean Density: 0.78 kg/0.1m2



Total Stock: 158 tonnes



Stock  45mm: 120 tonnes

The Pandora bed was surveyed on November 10th 2011. Samples were collected
from every fifth “hit”, producing 17 samples from two transects. Figure 2.26
shows the mussel size distribution within the bed.

The Pandora bed was one of those that settled during the exceptional 2001
spatfall. Believed at the time to be vulnerable to storm damage, this bed was
opened to a successful handworked fishery in 2002. Since its initial settlement,
however, the bed has attracted little further natural recruitment resulting in an
ageing population. In recent years, with mortality greatly exceeding recruitment
and growth, this bed has declined badly with the remaining mussels scattered in
small clumps among ridges of mussel and clam shells. The last two surveys have
found, however, that the bed has benefitted from clumps of mussels washing into
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the bed from the adjacent several fishery lays. These helped the bed to increase
in area from 5.1 hectares in 2010 to 6.9 hectares. Within the bed the coverage
was found to have decreased from 33% to 29%, while the mean density
remained the same as the previous year at 0.78 kg/0.1m2. From these figures the
total biomass of mussels on this bed was calculated to be 158 tonnes, an
improvement to the 130 tonnes recorded in 2010. Of these, 120 tonnes were
found to have attained marketable size.

Figure 2.26 Mussel size distribution on the Pandora mussel bed – November 2011
2.3.11

Daseley’s



Area: 2.6 hectares



Coverage: 24%



Mean Density: 0.68 kg/0.1m2



Total Stock: 42 tonnes



Stock  45mm: 1 tonne

The Daseley’s bed was surveyed on September 29th 2011. Samples were collected
from every third “hit”, producing 19 samples from two transects. Figures 2.27
and 2.28 show the mussel size distribution within the bed and the mussel size
frequency of the population taken from these samples.
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In 2009 clumps of seed mussels were found to have settled in the bottom of a
wide run, but were considered too small and fragile to conduct a survey on until
the following year. By 2010 they had grown sufficiently to survey, and were found
to have formed a narrow bed following the course of the run. When surveyed in
2011, mussels from within the bed were found to have washed northwards,
increasing the area of the bed from 1.1 hectares to 2.6 hectares. The mussels
themselves did not appear to have grown much from when surveyed the previous
year, so this thinning of the bed resulted in a decline of coverage from 30% to
24% and mean density from 0.90 kg/0.1m2 to 0.68 kg/0.1m2. From these figures
the total biomass of mussels in the bed was calculated to be 42 tonnes, compared
to 30 tonnes in 2010. One tonne of these were found to have attained marketable
size.

Figure 2.27 Mussel size distribution on the Daseley’s mussel bed – September
2011
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Figure 2.28 Mussel size frequency on Daseley’s - September 2011
2.3.12

Blackshore



Area: 22.1 hectares



Coverage: 27%



Mean Density: 1.28 kg/0.1m2



Total Stock: 759 tonnes



Stock  45mm: 17 tonnes

The Blackshore bed was surveyed on August 30th 2011. Samples were collected
from every fifth “hit”, producing 40 samples from five transects. Figures 2.29 and
2.30 show the mussel size distribution within the bed and the mussel size
frequency of the population taken from these samples.
This is a recently settled bed, the presence of which was first noticed when two of
the grab samples taken at this location during the 2010 spring cockle surveys
were found to contain clumps of one year-old mussel seed. When surveyed in
2011, the bed was found to have benefitted from another settlement of spat,
which combined with mussels that had washed eastwards out of the bed, had
helped the area of the bed increase from 10.2 hectares in 2010 to 22.1 hectares.
Within the bed, growth and new recruitment helped the coverage increase from
23% to 27% and the mean density from 0.84 kg/0.1m2 to 1.28 kg/0.1m2. From
these figures the total biomass of mussel within the bed was calculated to be 759

Eastern IFCA Research Report 2011

38

75

73

71

69

67

65

63

61

59

57

55

53

51

49

47

45

43

41

39

37

35

33

31

29

27

25

23

21

19

17

15

13

9

11

7

5

0

tonnes, a 285% increase on the 197 tonnes recorded the previous year. Of these,
17 tonnes were found to have attained marketable size.

Figure 2.29 Mussel size distribution on the Blackshore mussel bed – August 2011
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Figure 2.30 Mussel size frequency on Blackshore - August 2011
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2.3.13

Welland Bank



Area: 2.7 hectares



Coverage: 74%



Mean Density: 2.11 kg/0.1m2



Total Stock: 418 tonnes



Stock  45mm: 238 tonnes

Historically the rocks forming the north-west bank of the River Welland training
wall have supported mussels. This wall is completely immersed during high water
periods, and consequently in places mussels are found attached to the rocks on
both sides of the wall (see figure 2.31). Although it is only possible to hand work
these stocks, in some years over twenty vessels have exploited the mussels
found there.

Figure 2.31 Photograph of the River Welland at mid-water, showing the exposed
banks
Because of the nature of the wall, it is not possible to measure the perimeter of
the stocks in the usual manner. Instead an area of coverage is calculated by
measuring the width of the band that the mussels are growing along, and
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multiplying this figure by the distance which the mussels maintain this width. The
coverage and mean density are measured using a similar method to that used on
the intertidal beds, but as it would be dangerous to attempt walking transects
along the wall, a series of samples are tested at distances along the wall (see
figure 2.32). As the best coverage of mussels on this wall is found at the lower
extremities, the survey is preferably conducted at low water on the largest
possible tide.

Figure 2.32 Chart showing the positions of sample sites on the Welland Bank –
August 2011
The Welland Bank survey was conducted on August 31st 2011, on an 8.4m tide.
Samples were collected from every second “hit”, producing 35 samples from 18
sample stations. Figure 2.33 shows the mussel size frequency of the population
taken from these samples.

The survey found that the mussels were growing in a slightly wider band than
when surveyed in 2010, resulting in an increase in area from 1.8 hectares to 2.7
hectares. Within this band, however, the coverage was found to have declined
from 80% to 74% and the mean density from 2.75 kg/0.1m2 to 2.11 kg/0.1m2.
The total biomass was calculated from these figures to be 418 tonnes, similar to
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the 402 tonnes recorded in 2010. Of these, the stock that had attained
marketable size was found to have remained unchanged at 238 tonnes.
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Figure 2.33 Mussel size frequency on Welland Bank - August 2011
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Table 2.1 - Summary of The Wash intertidal mussel stocks following the 2011 autumn mussel surveys
2011
BED

AREA COVERAGE DENSITY
(ha)
(%)
(kg/0.1m2)

2010

TOTAL
STOCK
(Tonnes)

STOCK
>≥45MM
(Tonnes)

% >≥45MM Tonnes/ TOTAL STOCK % CHANGE
ha
(Tonnes)

Mare Tail North

52.8

41

0.79

1701

434

25.5

32.2

1685

0.9

Mare Tail South

28.7

30

0.84

716

56

7.8

24.9

503

42.3

Mare Tail East

5.8

18

0.43

44

11

25.0

7.6

126

-65.1

Shellridge

2.5

20

0.25

13

2

15.4

5.2

166

-92.2

42.5

31

1.59

2106

1611

76.5

49.6

2357

-10.6

2.0

23

0.72

32

24

75.0

16.2

55

-41.8

Gat, West

35.5

38

0.81

1088

541

49.7

30.6

1164

-6.5

Gat, Mid

23.1

38

0.84

737

330

44.8

31.9

634

16.2

Gat, East

18.6

19

0.43

152

43

28.3

8.2

387

-60.7

Main End

5.6

11

0.56

36

23

63.9

6.4

47

-23.4

Holbeach

11.0

45

1.18

584

16

2.7

53.1

325

79.7

Herring Hill

17.8

35

0.47

293

2

0.7

16.5

235

24.7

Trial Bank

29.3

40

1.14
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2.4

Discussion

The recent survey results showed that the intertidal mussel stocks had increased
in biomass from 9,626 tonnes to 11,204 tonnes. Although these figures indicate
there had been some recovery following the crash in stocks in 2010, this recovery
was found to be disparate. Those beds that had benefitted from good recruitment
in either 2010 or 2011 appeared rejuvenated and in good condition. Those that
had not benefitted from this recruitment appeared to be in poor condition. Figure
2.1 shows this disparity. Worryingly, the problem that had caused the high
mortalities in 2010 appeared to still be ongoing, but had been masked somewhat
by new recruitment. This was evidenced by the further decline in the stock of
adult mussels from 4,189 tonnes to 3,664 tonnes. The Mytilicola intestinalis
parasite, which was present in high numbers in 2010 is likely to be a major
contributory factor in this decline, and could have a significant impact on future
stocks too.

The population dynamics of the stocks could also be influencing the current
trends that are being seen, however. There was an exceptional spatfall in 2001,
in which several new beds were either settled or completely rejuvenated. Some of
those beds have not received any significant recruitment since then, resulting in a
population dominated by old mussels that are reaching the end of their natural
lifespan. Over the past few years, several of these beds have shown signs that
mortality has been exceeding growth, resulting in a net decline in stock biomass
on those beds. For those that do not receive a significant spatfall soon, this
decline will be terminal. The Roger, Shellridge, East Mare Tail, Pandora and Main
End beds all appear vulnerable to being lost in the coming year. Disturbingly,
following an 86% decline in stock over the past two years, the East Gat bed also
appears to be in a vulnerable position, while both of the other Gat beds are in a
poor condition. This seems to reflect a recent change in recruitment trends, which
since 2005 appears to have benefitted the higher beds rather than the lower,
traditionally fished, beds. At this stage it is difficult to determine whether this is
just happenstance, and will revert back in the coming years, or whether a
significant change has occurred to the environmental and hydrological dynamics
that affect the mussel spatfalls.
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Figure 2.34 shows the level of mussel stocks on the intertidal beds over the past
ten years, and how these compare with the Conservation Objective targets set by
Natural England for the site. From this chart it can be seen that while there has
been an improvement to the total mussel stocks, the recovery has not been
sufficient to achieve the Conservation Objective target of 12,000 tonnes.
Following further decline to the adult stocks, the biomass of adult mussels is little
over half of the target figure of 7,000 tonnes set for this attribute.
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Figure 2.34 Chart showing the annual stocks of mussels present on the intertidal
beds in the Wash compared to the Conservation Objective targets.
The failure to achieve Conservation Objective targets does not necessarily
preclude the opening of a mussel fishery. The Fisheries Management Policies
allow fishing to occur down to stock levels of 10,000 tonnes, provided it can be
demonstrated from recent trends in recruitment that the proposed fishery would
not prevent stocks returning to the target levels by the time of the following
year’s stock assessment. With two-thirds of the current stock composed of
juvenile mussels, in which growth tends to be good, it is anticipated that the
stocks should increase sufficiently in the coming year to allow a fishery. Proposals
for a fishery must also take into consideration the adult stock levels, which are
not expected to recover sufficiently during 2012 to achieve their 7,000 tonnes
target. As such, care must be taken to ensure any proposed fisheries have
minimal impacts to the adult stocks. Taking account of these considerations, it
was agreed to open a relaying fishery of 1,204 tonnes, on the North Mare Tail,
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Holbeach, Trial Bank, East Breast and Blackshore beds. This fishery was divided
into a 109 tonnes handwork fishery, opened in December 2011, and a 1,095
tonnes dredge fishery, planned to be opened in April 2012.

There has been some criticism from industry members concerning the recent
management of the mussel fisheries in the Wash. For commercial purposes, the
ideal situation for a fishery is to have a mono-culture of similar aged and sized
mussels, as occurs on the several fishery lays. From a conservation perspective,
mixed-aged beds provide a far greater biodiversity and long-term stability, and as
such, the Conservation Objectives have been developed to achieve these goals.
Unfortunately, satisfying the preferred requirements for both groups is difficult,
frequently

leaving

managers

trying

to

fit

fisheries

management

around

conservation restrictions. In the Wash, where conservation advice has been
followed, it is no surprise that the beds have developed the way they have. Apart
from a few newly settled beds, most now support multiple year-classes and a
broad biodiversity. As such, the only commercial value these beds provide to the
fishermen is a source of seed for relaying onto their lays. Preferential removal of
seed in this way can exasperate the problem, however, unbalancing the
population dynamics and leaving behind beds biased with older mussels.
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2.5

Titchwell Marsh Mussel Bed

2.5.1 Introduction
Titchwell Marsh is a Royal Society for the Protection of Birds (RSPB) maintained
nature reserve on the North Norfolk coast, close to the village of Titchwell and
approximately five miles east of Hunstanton. The reserve contains a number of
habitats including reed beds, marshland, fresh water and brackish lagoons and
sandy beach. Together these habitats attract a diversity of bird species including
nationally important numbers of avocets, bearded tits, bitterns and marsh
harriers. It is also an internationally important site for wintering waders and
ducks. Whereas the reed beds and lagoons are managed, the beach area, which
includes saltmarsh, shingle and sand dunes is maintained naturally. This area
provides suitable habitats for brent geese, wigeon, little terns, red shank and high
tide roosts for other wader species, while offshore large numbers of common
scoter, eider and long tailed ducks gather in winter.

Situated on the beach is a small area of exposed Neolithic peat upon which
mussels regularly settle. When local fishermen approached Eastern Sea Fisheries
Joint Committee (ESFJC) in 2009 requesting permission to fish these mussels it
was initially unclear who would be responsible for managing a fishery within a
nature reserve maintained by the RSPB. Consultation with the Crown Estate
landowners, however, confirmed that because the Joint Committee would need to
relax Byelaw 4 (minimum size of mussels) and authorise the fishing activity under
Byelaw 2(b), allowing the removal of mussels for the purpose of stocking, the
responsibility for the management and enforcement of the fishery was that of the
Joint Committee. Since then the Joint Committee (and its successor, Eastern
Inshore Fisheries and Conservation Authority (EIFCA)) have conducted a number
of stock assessment surveys on this bed. During this period the mussel biomass
on the bed has been seen to vary considerably from 420 tonnes in September
2009, falling to 10 tonnes in March 2010 and subsequently recovering to 146
tonnes in September 2010 (Jessop et al, 2010). These surveys, and anecdotal
evidence from fishermen, suggest mussels regularly settle on the raised areas of
exposed peat, but that the beds tend to be ephemeral in nature, with the
majority of the stocks being lost each winter.
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As part of an ongoing survey program, the Titchwell mussel bed was surveyed
again on September 29th 2011.

The methodology used for this survey was

identical to that used when surveying the intertidal beds in the Wash, described in
section 2.2.
2.5.2 Results
The survey found the mussels were situated in three discrete patches, attached to
elevated patches of exposed Neolithic peat. Figure 2.5.1 shows the extent of
these patches at the time of the survey. Their total area was found to be 1.48
hectares.

Figure 2.5.1 Chart showing the extent of the Titchwell mussel bed in September
2011
Table 2.5.1 provides a summary of the mussel stocks found in each of the three
patches when surveyed. The coverage of mussels was found to be fairly
consistent between the three beds (32%-35%). While the mussel densities were
fairly similar between patches 1 and 2, a higher proportion of older, larger
mussels in patch 3 elevated the mean density for that area. The total biomass
between the three patches was calculated to be 45 tonnes, of which 1 tonne had
attained the Minimum Landing Size of 50mm.
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Table 2.5.1 Summary statistics describing the mussels in each of the three
patches shown in figure 1
Mussel
Area (ha)
Coverage
Mussel
Mussel
Mussel
Patch
(%)
Density
Biomass
Biomass
(kg/m2)
(Tonnes)
>50mm
(Tonnes)
1

0.41

34

0.78

11

0

2

0.58

35

0.83

17

0

3

0.49

32

1.10

17

1

Figure 2.5.2 shows the size distribution of the mussels on the bed at the time of
the survey. The unimodal distribution shows the population is predominantly
represented by a single year-class cohort. These are year-1 mussels from a
settlement that occurred in 2010. The small numbers of smaller and larger
mussels seen in the chart are year-0 mussels that have settled during 2011 and
year-2+ individuals respectively. This population differed from the one produced
following the September 2010 survey, in which there was a bipolar distribution of
year-1 and year-2 cohorts.
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Figure 2.5.2 Population Size Distribution of mussels at Titchwell in September
2011
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In most places the mussels were attached to a thin layer of fine sand, mussel
mud and pseudo-faeces that had developed above the peat.
2.5.3 Discussion
EIFCA (and its predecessor, ESFJC) have surveyed the mussel bed at Titchwell
Marsh on four occasions since 2009. These surveys have shown the bed to vary
considerably in spatial extent and mussel biomass. Figures 2.5.3 to 2.5.6 show
how the extent of the bed has changed during this period. In September 2009 the
mussels occupied an area comprising both elevated peat beds and the spaces
between the peat beds (figure 2.5.3). Of the four surveys, the area of the mussel
bed was at its greatest at this time, covering 4.6 hectares. During the three
subsequent surveys, the mussels have only been found in areas where the peat
bed is exposed. These areas have changed from one patch of mussels in March
2010, covering 0.26 hectares (figure 2.5.4), to five patches in September 2010,
covering a combined area of 2.7 hectares (figure 2.5.5), to three patches in
September 2011 covering 1.48 hectares (figure 2.5.6). Over the course of the
four surveys the mussel biomass has fluctuated from a peak of 420 tonnes in
September 2009 to just 10 tonnes in March 2010. A successful settlement during
2010 enabled the bed to recover to 146 tonnes by September 2010, but overwinter losses, particularly to the eastern side of the bed, have caused the bed to
decline to the present 45 tonnes.

The changes witnessed through this series of surveys show the mussel bed has
an ephemeral nature. Although the exposed peat beds provide a suitable feature
for mussels to attach to, attracting regular settlements of seed, the accumulation
of mussel mud and pseudo-faeces beneath the mussels weakens their attachment
to the substratum, leading to their loss during winter storms.

The surveys have found that mussel growth on this bed is rapid, with individuals
attaining the 50mm minimum landing size by their third year. Because of the
ephemeral nature of the bed, however, only a small proportion of the mussels
remain attached to the bed long enough to attain this size. As such, the bed is
more valuable to the fishing industry as a seed resource than a source of
marketable mussels. Rather than risk losing valuable resources, it is usually the
Authority’s policy to open ephemeral beds to exploitation once they have been
identified. The location of the Titchwell bed, however, is highly sensitive. Being
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situated within a RSPB maintained nature reserve, there are concerns regarding
the disturbance and competition that a commercial fishery could cause to the
birds. Further, there are concerns that fishing activities could potentially cause
irreversible damage to the relatively soft and fragile exposed Neolithic peat that
the mussels are attached to. When the mussels first settle on the peat, they tend
to be firmly attached with numerous byssal threads. Under such conditions
harvesting, even by a handworked fishery, would cause damage to the peat. As
the mussels grow, however, the resultant deposits of mussel mud and pseudofaeces creates a protective layer between the mussels and the peat. It is felt that
at such times a carefully managed handwork fishery could harvest the mussels
without damaging the underlying peat. The timing of such a fishery would be
critical, however, as the layer of pseudo-faeces that was protecting the peat
would also increase the likelihood of the mussels being washed away during
storms.

Figure 2.5.3 Chart showing the spatial extent of the mussel bed at Titchwell in
September 2009
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Figure 2.5.4 Chart showing the spatial extent of the mussel bed at Titchwell in
March 2010 compared to the extent in September 2009

Figure 2.5.5 Chart showing the spatial extent of the mussel bed at Titchwell in
September 2010 compared to the extent in September 2009
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Figure 2.5.6 Chart showing the spatial extent of the mussel bed at Titchwell in
September 2011 compared to the extent in September 2009

Eastern IFCA Research Report 2011

53

2.6

Sub-Littoral Mussels

2.6.1 Introduction
Faced with limited access to the public mussel beds, and frequent poor quality of
the stocks therein, the lays of the several fishery play an important role for both
the Wash and North Norfolk Coast mussel fisheries. By providing the fishermen
with a place in which they can grow good quality mussels that can be harvested
without restriction, they have given the fishery a stability that would not
otherwise be possible. Traditionally, the lays were stocked with mussels from the
nearby regulated beds or imported into the Wash from other fisheries around
Britain. With restricted access to the regulated beds and the often prohibitive cost
of buying seed from elsewhere, sub-littoral beds of mussel seed can provide an
alternative, less expensive, resource for fishermen wishing to stock their lays.
EIFCA’s predecessor, ESFJC, began actively searching for sub-littoral beds of seed
mussels in 1993, conducting annual surveys using RoxAnnTM Acoustic Ground
Discrimination System (ADGS) equipment. Since then these surveys have
identified several important beds, both in the Wash and along the Lincolnshire
Coast. These latter beds have proved particularly lucrative, providing the
fishermen with 10,000 tonnes of seed in 2007 alone (Jessop, Woo, Torrice.
2007). In 2008, with their lays already stocked from the previous year, several
fishermen took the opportunity to sell the seed abroad to markets in the
Netherlands (Jessop, Woo & Harwood, 2008).

Following these successful fisheries, ESFJC continued to conduct surveys along
the Lincolnshire Coast, but with access to some of the survey area being
restricted due to the construction of windfarms, only succeeded in identifying one
other small bed in January 2011. This bed was estimated to support between
300-600 tonnes, but the mussels were very small and were being heavily
predated by starfish (Jessop, Hinni, Skinner & Woo, 2010). Of more success to
the industry was a bed situated north of Mundesley on the North Norfolk Coast,
that industry members had alerted ESFJC of in February 2011. A stock
assessment conducted later that month estimated the bed supported 22,000
tonnes of seed (Jessop, Hinni, Skinner & Woo, 2010). Because this bed straddled
the ESFJC 3-mile limit, the inside area of which was protected by ESFJC byelaw
15 – Towed Gear Restriction for Bivalve Molluscs, prohibiting dredging within the
area, only the 7,000 tonnes situated outside of this area were available to the
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fishermen. Further, the area in which the mussels were situated was close to
where exposed chalk reefs had been reported. This type of feature is not
currently protected, it is one of the interest features of the new Marine
Conservation Zones (MCZs) being proposed for the area. In order to minimise
potential damage to these reefs, should they extend into the mussel bed, a gear
restriction was imposed on the fishery, ensuring round bars were used in place of
blades on the dredges. During March and April, this bed provided a successful
fishery, with many of the mussels being exported to the Netherlands. Between
August and October further surveys were conducted along the Lincolnshire and
North Norfolk Coasts.
2.6.2 Method
There are three elements of work that EIFCA performs when conducting sublittoral mussel surveys:
1. Identifying the location of potential beds – Unless already notified by the
industry to the whereabouts of a bed, EIFCA conducts broadscale acoustic
surveys of the seabed using RoxAnnTM AGDS. Parallel tracks are conducted
within the survey area with the RoxAnnTM equipment recording Roughness
and Hardness values of the seabed. These tracks are displayed real-time
on the vessel’s navigation software, and can be used to assess the ground
beneath the vessel, discriminating potential areas for ground-truthing.
Ground-truthing is conducted in order to determine what features are
actually present on the seabed in areas that the acoustic surveys have
identified.
2. Mapping the extent of sub-littoral beds – Depending on circumstances,
EIFCA uses one of two methods to map the extent of identified beds. One
is to interpolate the track data from the RoxAnn TM using Vertical Mapper
GIS software to create models showing the relative hardness of the
seabed within the survey area. As sub-littoral beds generally change the
hardness feature of the substrate that they have settled on, the extent of
the bed is often apparent from these models. The other method is to use
mechanical techniques, normally Day grabs but occasionally dredges, to
find the edges of the bed.
3. Stock Assessment within the bed – In order to determine aspects such as
mean mussel densities and size frequencies within a sub-littoral bed,
EIFCA usually collects samples from random locations within the bed using
a Day grab. Video footage taken with a ROV usually adds to the
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assessment, providing an insight into the coverage of the mussels and the
extent of any predation that may be occurring.
2.6.3 Results
In addition to the two surveys conducted in January and February 2011 along the
Lincolnshire and North Norfolk Coasts, that were reported in Jessop, et al, 2010,
three further surveys were conducted between August and October 2011.
2.6.3.1

North Norfolk Coast – Mundesley

As reported above, this bed was originally surveyed in February and was opened
to the relaying fishery in March and April. Following advice from fishermen that
there had been another successful settlement of seed in the area subsequent to
the fishery, another survey was conducted between the 15th and 17th August.
During this survey a total of 84 samples were collected using a Day grab in order
to determine the extent of the bed and the mean density of mussels within it.
Figure 2.6.1 shows the positions of these sample stations.

Figure 2.6.1 Chart showing positions of Day grab sample stations – August 2011
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The whole of the bed was surveyed, but the primary focus of the survey was to
determine the southerly and easterly extents of the bed, which had not previously
been defined, and the area that was situated outside of the 6nm District limit. As
had been anticipated, the bed extended further south-east than had previously
been mapped, resulting in an increase in bed area from 413 hectares to 583
hectares. Figure 2.6.2 shows the extent of the bed when surveyed in August, and
the distribution of mussels within it.

Figure 2.6.2 Chart showing the extent of the Mundesley bed and the distribution
of mussels within it.
A mixture of year-classes within the bed meant there was a large size range
(5mm to 50mm), but the dominance of year-0 seed meant the average size was
16mm. This compared to an average size of 26mm recorded in February, prior to
the settlement. The total mussel biomass within the bed was estimated to be
18,000 tonnes of which approximately 7,000 tonnes were situated outside of the
3nm restricted area.
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2.6.3.2

Lincolnshire Coast

Information was received from members of the fishing industry in August that a
sub-littoral mussel bed had been identified within the Lincs windfarm construction
site off the Lincolnshire Coast. After consulting with the site constructors,
Centrica, regarding access to the site and potential exclusion zones, a survey was
conducted on September 15th. Figure 2.6.3 shows the areas identified as
supporting mussel bed and the area that was surveyed. This survey involved
conducting approximately 30 km of RoxAnnTM tracks within a survey area of 660
hectares. Within this survey area, the RoxAnn TM indicated there was a change in
hardness values, consistent with those expected from a mussel bed, in the area
that had been identified by the fishermen. A series of grabs were taken within
this area to ground-truth the data. These samples contained numerous mussel
shells with a size range of 15-25mm, but no live mussels were found. The
condition of the shells indicated the mussels had died recently, believed to be the
result of starfish predation.

Figure 2.6.3 Chart showing area within windfarm construction site that had been
identified by fishermen as supporting mussels and the area surveyed in
September 2011
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2.6.3.3

Sea Palling

Members of the fishing industry contacted EIFCA in September, providing
information regarding the position of a sub-littoral bed of mussels they had
identified approximately 1.5nm off the Norfolk coast between Sea Palling and
Happisburgh. Because the mussels at Lincolnshire had died prior to the survey
being conducted, and the bed at Mundesley was also suffering high mortality
rates, the industry were eager for this bed to be surveyed as soon as possible. As
Three Counties was scheduled to be conducting other survey work for several
weeks, EIFCA officers accepted the offer to use a commercial fishing vessel, MFV
Boy Lukie, to conduct a survey on this bed on October 4 th.

Prior to the EIFCA survey being conducted, the fishermen had employed short
tows with a 2m wide “Dutch-style” mussel dredge to determine the extent of the
mussel bed. When mapped, this was found to be approximately 2.25nm in length
and between 0.20 and 0.35nm in width, with an estimated area of 205 hectares.

Because survey time was restricted, and the extent of the bed had been
determined with reasonable confidence, the survey on October 4 th concentrated
on assessing the coverage and biomass of mussels within the identified area. This
was accomplished using a Day grab to collect samples from positions that had
been selected to provide an even coverage within the identified area of the
mussel bed. Where misfiring occurred, a second grab was taken from the same
position. 40 sample stations were originally assigned at the start of the survey,
but damage incurred to the Day grab during the survey meant it was only
possible to sample 32 of these. A short dredge tow was conducted in the vicinity
of the missing stations to determine whether or not mussels were present in that
area. Of the 32 stations sampled, 17 were found to support live mussels. Within
these samples numerous mussels were found to be either moribund or dead.
These ranged from individuals that while still alive were found to be gaping, to
others that had recently died and were exhibiting various stages of decomposition
to their flesh. These accounted for up to an estimated 40% of the mussels in
some of the samples. The 15 samples that did not support mussels were
predominantly collected from the south-western edge of the bed. Several of these
were found to contain numerous empty mussel shells, indicating the bed had
possibly extended into that area at some stage.
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At slack low water a ROV video camera was deployed at three sites. At the first
station the camera was deployed at a site where mussels had been detected with
the Day grab in order to provide visual evidence of the patchiness and health of
the mussels. At the other two stations the camera was allowed to drift with the
vessel outside of the identified bed in areas where dead shells had been
previously been detected by the fishermen. These were conducted to determine
whether large numbers of starfish were present that may have predated on the
mussels. Figure 2.6.4 shows the extent of the mussel bed that had been mapped
and the positions of the grab and ROV sample stations.

Figure 2.6.4 Chart showing the extent of the Sea Palling sub-littoral mussel bed
and the positions of Day grab sample stations and ROV camera drops – October
2011.
Excluding any mussels that were either moribund or already dead, the weight of
mussels found in the 17 positive samples ranged between 6g/0.1m2 and
850g/0.1m2. These equate to densities of between 6 tonnes/hectare and 85
tonnes/hectare. Overall, the mean density of mussels within the bed was
calculated to be 15.73 tonnes/hectare. From the survey data, the biomass of
healthy mussels in the bed was calculated to be 3,250 tonnes. Figure 2.6.5 shows
an interpolated model of the mussel densities within the bed.
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The video footage taken from one site within the bed found the mussels to be
present in large patches that were interspersed with smaller areas of bare
ground. The mussels appeared to be clumped densely together, but in most areas
only a single mussel deep. These were generally seen to be partially buried in fine
sand. Occasional

whelks (Buccinum undatum) and sun stars (Crossaster

papposus) were seen, but few common starfish (Asterias rubens). No evidence
was found at this station to suggest the mussels had been washed into piles by
storms or large tides as was suggested had happened at the nearby sub-littoral
bed at Mundesley (personal comments from fishermen).

Outside of the bed, where the ROV had drifted over two 150m tracks, numerous
empty mussel shells were seen on the seabed. Occasional starfish were seen, but
these were not present in large numbers. The absence of large numbers of
starfish in either the grabs or video footage suggests they were not the cause of
the mortalities.

Figure 2.6.5 Interpolated model depicting the distribution of mussels within the
bed – October 2011.
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A sample of 116 mussels, comprising individuals from each of the grab samples,
was measured to determine the population size frequency for the bed (see figure
2.6.6). From these samples the mussels were found to range in size between 2946mm, with a peak between 34-39mm. The unimodal distribution seen in figure
2.6.6 suggests the majority of the mussel in the bed represent a single year class
cohort.
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Figure 2.6.6 Mussel size frequency found on Sea Palling sub-littoral bed - October
2011
2.6.4 Discussion
Following a survey in February 2011, the sub-littoral bed at Mundesley was
opened during April and May. During this period the bed supported a successful
fishery in which approximately 7,000 tonnes of seed mussels were removed.
These were either relayed onto lays within the Wash several fishery or were
exported to seed markets in the Netherlands. Later in the year, when the cockle
quota in the Wash had been exhausted and the market value of brown shrimps
was poor, this opportunity to sell seed mussels abroad encouraged pressure from
the industry for EIFCA to open more sub-littoral mussel beds to the fishery.
Although in August industry members informed EIFCA of a bed they had identified
along the Lincolnshire Coast, other survey commitments meant this bed could not
be surveyed until September. This delay proved regrettable because by the time
the survey was able to be conducted the mussels were found to have died,
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presumably eaten by starfish. The loss of this bed, particularly during a time of
financial hardship, brought fierce criticism from the industry over the way EIFCA
was managing the fishery. To

exasperate these feelings, the necessary

consultation with the North Norfolk crustacean fishermen and Natural England
over the re-opening of the bed at Mundesley meant there was a seven-week
delay between the surveys being conducted in August and the bed being opened
in October. Before the fishermen were able to benefit from these stocks, high
mortalities began to occur, possibly as a result of large tides and strong winds
washing the mussels into heaps (personal comments from fishermen). EIFCA
attempted to reduce these delays with the Sea Palling bed by conducting the
survey at the earliest opportunity using a commercial fishing boat and prioritising
the consultation phase. Unfortunately, even though this bed was opened within a
month of it being formally identified to EIFCA, high mortality rates meant few of
the stocks were able to be successfully harvested. These losses poignantly
highlight the need to rapidly open sub-littoral beds once they have been identified
if they are not to be lost to natural causes. When ESFJC first began mapping
these beds in the 1990s, this was possible and beds were frequently opened as
soon as they had been identified. The introduction of Marine Protected Areas
within the District means that the Authority must now take into account wider
environmental considerations when opening fisheries. This necessitates wider
consultation with Natural England and other stakeholders than was formerly the
case, backed by the requirement for detailed survey data. Unfortunately, as these
processes all take time, it is difficult to see how the current situation can be easily
resolved. As was seen in the case of the Sea Palling bed, the process can be
accelerated by conducting some of the surveys from commercial vessels if Three
Counties is scheduled for other work. This is not always possible and officer
availability would soon also become a limiting factor. Higher priority could also be
given to the consultation stage, but this would impact on all other consultations
that were being conducted and could result in the opening of other fisheries being
delayed. EIFCA plans to formalise with the industry the process for dealing with
sub-littoral beds during 2012, which may lead to the possibility of some beds
being given higher priority.
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3.0

WASH COCKLE STOCKS

3.1

Introduction

The intertidal cockle stocks in the Wash provide an important resource for the
local fishery. Prior to the 1970s, this fishery was essentially artisanal, with
fishermen handworking the beds from relatively small boats and sales constrained
by limited market demands. In the early 1970s a rapid modernization of the fleet
and the expansion of UK and European markets enabled the fishery to grow in
importance. During this period, fishermen developed the technique of “blowing
out”, whereby they used their boat’s propeller to wash the cockles out of the
ground into large heaps that were easier to harvest. This method, itself was
superseded in 1986 with the introduction of hydraulic suction dredges, after
which the handworked fishery greatly declined. Unfortunately, the management
measures for the fishery at that time were not prepared for the efficiency with
which suction dredges catch cockles. Over-fished, the stocks rapidly declined, and
remained low through most of the 1990s. The introduction of the Wash Fishery
Order in 1992, which imposed daily vessel quotas, and the implementation of an
annual Total Allowable Catch (TAC) helped to stabilise the fishery and facilitate a
recovery through the 2000s. Since 2000 cockle landings into the Wash ports of
Boston and King’s Lynn have been worth an average first-sale value of £1.04
million. Changes in stock availability and market demand during this period,
however, have resulted in the annual value of the fishery fluctuating between a
low in 2005 of £0.28 million and a high of £2.7 million in 2006.

Since the introduction of TACs to limit exploitation, the dredge fisheries have only
been short, lasting on occasions less than a month. Dissatisfied with these short
fisheries, since 2005 a growing number of fishermen have expressed a wish to
return to handworked fisheries. With lower daily quotas and less efficient catch
rates, the handwork fisheries are able to operate for longer periods than the
dredge fisheries before the TACs are achieved. Handwork fisheries are only viable
when cockle densities are relatively high, however, so generally cannot operate
on beds that have already been fished by the much more efficient dredges. This
has led in recent years to a situation in which dredging has either been limited to
specific beds or has not been opened at all. The environmental designations
placed on the Wash also mean that both fisheries have come under increasing
scrutiny in the past decade from environmental organisations. Both fisheries must
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now undergo rigorous Appropriate Assessments before consent for their opening
can be gained from Natural England.

To effectively manage a fishery using a TAC quota approach, it is essential to
have an accurate knowledge of stock levels. This information is also necessary for
informing the Appropriate Assessment required for the fishery. The Authority
gains this information from surveys that it and its predecessor, ESFJC, have
conducted annually since 1993. These surveys, which provide details of cockle
stock levels and distribution are a continuation of a survey programme
MAFF/CEFAS had been conducting regularly since 1982. Prior to the 1980s
surveys had been conducted far less frequently, but showed stock levels ranged
between 2,500 and 28,000 tonnes in the 1920s and 1930s, and reached a historic
peak of 54,000 tonnes in 1967. Caution should be applied when comparing data
from these early surveys with more recent ones, however, as the spatial extent of
the surveys has gradually increased over the years. While recent surveys cover
most of the intertidal sandbanks in the Wash, early surveys only included what
were considered to be ‘productive’ beds. Additionally, cockle stocks that are
present in densities as low as 10 cockles/m2 are now included in stock
estimations whereas early surveys only included cockles that were present in
densities of at least 100 cockles/m2. As such, the early surveys would have
provided an underestimation of the total stock levels when compared with recent
surveys. This report provides details of the 2011 spring and autumn Wash cockle
surveys. Although there is no Minimum Landing Size (MLS) applied to cockles in
the Wash, surveys conducted by ESFJC and the Authority have traditionally
divided the stocks into cockles that are 14mm width and over and those that are
under 14mm width. Although these groups are frequently referred to as “adult”
and “juvenile” stocks, these definitions are not strictly true as cockle size is
influenced by a number of factors in addition to age (for example some cockles on
the higher sands may take over five years to achieve a width of 14mm). These
size categories nevertheless play an important role in the management of the
fisheries, as to protect juvenile stocks, no cockles under 14mm width, irrespective
of age, currently contribute towards the annual TAC.

In 2007 the Wash cockle stocks reached their second highest recorded level,
appearing to validate the management measures had brought about the recovery
of the fishery. In 2008, however, the stocks began to suffer unusually high
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mortality rates, a condition that has persisted to present. The cause of the
mortalities is yet to be confirmed, but is thought to be associated with three
species of haplosporidian protozoa that have been found in cockle samples sent to
CEFAS for analysis. As a consequence of these losses, which between 2008 and
2010 are estimated to be over 26,000 tonnes (see section 3.6), the cockle stocks
in the Wash have gone from their second highest recorded biomass to a situation
where it has been difficult for the industry to find patches of adult cockles dense
enough to fish. The Authority conducted a study during 2011 looking at the
mortality rates in more detail on two beds, comparing rates on fished and nonfished areas (see section 3.7).

As a result of the transition from a Sea Fishery Committee, EIFCA gained a seven
mile stretch of coast in northern Lincolnshire that had formally been managed by
NESFC. Within this stretch of coast is a small cockle bed at Horseshoe Point that
had traditionally supported a handwork fishery until being closed in 2004. After
taking over the management of this bed, it was hoped it could be opened to the
2011 fishery, but a preliminary survey revealed there had recently been high
mortality and the surviving stocks were too sparse to warrant a fishery. This bed
was nevertheless surveyed twice during 2011 (see section 3.8).

Although it is now prohibited for vessels to be anchored to the seabed while they
use their propellers to wash cockles out of the ground (the practice of “blowingout”), they nevertheless still use their propeller wash to disturb the sediment,
albeit unanchored to the seabed. In 2010 the Authority conducted an Impact
Assessment on this activity to ensure it was not having an adverse impact on the
ecosystem (Jessop et al, 2010 and Pears, Finbow & Worsfold, 2011). A similar
study was conducted this year to determine what impact hydraulic suction
dredging has on the sandy sediments that are usually targeted by the dredge
fishery (see section 3.9)
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3.2

Method

The intertidal cockle surveys are preferably conducted during spring tide periods
(>6.5m). These allow best access to the beds either using a boat at high water or
when walking the beds at low water. During neap tides some of the higher sites
are inaccessible to the research boat at high water, while the lower sites may not
drain adequately at low water to be accessible on foot. Timing of the high water
periods during neap tides is also problematic, in that the night time high water
period is usually between midnight and 03:00hrs, usually resulting in the loss of
one of the two high water sampling periods.

Samples are collected at regular intervals on a predetermined grid, using either a
0.1m2 Day grab deployed from the research vessel, ESF Three Counties, or a
0.1m2 quadrat during low water foot surveys. The majority of the stations on this
grid are 370m x 340m apart, with a slightly higher resolution grid of 280m x
340m being used on the Herring Hill, Holbeach, Mare Tail and Gat sands. Figure
3.1 shows the survey stations that were sampled during the 2011 spring surveys.

Figure 3.1 Chart showing the positions of the sample stations surveyed during the
2011 spring cockle surveys. Stations in red were sampled at high water using a
Day grab. Stations in blue were sampled at low water with a quadrat.
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Once collected, the samples are washed over a 3mm mesh washing table (or
using a 0.5mm sieve in the case of foot surveys), allowing any cockles present in
the sample to be separated from the surrounding sediment. A note is made of the
sediment type at each station and the cockles are retained in labelled bags for
later analysis. At low water the retained samples are individually measured to the
nearest millimetre by length and width. These cockles are separated into three
groups: those of width equal or greater than 16mm, those of width 14 to 15mm
and those smaller than 14mm. These are further separated into age classes and
weighed to the nearest 0.01g. Due to the sensitivity of the scales used
(200g/0.01g), the weighing of these samples can only take place ashore or once
the vessel is aground.

The data acquired from these surveys is transferred to a MapInfo GIS database
from which charts of the beds showing cockle densities can be created. The
minimum density used to determine the extent of the coverage on the bed is 10
cockles/m2. The biomass of cockles on the bed is calculated by multiplying the
mean weight of the samples to attain a weight per hectare, and applying this
figure to the area of coverage. The biomass of fishable stock is determined by
using the mean weight of those individuals having reached a width of 14mm or
greater.

At each site additional environmental data are also recorded. These include
information concerning the sediment type, and the presence of the polychaete,
Lanice conchilega and the bivalve mollusc, Macoma balthica. At those sites visited
on foot, the numbers of Arenicola marina casts are also recorded. The findings of
this information are reported in Section 6.
3.3

Spring Survey Results

Following consultation with the industry, in which the majority requested the
opening of a fishery on June 1st or earlier, the 2011 spring cockle surveys were
conducted between March 17th and April 20th, with one additional survey being
conducted on May 4th. This survey period was five weeks earlier than that of the
previous two spring surveys, but was consistent with those surveys conducted
prior to 2009. During these surveys, data were collected from 1,343 sample
stations from a total of 22 beds. Of these 1,133 were collected over high water
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periods using a Day grab and the remaining 210 were collected at low water
using a quadrat.

Following analysis of the survey data, the following figures for the cockle stocks
were estimated:
Total Adult Stock (>14mm width)

4,951 tonnes

Total Juvenile Stock (<14mm width)

5,049 tonnes

Total Stock (all sizes)

10,000 tonnes

These figures show there has been a significant decline in cockle biomass from
the 16,256 tonnes recorded in 2010. As EIFCA records show that only 2,081
tonnes of cockles were landed since the previous survey, these losses greatly
exceed those that can be attributed directly to fishing effort alone. These losses
are thought to be attributed to the atypical mortality that was first noticed to be
affecting the Wash cockle stocks in 2008 and has remained evident since. As the
problem mainly appears to have affected larger cockles, typically from the faster
growing beds, the stocks are now biased towards juvenile populations and slow
growing adults on the higher, slower growing beds. The following sections
describe the cockle stocks found on each of the beds.
3.3.1 Boston Main
Boston Main includes the three survey areas of Butterwick, Wrangle and Friskney.
These each include a traditionally surveyed area that were part of the survey
programme prior to 2004, and extended areas that were added after that date.
The traditional areas cover ground that mostly have elevations below 3.5m (chart
datum), while the extended areas cover the higher ground between these regions
and the edges of the green marsh. The cockles on these beds suffered high
mortality rates between 2008 and 2010, causing stocks to decline from a total
biomass of 14,979 tonnes in 2007 to 1,083 tonnes in 2010. The 2011 surveys
found high densities of spat had settled in localised patches on these beds during
2010. Although these were still small at the time of the survey, they facilitated a
slight recovery in overall stock levels to 1,902 tonnes. Unfortunately, the high
densities that these juveniles were found to be present in does increase the
likelihood of losses occurring due to “ridging-out” as the cockles grow and
compete for available space. Figures 3.2 and 3.3 show the distribution of the
cockle stocks >14mm width and the stocks <14mm width.
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Figure 3.2 Chart showing the distribution of cockles >14mm width on Boston Main
when surveyed during the spring 2011 surveys.

Figure 3.3 Chart showing the distribution of cockles <14mm width on Boston Main
when surveyed during the spring 2011 surveys.
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3.3.1.1

Butterwick Low

Surveys were conducted at Butterwick Low on April 16th and May 4th. 78 stations
were sampled during the course of these surveys, 60 at high water using a Day
grab and the 18 on foot using a quadrat.

The cockles on this bed had suffered high mortality rates during 2008 and 2009,
reducing the population of adult cockles within the traditionally surveyed area to
just 37 tonnes. This had left the bed dominated with juveniles from a successful
2009 settlement. The recent survey found that these juveniles had grown
sufficiently for some of them to have attained 14mm width, helping the
population of “adult” cockles to recover slightly. The survey also found there had
been a successful settlement in 2010. Although these cockles were still small at
the time of the survey (<5mm width), they boosted the biomass of juvenile
stocks. Figure 3.4 shows the size distribution of these cockles.
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Figure 3.4 Cockle size and age frequencies on Butterwick at the time of spring
2011 surveys

Within the traditional survey area, nine stations covering an area of 66 hectares
were found to support cockles >14mm width. Within the extended zone, covering
the higher stations, cockles of this size range were found to be present in 15
samples, covering 169 hectares. The total area between these two beds of 235
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hectares is a slight improvement on the 216 hectares recorded in 2010. During
this period the mean density of >14mm width cockles within the traditionally
surveyed area was found to have improved from 11.43 cockles/m2 (range 10 –
20/m2) to 25.56 cockles/m2 (range 10 – 110/m2), while their mean biomass had
increased from 0.51 tonnes/hectare to 1.02 tonnes/hectare. Improvements were
also found to these stocks in the extended survey area. There, the mean density
was found to have increased from 21.33 cockles/m2 (range 10 – 90/m2) to 37.33
cockles/m2

(range

10

–

220/m2),

and

the

mean

biomass

from

0.80

tonnes/hectare to 1.47 tonnes/hectare. From these figures the biomass of cockles
>14mm was estimated to be 67 tonnes in the traditional area and 248 tonnes in
the extended zone. Although these figures are almost double what they were in
2010, the bed still supports fewer large cockles than usual.
Smaller cockles (<14mm width) were found to be present at 12 stations within
the traditionally surveyed region, covering an area of 104 hectares, and at a
further 16 stations in the extended region, covering 191 hectares. Within the
traditionally surveyed area, the mean density of these smaller cockles had
increased from 207.3 cockles/m2 (range 10 – 2,000/m2) to 365.8 cockles/m2
(range 10 – 3,330/m2), while the mean weight had increased from 1.23
tonnes/hectare to 1.41 tonnes/hectare. From these figures the biomass of small
cockles was calculated to be 147 tonnes, a slight improvement to the 129 tonnes
recorded in 2010. Within the extended zone the mean density was found to have
increased from 257.7 cockles/m2 (range 10 – 1,600/m2) to 404.4 cockles/m2
(range 10 – 2,540/m2). Although the number of juvenile cockles had increased,
the mean biomass was found to have declined from 2.28 tonnes/hectare to 1.46
tonnes/hectare. This was due to the larger 2009 year-class cockles recruiting into
the “adult” population and being replaced with smaller 2010 year-class cockles.
These changes meant the biomass of small cockles in this area had declined from
339 tonnes in 2010 to 278 tonnes.

The total stock of cockles in Butterwick was calculated to be 740 tonnes. Although
this is an improvement on the 627 tonnes recorded in 2010, it is still much lower
than the 1,921 tonnes recorded in 2008 before this site suffered from the hogh
mortalities.
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3.3.1.2

Wrangle Flats

122 sites on Wrangle were sampled during the spring surveys, covering an area
that extended as far as the green marsh. These surveys were conducted on
March 30th and April 7th and 8th. 50 stations were sampled using a Day grab over
high water and 72 on foot at low water.

Wrangle had been one of the beds worse affected by the atypical mortalities, its
stocks crashing from 8,277 tonnes in 2007 to 236 tonnes in 2010. Although the
remaining adult stocks continued to decline through 2010, the 2011 survey found
there had been a successful settlement in 2010 that had boosted the population
slightly. Figure 3.5 shows the size distribution of these cockles.
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Figure 3.5 Cockle size and age frequencies on Wrangle at the time of spring 2011
surveys

Within the traditionally surveyed area 13 stations, covering 155 hectares, were
found to contain adult cockles, a decline from the 194 hectares recorded in 2010.
Similarly, in the extended zone, where three stations were found to contain
marketable sized cockles, the coverage had declined from 38 to 27 hectares.
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After three years of high mortalities, adult cockles were sparse on this bed.
Further mortalities had caused the mean density of these to decline from the
already low 15.00 cockles/m2 (range 10 – 50/m2) to 13.85 cockles/m2 (range 10
– 30/m2). Because the surviving cockles were slightly larger than the previous
year, the mean biomass was found to have remained relatively stable at 0.96
tonnes/hectare. From these figures, the biomass of adult cockles on wrangle was
calculated to be 150 tonnes, a decline of 32 tonnes from the previous year.
Within the extended zone the mean density of adult cockles remained unchanged
at 10.00 cockles/m2 (range 10 – 10/m2), while the mean biomass had increased
from 0.45 tonnes/hectare to 0.57 tonnes/hectare. Although the mean biomass
had improved, the reduction in area meant the biomass of adult cockles in this
area had declined from 33 tonnes in 2010 to 15 tonnes.

The 2010 survey had found few juvenile cockles on Wrangle, but a successful
settlement during the summer boosted these stocks for the 2011 survey. 33
stations covering 330 hectares were found to support these small cockles within
the area traditionally surveyed, while a further seven stations covering 156
hectares supported them in the extended zone. This total area of 486 hectares
was a good improvement on the 85 hectares recorded in 2010. Within the
traditionally surveyed area their mean density was found to have increased from
10.00 cockles/m2 (range 10 – 10/m2) to 430.3 cockles/m2 (range 10 –
10,480/m2)

and

their

mean

biomass

from

0.21

tonnes/hectare

to

1.24

tonnes/hectare. From these figures the biomass of juvenile cockles in this area
was found to have increased from 10 tonnes in 2010 to 408 tonnes. There had
been less settlement higher up the bed in the extended zone but the mean
density was nevertheless found to have increased slight from 10.00 cockles/m 2
(range 10 - 10/m2) to 14.29 cockles/m2 (range 10 - 20/m2). Their mean biomass
was found to have declined from 0.28 tonnes/hectare to 0.20 tonnes/hectare, but
the increase in area meant the stock had increased from 11 tonnes in 2010 to 30
tonnes.
The total cockle biomass within Wrangle was found to be 603 tonnes. Although
this is a good increase on the 236 tonnes recorded the previous year, it is still
only 7% of the biomass present in 2007. These stocks are now dominated by
2010 year-class juveniles. Juvenile mortality is frequently high in the Wash, but
their presence does give this bed an opportunity to recover if they are able to
survive.
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3.3.1.3

Friskney

167 survey stations were sampled in Friskney during the spring surveys,
extending to the edge of the green marsh and north-east into the Swatchway.
These were all sampled using a Day grab over high water periods, with the survey
being conducted on April 16th, 18th and 19th.

When surveyed in 2010 Friskney was found to only support sparse populations of
cockles following the high mortality rates that had occurred there between 2008
and 2010. The 2011 survey found there had been further decline among these
stocks but a light settlement of spat during 2010 had occurred. Although the
densities of these juveniles were lower than those that had settled on Butterwick
and Wrangle, their growth rates had been higher. Figure 3.6 shows the size
distribution of these cockles.
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Figure 3.6 Cockle size and age frequencies on Friskney at the time of spring 2011
surveys

Seven stations, covering 64 hectares, in the area traditionally surveyed and eight
stations covering 81 hectares within the extended zone were found to support
adult cockles. These are reduction on the 129 hectares and 146 hectares found in
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those areas in 2010. Within the area traditionally surveyed the mean density of
these larger cockles was found to have increased slightly from 12.00 cockles/m 2
(range 10 - 20/m2) to 14.29 cockles/m2 (range 10 - 40/m2), and the mean
biomass from 0.92 tonnes/hectare to 0.97 tonnes/hectare. Reduction in area
meant the biomass of these stocks had decreased from 119 tonnes to 63 tonnes.
Within the extended zone the mean density of 12.50 cockles/m 2 (range 10 20/m2) and the mean biomass of 0.65 tonnes/hectare were consistent with the
previous year’s figures. The loss of area meant the biomass of large cockles had
declined in that time, however, from 100 tonnes to 53 tonnes.

Within the area traditionally surveyed at Friskney, 40 stations covering 376
hectares were found to support juvenile cockles. A further 34 hectares covering
499 hectares were found to support these stocks within the extended area. These
show a good recovery from the previous year, when only 6 hectares were
recorded as supporting small cockles. Although the densities were lower than
elsewhere on Boston Main, the mean density and biomass of juveniles within the
traditionally surveyed area had increased from none in 2010 to 38.75 cockles/m 2
(range 10 - 120/m2) and 0.64 tonnes/hectare. From these figures their biomass
was calculated to be 240 tonnes. Within the extended zone the mean density had
increased from 10.00 cockles/m 2 (range 10 - 10/m2) to 24.71 cockles/m2 (range
10 - 80/m2) and the mean biomass from 0.11 tonnes/hectare to 0.41
tonnes/hectare. From these figures the biomass of small cockles within the
extended zone of Friskney was calculated to be 203 tonnes, compared to 0.6
tonnes in 2010.

Friskney was found to support a total cockle stock of 559 tonnes. Although this is
a good improvement on the 220 tonnes recorded the previous year, it is still
sparse when compared to the 3,676 tonnes present there in 2008 prior to the
mortalities occurring.
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3.3.2 Herring Hill
Until 2009 the Herring Hill survey had incorporated sites from both the Herring
Sand and the southern parts of the Black Buoy Sand. After significant cockle
stocks were found to be present on the northern part of Black Buoy Sand (the
Dills) in 2009, additional survey stations were added and the survey split into
separate Herring Hill and Black Buoy Sand surveys.
The Herring Hill survey was conducted on March 22nd, during which 54 stations
were sampled at high water using a Day grab. Figures 3.7 and 3.8 show the
distribution of adult and juvenile cockles found at the time of this survey, while
figure 3.9 shows the population size frequency.

Although this bed generally supports high densities of cockles, the high elevation
tends to limits their growth rate. As a consequence, cockles on this bed tend to
take over four years to attain a size of 14mm width. The stocks on this bed had
suffered lower mortality rates between 2008 and 2010 than most of the other
beds in the Wash, possibly as a result of them taking longer to attain what
appears to be a critical size at which mortalities begin occurring. During 2010,
however, mortalities were observed on this sand. Additionally, with few other
beds supporting marketable-sized cockles in commercially viable densities, the
handwork fishery targeted this bed towards the end of 2010. Both of these
factors have had an influence on the stocks found there during the 2011 surveys.
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Figure 3.7 Chart showing the distribution of cockles >14mm width on Herring Hill
when surveyed during the spring 2011 surveys.
29 stations covering 262 hectares were found to support cockles >14mm width.
This is a slight reduction in area to the 283 hectares recorded in 2010. Within this
area the mean density of these cockles was found to have declined from 57.33
cockles/m2 (range 10 – 310/m2) to 47.59 cockles/m2 (range 10 – 560/m2) and
the mean biomass from 1.98 tonnes/hectare to 1.88 tonnes/hectare. From these
figures the stock of cockles on this sand that had attained 14mm width was
calculated to be 493 tonnes, compared to 559 tonnes the previous year.
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Figure 3.8 Chart showing the distribution of cockles <14mm width on Herring Hill
when surveyed during the spring 2011 surveys.
Cockles smaller than 14mm width were found at 42 stations, covering 357
hectares. Although this was an increase in coverage to the 271 hectares recorded
the previous year, the mean density of the cockles within the area had declined
from 270.3 cockles/m2 (range 10 – 2,080/m2) to 189.3 cockles/m2 (range 10 –
1,190/m2). As some of the larger cockles from this group had either died or been
recruited into the “adult” population since the last survey, and had been replaced
with smaller 2010 year-class cockles, the mean biomass had declined from 5.44
tonnes/hectare to 1.81 tonnes/hectare. These changes meant the biomass of
small cockles on this bed had declined from 1,472 tonnes in 2010 to 646 tonnes.

The total cockle biomass on Herring Hill was calculated to be 1,139 tonnes, a
44% reduction from the 2,031 tonnes recorded the previous year.
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50
Cockle Year Class Distribution. Herring Hill. April 2011
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Figure 3.9 Cockle size and age frequencies on Herring Hill at the time of spring
2011 surveys
3.3.3 Black Buoy Sand
Prior to 2009 the southern parts of Black Buoy Sand had been surveyed as part of
the Herring Hill survey, while the northern parts of this bed had remained outside
of the spring survey area. Following the discovery, in 2009, of dense patches of
2006 year-class cockles on the northern part of Black Buoy Sand, in an area
known locally as the Dills Sand, additional sites were added to the survey
programme to cover the whole of the Black Buoy Sand. Although a successful
fishery and high mortalities in 2009 depleted the stocks on this bed, the area has
continued to be surveyed in subsequent surveys.

A survey was conducted on this bed on March 22 nd, during which 36 stations were
sampled over high water using a Day grab. These surveys found that only low
densities of large cockles remained on this bed, but that there had been a
successful settlement of spat during 2010 in the southern part of the bed. Figures
3.10 and 3.11 show the distribution of adult and juvenile cockles found at the
time of this survey, while figure 3.12 shows the population size frequency.
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Figure 3.10 Chart showing the distribution of cockles >14mm width on Black
Buoy Sand when surveyed during the spring 2011 surveys.

Figure 3.11 Chart showing the distribution of cockles <14mm width on Black
Buoy Sand when surveyed during the spring 2011 surveys.
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During this survey 11 stations covering an area of 96 hectares were found to
support cockles <14mm width. This is a reduction to the 160 hectares recorded in
2010. Within the area their mean density was found to have declined from 34.12
cockles/m2 (range 10 – 120/m2) to 26.36 cockles/m2 (range 10 – 80/m2) and the
mean weight from 1.82 tonnes/hectare to 1.43 tonnes/hectare. From these
figures the biomass of “adult” cockles on this bed was calculated to be 137
tonnes, a reduction from the 291 tonnes recorded in 2010.

Cockles <14mm, mainly from the 2010 settlement, were found to be present at
seven stations covering an area of 53 hectares. Although this size is consistent
with that recorded in 2010, the spatial extent of the area was found to have
changed, with loss of juveniles from the northern sites and greater coverage in
the south. Within this area the mean density of small cockles was found to have
increased from 88.33 cockles/m2 (range 20 – 170/m2) to 611.4 cockles/m2 (range
10 – 3,490/m2) and the mean biomass from 1.42 tonnes/hectare to 1.97
tonnes/hectare. From these figures the biomass of small cockles on this sand was
found to have increased from 77 tonnes in 2010 to 105 tonnes.

50
Year Class Distribution. Black Buoy. April 2011
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Figure 3.12 Cockle size and age frequencies on Black Buoy Sand at the time of
spring 2011 surveys
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In August 2011 high densities of 2011 year-class spat were found to have settled
on the Dills part of this bed. As these settled after the spring survey was
completed, no further details are currently available.
3.3.4 Mare Tail
Mare Tail was surveyed on March 23rd, during which 66 stations were sampled
using a Day grab over the high water periods. The survey conducted in 2010 had
found this bed to be dominated by cockles from the 2008 year-class cohort.
These were predominantly in the 12-14mm size range, close to what appears to
be the critical size at which high mortalities have been occurring in the Wash. The
2011 survey found that high numbers of these cockles had indeed died and the
bed was dominated by small juvenile cockles that had successfully settled in
2010. Figures 3.13 and 3.14 show the distribution of adult and juvenile cockles
found at the time of this survey, while figure 3.15 shows the population size
frequency.

Cockles >14mm width were found to be present at 28 stations covering 262
hectares, a decline in coverage from the 308 hectares recorded the previous year.
The mean density of these cockles was found to have declined from 87.19
cockles/m2 (range 10 – 540/m2) to 61.07 cockles/m2 (range 10 – 380/m2) and
their mean biomass from 3.60 tonnes/hectare to 2.88 tonnes/hectare. From these
figures their biomass was calculated to be 753 tonnes, a decline from the 1,108
tonnes recorded in 2010.

The settlement of 2010 year-class juveniles had caused the coverage of cockles
<14mm to increase from 28 survey stations, covering 275 hectares, to 37
stations covering 348 hectares. While the mean density of this population was
found to have increased from 254.21 cockles/m2 (range 10 – 5,610/m2) to
945.68 cockles/m2 (range 10 – 4,320/m2), their smaller size than the 2008 yearclass cohort that they had replaced meant the mean biomass had fallen from 6.72
tonnes/hectare to 2.35 tonnes/hectare. The biomass of these smaller cockles was
calculated to be 819 tonnes, a decline from the 1,845 tonnes recorded in 2010.
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Overall, recruitment and growth had not compensated for the high mortalities
that had occurred on this bed during the year. As a result, the total biomass of
cockles was found to have declined from 2,953 tonnes in 2010 to 1,572 tonnes.

Figure 3.13 Chart showing the distribution of cockles >14mm width on Mare Tail
when surveyed during the spring 2011 surveys.
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Figure 3.14 Chart showing the distribution of cockles <14mm width on Mare Tail
when surveyed during the spring 2011 surveys.
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Year Class Distribution. Mare Tail. April 2011

45

100
80

Frequency (%)

40
35

60
40
20
0
2010 2009 2008 2007 2006 2005 2004 2003

Frequency (%)

30

Year Class

25
20
15
10
5
0
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Width (mm)

Figure 3.15 Cockle size and age frequencies on Mare Tail at the time of spring
2011 surveys
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3.3.5 Holbeach Range
39 of the stations in Holbeach Range were surveyed on foot on March 20th. A
further 132 stations were surveyed on March 18th, 19th and 23rd using a Day grab.
When surveyed the previous year this bed was dominated by cockles from the
2008 year-class cohort, which depending on their elevation ranged in size
between 10mm and 16mm. At that time mortalities were observed to be
occurring among the larger individuals of that cohort. The 2011 survey found that
mortalities had continued through the year reducing this cohort further. A
settlement of spat had occurred during 2010, but this was mainly localised in
three patches. Figures 3.16 and 3.17 show the distribution of adult and juvenile
cockles found at the time of this survey, while figure 3.18 shows the population
size frequency.

Mortalities among the larger cockles had caused the coverage of cockles >14mm
width to decline from 64 stations, covering an area of 574 hectares, to 50
stations covering 448 hectares. Within this area the mean density of these stocks
had declined from 31.88 cockles/m2 (range 10 – 170/m2) to 18.40 cockles/m2
(range 10 – 60/m2) and the mean biomass from 1.70 tonnes/hectare to 1.07
tonnes/hectare. From these figures the biomass of cockles >14mm width within
Holbeach was calculated to be 480 tonnes, a 49% reduction from the 947 tonnes
recorded following the previous surveys.
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Figure 3.16 Chart showing the distribution of cockles >14mm width on Holbeach
when surveyed during the spring 2011 surveys.
Even though there had been localised settlements of spat during 2010, the loss of
high numbers of small 2008 year-class cockles meant the coverage of cockles
<14 mm width had declined slightly from 41 stations covering 365 hectares to 39
stations covering 333 hectares. Within this area the mean density of these small
cockles was found to have declined from 86.34 cockles/m2 (range 10 – 780/m2)
to 73.59 cockles/m2 (range 10 – 800/m2). Because the individuals from the 2010
cohort were smaller than those from the 2008 cohort had been the previous year,
the mean biomass of this population was found to have declined by a greater
amount, from 1.63 tonnes/hectare to 0.32 tonnes/hectare. This resulted in a loss
of biomass from 594 tonnes to 108 tonnes.

The total cockle stock within Holbeach was found to be 588 tonnes, a 62%
reduction from the 1,541 tonnes recorded in 2010.
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Figure 3.17 Chart showing the distribution of cockles <14mm width on Holbeach
when surveyed during the spring 2011 surveys.
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Year Class Distribution. Holbeach. April 2011
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Figure 3.18 Cockle size and age frequencies on Holbeach at the time of spring
2011 surveys
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3.3.6 Roger/Toft
This sand was surveyed on March 23rd, during which 36 stations were sampled on
foot at low water and the remaining 45 at high water using a Day grab. The
survey conducted in 2010 had found high mortalities had occurred on this bed,
reducing the stocks to a sparse coverage of 2006 year-class cockles. The 2011
survey found the mortality rates had slowed, but the stocks were still limited to
these older individuals and some low-density patches of younger cockles. Figures
3.19 and 3.20 show the distribution of adult and juvenile cockles found at the
time of this survey, while figure 3.21 shows the population size frequency.

Nine stations, covering an area of 98 hectares, were found to support cockles
>14mm. This is a greater coverage than the 65 hectares recorded in 2010. Within
this area the mean density of large cockles had decreased from 16.67 cockles/m2
(range 10 – 40/m2) to 12.22 cockles/m2 (range 10 – 30/m2) but the mean
biomass remained similar at 1.21 tonnes/hectare. From these figures the biomass
of cockles >14mm width on the Roger was calculated to be 118 tonnes. This is an
improvement to the 79 tonnes recorded in 2010.

Figure 3.19 Chart showing the distribution of cockles >14mm width on the
Roger/Toft when surveyed during the spring 2011 surveys.
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No small cockles had been found on this bed when surveyed in 2010. Three
stations, covering 20 hectares, were found during the 2011 survey to support low
densities of juvenile cockles from a light settlement in 2010. These had a mean
density of 16.67 cockles/m2 (range 10 – 30/m2) and a mean biomass of 0.15
tonnes/hectare. From these figures the biomass of juveniles on this bed was
estimated to be 3 tonnes.

Figure 3.20 Chart showing the distribution of cockle <14mm width on the
Roger/Toft when surveyed during the spring 2011 surveys.
50
Year Class Distribution. Roger/Toft. April 2010
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Figure 3.21 Cockle size and age frequencies on Roger/Toft at the time of spring
2011 surveys
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3.3.7 Gat Sand
The Gat sand was surveyed on March 21st, during which 65 stations were sampled
over high water using a Day grab. High mortalities on this bed during 2008 and
2009 had caused almost all of the cockle stocks to disappear from this sand. The
2011 survey found no evidence of recovery or any recent spatfalls. As had been
the case with the 2010 survey, only one cockle was found during the whole
survey.
3.3.8 Long Sand
The Long Sand rarely attracts successful settlements of cockle spat, but did
support a successful fishery in the late 1970s. As a consequence the bed has only
been surveyed sporadically since. A survey was conducted this year on April 19th
and 20th, during which 79 stations were sampled using a Day grab. No cockles
were found in any of the samples.
3.3.9 Inner Westmark Knock
During the 2011 surveys 32 stations on the Inner Westmark Knock sand were
sampled on March 25th using a Day grab over high water, and a further 10
stations on foot on April 6th. This bed had suffered high mortality rates during
2008 and 2009, which had caused the cockle stocks to decline over the two-year
period from 2,849 tonnes to 595 tonnes. The 2011 survey found this mortality
had continued, albeit at a slower rate, but a successful spatfall during 2010 had
compensated for some of these losses. Figure 3.22 shows the population size
frequency of these cockles at the time of the survey, while figures 3.23 and 3.24
show the distribution of adult and juvenile stocks over both this and the Breast
sand.

Ten stations, covering an area of 144 hectares were found to support cockles
>14m width. This is consistent with the coverage found in 2010. Within this area
the mean density of these cockles was found to be 50.00 cockles/m2 (range 10 –
140/m2) a reduction from the 73.00 cockles/m2 (range 10 – 270/m2) recorded in
2010. The mean biomass of these stocks was also found to have declined during
this period from 3.18 tonnes/hectare to 2.75 tonnes/hectare. From these figures
the biomass of cockles >14mm within Inner Westmark Knock was calculated to
be 396 tonnes. This compares with 439 tonnes recorded in 2010.
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50
Year Class Distribution. IWMK. April 2011
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Figure 3.22 Cockle size and age frequencies on Inner Westmark Knock at the time
of spring 2011 surveys
As can be seen from figure 3.22, the stocks were dominated on this bed by a
juvenile population that had successfully settled in 2010. These enabled the
coverage of cockles <14mm width to increase from ten stations covering 137
hectares to 17 stations covering 208 hectares. Within this area the mean density
was found to have increased from 60.00 cockles/m2 (range 10 – 170/m2) to
865.9 cockles/m2 (range 10 – 4,020/m2). Because these juveniles were still small
at the time of the survey, they had less of an impact on the mean biomass than
they had on the mean density. This was found to have increased from 1.14
tonnes/hectare to 1.80 tonnes/hectare. From these figures the biomass of cockles
<14mm width on this sand was calculated to be 374 tonnes, an increase to the
156 tonnes recorded the previous year.
The total stock on Inner Westmark Knock was found to be 770 tonnes, an
improvement on the 595 tonnes recorded in 2010.
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Figure 3.23 Chart showing the distribution of cockles >14mm width on the Inner
Westmark Knock and Breast beds when surveyed during the spring 2011 surveys.

Figure 3.24 Chart showing the distribution of cockles <14mm width on the Inner
Westmark Knock and Breast beds when surveyed during the spring 2011 surveys.
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3.3.10

Breast Sand

129 stations were visited on the Breast Sand during the 2011 surveys. 31 of
these were sampled on March 24th and 98 on April 6th and 7th. Of these, 17 were
sampled on foot at low water and the rest using a Day grab at high water. The
survey conducted in 2010 had found this bed to be dominated by 2008 year-class
cockles, most of which were still smaller than 14mm width, and a smaller
population of larger 2006 year-class cockles. As most of these cockles were below
what appears to be a critical size at which the “atypical” mortalities seen
elsewhere in the Wash occur, atypical mortalities were not as evident during that
survey as had been witnessed elsewhere. When surveyed in 2011, significant
losses were found to have occurred to both the 2006 and 2008 cohorts. This is
believed to be due to a mixture of fishing effort, atypical mortality and ridging out
where the cockles had been densest. The survey also found that there had been a
moderate spatfall on this bed during 2010. Figures 3.23 and 3.24, above, show
the distribution of adult and juvenile cockles found at the time of the 2011
survey, while figure 3.25 shows the population size frequency.

57 stations covering 612 hectares were found to support cockles >14mm width.
This is comparable with the previous year when 56 sites covering 592 hectares
had been recorded. Within this area the mean density of these larger cockles was
found to have declined through the year from 65.18 cockles/m2 (range 10 –
860/m2) to 41.05 cockles/m2 (range 10 – 200/m2). Similarly, the mean biomass
was

also

found

to

have

declined

from

2.62

tonnes/hectare

to

1.70

tonnes/hectare. From these figures the biomass of cockles >14mm width on the
Breast sand was calculated to be 1,089 tonnes compared to 1,548 tonnes in
2010.

The loss of high numbers of 2 year-old 2008 year-class cockles during the year
meant the coverage of cockles <14mm width declined from 62 stations covering
an area of 681 hectares to 52 stations covering an area of 526 hectares. Within
this area the mean density was found to have declined from 455.48 cockles/m2
(range 10 – 5,480/m2) to 214.42 cockles/m2 (range 10 – 2,930/m2) and the
mean

biomass

from

6.41

tonnes/hectare

to

3.08

tonnes/hectare.

These

reductions meant the biomass of small cockles on the Breast had declined from
4,368 tonnes in 2010 to 1,621 tonnes.
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The total cockle stock on this sand was 2,660 tonnes, a 55% reduction from the
5,916 tonnes recorded the previous year.

50
Year Class Distribution. Breast. April 2011

45
Frequency (%)

100

40
35

80
60
40
20
0
2010

2009

2008

Frequency (%)

30

2007

2006

2005

2004

2003

Year Class

25
20
15
10
5
0
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Width (mm)

Figure 3.25 Cockle size and age frequencies on the Breast sand at the time of
spring 2011 surveys
3.3.11

Whiting Shoal/Hull Sand

This sand was not part of the survey programme until 2010, when cockle stocks
were identified as being present there by fishermen. The survey in 2010 found a
small dense patch of 2008 year-class cockles on there, all of which had attained a
size of 14mm width. This was one of the few areas in which large cockles still
flourished without having suffered high levels of atypical mortality. A survey was
conducted on this sand on April 15th during the 2011 spring surveys, in which 17
stations were sampled using a Day grab over high water. A further, slightly higher
resolution survey was also conducted on this sand on June 6 th as a baseline
survey for the cockle mortality study that was being conducted. This latter survey
is reported in section 3.7. Both of these surveys found population was still
consisted of the 2008 year-class cohort, although their numbers had declined
from the previous year. No small cockles or signs of recruitment were found
during this survey. Figure 3.26 shows the population size frequency of these
cockles at the time of the April survey, while figure 3.27 shows the distribution of
adult and juvenile cockles found on this and the Thief sands at the time of this
survey.
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Two stations covering 18 hectares were found to support cockles >14mm width.
This is 30 hectares less than when surveyed the previous year. Between surveys
the mean density was found to have declined from 255.00 cockles/m2 (range 10
– 840/m2) to 120.00 cockles/m2 (range 40 – 200/m2) and the mean biomass
from 11.90 tonnes/hectare to 7.91 tonnes/hectare. From these figures the
biomass of cockles on this sand was found to have declined from 572 tonnes in
2010 to 133 tonnes.
50
Cockle Year Class Distribution. Whiting Shoal. April 2011
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Figure 3.26 Cockle size and age frequencies on Whiting Shoal/Hull Sand at the
time of spring 2011 surveys
In comparison, the survey conducted two months later in June with a higher
sampling resolution found the cockles covered 24 hectares. Within this area the
mean density was found to be slightly lower at 113.3 cockles/m2 (range 10 –
300/m2), but the mean biomass had increased to 9.80 tonnes/hectare. The
biomass of cockles was estimated from this survey to be 232 tonnes. Although
growth during the two-month period separating the surveys would account for
some of this difference in biomass, it is unlikely to account for all of it. As such,
most of the difference can possibly be attributed to survey error, resulting from
sampling relatively small areas of bed in which localised variation in cockle
densities can be high.
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Figure 3.27 Chart showing the distribution of cockles >14mm width on the
Whiting Shoal and Thief beds when surveyed during the spring 2011 surveys.
3.3.12

Thief Sand

32 stations on the Thief Sand were surveyed on March 17th. Of these, 18 were
sampled on foot at low water and 14 using a Day grab at high water. The 2010
survey had found a dense patch of 2008 year-class cockles situated in a narrow
band along the southern edge of this sand. These cockles were subsequently
heavily fished during the 2010 handwork fishery. Although by the end of this
fishery the stocks appeared to have been depleted, the 2011 survey found that
reasonable densities still survived. Growth had been good, with the peak size
range increasing from 12mm and 16 mm width in 2010 to 16mm to 20mm width
in 2011. There was no evidence of new recruitment on this bed, so by 2011 the
whole population was represented by individuals that had attained 14mm width.
Figure 3.27 shows the distribution of the cockles on the Thief sand at the time of
the survey, while figure 3.28 shows the cockle size frequency.

Five stations covering an area of 59 hectares were found to support cockles
>14mm width. This is a slight improvement on 2010, when cockles of this size
were found at five stations covering 52 hectares. Although there had been a
heavy exploitation of the stocks within this area during the year, the mean
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density was found to have only declined from 92.00 cockles/m2 (range 10 –
260/m2) to 80.00 cockles/m2 (range 10 – 290/m2). This is because cockles that
had been smaller than 14mm width in 2010 had grown and recruited into this
population. In doing so, this population of smaller cockles had declined from a
mean density of 100.00 cockles/m2 (range 10 – 260/m2) to zero. Although the
mean density of cockles >14mm width had declined slightly, growth during the
year meant their mean biomass had improved from 4.01 tonnes/hectare to 5.26
tonnes/hectare. From these figures the biomass of cockles >14mm width on this
sand was calculated to be 308 tonnes. This is an improvement to the 209 tonnes
recorded in 2010, but does include 76 tonnes of smaller cockles that had
recruited into this population during the course of the year. Even taking into
account the growth and recruitment of smaller cockles, there is some disparity
between the two surveys when it is considered landings return data from the
fishery showed that at least 430 tonnes of cockles were harvested from this bed
following the 2010 survey. It was noted in the 2010 report that the cockle
biomass calculated for this bed was believed to be an under-estimation of the
true biomass at that time. This inaccuracy was attributed to the relatively low
resolution of the survey, in which the bulk of the stocks on this bed were
represented by just four survey stations, all of which straddled the highest
densities of cockles without reflecting the high densities that were present within
a narrow patch that ran between them.
50
Cockle Year Class Distribution. Thief. April 2011
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Figure 3.28 Cockle size and age frequencies on Thief Sand at the time of spring
2011 surveys
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3.3.13

Daseley’s

Daseley’s sand was surveyed on March 17th and 18th, during which 84 stations
were sampled using a Day grab over high water. A survey conducted in 2010 had
found the cockles on this sand to be dominated by 2008 and 2009 year-class
individuals with a size range that peaked between 11mm and 13mm width. The
2011 survey found these had grown to between 13mm and 18mm width and
there had been a light settlement of spat during 2010. Figure 3.29 shows the size
frequency of these cockles, while figures 3.30 and 3.31 show the distribution of
the adult and juvenile stocks over the beds.

During the 2011 survey, cockles >14mm width were found to be present in 43 of
the stations covering an area of 462 hectares. This is a slight improvement on
2010, when 38 of the survey stations, covering an area of 422 hectares,
supported cockles of this size. Smaller cockles recruiting into this population were
found to have exceeded mortality rates, helping the mean density increase
slightly from 20.26 cockles/m2 (range 10 – 60/m2) to 22.33 cockles/m2 (range 10
– 120/m2). The mean biomass of these cockles was also found to have increased,
from 0.87 tonnes/hectare to 1.03 tonnes/hectare. From these figures the biomass
of cockles >14mm width on this sand was calculated to be 477 tonnes compared
to 367 tonnes in 2010.
50
Year Class Distribution. Daseley's. April 2011
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Figure 3.29 Cockle size and age frequencies on Daseley’s at the time of spring
2011 surveys
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Figure 3.30 Chart showing the distribution of cockles >14mm width on the
Daseley’s, Pandora, Blackguard, Styleman’s and Peter Black when surveyed
during the spring 2011 surveys.

Figure 3.31 Chart showing the distribution of cockles <14mm width on the
Daseley’s, Pandora, Blackguard, Styleman’s and Peter Black when surveyed
during the spring 2011 surveys.
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Although there had been a light settlement on this bed during 2010, because
many of the smaller cockles present at the time of the previous survey had grown
sufficiently to recruit into the “adult” population, the coverage of cockles <14mm
width was found to have decreased from 31 stations covering 342 hectares to 14
stations covering 142 hectares. Within this area the mean density had declined
from 57.10 cockles/m2 (range 10 – 870/m2) to 41.43 cockles/m2 (range 10 –
300/m2)

and

the

mean

biomass

from

0.97

tonnes/hectare

to

0.41

tonnes/hectare. From these figures the biomass of cockles <14mm on this sand
was calculated to be 57 tonnes, an 83% decline from the 332 tonnes present the
previous year.

The total cockle stock on this sand was calculated to be 534 tonnes, a 24%
decline from the 699 tonnes recorded in 2010.
3.3.14

Styleman’s, Blackguard and Pandora

All three of these beds were surveyed on March 18 th, using a Day grab over the
high water periods. 35 stations were sampled on Pandora and 23 each on
Blackguard and Styleman’s. When surveyed in 2010, each of these beds had
supported sparse populations of cockles, estimated to be 60 tonnes on Pandora,
25 tonnes on Blackguard and 8 tonnes on Styleman’s. The 2011 surveys found no
evidence of cockles remaining on Pandora and Blackguard and nine tonnes on
Styleman’s. Figures 3.29 and 3.30 show the distribution of the cockles on
Styleman’s at the time of this survey.
3.3.15

Peter Black

The Peter Black Sand was surveyed on April 15th, during which 39 stations were
surveyed at high water using a Day grab. In 2010 this bed had been dominated
by cockles from the 2009 year-class, which had ranged in size from 5mm to
10mm width, with lower densities of older cockles ranging in size from 11mm to
19mm width. The 2011 survey found the older cockles had disappeared, leaving
low densities of the 2009 year-class cohort and a light settlement of 2010 yearclass juveniles. The distribution of these cockles can be seen in figure 3.30.
Whereas the stock in 2010 had included 16 tonnes of cockles >14mm width and
16 tonnes <14mm width, the stocks had declined by 2011 to 6 tonnes of cockles
<14mm.
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Table 3.1 Summary of cockle stocks on the Wash intertidal beds. Spring 2011
SAND

Area
(ha)

Butterwick
Wrangle
Friskney
Butterwick Ext
Wrangle Ext
Friskney Ext

66
155
64
169
27
81

Boston Main Total

562

Roger/Toft
Gat
Longsand
Herring Hill
Black Buoy
Mare Tail
Holbeach
IWMK
Breast

98
5
0
262
96
262
448
144
612

IWMK/Breast Total

756

Thief
Whiting Shoal
Daseley's
Styleman's
Pandora
Blackguard
Peter Black

59
18
462
6
0
0
0

TOTAL

3034

Mean
Density
(no/m2)
25.56
13.85
14.29
37.37
10.00
12.50

12.22
10.00
0.00
47.59
26.36
61.07
18.40
50.00
41.05

80.00
120.00
22.33
10.00
0.00
0.00
0.00

ADULT
Mean Weight
(t/ha)

Biomass
(t)

Area
(ha)

1.02
0.97
0.97
1.47
0.57
0.65

67
150
63
248
15
53

104
330
376
191
156
499

596

1656

118
6
0
493
137
753
480
396
1039

20
0
0
357
53
348
333
208
526

1435

734

308
143
477
5
0
0
0

0
0
142
16
0
0
48

4951

3707

1.21
1.26
0.00
1.88
1.43
2.88
1.07
2.75
1.70

5.26
7.91
1.03
0.76
0.00
0.00
0.00

JUVENILES
Mean
Mean
Density
Weight
(no/m2)
(t/ha)
365.80
1.41
430.30
1.24
38.75
0.64
4.4.4
1.46
14.29
0.19
24.71
0.41

16.67
0.00
0.00
189.29
611.43
945.68
73.59
865.88
214.42

0.00
0.00
41.43
15.00
0.00
0.00
16.00

0.15
0.00
0.00
1.81
1.97
2.35
0.32
1.80
3.08

0.00
0.00
0.41
0.27
0.00
0.00
0.13

Biomass
(t)

%Adult

147
408
240
278
30
203

Total
Biomass
(t)
214
558
303
526
45
256

1306

1902

31

3
0
0
646
105
819
108
374
1621

121
6
0
1139
242
1572
588
770
2660

98
100
0
43
57
48
82
51
39

1995

3430

42

0
0
57
4
0
0
6

308
143
534
9
0
0
6

100

5049

10000

50

31
27
21
47
33
21

89
56
0
0
0

Figure 3.32 Chart showing the distribution of cockles >14mm on the Wash intertidal beds when surveyed during the spring 2011 surveys.
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Figure 3.32 Chart showing the distribution of cockles <14mm on the Wash intertidal beds when surveyed during the spring 2011 surveys.
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3.4

Autumn Survey Results

The autumn cockle surveys are conducted in order to ascertain the distribution of
any spatfall that may have occurred during the summer months and to provide
an insight into the health of the stocks on beds that have been fished subsequent
to the spring surveys. Because of the time of year that these surveys are
conducted, poor weather often limits the number of survey days that are
available. The extent of the autumn surveys, therefore, tends to be less
exhaustive than the spring surveys, usually providing a snapshot of the stocks
from four or five beds. During the 2011 programme, autumn surveys were
completed on Inner Westmark Knock, the Breast Sand and Wrangle. Surveys
were also partially conducted on Butterwick, Friskney and Daseley’s, but poor
weather prevented these from being completed. These surveys found there had
been exceptional growth among the juvenile populations on Inner Westmark
Knock and good growth on the juvenile stocks on Wrangle and the Breast. These
had helped the stocks on Inner Westmark Knock and Wrangle increase
significantly in biomass between surveys, and had compensated for fishery losses
that had occurred on the Breast Sand.
3.4.1 Wrangle
Wrangle was surveyed on November 11 th and 23rd, during which 96 stations were
sampled. Of these, 75 were sampled using a Day grab over high water and 21 on
foot at low water. The survey found that the numbers of cockles on this bed had
declined by approximately 25% since the spring survey, but growth had been
good, more than compensating for these losses in terms of stock biomass. The
survey also found there had been a light settlement of spat during the summer.
Figure 3.33 shows the cockle size and age frequencies at the time of this survey
compared to their frequencies in spring, while figures 3.34 to 3.36 show the
distribution of cockles >14mm width, <14mm width and new 2011 spat across
this bed.

From the size frequencies shown in figure 3.33 it can be seen that the size range
of the 2010 year-class cockles that had dominated the population in spring had
increased from between 5-8mm in spring to between 8-17mm in autumn. This
meant approximately a third of the “juvenile” population had recruited into the
“adult” population between surveys. It should be noted that growth was such that
many of the larger individuals were mistaken by surveyors as being from the
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2009 year-class cohort, a group that had been present in only low numbers when
surveyed in spring.

50
Cockle Year Class Distribution. Wrangle. 2011 (excluding 2011
year class)
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Figure 3.33 Cockle size and age frequencies on Wrangle Sand at the time of the
2011 spring and autumn surveys. Figure excludes the 2011 year-class cohort.

As most of the older cockles on this bed had died prior to the spring survey, the
numbers of cockles >14mm width had been sparse when surveyed in spring. The
recruitment of some of the 2010 year-class cohort into this population, therefore,
greatly changed the figures for this population. The coverage of this population
was found to have increased in area from 13 stations covering 155 hectares in
spring to 37 stations covering 379 hectares in autumn. During this period the
mean density had increased from 13.85 cockles/m2 (range 10 – 30/m2) to 97.57
cockles/m2

(range

10

–

770/m2)

and

the

mean

biomass

from

0.97

tonnes/hectare to be 4.10 tonnes/hectare. From these figures the biomass of
these stocks was calculated to have increased from 150 tonnes in spring to 1,551
tonnes.

Mortalities and the recruitment of some of the <14mm cockles into the >14mm
population meant the numbers of small cockles (excluding the new 2011 yearclass cohort) had declined between surveys. This had reduced their area from 22
stations covering 330 hectares in spring to 28 stations covering 279 hectares.
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Within this area the mean density was found to have declined from 430.30
cockles/m2 (range 10 – 10,480/m2) to 237.86 cockles/m2 (range 10 –
3,080/m2). As these individuals were much larger than when surveyed in spring,
their

mean

biomass

had

increased

from

1.24

tonnes/hectare

to

4.04

tonnes/hectare. From these figures the stock of cockles <14mm width (excluding
spat) was calculated to have increased from 408 tonnes to 1,126 tonnes.

Figure 3.34 Chart showing the distribution of cockles >14mm width on Wrangle
when surveyed during the autumn 2011 surveys.
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Figure 3.35 Chart showing the distribution of cockles <14mm width on Wrangle
when surveyed during the autumn 2011 surveys.

Figure 3.36 Chart showing the distribution of 2011 year-class spat on Wrangle
when surveyed during the autumn 2011 surveys.
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23 stations covering 200 hectares were found to support 2011 year-class spat
that had settled on this bed during summer. These had a mean density of 108.26
cockles/m2 (range 10 – 530/m2) and a mean biomass of 0.52 tonnes/hectare.
From these figures their biomass was calculated to be 104 tonnes.
3.4.2 Inner Westmark Knock
This bed was surveyed on November 9th, during which 38 stations were sampled;
16 on foot at low water and 22 using a Day grab at high water. The survey found
that growth had been good among the 2010 year-class cockles that had
dominated the bed in spring. As mortalities had been light, the stock biomass had
increased significantly. Figure 3.37 shows the size and age frequencies of the
cockles on this bed at the time of the spring and autumn surveys, while figures
3.38 to 3.40 show the distribution of cockles >14mm width, <14mm width and
new 2011 spat across this and the neighbouring Breast beds.

From figure 3.37 it can be seen that the size range of the 2010 year-class cockles
had increased from between 5-7mm in spring to between 7-13mm in autumn. As
had been the case with the Wrangle survey, this growth had resulted in surveyors
mistaking some of the larger 2010 year-class cockles as being from the 2009
cohort. Unlike at Wrangle, none of these stocks had attained a size of 14mm
width so had not been recruited into the “adult” population. As a consequence the
coverage of cockles >14mm width had declined during this period from ten
stations covering 144 hectares to ten stations covering 129 hectares. Within this
area the mean density was found to have declined from 50.00 cockles/m2 (range
10 – 140/m2) to 42.00 cockles/m2 (range 10 – 90/m2) and the mean biomass
from 2.75 tonnes/hectare to 2.39 tonnes/hectare. From these figures the biomass
of cockles >14mm width on this sand was calculated to have declined from 396
tonnes to 309 tonnes.
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50
Year Class Distribution. IWMK. 2011 (excluding 2011
year class)
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Figure 3.37 Cockle size and age frequencies on Inner Westmark Knock at the
time of the 2011 spring and autumn surveys. Figure excludes individuals from the
2011 spatfall.
Excluding juveniles from the 2011 settlement that had occurred between surveys,
cockles <14mm width were found at 17 stations covering 235 hectares, a slight
improvement to the 17 stations covering 208 hectares in spring. Within this area
the mean density was found to have increased from 865.9 cockles/m2 (range 10
– 4,020/m2) to 881.8 cockles/m2 (range 10 – 3,120/m2). As these figures do not
include new recruitment from the 2011 settlement, the number of cockles would
not have actually increased. This increase seen in the figures is likely to be an
artefact of the survey design in which the number of sample stations within the
survey area were insufficient to compensate for the localised variation found at
individual sites. It does indicate, however, that mortality among this population
between the surveys was negligible. Growth of these individuals helped the mean
biomass to increase from 1.8 tonnes/hectare to 13.50 tonnes/hectare. From
these figures the biomass of juvenile cockles on this sand was calculated to be
3,171 tonnes, an almost nine-fold increase on the 374 tonnes recorded in spring.

13 stations covering an area of 178 hectares were found to contain 2011 yearclass cockles that had settled on this sand during the summer. These had a mean
density of 290.8 cockles/m2 (range 10 – 2,170/m2) and a mean biomass of 0.55
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tonnes/hectare. From these figures their total biomass was estimated to be 93
tonnes.

Figure 3.38 Chart showing the distribution of cockles >14mm width on the Inner
Westmark Knock and Breast beds when surveyed during the autumn 2011
surveys.
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Figure 3.39 Chart showing the distribution of cockles <14mm width on the Inner
Westmark Knock and Breast beds when surveyed during the autumn 2011
surveys.

Figure 3.40 Chart showing the distribution of 2011 year-class cockles on the
Inner Westmark Knock and Breast beds when surveyed during the autumn 2011
surveys.
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3.4.3 Breast
The Breast Sand was surveyed on November 9th and 10th, during which 124
stations were sampled using a Day grab over high water. Figures 3.38 to 3.40
show the distribution of cockles >14mm, <14mm width and 2011 spat found on
this bed at the time of these surveys, while figure 3.41 shows the cockle size and
age frequencies.

This bed had supported a high proportion of the 2011 handwork fishery, with
catch returns indicating at least 1,136 tonnes had been harvested from there. In
spring the population had been dominated with 2008 year-class cockles that had
a peak size range of 11 to 13mm width. By the time the fishery had opened,
most of these had attained 14mm and had recruited into the “adult” population.
Fishing had subsequently reduced the numbers of this group of cockles leaving a
mixed population with a broad spread of sizes behind.

50
Year Class Distribution. Breast. 2011(excluding
2011 year class)
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Figure 3.41 Cockle size and age frequencies on Breast at the time of the 2011
spring and autumn surveys. Figure excludes individuals from the 2011 spatfall.
Good growth between the two surveys meant that despite fishery losses, the
stock of cockles >14mm width had increased on this bed. 57 stations covering
613 hectares were found to support cockles of this size, which was consistent
with the 57 stations covering 612 hectares found in spring. Within this area the
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mean density had increased from 41.05 cockles/m2 (range 10 – 200/m2) to 55.43
cockles/m2 (range 10 – 310/m2) and the mean biomass from 1.70 tonnes/hectare
to 2.47 tonnes/hectare. From these figures the biomass of cockles >14mm width
on this bed was calculated to be 1,512 tonnes, a 45% increase to the 1,039
tonnes recorded in spring.

The recruitment of 11 to 13mm cockles into the >14mm population meant the
stock of cockles <14mm width (excluding 2011 year-class settlement) had
declined between surveys. Their coverage was found to have declined from 52
stations covering an area of 526 hectares to 50 stations covering an area of 510
hectares. Within this area their mean density was found to have declined from
214.42 cockles/m2 (range 10 – 2,930/m2) to 163.60 cockles/m2 (range 10 –
1,570/m2)

and

their

mean

biomass

from

3.08

tonnes/hectare

to

2.19

tonnes/hectare. From these figures the biomass of cockles <14mm width was
found to have declined from 1,621 tonnes to 1,117 tonnes.

Despite 1,136 tonnes being harvested from this bed, cockle growth between the
two surveys meant the total biomass of cockles (excluding new settlement from
2011) was found to have only declined 31 tonnes from 2,660 tonnes to 2,629
tonnes.

48 stations covering an area of 484 tonnes were found to support spat that had
settled on the bed during the summer. These had a mean density of 919.17
cockles/m2 (range 10 – 12,860/m2) and a mean biomass of 1.13 tonnes/hectare.
From these figures the biomass of spat on this bed was estimated to be 549
tonnes.
3.4.4 Daseley’s
A survey was conducted on Daseley’s on December 1st, but poor weather meant it
was only possible to sample 42 of the 84 stations before the survey was
cancelled. These covered the southern half of the survey area. As the survey was
only partially completed, the results should not be compared with those from
spring when the whole site was surveyed. The results of this partial survey are
nevertheless reported below. Figures 3.42 to 3.44 show the distribution of cockles
>14mm width, <14mm width and 2011 year-class spat on this bed, while figure
3.45 shows the size and age frequencies of the cockles in this population.
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Figure 3.42 Chart showing the distribution of cockles >14mm width within the
extent of the survey area on Daseley’s when surveyed during the autumn 2011
surveys.

Figure 3.43 Chart showing the distribution of cockles <14mm width within the
extent of the survey area on Daseley’s when surveyed during the autumn 2011
surveys.
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Figure 3.44 Chart showing the distribution of 2011 year-class spat within the
extent of the survey area on Daseley’s when surveyed during the autumn 2011
surveys.
16 of the 42 stations, covering an area of 173 hectares, were found to support
cockles >14mm width. Within this area their mean density was found to be 26.25
cockles/m2 (range 10 – 60/m2) and their mean biomass 1.55 tonnes/hectare.
From these figures the biomass of this population within the area surveyed was
calculated to be 268 tonnes.

13 of the stations, covering an area of 145 hectares, was found to support
cockles <14mm width. These had a mean density of 43.85 cockles/m2 (range 10
– 160/m2) and a mean biomass 0.90 tonnes/hectare. Their biomass was
calculated to be 131 tonnes. This latter figure is over double the biomass
recorded in spring for the whole of Daseley’s, indicating growth has significantly
increased the biomass of this population. This is corroborated by the size
frequencies shown in figure 3.45, in which the 2010 year-class population has
increased in size from a peak of <5mm width to between 11 to 13mm width.

Eastern IFCA Research Report 2011

116

50
Year Class Distribution. Daseley's. 2011 (excluding
2011 year class)
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Figure 3.45 Cockle size and age frequencies on Daseley’s at the time of the 2011
spring and autumn surveys. Figure excludes individuals from the 2011 spatfall.
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3.5

Discussion

Table 3.1 summarises the cockle stocks found on the Wash intertidal beds
following the spring surveys. From this table it can be seen that the total cockle
biomass was calculated to be 10,000 tonnes, of which 4,951 tonnes had attained
a size of 14mm width. This is a significant decline from the 16,256 tonnes
recorded in 2010 and is the fourth successive year in which stocks have declined
since their recent peak in 2007. This decline can be seen in figure 3.46, which
shows the biomass of cockle stocks on the intertidal beds since 2000. Although
this chart shows a similar decline occurring between 2000 and 2004, the recent
decline is not believed to be part of a cyclic pattern that may be taking place in
the cockle stocks. Unlike during the earlier decline, since 2008 the stocks have
been exhibiting atypical mortality. Although only relatively low numbers of
cockles appear to be dying daily, typically coming to the surface and gaping, over
time the impact has devastated the beds. An estimated 26,000 tonnes of cockles
have died in this period from the effects of the atypical mortality. To put this into
perspective, during the same period just 5,900 tonnes have been harvested by
the fishery.

Cockle Biomass (tonnes)

Adult Biomass

Juvenile Biomass

40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Figure 3.46 Biomass of cockle stocks at the time of the spring surveys between
2000 and 2011
The cause of the mortalities is still unknown, but samples of moribund cockles
sent to CEFAS from The Wash last year were found to contain high levels of
Haplosporidian parasites more usually associated with carpetshell clams (Tapes
spp). Although the same parasites have also been identified in samples taken
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from the Burry Inlet, CEFAS scientists are not yet certain whether these parasites
are responsible for the cockle mortalities or whether they are coincidental,
infecting cockles that have already been weakened by other unidentified agents
(Longshore, 2010). The observation that mortalities mainly occur among larger
cockles, strongly suggests that the problem is linked to spawning behaviour, in
which cockles weakened by spawning are succumbing to pathogens.

Because the greatest impact has been to the larger cockles, typically from the
faster growing beds, the stocks have become biased towards juvenile populations
and slow growing adults on the higher, slower growing beds. The last two
fisheries have mainly focused around small discrete pockets in which adult
cockles have survived in reasonable densities, such as on the Dills in 2009 and on
the Thief, Whiting Shoal and the Breast in 2010. Unfortunately, by 2011 the
combined effects of the atypical mortality and fishing effort had caused these
pockets to also decline, leaving only a sparse coverage of adult cockles on most
of the regulated beds. As it is an established policy to protect juvenile stocks from
the fishery, this bias has created difficulties in recent years identifying suitable
beds to support fisheries. This has been particularly so with the dredge fishery,
which was last opened in 2008.

Although it was not possible to identify any beds following the spring surveys that
would support a dredge fishery in 2011, it was felt that if the main areas of
juvenile cockles were protected, the more selective handwork fishery could still
proceed. Based on an “adult” (cockles >14mm width) population of 4,951 tonnes
this should have afforded a TAC of 1,576 tonnes. The management of this fishery
was further complicated, however, by the requirement to ensure sufficient
shellfish would be available for the wintering bird populations. One of the SSSI
Conservation Objectives for the site stipulates that in order to support a healthy
population of 22,628 oystercatchers (figure based on Wetland Bird Survey –
WeBS data), the Ash Free Dry Mass (AFDM) of the combined cockle and mussel
stocks should not fall below 40kg/bird. Following the recent decline of the cockle
and mussel stocks, the combined AFDM value for these stocks within the Wash
Fishery Order 1992 (WFO 1992) fishery was calculated to be just 38kg/bird. The
previous mussel surveys, conducted in autumn 2010 had estimated the mussel
stocks to be 9,626 tonnes, which equated to 558 tonnes AFDM. This meant that
the quantity of cockles required to achieve the 40kg/bird target would be 11,567
tonnes (equivalent to 347 tonnes AFDM). With the total cockle stocks estimated
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at 10,000 tonnes, there was insufficient shellfish on the regulated beds to achieve
this target. Based on the stocks identified within the WFO 1992 alone, having
failed to achieve this Conservation Objective target, it would be difficult for to
promote a cockle fishery during the 2011/12 season. The targets for the
Conservation Objectives, however, relate to the area encompassed by The Wash
SSSI, which also includes the le Strange Estate in addition to the WFO 1992. In
order to determine whether the Conservation Objective targets had been
achieved for The Wash SSSI area, EIFCA officers requested the le Strange Estate
to provide details of the stocks within their fishery. This request was refused.
Under normal circumstances it would have been difficult to pursue this fishery
further. With thousands of tonnes of cockles predicted to die over the summer
months from the atypical mortality, there was an argument that fishery losses
could be mitigated against the stocks that were predicted to be lost anyway to
natural causes. To present a case for this argument, EIFCA conducted a review of
the impact that atypical mortalities had had on the Wash cockle stocks between
2008 and 2011 (see section 3.6).

Following this review Natural England approved the opening of a handworked
cockle fishery with an amended TAC of 957 tonnes. This latter figure was based
on the quantity of adult cockles that the surveys had predicted were present in
commercially fishable densities outside of areas dominated by juvenile stocks.
This fishery officially opened on June 10 th. On June 27th Natural England
reconsidered their earlier advice after reviewing the figure for the number of
oystercatcher

in

the

Wash.

Based

on

a

revised

population

of

19,602

oystercatchers they approved raising the TAC to 1,500 tonnes. Although this
figure represented a third of the cockles >14mm (excluding the Whiting Shoal,
which was to remain closed as a control for the mortality study being conducted),
many in the industry were not happy with the size of the TAC, feeling it was too
small. This feeling was exasperated by a number of factors:
1. Shortages of cockles elsewhere in Europe helped the prices to rise to
over £1,000/tonne.
2. These shortages also enabled fishermen to sell much smaller cockles
than would otherwise be possible (cockles as small as 3,000 meats/kg
were being sold whereas in past years the limit was generally 1,500
meats/kg).
3. Juvenile cockles that had not contributed towards the TAC grew
sufficiently during the summer to be fished. Under normal circumstances
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these cockles would still have been too small, but as a market demand
for small cockles had developed, fishermen were harvesting cockles that
had attained a size of 12mm width.
When the fishery had been proposed, it had been anticipated that the fishermen
would target the remaining large cockles. As these were present in only low
densities, the TAC was expected to last most of the year, as it had done in past
seasons. Because high prices were still being paid for small cockles, the industry
targeted these instead, easily achieving their daily quotas from the dense juvenile
stocks. As a consequence, the TAC was rapidly consumed and the fishery closed
on August 14th, having been open for just seven weeks.

Some fishermen felt that the surveys had badly underestimated the stocks. Two
surveys commissioned by Centrica later in the year on Inner Westmark Knock
found the cockle biomass was much higher than the EIFCA spring surveys had
indicated. This was confirmed by the EIFCA autumn surveys that found an almost
nine-fold increase in the biomass of small cockles on this bed (see section 3.4.2).
Although this is a large increase, the numbers of cockles on the bed were similar
during each survey. This indicated cockle growth was responsible for this disparity
in biomass rather than survey inaccuracy.
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3.6

Impact of “atypical” mortality on the Wash cockle stocks

3.6.1 Introduction
Surveys conducted in spring 2007 showed the cockle stocks situated within the
regulated beds of The Wash were at their second highest recorded level, with a
total biomass of 34,696 tonnes. These stocks were dominated by two strong
cohorts, comprised of 2004 year-class adults and 2006 year-class juveniles.
Because over much of their distribution the 2006 year-class cohort had settled in
areas already occupied by the 2004 year-class cockles, there was competition for
resources and space. As the cockles grew in size during 2007, competition for
space within the denser patches caused high numbers of the 2004 year-class
cohort to be pushed out of the ground and to die. This type of mortality in dense
cockle beds is common in The Wash and is referred to locally as “ridging out”. As
larger, less active cockles tend to be forced out of the ground first by younger,
more active small cockles, “ridging” events can cause the loss of significant
numbers of marketable sized cockles from beds supporting mixed cohorts.
Although the survey conducted in spring 2008 found the cockle biomass had
decreased by 5,413 tonnes, the losses to the 2004 cohort had exceeded this
amount, but had been compensated by growth and recruitment.

During the summer of 2008 cockles on several of the beds were observed to be
dying. Unlike “ridging” events, which typically result in large proportions of the
population being forced out of the ground over a short period of time, often
following a period of storms, the symptoms in 2008 were different. During this
period cockles were observed to be coming to the surface and gaping. Although
relatively low numbers of cockles (approximately 1-2% per day) appeared to be
affected at any one time, over a protracted period of several months, the losses
resulted in reductions in biomass on some of the beds of over 90%. Similar
mortality has continued to be observed each year since then. Field observations
have led to the following conclusions:


Mortality appears to primarily affect larger cockles (>14mm width). This
appears to be independent to the age of the cockles. On faster growing
beds mortality has occurred among two year-old cockles, while on slower
growing areas mortality has occurred among three and four year-old
individuals.
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Affected individuals are typically observed to be gaping, unburied on the
surface. In muddier sediments, however, affected cockles have been
observed to have remained buried.



Moribund unburied cockles have poor response times, closing slowly when
touched.



In affected areas, approximately 1-2% of the cockle population appear to be
moribund. Observations made during previous experimental work studying
discard mortality rates indicate that moribund cockles very quickly die. It is
likely, therefore, that the observed moribund cockles represent closely the
actual daily mortality rate.



Mortality is most noticeable between May and October



Symptoms appear similar to “atypical” mortality events that have been
occurring annually in the Burry Inlet since 2004.

Studies have been conducted, both in the Burry Inlet and The Wash, since 2008
in order to determine the cause of the mortality, including a study of the food
productivity in The Wash. Although these studies have failed to determine a
cause of the mortalities, samples of moribund cockles tested by Cefas indicate
three species of Haplosporidian parasites may be involved. In an unpublished
paper (Longshore, 2010) the author writes, “There is strong circumstantial
evidence that the Haplosporidian infections may be a major contributory factor in
the observed mortalities in The Wash.”
3.6.2 Impact of the “atypical” mortality
Although the cause of the mortality is still to be determined with any certainty,
the impact has been to reduce cockle stock levels to a current level of 10,000
tonnes. Table 3.6.1 shows the decline in cockle stock biomass since 2007. This
information is depicted in Figure 3.6.1. Figures 3.6.2 to 3.6.4, depicting
percentage changes to cockle stock biomasses compared to the previous year,
highlight where these losses have occurred (Figures in red indicate net losses of
stock, while those in black show where stocks have increased from the previous
year).
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Cockle biomass (tonnes)

Table 3.6.1 – Biomass of cockle stocks identified within The Wash regulated beds
between 2007 and 2011.
Year
Adult biomass (t)
Juvenile biomass (t)
Total biomass (t)
2007
16,564
18,132
34,696
2008
12,587
16,696
29,283
2009
8,395
14,024
22,419
2010
6,803
9,453
16,256
2011
4,951
5,049
10,000

40,000

Adult

Juvenile

35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
2007

2008

2009

2010

2011

Year

Figure 3.6.1 – Chart depicting the biomass of cockle stocks identified within The
Wash regulated beds between 2007 and 2011.
While Figure 3.6.1 shows a clear decline had occurred to the cockle stocks within
The Wash regulated beds between 2007 and 2011, and figures 3.6.2 to 3.6.4
highlight where those changes have occurred, the information is based on
biomass figures for the total stock of cockles within those areas. As such, these
figures do not distinguish between natural mortality (including atypical mortality)
and fishery associated mortality (including harvesting). Also, because the figures
are derived from stock biomass data, new recruitment and cockle growth disguise
the actual quantities of cockles that have been lost from particular areas during
the period.

In order to gain a better insight into where non-fishery related mortality has
occurred since 2008, fishery landings data from this period have been applied to
the figures to exclude stocks that have been harvested from each area (although
these figures will

not account for potential

additional fishery associated

mortality). The survey data have then been further examined, with particular
regard to annual changes to the population size frequency and population age
structure of cockles on particular sands, in order to exclude new recruitment and
cockle growth. Table 3.6.2 shows the resultant biomass of cockles estimated to
have been lost from each area due to natural mortality.
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Figure 3.6.2 – Percentage change to cockle biomass between spring 2008 and
spring 2009.

Figure 3.6.3 – Percentage change to cockle biomass between spring 2009 and
spring 2010.
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Figure 3.6.4 – Percentage change to cockle biomass between spring 2010 and
spring 2011.
Table 3.6.2 – Biomass of cockles that have been calculated as being lost annually
from individual sands to atypical mortality. Table also shows mean age (in years)
that cockles on those beds usually take to attain 14mm width.
Age to attain
Annual cockle mortality (tonnes)
14mm

2008

2009

2-3

9,000

960

2

2,180

Roger/Toft

2-3

760

635

Holbeach

2-4

1,180

450

IWMK

2-3

990

1,250

2,240

Black Buoy

3-4

1,650

1,650

Mare Tail

3-4

1,300

Herring Hill

Sand
Boston Main
Gat sand

2010

Total
10,060
2,180
1,395

900

2,530

1,200

2,500

4-5

500

500

Breast

3-5

2,800

2,800

Other sands

n/a

425

425

5,825

26,180

Total

14,110

6,245

From this table it can be seen that during the period 2008-2011, an estimated
26,180 tonnes of cockles have been lost to non-fishery mortality, the greatest
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losses occurring on Boston Main during 2008. As the analysis concentrated on
changes occurring to cockles >14mm width, and the greatest losses have
occurred in areas observed to have suffered from the atypical mortality, atypical
mortality is thought to be a major contributory factor in these losses. By
comparison, 5,914 tonnes of cockles have been reported as being harvested from
the regulated beds during the same period.

When the mortality figures are compared with the age at which cockles attain a
size of 14mm width, a correlation can be seen in which the greatest losses appear
to occur during those periods when the stocks attain that size. It is unknown why
cockle size (and apparently not age) is linked to atypical mortality, but it could be
an indication that post-spawning stress is an influencing factor.
3.6.3 Assessing past cockle losses
In order to best manage The Wash cockle fishery when faced with high
mortalities and declining stock levels, it is important to try to assess what
potential mortalities are likely to be and whether fishing activities amplify those
losses. Although the stock biomass data and population size frequency charts are
useful tools for determining past losses, the influence of new recruitment and
growth on the biomass data restricts their use for predicting future losses. For a
more accurate assessment of potential losses, it is better to look at data
concerning individual year-class cohorts. For this exercise two cohorts have been
studied in detail:



The 2006 year-class, which was the dominant cohort when the atypical
mortality was first observed in the Wash and accounted for most of the
losses observed between 2008 and 2011.



The 2008 year-class, which is the main cohort supporting marketable sized
cockles at present, and is likely to contribute the majority of the stocks to
be potentially targeted by the 2011/2012 fishery.

Unfortunately, there are many environmental factors that contribute towards
cockle mortality, making it difficult to ascertain trends and estimate future losses.
First-winter survival of cockle spat in The Wash tends to be poor, but can be
highly variable. To eliminate this variable, the baseline data describing cockle
numbers have been taken from the spring surveys following the first winter for
each of the two cohorts (eg. baseline data for the 2006 year-class cohort was
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taken from the spring 2007 survey, and the baseline data for the 2008 year-class
cohort was taken from the spring 2009 survey). These figures are displayed in
Tables 3.6.3 and 3.6.5, which show the numbers of 2006 and 2008 year-class
cockles found in the surveys samples between 2007 and 2011. Tables 3.6.4 and
3.6.6 show the cumulative percentage decline in these cockle numbers.
Table 3.6.3 – Total numbers of 2006 year-class cockles from each sand found in
the samples during the course of the spring cockle surveys between 2007-2011.
Sand
Spring
Spring
Spring
Spring
Spring
2007
2008
2009
2010
2011
Butterwick
501
188
39
1
0
Butterwick Ext
369
83
10
2
2
Wrangle
3892
1234
15
3
0
Wrangle Ext
12
10
3
0
0
Friskney
942
546
6
3
2
Friskney Ext
138
171
22
1
0
Gat
1722
942
3
0
0
Holbeach
4690
1737
140
190
8
IWMK
1439
1093
224
9
7
Roger/Toft
2717
553
184
9
8
Black Buoy
n/a
n/a
901
27
3
Herring Hill
2179
1022
344
152
52
Mare Tail
7726
1587
154
35
22
Breast
1420
1422
405
210
37
Daseley’s
25
14
5
4
1
Table 3.6.4 – Cumulative percentage decline in numbers of 2006 year-class
cockles found in survey samples compared to 2007 baselines (negative values
indicate an increase in numbers of cockle found).
Sand
Spring
Spring
Spring
Spring
2008
2009
2010
2011
Butterwick
62
92
99
100
Butterwick Ext
78
97
99
99
Wrangle
68
99
100
100
Wrangle Ext
17
75
100
100
Friskney
42
99
99
99
Friskney Ext
-24
84
99
100
Gat
45
99
100
100
Holbeach
63
97
100
100
IWMK
24
84
99
99
Roger/Toft
80
93
99
99
Black Buoy
n/a
n/a
97
99
Herring Hill
53
84
93
97
Mare Tail
79
98
99
100
Breast
-0.1
71
85
97
Daseley’s
44
80
84
96
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Table 3.6.5 – Total numbers of 2008 year-class cockles from each sand found in
the samples during the course of the spring cockle surveys between 2009 and
2011.
Sand
Spring
Spring
Spring
2009
2010
2011
Butterwick
32
5
6
Butterwick Ext
497
76
5
Wrangle
29
15
16
Wrangle Ext
7
2
3
Friskney
42
8
5
Friskney Ext
21
8
1
Gat
15
1
0
Holbeach
1284
456
80
IWMK
494
77
31
Roger/Toft
1
0
0
Black Buoy
287
46
25
Herring Hill
2569
718
296
Mare Tail
6864
842
148
Breast
9146
1397
748
Daseley’s
464
161
97
Table 3.6.6 – Cumulative percentage decline in numbers of 2008 year-class
cockles found in survey samples compared to 2009 baselines.
Sand
Spring
Spring
2010
2011
Butterwick
86
81
Butterwick Ext
85
99
Wrangle
48
45
Wrangle Ext
93
90
Friskney
81
88
Friskney Ext
65
96
Gat
93
100
Holbeach
65
94
IWMK
84
94
Roger/Toft
100
100
Black Buoy
84
91
Herring Hill
72
89
Mare Tail
88
98
Breast
85
92
Daseley’s
65
79
While the tables above show changes in the numbers of cockles from each cohort
that were present in the survey samples, they do not distinguish between natural
losses and those harvested during the annual cockle fisheries. Table 3.6.7 shows
how many tonnes of cockles, according to landings returns data, were harvested
from each bed, and the percentage that amount represented of the biomass of
adult cockles estimated to be present on that bed. This latter figure provides an
indication of how heavily individual beds have been fished.
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During statistical analysis the following figures have been used to represent the
degree of fishing effort that had taken place on a bed:
Unfished – 0%
Light -

<5%

Moderate – 5-25%
Heavy -

>25%

Table 3.6.7 – Biomass of cockles harvested from each bed during annual
fisheries, and the percentage of adult stock present that the fishery represented.
Sand
Spring
Spring
Spring
Spring 2010
2007
2008
2009
Fished
%
Fished
%
Fished
%
Fished
%
Butterwick
249
21
46
33
Butterwick Ext
Wrangle
365
9
Wrangle Ext
Friskney
18
2.4
1552
51
Friskney Ext
Gat
11
2.8
44
76
Holbeach
931
30
IWMK
36
8
Roger/Toft
26
6.5
Black Buoy
1802
79
Herring Hill
319
57
Mare Tail
179
16
Breast
140
17
191
14
397
26
Daseley’s
787
68
3.6.4 What impact do fisheries have on juvenile mortality rates?
The figures in Tables 3.6.4 and 3.6.6 show there is wide variation in the mortality
rates of year-1 cockles (% decline between spring 2007 and spring 2008 for the
2006 year-class cohort and between spring 2009 and spring 2010 for the 2008
year-class cohort). This variation between sites is such that fishing effort
surprisingly does not appear to have a significant influence in the juvenile
mortality rates (p=0.85 and p=0.367 – see Tables 3.6.8 and 3.6.9).
Table 3.6.8 – ANOVA: Single factor analysis comparing juvenile mortality rates
(2006 year-class cohort) in areas of differing fishing effort.
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
7
331
47.28 1124.5
Light Fished
2
87
43.5
4.5
Moderate Fished
2
130
65
18
Heavy Fished
2
107
53.5
180.5
ANOVA
Source of Variation
Between Groups
Within Groups

SS
608.64
6950.42

df
3
9

MS
202.8
772.2

F
0.262
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P-value
0.850

F crit
3.862

130

Total

7559.08

12

Table 3.6.9 – ANOVA: Single factor analysis comparing juvenile mortality rates
(2008 year-class cohort) in areas of differing fishing effort.
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
9
671
74.55 277.27
Moderate Fished
2
102
51
2738
Heavy Fished
3
234
78
147
ANOVA
Source of Variation
Between Groups
Within Groups

SS
1048.70
5250.22

df
2
11

Total

6298.92

13

MS
524.35
477.29

F
1.098

P-value
0.367

F crit
3.982

3.6.5 What impact does location have on juvenile mortality rates?
The data were analysed to ascertain whether year-1 juvenile mortality rates
differed from sand to sand. Figure 3.6.5 compares the mortality rates of year-1
cockles on each of the 15 beds, differentiating between those beds that have
been fished or unfished. From this figure it can be seen that there is little
correlation between the mortality rates, indicating year-1 mortality is not
influenced significantly by location.

Martality rate of year-1 cockles
(2008 cohort)

Both Unfished

Both Fished

2006 Fished

2008 Fished

100
90
80
70
60
50
40
30
20
10
0
0

10

20

30

40

50

60

70

80

90

100

Mortality rate of year-1 cockles (2006 cohort)

Figure 3.6.5 – Scatter graph comparing the mortality rates of year-1 cockles from
the 2006 and 2008 year-class cohorts at different locations.
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Although there was little correlation found between mortality rates and location,
all but two of the beds showed greater year-1 mortality rates among the 2008
year-class cohort than the 2006 year-class cohort. By applying paired t-tests to
the data, this difference was found to be statistically significant at a p<0.05
confidence level, both when looking only at the 6 unfished beds and when
including the beds that had been fished (see Table 3.6.10).

Table 3.6.10 – Paired t-test analysis comparing differences in year-1 mortality
rates between the 2006 and 2008 year-class cohorts.
All beds
Unfished beds
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

2008 cohort
70.167
950.167
6
0.593
0

2006 cohort
34.667
768.667
6

2008 cohort
71.929
484.533
14
0.322
0

5
3.276
0.011
2.015
0.022
2.571

2006 cohort
46.786
762.797
14

13
3.215
0.003
1.771
0.007
2.160

It is interesting that year-1 mortality rates were higher among the 2008 yearclass cohort than they had been among the 2006 year-class cohort. Symptoms of
atypical mortality were not observed until 2008, so it is possible that some of the
2008 cohort juveniles were affected while the 2006 cohort had not been.
Alternatively, as the cockle stocks had declined significantly between 2007 and
2009, the elevated mortality rates among the 2008 cohort could be due to a
higher rate of bird predation on the remaining stocks than had occurred to the
2006 cohort.
3.6.6 To what extent do fisheries exasperate atypical mortality losses?
Fisheries specifically target larger cockles, so it would be expected that declines in
adult cockle stocks should be found on beds following fishing activity. Since 2008,
however, an estimated 26,180 tonnes of cockles have died on The Wash beds
compared to 5,914 tonnes that were harvested. As the natural losses greatly
exceed those that have been harvested, fishery losses might not be significant,
particularly considering many of the harvested cockles may have died even had
they not been fished. Table 3.6.11 shows the annual percentage declines in
numbers of adult cockles found on the beds during this period (2006 year-class
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cockles between 2008 and 2011 and the 2008 cohort between 2010 and 2011).
When the figures in this table are compared to those in Table 3.6.7, which
highlights the fishing effort that has been targeted at each of the beds, the data
can be analysed to determine whether the beds that have been fished have
suffered elevated mortality rates compared to unfished beds.

Comparisons were made between the mortality rates found on fished and
unfished beds during individual years (see Tables 3.6.12 to 3.6.16) and for the
combined period 2008 to 2010 (Table 3.6.17).

Table 3.6.11 – Annual percentage losses of 2006 year-class cockles compared to
the previous year. Figures in red highlight where fisheries occurred.
2006 Cohort
2008
Cohort
Sand
Spring
Spring
Spring
Spring
2009
2010
2011
2011
Butterwick
79.3
97.4
100.0
-20.0
Butterwick Ext
88.0
80.0
0.0
93.4
Wrangle
98.8
80.0
100.0
-6.7
Wrangle Ext
70.0
100.0
-50.0
Friskney
98.9
50.0
33.3
37.5
Friskney Ext
87.1
95.5
100.0
-25.0
Gat
99.7
100.0
100.0
Holbeach
91.9
-35.7
95.8
82.5
IWMK
79.5
96.0
22.2
59.7
Roger/Toft
66.7
95.1
11.1
n/a
Black Buoy
n/a
97.0
88.9
45.7
Herring Hill
66.3
55.8
65.8
58.8
Mare Tail
90.3
77.3
37.1
82.4
Breast
71.5
48.1
82.4
46.5
Daseley’s
64.3
20.0
75.0
39.8
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Table 3.6.12 – ANOVA: Single factor analysis comparing adult mortality rates
(2006 year-class cohort) in areas of differing fishing effort during 2008 fishery
SUMMARY
Groups
Unfished
Heavy Fished

Count
12
2

Sum
Average Variance
966.29 80.52
166.47
186.04 93.02
69.23

ANOVA
Source of
Variation
Between Groups
Within Groups

SS

df

MS

F

P-value

F crit

267.59
1900.38

1
12

267.59
158.36

1.69

0.22

4.75

Total

2167.97

13

Table 3.6.13 – ANOVA: Single factor analysis comparing adult mortality rates
(2006 year-class cohort) in areas of differing fishing effort during 2009 fishery
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
11
716.24 65.11 1724.27
Moderate Fished
2
143.26 71.63 1102.65
Heavy Fished
2
197.00 98.50
4.49
ANOVA
Source of
Variation
Between Groups
Within Groups

SS

df

MS

F

P-value

F crit

1889.86
18349.83

2
12

944.93
1529.15

0.62

0.56

3.89

Total

20239.69

14

Table 3.6.14 – ANOVA: Single factor analysis comparing adult mortality rates
(2006 year-class cohort) in areas of differing fishing effort during 2010 fishery
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
6
493.01 82.17 660.58
Moderate Fished
2
59.37
29.68 111.31
Heavy Fished
4
248.17 62.04 1905.91
ANOVA
Source of
Variation
Between Groups
Within Groups
Total

SS

df

MS

F

P-value

F crit

4263.02
9131.93

2
9

2131.51
1014.66

2.10

0.18

4.26

13394.95

11
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Table 3.6.15 – ANOVA: Single factor analysis comparing adult mortality rates
(2008 year-class cohort) in areas of differing fishing effort during 2010 fishery
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
8
223.69 27.96 2683.46
Moderate Fished
2
142.10 71.05 257.64
Heavy Fished
4
178.72 44.68 2253.96
ANOVA
Source of
Variation
Between Groups
Within Groups

SS

df

MS

F

P-value

F crit

3158.07
25803.71

2
11

1579.04
2345.79

0.67

0.53

3.98

Total

28961.78

13

Table 3.6.16 – ANOVA: Single factor analysis comparing adult mortality rates
(2006 and 2008 year-class cohorts) in areas of differing fishing effort during 2010
fishery
SUMMARY
Groups
Count
Sum
Average Variance
Unfished
14
716.70 51.19 2473.97
Moderate Fished
4
201.40 50.35 694.20
Heavy Fished
8
426.92 53.37 1869.13
ANOVA
Source of
Variation
Between Groups
Within Groups

SS

df

MS

F

P-value

F crit

33.04
47328.06

2
23

16.52
2057.74

0.01

0.99

3.42

Total

47361.10

25

Table 3.6.17 – ANOVA: Single factor analysis comparing adult mortality rates
(2006 year-class cohort) in areas of differing fishing effort during the period 2008
to 2010
SUMMARY
Groups
Unfished
Moderate Fished
Heavy Fished

Count
30
4
8

Sum
Average Variance
2175.54 72.52 1019.54
202.62 50.66 991.14
631.21 78.90 1156.46

ANOVA
Source of
Variation
Between Groups
Within Groups

SS

df

MS

F

P-value

F crit

2206.32
40635.31

2
39

1103.16
1041.93

1.06

0.36

3.24

Total

42841.63

41
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The analysis of the data shows that in 2008 the average mortality rates among
the 2006 year-class cockles from fished areas were elevated compared to those
from the unfished areas (Table 3.6.12). The figures for the areas fished in 2008
were represented by Friskney and Friskney Extension, both of which suffered
higher than average mortality rates. This elevated level was not found to be
significant at a confidence level of p<0.05, as equally high mortality rates were
recorded on several other unfished sands. Similar conclusions can be drawn
following the 2009 fishery (Table 3.6.13), where again the fished areas had
elevated average mortality rates compared to unfished areas, but the differences
were not significant at a p<0.05 confidence level.

In 2010 the fishery had targeted cockles from both the 2006 and 2008 year-class
cohorts. While mortality rates among the 2008 cohort were found to be higher
than average in the fished areas (Table 3.6.15), the mortality rates of the 2006
cohort were below average from those same areas (Table 3.6.14). When the data
were pooled to show the combined mortality rates among both cohorts, little
difference was found between the fished or unfished sites (Table 3.6.16). As had
been the case with the previous two years, differences of mortality rates between
fished and unfished areas were not significant at a p<0.05 confidence level.

When the 2006 year-class cohort data were pooled for the period 2008 to 2010,
the unfished areas appeared to suffer higher mortality rates than the moderately
fished areas, and were only slightly lower than the heavily fished areas. Again,
these results were not significant at a confidence level of p<0.05.

Although not statistically significant, the results suggest mortality rates in fished
areas were above average. This should be expected, however, as unless mortality
rates are extremely high, some of the harvested cockles could have been
expected to have survived had they not been removed from the beds. However,
care should be taken not to attribute all of the observed increases to fishing
alone. Because fisheries target areas that support marketable sized cockles, and
the atypical mortality appears to affect mainly larger cockles, fisheries are likely
to be occurring in places where natural mortality is elevated. As such the elevated
mortality rates observed in the fished areas may be coincidental rather than
fisheries being causal.
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3.6.7 Estimating future cockle losses
The 2008 and 2009 fisheries predominantly targeted cockles from the 2006 yearclass cohort, while the 2010 fishery targeted a mixture of slow growing 2006
year-class cockles from some of the higher beds and faster growing 2008 yearclass cockles from lower beds. The 2011 fishery is anticipated to be similar to that
of 2010, targeting a mixture of 2006 and 2008 year-class cockles. From Tables
3.6.4 and 3.6.6, it can be seen that only low proportions of either of these two
cohorts remain. By looking at the annual mortality rates of these two cohorts in
conjunction with their size ranges, it was hoped an estimation of anticipated
losses could be determined for 2011.

One difficulty in conducting this assessment is that, as mentioned earlier in the
report, the mortality rates differ slightly between the 2006 and 2008 cohorts (see
Table 3.6.18). As mentioned earlier, this could be simply due to the reduction in
total stock levels resulting in a higher proportion of the remaining stocks being
eaten by predators. However, the distribution and relative densities of the two
cohorts differed, with most beds (barring the Herring Hill, Mare Tail and Breast)
receiving smaller settlements in 2008 than they had in 2006. This was
particularly noticeable on the Boston Main sites of Butterwick, Wrangle and
Friskney, which received only poor 2008 year-class settlements. Growth rates are
influenced by density through intraspecific competition for resources, and as a
result the 2008 year-class cockles had grown at a faster rate than the 2006
cohort had done. By year-2 the 2008 cohort had a mean weight of 3.45g
compared to the 2.33g that individuals of the 2006 cohort had averaged at the
same age. Paired t-test analysis comparing mean sizes across the beds found
that this difference was significant at a p=0.05 confidence level. It is possible,
therefore, particularly on the faster growing beds, that some of the larger 2008
year-class cockles had spawned during 2009 and had succumbed to the atypical
mortality. Although the differences in cumulative mortality rates can be seen to
have lessened by the year-2 stage of each cohort, a similar elevation in 2008
cohort mortality levels can be seen on some of the higher beds as had been seen
the previous year on the lower beds.
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Table 3.6.18 – Cumulative mortality rates of the 2006 and 2008 year-class
cockles during ages year-1 to year-3. Anticipated losses of year-3 2008 yearclass cockles are shown in red.
Mortality during
Mortality during
Mortality during
Year-1
Sand

Butterwick
Butterwick Ext
Wrangle
Wrangle Ext
Friskney
Friskney Ext
Gat
Holbeach
IWMK
Roger/Toft
Black Buoy
Herring Hill
Mare Tail
Breast
Daseley’s

Year-2

Year-3

2006

2008

2006

2008

2006

2008

cohort

cohort

cohort

cohort

cohort

cohort

62
78
68
17
42
-24
45
63
24
80
n/a
53
79
-0.1
44

86
85
48
93
81
65
93
65
84
100
82
72
88
85
65

92
97
99
75
99
84
99
97
84
93
n/a
84
98
71
80

81
99
45
90
88
96
100
94
94
100
91
89
98
92
79

99
99
100
100
99
99
100
100
99
99
97
93
99
85
84

90
99
75
95
99
99
100
98
99
100
97
95
99
97
85

By studying the mortality rates shown in Table 3.6.18 and comparing them with
size range data to assess at what sizes cockles have been affected in the past, an
estimation of potential mortality was made for the 2008 year-class cohort during
the coming year. Using similar principles an estimation was also made of the
potential losses that might be incurred to the few remaining 2006 year-class
cockles. These estimated mortality rates are displayed in Table 3.6.19, together
with figures showing the biomass of 2006 and 2008 year-class cockles on each of
the sands and the estimated losses of stock that were predicted to occur during
2011.
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Table 3.6.19 – Biomass of 2006 and 2008 year-class cockles estimated to be
present on each sand, the estimated mortality rate of those stocks during 2011
and the estimated loss of biomass from each area.
2008 Cohort
Sand

Biomass

Mortality

2006 Cohort
Losses

Biomass

%
Butterwick
Butterwick Ext
Wrangle
Wrangle Ext
Friskney
Friskney Ext
Gat
Holbeach
IWMK
Roger/Toft
Black Buoy
Herring Hill
Mare Tail
Breast
Daseley’s
Total

27
42
148
26
29
17
0
428
306
0
133
847
693
2554
563
5813

50
0
55
50
92
75
0
67
75
0
67
55
50
63
29

Mortality

Losses

%
14
0
81
13
27
13
0
287
230
0
89
466
347
1609
163
3339

0
21
0
0
15
23
0
50
96
95
20
250
174
229
8
981

0
33
0
0
33
33
0
33
33
33
33
66
33
66
50

0
7
0
0
5
8
0
17
32
32
7
165
58
151
4
486

From these figures, it was anticipated that 3,339 tonnes of 2008 year-class
cockles and 486 tonnes of 2006 year-class cockles would die during 2011. It
should be noted that these figures are possibly underestimated because the
mortality rates are based on numbers of cockles rather than weight of cockles. As
it is the larger, and therefore heavier, individuals that are more likely to succumb
to atypical mortality, the loss of biomass was likely to be higher. Further, due to
lack of survey data prior to 2010 for the Whiting Shoal and a dense pocket of
2008 year-class cockles on the Thief sand, these two beds were not included in
this study. Between them these beds supported a further 475 tonnes of 2008
year-class and 33 tonnes of 2006 year-class cockles.
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3.7

Cockle Mortality Study

3.7.1 Introduction
In 2008 unusually high numbers of cockles were found to be dying on the Wash
intertidal beds. Unlike “ridging” events, in which competition for space frequently
causes large numbers of cockles to be forced out of the ground over a short
period of time, the symptoms in 2008 were different. In this case lower numbers
of cockles (approximately 1-2% per day) appeared to be affected at any one
time, typically coming to the surface and gaping (see section 3.6 for symptoms).
Over a protracted period of several months, these mortalities accumulated,
resulting in losses of cockle biomass on some of the beds as high as 90%. Similar
mortalities have been observed to be occurring each year since then, resulting in
an estimated loss of 26,000 tonnes of cockles. This has contributed to the cockle
stocks declining from a recent peak of 34,696 tonnes in 2007 to the current
10,000 tonnes. The cause of the mortality is yet to be confirmed, but is thought
to be associated with three species of haplosporidian protozoa that have been
found in cockle samples sent to CEFAS for analysis.

In order to gain a better understanding of the dynamics of the mortality, the
Authority conducted a study between June and November 2011 looking at the
mortality rates on two cockle beds. During this period one bed (the Thief Sand)
was opened to the handworked fishery while the other remained closed to all
fishing activities (Whiting Shoal), in order to determine whether fishing activities
increased the rate of atypical mortality.
3.7.2 Method
Two beds were chosen for this study on the Thief and Whiting Shoal sands. These
two areas were selected as they satisfied a number of conditions:


The cockle population on each sand was similar in terms of density,
growth rate and age structure.



The two sands were similar in terms of elevation and sediment
composition.



The two sands were relatively close to each other, minimising any
differences that environmental variables might have on the two cockle
populations.
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The two sands were separated by a channel that formed a natural
boundary separating the fished and unfished beds.

3.7.2.1

Stock Assessment

At the beginning of the study a baseline stock assessment was conducted on both
sands following the same survey method used during the spring cockle surveys
(section 3.2). Rather than covering the whole sands, as had been the case in the
spring surveys, these assessments focused on where high densities of cockles
had already been identified. This reduction in survey area enabled the resolution
to be increased from 336m x 370m grids to a 224m x 185m grid on the Whiting
Shoal and a 112m x 185m grid on the Thief sand. This increased the coverage of
stations on the Whiting Shoal from 9 stations in spring to 15, and from 4 stations
in spring on the Thief sand to 16. A second stock assessment was conducted on
both sands at the end of the study period in November.
3.7.2.2

Mortality Assessment

Within each bed nine sites that supported cockles were selected and their
positions recorded using a portable GPS. These sites were visited at roughly
monthly intervals between June and November. At each site a 10m2 circle was
scribed in the sand. Within each circle a “spot search” technique was used to
visually identify and collect the moribund cockles that were found to be lying on
the surface. These were used as a proxy to represent the atypical mortality rates.
A 0.1m2 quadrat was then used to collect a sample of healthy cockles from within
the circle and their numbers extrapolated to provide an approximate cockle
density within the circle. The width of all the cockles collected were measured to
the nearest 1mm and the weight of cockles in each sample weighed to the
nearest 1g.
3.7.3 Results
3.7.3.1

Mortality Assessment

The survey sites were sampled on six occasions during the study period between
June and November. Poor weather meant it was not possible to collect samples
during October.

It can be seen from Figure 3.7.1 that when the initial survey was carried out
there were a greater number of moribund cockles on the Thief sand than on the
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Whiting

Shoal

with

values

of

12.9

and

4.4

cockles/10m 2

respectively.

Subsequent surveys found a greater number of moribund cockles on Whiting
Shoal (range 5.9 – 0.5) compared to the Thief sand (range 4.4 – 0.1).

The mean number of healthy cockles (Figure 3.7.2) was also higher on the Thief
sand in the earlier samples, while from July to November Whiting Shoal had a
higher number of healthy cockles. The difference between the number of healthy
cockles in the initial sample and the third sample was found to be statistically
significant on the Thief (T-test, p=0.027). This is likely to be a result of a fishery
which occurred on this sand in late June.

Mean No. Moribund Cockles (10m2)

14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
1s t J une

15th J une

19th J uly

16th Aug

T hief

Whiting Shoal

29th Sept

25th Nov

Figure 3.7.1 Mean number of moribund cockles/10m2 on both the Thief and
Whiting Shoal survey areas.
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Mean No. Healthy Cockles (10m2)
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Figure 3.7.2. Mean number of healthy cockles/10m2 on the Thief and Whiting
Shoal survey areas.
It is important to look at the number of moribund cockles as a percentage of the
total cockle population at each site in order to remove the effect of population
size.

0.25

% Moribunds
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Figure 3.7.3 Percentage of moribund cockles in the population of each survey
area.
The initial survey found that 0.23% of the Thief sand population were moribund,
the highest value of the entire survey period (Figure 3.7.3).

Subsequently the

percent of moribund cockles on the Thief sand decreased to between 0.10% and
0.05% from 15th June to September and then further to just 0.01% in

Eastern IFCA Research Report 2011

143

September and 0.03% in November. The percentage of moribund cockles in the
Whiting Shoal population remained consistent in June and July between 0.13%
and 0.15% before falling to between 0.06% and 0.05% in August and September
and then to just 0.03% on November. It is clear to see that both areas show a
general decreasing trend in percentage of moribund cockles as the survey period
progresses (Figure 3.7.3) and analysis of the data detects a significant change in
the percentage of moribund cockles over time in each area (ANOVA, Thief
p=0.04, Whiting Shoal p=0.04) but there is no significant difference between the
percentage of moribund cockles on the two sands (ANOVA, p=0.74).

It is

important to note that these values are a percentage of moribund cockles at a
particular time and it is possible that moribunds will either be selectively preyed
upon by birds or washed away by the tide, so numbers will not accumulate.
3.7.3.2

Mortality

To establish whether the frequency of moribund cockles (a proxy for atypical
mortality) was having a direct effect on overall mortality rates of the populations
of the Thief sand and Whiting Shoal it was necessary to determine mortality
rates.

This was done by calculating the percentage decrease in healthy cockle

numbers between each sample date (Figure 3.7.4).
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% Mortality
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-10

T hief

Whiting Shoal

Figure 3.7.4 Percentage mortality found in each survey area.
In both July and November relatively high mortality was seen on both sands. The
extreme mortality (62.4%) on the Thief in July may be attributable to fishing
mortality although the high of 32.5% mortality on Whiting Shoal, which was not
open to a fishery, in the same month suggests that mortality may still have been
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high on the Thief in absence of the fishery. It can also be seen from Figure 3.7.4
that in August and September the Thief cockle population increased slightly in
numbers (2% in both months) and the Whiting Shoal population showed very
little mortality (0.5%) in August and very slight growth in September (0.1%).
However, in November, mortality increased again to 34.9% on the Thief and
28.4% on Whiting Shoal.

The large variance in mortality between the nine

sample stations within each survey area makes it difficult to detect any significant
changes in mortality over time or differences between the Thief and Whiting
Shoal areas. However, if the overall monthly mortality values for each sand are
analysed a significant difference can be detected in the mortality rates over time
(ANOVA, p=0.038) but not between the two sands (ANOVA, p=0.16).

In order to determine whether the number of moribund cockles were having an
influence on mortality rates it was necessary to calculate the expected mortality
rate if moribunds were the only source of mortality. This was done by applying
the percentage of moribund cockles to the estimated population to calculate the
expected population on sample date + 1 day, and then again to that expected
population every day until the next sample date. Calculating the percentage lost
from the starting population to the expected population at the next sample date
gave the percentage of mortality attributable to the moribund cockles.

Each

period between sample dates was treated independently. These values were then
compared to the actual mortality rates (Figures 3.7.5 and 3.7.6).
Thief
70
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Mortality (%)

50
40
30
20
10
0
-10
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16th Aug

29th Sept
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χ =3225
2
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Expected

Figure 3.7.5 Actual and expected mortality in the Thief cockle population.
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Figure 3.7.6 Actual and expected mortality on Whiting Shoal.
Figures 3.7.5 and 3.7.6 show that actual mortality was much higher than
expected mortality in both July and November, and lower than expected in
August and September on both sands.

The figures also illustrate that the

mortality rates expected from the percentage of moribunds is similar on both
sands and the difference between them is non-significant (T-test, p=0.14).

Simple Chi-squared calculations determine that the actual mortality rates were
significantly different from the expected rates (Thief χ 2=3225, Whiting Shoal
χ2=519).

This suggests that, at these levels, some other factor was having a

greater influence on the overall mortality rate than the number of moribunds (and
hence the atypical mortality rate).
3.7.3.3

Cockle Size

With regards to the mean cockle sizes, there was a significant difference in mean
cockle size throughout the survey period in both survey areas (ANOVA, Thief
p=0.012, Whiting Shoal p=0.002), with mean cockles size increasing throughout
the survey, as would be expected with growth through the season (see figures
3.7.7 and 3.7.8).

Of more interest is that there is a significant difference

between the mean size of healthy cockles and moribund cockles on Whiting Shoal
(ANOVA, p=0.046) with healthy cockles (range 18.2mm – 20.43mm) being
slightly larger than the moribund cockles (range 17.81mm – 20.0mm).

The

cockles on the Thief did not show a significant difference between the mean sizes
of healthy and moribund cockles (ANOVA, p=0.79).
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Figure 3.7.7 Mean cockle size on Whiting Shoal.
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Figure 3.7.8 Mean cockle size on Thief
3.7.3.4

Stock Assessment

The baseline stock assessment surveys were conducted on June 1st on the Thief
sand and on June 6th on Whiting Shoal. At the end of the study period further
assessments were conducted on November 25 th on the Thief Sand and on
November 28th on Whiting Shoal. Table 3.7.1 summarises the data from these
surveys while figure 3.7.9 and figure 3.7.10 show the distribution of cockles on
these beds in June and November.
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Table 3.7.1 Summary of the stock assessment data for the Whiting Shoal and
Thief Sand
Sand
Date
Area (ha)
Cockle Density
Mean Cockle
Cockle Biomass
(cockles/m2)

Biomass (t/ha)

(t)

Thief

June

17.21

314.4

19.25

331

Thief

Nov

13.25

190.0

17.25

229

Whiting

June

23.71

113.3

9.80

232

Nov

12.93

250.0

25.70

332

Shoal
Whiting
Shoal
From table 1 it can be seen that the area of cockle coverage on both the Thief
sand and Whiting Shoal declined between June and November. The cockle
distribution charts show that on Whiting Shoal this was due to the loss of low
density cockle patches whereas on the Thief sand some moderate density patches
had also been lost.

Figure 3.7.9 Chart showing the distribution of cockles and survey stations on the
Whiting Shoal and Thief sands in June
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Figure 3.7.10 Chart showing the distribution of cockles and survey stations on the
Whiting Shoal and Thief sands in November
On the Thief sand the mean cockle density had declined from 314.4 cockles/m 2
(range 20 – 1,680/m2) to 190.0 cockles/m2 (range 10 – 570/m2) and the mean
biomass from 19.25 tonnes/hectare to 17.25 tonnes/hectare. These changes
meant the cockle biomass on this sand had declined from an estimated 331
tonnes to 229 tonnes. This loss of 102 tonnes exceeds the 87 tonnes of cockles
that landings return data indicates were harvested from this bed during the study
period.

By contrast the mean cockle density on Whiting Shoal was found to have
increased from 113.3 cockles/m2 (range 10 – 300/m2) to 250.0 cockles/m2
(range 120 – 510/m2) and the mean biomass from 9.80 tonnes/hectare to 25.70
tonnes/hectare. From these figures the cockle biomass on Whiting Shoal was
calculated to have increased 100 tonnes from 232 tonnes to 332 tonnes. The
increase in maximum density from 300 cockles/m2 to 510 cockles/m2 shows
localised variation in cockle densities is high and even using the improved survey
resolution is insufficient to compensate for these variations. It is likely, therefore,
that either the initial survey underestimated the stock levels or the later survey
overestimated the stocks. Even taking this into account, it is clear that the
biomass of cockles on Whiting Shoal has increased while on the Thief it has
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declined. Some of this difference will be directly attributable to the stocks that
were harvested by the fishery.
3.7.4 Discussion
The importance of cockle stocks in the Wash both commercially and as a food
source for birds means that the frequent observation of moribund cockles, gaping
on the sand surface, is of great concern.

The cockle stocks in the area are

carefully managed to meet conservation objectives while providing a quota to the
commercial fisheries. As such it is important to quantify the effect of these
moribunds on cockle stocks. This study found that the greatest percentages of
moribund cockles within the population on both sands were found in June and
July, suggesting that there may be a seasonal trend in the percentage of cockles
affected, but without at least one complete years’ data this would be impossible
to conclude.

The observed mortality rates do not follow the same pattern as would be
expected if the percentage of moribund cockles was representative of the
mortality rate, on either sand (figures 3.7.5 and 3.7.6). This suggests that the
moribund cockles are not having a great influence on the mortality rates on these
beds.

The large drop in mean number of healthy cockles/10m 2 and the large

increase in mortality from June to July on the Thief can be attributed to the
commercial handwork fishery that occurred on this sand in late June, but the
fishery cannot explain the discrepancies between the mortality expected from the
percentage of moribund cockles and the actual mortalities. This indicates either
other causes of mortality are higher than those caused by the “atypical” mortality
or the incidence of moribund cockles found on the surface underestimates the
degree of “atypical” mortality. This could be so if the assumption that cockles
suffering “atypical” mortality become moribund on the surface is incorrect and a
proportion remain buried while dying. This is a possibility as such incidences were
observed on the Dills Sand during monitoring of fished areas in 2009 (Jessop, et
al, 2009).

The purpose of choosing the Thief and Whiting Shoal sands for the study was to
enable comparison of a fished and non-fished area subjected to similar
environmental conditions. As the expected mortality due to moribunds is similar
on both sands it can be tentatively concluded that the fishery had no impact on
the percentage of moribund cockles. This conclusion relies on the ability of the
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survey to detect moribund cockles at each site and it is possible that the fishery
on the Thief had selectively removed moribund cockles as they are found on the
surface, making them easy to collect by a handwork fishery.

This would

artificially reduce the percentage of moribund cockles found on the Thief around
the time of the fishery. This may be evidenced by the drop in the percentage of
moribund cockles on the Thief in July while the percentage of moribund cockles
on Whiting Shoal remained constant (Figure 3.7.3). It is unclear how to account
for this in either survey design or analysis.

Observations made elsewhere in the Wash between 2008 and 2011 suggest
whatever is causing these cockles to become moribund mainly affects cockles
larger than approximately 14mm in width. As the cockles on these two sands
were of a single 2008 year-class that had all attained this size, it is not possible
to test this hypothesis with the data gathered from this particular study. The
study did find that the moribund cockles on the Whiting Shoal were slightly
smaller than the healthy cockles (ANOVA, p=0.046). This is thought to be an
artefact of poor growth due to whatever is causing the moribunds, rather than
the selective infection of slightly smaller individuals. If so, this would indicate that
there is sufficient time between infection and mortality to cause a measurable
impact on growth rates. The same difference was not found in the cockles from
the Thief sand (ANOVA, p=0.79), however, although it is difficult from the data to
isolate why the two beds would be behaving differently.

The results of this study indicate that both of the sands appear to have behaved
“atypically” to other observed sands in the Wash. In section 3.6, which reviewed
the impact of “atypical” mortality on the intertidal beds of the Wash between
2008 and 2010, most of the beds were found to have suffered cockle losses of
between 80% – 100% (see tables 3.6.4 and 3.6.6 in section 3.6) with associated
large declines of cockle biomass. On some of these beds observations had found
that 1% - 2% of the cockle population had been moribund at any one time. This
is far higher than was observed on either the Thief or Whiting Shoal beds during
the study period, where the highest incidence of moribund cockles recorded was
0.23% of the population and for most of the time was below 0.15%. Similarly,
the results of the stock assessment surveys show the cockle biomass on these
two beds had not been impacted nearly as badly as the extent seen on other beds
(see figures 3.6.2 to 3.6.4 in section 3.6). This is reinforced by field and survey
observations that indicate there are few other patches of large cockles (>14mm
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width) remaining in the Wash in densities exceeding 100 cockles/m2. It is
unknown why these two beds appear to be behaving differently to the other beds
regarding mortality rates, but it could indicate the stocks in this area have
developed partial resistance to whatever is causing the mortality.

Future research planned for 2012 will be directed towards identifying a seasonal
trend in the percentage of moribund cockles and trying to detect the critical size
below which cockles do not appear to be affected by whatever is causing
moribunds.
3.8

Horseshoe Point Cockle Stocks

3.8.1 Introduction
As of April 1st 2011 the Horseshoe Point cockle beds fell within the Eastern-IFCA
district, whereas they previously fell within the North Eastern Sea Fisheries
Committee district.

Horseshoe Point refers collectively to three cockle beds

between Tetney Haven and Donna Nook: Horseshoe Point, Grainthorpe Haven
East and Grainthorpe Haven West (Figure 3.8.1).

Since the introduction of

NESFC Byelaw XXIV (Humber Estuary Cockle Fishery Byelaw) in August 2002,
cockle fishing in this area has been restricted to hand gathering using rakes with
a maximum head width of 305mm and minimum 20mm between the teeth.
Anybody gathering more than 5kg of cockles per day requires a permit and even
with a permit, it is not permitted for any person to remove more than 500kg of
cockles within a 24hr period without prior written consent. Under the Byelaw, the
cockle beds in this area are closed between 1st May and 31st August inclusive but
since 2002 the beds have been permanently closed due to low adult stocks
(NESFC 2004).

Historically, the Horseshoe Point cockle beds have supported a commercial
fishery, with landings in excess of 700 tonnes per year but stocks in the area are
by no means consistent (MacDonald 2008).

In 1996 NESFC commenced bi-

annual surveys which, rather than relying on landings data, estimated the weight
of commercially sized stock within the cockle beds. In 2000 it was estimated that
there were over 400 tonnes of commercially available cockles within the
Horseshoe Point beds but by 2001 these levels had declined to around 200 tonnes
and by 2003 to 60-90 tonnes (NESFC 2004).

The NESFC bi-annual surveys

suggested that in spring 2004 the commercially viable stock within the beds had
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dropped to just 9 tonnes, equivalent to 8 cockles per m 2 but in autumn 2004 a
commercially viable stock of 226 tonnes, 160 cockles per m 2, was recorded. The
discrepancy in these figures was put down to a change in survey method and the
ephemeral nature of the bed rather than a dramatic increase in stock. Regardless
of the reason for the low figures for spring 2004, the autumn 2004 figures
suggest that cockle stocks in this area were recovering. However from this point
stocks in the area have continued to decline with 85 tonnes estimated in autumn
2005 and 51 tonnes estimated in autumn 2006 (NESFC 2005 & 2006).

Eastern-IFCA has to date carried out 3 foot-surveys of the Horseshoe Point cockle
beds: January 2011, August 2011 and January 2012, to get up-to-date
information on the cockle stocks and assess the possibility of opening them to a
fishery in the near future.
3.8.2 Method
Samples were collected using the same method as described in section 3.2, along
a predetermined grid at each of the three sites (Figure 3.8.1).

The Horseshoe

Point grid contained 40 sample stations and each of the Grainthorpe beds
consisted of 30 stations. At each survey station a 0.1m 2 quadrat was taken and
the cockles collected, separated into age classes, measured to the nearest 1mm
and weighed with scales accurate to 0.01g.

The data collected was then used to create density charts of the cockle beds
using MapInfo GIS software.
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Figure 3.8.1 Location of Horseshoe Point cockle beds and survey grids.
3.8.3 Results
3.8.3.1

Winter 2011

The survey in January 2011 found that year-0 spat covered a total of 19 hectares
of the survey area (Figure 3.8.2): 6.9 hectares of the Horseshoe Point bed, 8.3
hectares of the Grainthorpe East bed and 3.8 hectares of the Grainthorpe West
bed. The density of spat was greatest on the Horseshoe Point bed, with a mean
density of 686 cockles/m2 (range 10 - 3,560m2).

Densities were lower on the

Grainthorpe beds, with a mean density of 487 cockles/m 2 (range 10 - 1,540m2)
on the east bed and 302 spat/m2 (range 10-1,220) on the west bed. The mean
weight of spat on these beds was 3.53 tonnes/ha on Horseshoe Point, 2.1
tonnes/ha on Grainthorpe East and 1.24 tonnes/ha on Grainthorpe West. These
figures gave estimated weight of spat as 24 tonnes on the Horseshoe Point bed,
17 tonnes on the Grainthorpe East and 5 tonnes on Grainthorpe West, 46 tonnes
in total.
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Figure 3.8.2 Distribution of cockle spat on all three beds in January 2011.
Excluding the year-0 spat, juvenile cockles (<14mm width) occupied a total area
of 6.4 hectares: 0.4 hectares on Horseshoe Point, 4.2 hectares on Grainthorpe
East and 1.8 hectares on Grainthorpe West (Figure 3.8.3). The mean density of
juvenile cockles in January 2011 was 10 cockles/m 2 on Horseshoe Point, 22
cockles/m2 (range 10-70/m2) on Grainthorpe East and 28 cockles/m2 (range 1050/m2) on Grainthorpe West.

The mean weights were calculated as 0.2

tonnes/hectare on Horseshoe Point, 0.5 tonnes/hectare on Grainthorpe East and
0.5 tonnes/hectare on Grainthorpe West. These gave estimated juvenile cockle
stocks of 0.1 tonnes, 2.1 tonnes and 0.9 tonnes respectively, 3.1 tonnes overall.
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Figure 3.8.3 Distribution of cockles <14mm width on all three beds in January
2011.
Cockles >14mm width were found to occupy an area of 13.7 hectares overall: 6.1
hectares at Horseshoe Point, 4.8 hectares at Grainthorpe East and 2.8 hectares
Grainthorpe West (Figure 3.8.4).

The mean density of cockles >14mm on

Horseshoe Point was 30 cockles/m 2 (range 10-170/m2), with a mean weight of
1.8 tonnes/hectare, giving an estimated stock of 11 tonnes. On the Grainthorpe
East bed the mean density was 21.4 cockle/m 2 (range 10-90/m2), with a mean
weight of 1 tonne/hectare, giving an estimated stock of 4.9 tonnes.

The

Grainthorpe West bed had a mean density of 26 cockles/m 2 and a mean weight of
1.4 tonnes/hectare, giving an estimated stock of 3.8 tonnes.

This gave an

estimated stock of 19.7 tonnes of cockles >14mm over the entire survey area.

In the survey area cockles which can pass through a 20mm grid may not be
collected commercially.

Generally cockles of greater then 16mm width cannot

pass through this grid and so the survey also mapped cockles > 16mm width
separately (Figure 3.8.5). These commercial stocks in January 2011 covered a
total area of 11.7 hectares: 5.9 hectares on Horseshoe Point, 3.6 hectares on
Grainthorpe East and 2.2 hectares on Grainthorpe West. Grainthorpe West and
Horseshoe Point had similar densities of cockles > 16mm, 22.8 cockles/m2 (range
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10-80/m2) and 22.9 cockles/m2 (range 10-120/m2) respectively.

The mean

density on Grainthorpe East was slightly lower at 19 cockles/m 2 (range 1070/m2).

The mean weight of adult cockles during this survey was 1.64

tonnes/hectare at Horseshoe Point, 1.09 at Grainthorpe East and 1.35 at
Grainthorpe West, giving a total estimated commercial stock of 17 tonnes for the
survey area.

Figure 3.8.4 Distribution of cockles >14mm width on all three beds in January
2011.
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Figure 3.8.5 Distribution of cockles >16mm on all three beds in January 2011.
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Figure 3.8.6 Cockle size and year class distributions - January 2011
The size distribution for the January 2011 cockle data is shown in Figure 3.8.6. It
is clear that the majority of cockles are between 4mm – 12mm in width on all

Eastern IFCA Research Report 2011

158

30

three beds. The year class distribution (Figure 3.8.6) illustrates that over 90% of
the cockles on each bed are less than 1 year old.
3.8.3.2

Summer 2011

The summer survey, carried out in August 2011 found there had been a
successful settlement of spat prior to the survey and this new cohort dominated
the beds (Figure 3.8.7). Grainthorpe East had the highest density of spat, 1,541
cockles/m2 (range 20-1,541/m2), followed by Horseshoe Point, 952 cockles /m 2
(range 10-5,080/m2) and then Grainthorpe West, 387 cockles /m 2 (range 101,010/m2).

The mean weight of spat was 2.9 tonnes/hectare on Grainthorpe

East, 1.62 tonnes/hectare on Horseshoe Point and 0.7 tonnes/hectare on
Grainthorpe West.

This equated to estimated levels of spat of 14 tonnes on

Horseshoe Point, 9 tonnes on Grainthorpe East and 3 tonnes on Grainthorpe
West, 26 tonnes over the whole survey area.

Figure 3.8.7 Distribution of year-0 spat on all three beds in August 2011.
Excluding year-0 spat, juvenile cockles (<14mm width) covered an area of 7.1
hectares on the Horseshoe Point bed (Figure 3.8.8). These had a mean density of
95 cockles/m2 (range 10-520/m2) and a mean weight of 2.68 tonnes/hectare.
This gave an estimated biomass of 19 tonnes of juvenile cockles on the
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Horseshoe Point bed. The Grainthorpe East bed contained 4.3 hectares occupied
by cockles less than 14mm.

The mean density of these cockles was 150

cockles/m (range 10-510/m ) with a mean weight of 3.5 tonnes/hectare, giving
2

2

an estimated weight of 15 tonnes of juvenile cockles.

Cockles under 14mm

occupied 3.8 hectares of the Grainthorpe West bed. The mean density of these
cockles was 28 cockles/m2 (range 10-60/m2), with a mean weight of 0.7
tonnes/hectare, giving an estimated stock of 2.7 tonnes of juvenile cockles. The
three beds combined had an estimated stock of 36.7 tonnes of cockles <14mm in
August 2011.

Adult cockles (>14mm) occupied 6.2 hectares of the Horseshoe Point bed, 1.6
hectares of the Grainthorpe East bed and 2.8 hectares of the Grainthorpe West
bed (Figure 3.8.9), totalling 10.6 hectares of the survey area.

The mean

densities were 120 cockles/m2 (range 10-360/m2) on Horseshoe Point, 130
cockles/m2 (range 10-350/m2) on Grainthorpe East and just 17 cockles/m2 (range
10-30/m2) on Grainthorpe West.

The mean weight of these cockles was 5.4

tonnes/hectare on Horseshoe Point, 4.43 tonnes/hectare on Grainthorpe East and
0.68 tonnes/hectare on Grainthorpe West.

These figures gave estimated stock

levels of cockles >14mm of 33 tonnes on Horseshoe Point, 7 tonnes on
Grainthorpe East and 2 tonnes on Grainthorpe West, 42 tonnes overall.

Figure 3.8.8 Distribution of cockles <14mm on all three beds - August 2011.
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Figure 3.8.9 Distribution of cockles >14mm on all three beds - August 2011.
Commercial size cockles (>16mm) were present over an area of 4.3 hectares on
the Horseshoe Point bed, 1.4 hectares on the Grainthorpe West bed and 1.0
hectares on the Grainthorpe East bed (Figure 3.8.10).

The mean densities of

these cockles were 40.1 cockles/m 2 (range 10-80/m2), 13.33 cockles/m2 (range
10-20/m2) and 33.3 cockles/m2 (range 10-70/m2) respectively.

The mean

weights were 2.5 tonnes/hectare at Horseshoe Point, 0.6 tonnes/hectare at
Grainthorpe West and 1.76 tonnes/hectare at Grainthorpe East.

These figures

gave estimated stocks of commercial sized cockles of 14.5 tonnes overall: 11
tonnes at Horseshoe Point, 1.5 tonnes at Grainthorpe West and 2 tonnes at
Grainthorpe East.
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Figure 3.8.10 Distribution of cockles >16mm on all three beds - August 2011.
The size frequency of the cockles in the survey area in August 2011 is shown in
Figure 3.8.11.

This shows that all three beds have relatively similar size

distributions with the majority of cockles below 7mm. Grainthorpe West has the
highest proportion of small cockles, with both Grainthorpe East and Horseshoe
Point supporting some slightly larger cockles. The year class distribution is also
shown in Figure 3.8.10. It is clear to see that the majority of cockles on all three
beds are of the 2011 year class with only around 10% of the cockles on each bed
in the older year classes.
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Figure 3.8.11 Cockle size and year class distributions - August 2011.
3.8.3.3

Winter 2012

The January 2012 survey found that the 2011 year-class cohort still dominated all
three survey beds, covering areas of 8.1 hectares on Horseshoe Point at a mean
density of 2,516 cockles/m2 (range 10-7,320/m2), 4.6 hectares on Grainthorpe
East at a mean density of 996 cockles/m2 (range 60-2,360/m2) and 0.85 hectares
on Grainthorpe West at 487 cockles/m2 (range 60-980/m2) (Figure 3.8.12). The
mean weight of spat on each bed was 4.75 tonnes/hectare at Horseshoe Point
(38.5 tonnes in total), 2.0 tonnes/hectare at Grainthorpe East (9.4 tonnes in
total) and 0.78 tonnes/ hectare on Grainthorpe West (0.67 tonnes in total).
These figures gave a total estimated weight of 48.6 tonnes of spat in the survey
area, showing they had increased in biomass from the 26 tonnes recorded for this
cohort in August 2011. This figure is slightly higher than the 46 tonnes of spat
(represented by the 2010 year-class cohort) recorded in January 2011.

Excluding year-0 spat, juvenile cockles (<14mm) occupied 2.18 hectares at
Horseshoe Point, 1.59 hectares at Grainthorpe East and 0.55 hectares at
Grainthorpe West (Figure 3.8.13). The mean densities of these cockles were 13.3
cockles/m2 (range 10-30/m2) at Horseshoe Point, 23.3 cockels/m2 (range 1070/m2) at Grainthorpe East and 13.3 cockles/m2 (range 10-20/m2) at Grainthorpe
West. The total estimated weight of juvenile cockles over the survey area was
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1.2 tonnes, made up of 0.58 tonnes at Horseshoe Point, 0.49 tonnes at
Grainthorpe East and 0.13 tonnes at Grainthorpe West.

Figure 3.8.12 Distribution of spat on all three beds in January 2012.

Figure 3.8.13 Distribution of cockles <14mm on all three beds in January 2012.
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Cockles >14mm width were found to occupy 2.37 hectares at Horseshoe Point,
0.36 hectares at Grainthorpe East and 0.22 hectares at Grainthorpe West (Figure
3.8.14).

The mean densities were 14.3 cockles/m 2 (range 10-30/m2), 15

cockles/m2 (range 10-20/m2) and 10 cockles/m2 respectively. The mean weight
of these cockles was 0.67 tonnes/hectare (1.58 tonnes in total) at Horseshoe
Point, 0.3 tonnes/hectare (0.11 tonnes in total) at Grainthorpe East and 0.26
tonnes/hectare (0.06 tonnes in total) at Grainthorpe West.

This gave a total

estimated stock of cockles >14mm of 1.75 tonnes over the survey area. This is a
ten-fold decrease from the adult stock levels in January 2011.

Figure 3.8.14 Distribution of cockles >14mm on all three beds in January 2012.
Very few commercial size cockles (>16mm) were found during the January 2012
survey (Figure 3.8.15).

They occupied 1.21 hectares at Horseshoe Point, 0.13

hectares at Grainthorpe East and 0.22 hectares at Grainthorpe West. The mean
densities were 13.3 cockles/m2 (range 10-20/m2), 10 cockles/m2 and 10
cockles/m2 respectively.

The mean weights of these cockles were 0.83

tonnes/hectare at Horseshoe Point, 0.69 tonnes/hectare at Grainthorpe East and
0.26 tonnes/hectare at Grainthorpe West. These figures gave an estimated total
stock of 1.15 tonnes of cockles >16mm over the survey area: 1.0 tonne from
Horseshoe Point, 0.09 tonnes from Grainthorpe East and 0.06 tonnes from
Grainthorpe West.
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Figure 3.8.15 Distribution of cockles >16mm on all three beds in January 2012.
Very few commercial size cockles (>16mm) were found during the January 2012
survey (Figure 3.8.15).

They occupied 1.21 hectares at Horseshoe Point, 0.13

hectares at Grainthorpe East and 0.22 hectares at Grainthorpe West. The mean
densities were 13.3 cockles/m2 (range 10-20/m2), 10 cockles/m2 and 10
cockles/m2 respectively.

The mean weights of these cockles were 0.83

tonnes/hectare at Horseshoe Point, 0.69 tonnes/hectare at Grainthorpe East and
0.26 tonnes/hectare at Grainthorpe West. These figures gave an estimated total
stock of 1.15 tonnes of cockles >16mm over the survey area: 1.0 tonne from
Horseshoe Point, 0.09 tonnes from Grainthorpe East and 0.06 tonnes from
Grainthorpe West.

The size distribution of cockles for the survey area in January 2012 (Figure
3.8.16) shows that the majority of cockles were between 2mm-7mm and the year
class distribution illustrates that at least 98% of the cockles on each bed are from
the 2011 year class.
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Figure 3.8.16 Cockle size and year class distributions - January 2012.
Table 2.8.1 summarises the cockle stocks found during the past three surveys.
This shows that there have been successful spatfalls during 2010 and 2011. The
2010 cohort was still present in August 2011, having recruited into the <14mm
and >14mm populations. Cockle growth on these beds is rapid compared to those
in the Wash, with many of the cockles attaining a size of 14mm width by the end
of their first year. Unfortunately, the loss of older cockles in the January 2012
survey indicates few of the cockles are surviving beyond 18 months. Moribund
cockles were observed on this site in August 2010 and during the subsequent
surveys indicating the stocks on these beds may be suffering similar “atypical”
mortalities to those in the Wash.

Table 3.8.1 Summary of the cockle stocks in the Horseshoe Point Survey area.
Jan 2011

Aug 2011

Jan 2012

Year-0 spat

46 tonnes

26 tonnes

48.5 tonnes

< 14mm

3.1 tonnes

36.7 tonnes

1.2 tonnes

> 14mm

19.7 tonnes

42 tonnes

1.7 tonnes

> 16mm

17 tonnes

14.5 tonnes

1.2 tonnes
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3.8.4 Discussion
Since acquiring responsibility for the cockle beds in the Horseshoe Point area
from North Eastern-IFCA, Eastern-IFCA have conducted three surveys to
determine stock levels and population composition. A summary of the estimated
stock levels is given in Table 3.8.1. It appears that these beds receive relatively
high spat falls, mainly on the Horseshoe Point bed, but then suffer high juvenile
and adult mortalities. In the absence of data for the period between 2004 and
2009 it is difficult to determine whether this is an annual trend on these beds or
whether mortality has been unusually high in 2011 in this area. The loss of more
than 90% of stocks one year or older between August 2011 and January 2012, in
the lack of a fishery or major disturbance event would suggest that perhaps these
beds area suffering the same unexplained mortality as has been seen throughout
the Wash (Section 3.6).

This is supported by the observation of moribund

cockles during the January 2012 survey.

In the current state a commercial fishery is not viable on the Horseshoe Point
cockle beds, mainly due to low adult stocks, which are not likely to be
commercially viable at densities below 1.5 tonnes/hectare, more than double the
densities currently found on the beds. As growth has been seen to be rapid on
these beds, there is scope for rapid recovery following successful recruitment.

The three surveys have found that the cockles extend slightly outside of the
survey areas while the northern part of the Horseshoe Point site is covered by a
dune of coarse dry sand that is unsuitable for supporting cockles. As such the
ground and the location of the cockle beds appear to have changed from when
the survey sites were originally designated by NESFC in 1996. Thought is being
given to extend the current survey areas to cover all of the stocks at the
Horseshoe Point and Grainthorpe beds, and to conduct a broader-scale survey
covering the whole extent of Haile Sand between the Donna Nook bombing range
and Haile Fort.

Eastern IFCA Research Report 2011

168

3.9
Effects of hydraulic suction dredge fishery on benthic organisms
and sediment
3.9.1 Introduction
Hydraulic suction dredging is a fishing method that has been employed in the
Wash for harvesting cockles since 1986. Since 2000 Eastern-IFCA’s predecessor,
Eastern Sea Fisheries Joint Committee (ESFJC), has spent considerable resources
studying cockle breakage rates associated with the fishery and monitoring
survival rates of discarded cockles. In 2007 CEFAS conducted a literary review of
the hydraulic suction dredge fisheries in the Wash (Bell & Walker, 2007). One of
the recommendations raised in this document was the requirement for a study on
the effects of dredging on sediments and invertebrates to be undertaken on both
sandy and muddy sediments. Having addressed the impacts of the handwork
cockle fishery in 2010 (Jessop et al., 2010; Pears et al.,2011), Eastern-IFCA
conducted a study in 2011 to assess the potential impacts of suction dredging on
the sediment and benthic communities in sandy sediments. This study was
conducted in collaboration with Natural England who provided funding for the
project. The aims of the study were to firstly establish whether suction dredging
was causing any changes to the macrofaunal organisms and the sediment
properties composition and secondly to determine whether and how fast the
benthos recovered from the disturbance, if such changes were observed in the
first place.
3.9.2 Method
Data collected during the 2011 spring cockle surveys were used to select four
sites that appeared suitable to conduct the study. The following criteria were used
during this initial selection process:
1. The sediment composition was sand or silty-sand, typical of the ground on
which the dredge fisheries are currently permitted to operate.
2. The area had not been fished for over a year.
3. The area supported cockles, but because the handwork fishery was still in
operation at the time, low density beds were sought to avoid disturbance
from this fishery.
4. The site was accessible from land and sea, so that samples could be
conducted from shore should the need arise. Sands within the bombing
ranges were dismissed for this reason.
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Potential sites were visited at low water on August 3 rd, from which a site on
Wrangle Sand was chosen as the most favourable site to conduct the study (see
figure 3.9.1 insert map). The sediment in this area was composed of fine siltysand and supported low densities of cockles (10-20/m2). Within this area a 1.17
hectare box was chosen as the area in which the dredging would occur.

The suction dredging was conducted at high water on September 14th using a
local commercial fishing vessel, MFV Mary Amelia (figure 3.9.2). This vessel is
typical of the larger vessels that participate in the suction dredge fishery. The
gear used for the dredging was also typical of that used in the Wash, comprising
an 8” KSP suction pump, flexible pipes, a modern dredge head with a 76cm inside
opening and a riddle with 13mm bar spacing. Fishing was conducted for 2 hours
with a towing speed of 3.5-4.5 knots, with 2 - 2.5m of water beneath the keel.
This level of fishing activity within the 1.17 hectare box was considered
equivalent to a very heavy fishery conducted by a fleet of vessels operating over
a small cockle bed.

Four benthic surveys were conducted at the site following the dredging activity.
These occurred on the following dates:


September 14th

– Same day as dredging



September 26th

– 2 weeks after dredging



October 13

– 1 month after dredging



December 12th

th

– 3 months after dredging

Sampling was conducted at low water from seven stations selected following the
dredging activity on September 14th. Four dredge impact stations were positioned
within dredge tracks in places where multiple dredge passes were visibly seen to
have occurred. Three control stations were positioned in areas at least 100m
away from the nearest dredge tracks. Figure 3.9.1 shows the positions of these
sample stations and the area of the dredged box. These stations were marked
using 1m high 5x5cm wooden stakes, labelled with the site number. At each
station, three 102mm X 150mm core samples were taken. To ensure the
sampling itself did not affect future samples, the samples were collected from
different cardinal points around the marker stake on each occasion. To avoid the
effects of scouring, the samples were collected a minimum distance of 20cm from
the stake. At each station three 37mm X 150mm core samples were also
collected for sediment analysis. All samples were delivered the day following
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collection to Thomson Unicomarine Ltd who conducted Particle Size Analysis
(PSA) on the sediment samples and analysed the biota present in the core
samples. Thomson Unicomarine Ltd also conducted statistical analysis of the
sediment and biota data and compiled a report detailing the study and their
conclusions (Sebastian, et al, 2012).

Figure 3.9.1 Chart showing the 7 sample stations and dredge area used during
this study.
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Figure 3.9.2 MFV Mary Amelia, used to conduct the suction dredge activity –
September 14th 2011
3.9.3 Results
The dredging site was visited during the low water period following the dredging
activity, during which it was visually confirmed that the ground had been heavily
disturbed (figures 3.9.3 to 3.9.5). In numerous places the ground had been
disturbed by multiple dredge tracks.

Over time the visual affects of the dredging were seen to diminish (figures 3.9.6
and 3.9.7). By the end of the 3-month period there was little visual evidence to
show dredging had occurred.

Analysis of the samples by Thomson Unicomarine Ltd found all of the samples to
be similar in their sediment composition, containing high proportions of Medium
Sand and Fine Sand, as well as moderate proportions of Very Fine Sand. Other
fractions were present in only very low proportions (Sebastian, et al, 2012). No
significant differences were found between the dredge and control sites at any
stage, or between sampling dates.

Eastern IFCA Research Report 2011

172

Figure 3.9.3 Photograph taken as the tide ebbed from the dredge area, showing
the level of disturbance caused by the dredging – September 14th 2011

Figure 9.3.4 Photograph taken at low water showing the level of disturbance
caused by the dredging – September 14th 2011
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Figure 3.9.5 Photograph showing one of the sample stations positioned in
multiple dredge tracks – September 14th 2011

Figure 3.9.6 Photograph showing the dredged area on October 13 th, following 1
month of recovery.
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Figure 3.9.7 Photograph showing the dredged area on December 12 th, following 3
months of recovery
Following analysis of the biota in the core samples Thomson Unicomarine Ltd
determined

all

of

the

samples

could

be

assigned

to

the

biotope

LS.LSa.MuSa.CerPo (Cerastoderma edule and polychaetes in littoral muddy sand;
EUNIS: A2.242). The community, however, was less rich in biota than usually
expected for this biotope (Sebastian, et al, 2012). The following results were
reported in Sebastian, et al, 2012:


The results of the one-way ANOSIM test for biological data between
dredged and control stations gave global R values of: 0.259 (Day 0),
0.689 (Week 2),

-0.241 (Month 1) and 0.259 (Month 3). The results

showed that, in Week 2 (global R=0.685; significance level 2.9%), there
was more significant variation in biota between sites than between
replicates at a site, at 5%. For all other surveys, there were no significant
differences in biota between surveys and there was greater variation
either within sites or between sites.


The results of the PERMANOVA analysis on timescales and impact groups
were significant at p<0.05.

There was no significant difference between

interactions of timescales or impact stations.

Pairwise analysis of

timescales showed significant differences between Day 0 and Week 2 and
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between Week 2 and Month 3, which are in close agreement with the 2way crossed ANOSIM results.

The cockle abundance data also showed

significant differences between timescales and impact. The pairwise tests
for cockle abundance showed significant differences between Day 0 and
Month 3, Week 2 and Month 3 as well as between Month 1 and month 3.
3.9.4 Discussion
Analysis of the sediment data by Thomson Unicomarine Ltd found the dredging
had not had a significant impact on the sediment composition at the site. Analysis
of the biota, however, found a significant difference between the dredge and
control samples at Week-2, but at no other stage during the study (Sebastian, et
al, 2012). Because no differences were detected at Day-0, immediately following
the dredging, it is difficult to definitely relate the differences observed at Week-2
with the dredging activities. It is possible, however, that the lack of differences
seen between the Day-0 samples was an anomaly caused by insufficient data in a
low diversity community. It is also possible that there may have been some
short-term survival of biota that had been discarded during dredging. If these had
settled back within the dredged area, they could have been included in the Day-0
samples but have died and been washed away by Week-2. If the differences seen
at Week-2 were a result of the dredging activity, the results indicate recovery had
occurred by Month-1.
The study, therefore, suggests that suction dredging on the types of sediment
currently permitted has no or little immediate impact, and that recovery occurs
within a month.

As one of the recommendations raised in Bell & Walker, 2007 was to conduct
studies on the effects of dredging on both sandy and muddy sediments, it is
planned to continue this study in 2012 to examine the impacts dredging has on
muddy sediments.
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4.0

SABELLARIA SPINULOSA (ROSS WORM) SURVEYS

4.1

Introduction

Sabellaria spinulosa, or Ross worm, is a colonial tubiculus polychaete that occurs
throughout the UK in sublittoral waters forming temporal, semi-stable, albeit
fragile patches of biogenic reef. The worms live in tubes that they build from sand
grains or fine gravel that has been put into suspension by tidal currents or wave
action and on occasions may form structures that rise up to 60cm above the
seabed (Jackson and Hiscock, 2006). Because they provide a biogenic structure
upon which a range of epibenthic species can become established, these reefs are
ecologically important features. Not only have they been designated as a priority
habitat under the UK’s Biodiversity Action Plan (BAP), they have also been named
as an interest feature of the Wash and North Norfolk Coast Marine Special Area of
Conservation (SAC), where their categorisation has been upgraded from a subfeature of the ‘Large Shallow Inlet and Bay’ biotope to a ‘Reef’ feature in their
own right.

The greatest anthropogenic impact on Sabellaria spinulosa reef is considered to
be physical disturbance from fisheries activities, which can cause damage to the
erect Sabellaria spinulosa reef communities, breaking them into small chunks that
are unable to provide habitats for the rich infauna and epifauna associated with
this biotope (UK Biodiversity Group, 1999). Although dredging, trawling and
potting can all cause damage to the reefs the location of the identified reefs in the
central Wash, corresponding to the SSSI Unit 58, indicates that the greatest
impact is likely to be from the beam trawl shrimp fisheries, particularly those
targeting the pink shrimp, Pandalus montagui. The lack of spatial management or
effort restriction on demersal towed fishing activities meant English Nature (now
Natural England) had identified Unit 58 as being in “unfavourable declining
condition”. Although the pink shrimp fishery has greatly declined since the late
1980s, the potential for an uncontrolled revival in the fishery means the
unfavourable assessment has been maintained.

As the competent authority responsible for the management of fisheries within
these sites, Eastern-IFCA has a duty to ensure that fishing activities do not
damage Sabellaria reef features. Eastern-IFCA currently has no regulations or
byelaws specifically aimed at restricting damage to Sabellaria reefs from the
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fishing industry, but has been consulting with Natural England since 2006 over
the creation of one. During that period there has been much discussion to what
precisely constitutes a Sabellaria spinulosa reef. In many parts of its geographical
range Sabellaria spinulosa does not form elevated reefs, instead being solitary or
spreading laterally to form extensive thin crusts. As surveys indicate the crust
form of Sabellaria is far more widespread in The Wash than elevated reef, it is
important to determine the spatial extent of both forms and to establish core
areas for protection. Since 2009 Natural England have been collating the data
collected from various organisations (including EIFCA, CEFAS, Centrica and
Envision) who have conducted Sabellaria surveys within the site, in order to
create a spatial and temporal chart of where core Sabellaria reefs occur.

EIFCA’s predecessor, ESFJC, began conducting Acoustic Ground Discrimination
System (AGDS) surveys in 1993. Initially these were aimed at identifying and
mapping sub-littoral mussel beds, but also included surveys to map Sabellaria
reefs. Prior to 2009 these surveys were relatively broadscale, aimed at detecting
reefs and sublittoral mussel beds over large expanses of seabed. While these had
been ideal for maximising the area surveyed in the time available, mapping
resolution was low. In order to make confident management decisions that would
arise from a potential Sabellaria byelaw, greater accuracy was required than the
broadscale surveys could provide. For the 2009 and subsequent surveys, the
resolution was improved by concentrating on discreet areas that previous surveys
had already identified as supporting Sabellaria reef. Because the survey areas
were significantly smaller than those previously surveyed, it was possible to
change the survey methodology, giving greater emphasis to the ground truth
record during the mapping phase than had previously been attempted. In 2009
these concentrated on five sites in the Wash (Jessop, Harwood & Woo, 2009). In
2010 the same five sites were re-surveyed, plus an additional four sites along the
Lincolnshire Coast (Jessop, Hinni, Skinner & Woo, 2010). In 2011 EIFCA diverted
vessel time from the Sabellaria programme to conduct a joint Large Shallow
Inlets and Bays mapping project with Natural England and CEFAS. As a
consequence the 2011 Sabellaria surveys were limited to sites at the West and
East Lynn Knock (figure 4.1). Both of these areas had been surveyed prior to
2009 during the broadscale mapping surveys and during the 2009 and 2010
programmes.

Eastern IFCA Research Report 2011

178

Figure 4.1 Chart showing the areas surveyed during the 2011 Sabellaria survey
programme
4.2

Method

The method used for these surveys was similar to that used to survey this site in
2010. This entailed identifying the seabed features within the site using a semistratified sampling regime using a Day grab. For the 2011 survey the stratified
positions were derived from interpolated models of the Sabellaria reefs that had
been created from the 2010 ground truth data. This involved focusing the
sampling in areas that had been predicted to support reef features, and then
assigning additional stations in lower densities across the rest of the site. To
minimise seabed disturbance a single sample was collected from each groundtruth station, from which the following details were recorded:


Predominant sediment types



Percentage volume of shell



Percentage volume of Sabellaria fragments



Height range of clumps



Occupancy of Sabellaria tubes (zero, low, moderate or high)



Percentage coverage of Sabellaria clumps



Presence of faunal turfs



Presence of other macro-faunal species present
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As had been the case for the 2009 and 2010 surveys, the sampling was planned
to be conducted in three phases.


Phase 1 – Semi-stratified sampling using a Day grab as described above to
identify areas of reef.



Phase 2 – Further Day grab sampling to ground-truth the interpolated
models created from the Phase 1 sampling and to fine-tune the mapping
of identified reefs.



Phase 3 – Verification of grab sampling using ROV video camera

Unfortunately, poor weather conditions and other survey commitments meant it
was not possible to conduct the phase 2 and 3 sampling during the course of
these surveys. As such, the reefs identified during these surveys have been
mapped with a lower resolution than during the 2009 and 2010 surveys.

The data from the grab samples was plotted using MapInfo GIS and interpolated
using Vertical Mapper to create models depicting the distribution of sediment
types and Sabellaria features within both survey areas. Table 4.1 shows a
number of reef scoring thresholds suggested in Gubbay (2007) for defining the
physical characteristics of reefs. Generally, the elevation and patchiness criteria
are the ones commonly used. Determining patchiness, however, requires either
multiple grabs being taken at each site or clear video footage. As these were not
practical options during these surveys, elevation and sediment consolidation are
the criteria that have been used for mapping reef features during these surveys.
Table 4.1 Reef scoring parameters suggested in Gubbay (2007)
Criteria
Elevation (cm) (average tube
height)
Sediment consolidation (% cover of
sediment)
Area (m2)
Patchiness (% cover within reef)

Not
Reef
<2

Low

Medium

High

2-5

5-10

>10

<5

5-10

10-30

>30

<25

2510,000
10-20

10,0001,000,000
20-30

>1,000,000

<10%
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4.3

Results

4.3.1 West Lynn Knock
The first phase of grab sampling at the West Lynn Knock site was conducted on
July 20th. During this survey 95 stations were sampled using a semi-stratified
pattern that had been informed by an interpolated model of Sabellaria reef
derived from the 2010 survey data (figure 4.2).

Figure 4.2 Chart showing the positions of the Phase-1 survey stations at West
Lynn Knock overlaid with an interpolated model of Sabellaria spinulosa reefs
derived from the 2010 survey data.
When sampled, six of the stations were found to support medium reef, 22
supported low reef and 67 were found not to support any reef. The data collected
from this phase of sampling were interpolated using Vertical Mapper, from which
a model was created showing the predicted distribution of Sabellaria reef across
the site (figure 4.3). This model showed three discrete patches of medium reef to
be present. These were estimated to cover areas of 1.4 hectares, 2.7 hectares
and 18.1 hectares; an overall area of 22.2 hectares. A further 222.6 hectares
were found to support low reef. These figures show a large reduction to the 75.8
hectares of medium reef and 263.7 hectares of low reef identified in 2010.
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Comparison between figures 4.2 and 4.3 show that much of this decline has
occurred along the western and northern sides of the survey area.

Figure 4.3 Interpolated model from the Day grab data at the West Lynn Knock
site (applying thresholds suggested in Gubbay, 2007), showing the predicted
distribution of low and medium Sabellaria reef, overlaid with the positions of the
Day grab sample stations.
In addition to recording Sabellaria data, information about the predominant
sediment types found in each Day grab sample was also recorded. As had been
the case with previous surveys, these were found to be predominantly mixtures
of muddy and sandy gravel, with pebbles present across much of the site. These
habitats were generally consistent with the EUNIS classification A5.44 –
Circalittoral mixed sediments (JNCC code – SS.SMx.CMx). Figures 4.4 and 4.5 are
interpolated models showing the distribution of silty and sandy gravels in 2010
and 2011. Differences between them seem to indicate the site has become
slightly siltier between the two surveys, particularly along the western edge of the
site which was predominantly sandy in 2010. Comparison between figures 4.6
and 4.7, which show the distribution of pebbles and cobbles across the survey
area in 2010 and 2011, indicate the distribution of pebbles has also increased
between surveys. As these are more stable than the finer sediments, these
differences are possibly an artefact of the sampling regime.
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Figure 4.4 Interpolated model from the Day grab data at the West Lynn Knock
site showing the distribution of silty and sandy gravel habitats in 2010.

Figure 4.5 Interpolated model from the Day grab data at the West Lynn Knock
site showing the distribution of silty and sandy gravel habitats in 2011.
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Figure 4.6 Interpolated model from the Day grab data at the West Lynn Knock
site showing the distribution of pebble and cobble habitats in 2010.

Figure 4.7 Interpolated model from the Day grab data at the West Lynn Knock
site showing the distribution of pebble and cobble habitats in 2011.
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4.3.2 East Lynn Knock
Similar to the West Lynn Knock site, an interpolated model of Sabellaria reef
derived from the 2010 survey data was used to inform the positioning of the
sample stations for this survey (figure 4.8). The survey was conducted on August
22nd, during which 49 stations were sampled using a Day grab.

Figure 4.8 Chart showing the positions of the Phase-1 survey stations at East
Lynn Knock overlaid with an interpolated model of Sabellaria spinulosa reefs
derived from the 2010 survey data.
When sampled, three of the stations were found to support medium reef, six
supported low reef and 40 were found not to support any reef. The data collected
from this phase of sampling was interpolated using Vertical Mapper, from which a
model was created showing the predicted distribution of Sabellaria reef across the
site (figure 4.9). This model showed two discrete patches of medium reef to be
present. These were estimated to cover areas of 8.4 hectares and 9.2 hectares;
an overall area of 17.6 hectares. A further 97.4 hectares were found to support
low reef. These figures show a large reduction to the 33.0 hectares of medium
reef and 153.1 hectares of low reef identified in 2010. By comparing figures 4.8
and 4.9, it can be seen that these changes have mainly occurred in the northeastern part of the survey area, where reef has been lost.
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Figure 4.9 Interpolated model from the Day grab data at the East Lynn Knock site
(applying thresholds suggested in Gubbay, 2007), showing the predicted
distribution of low and medium Sabellaria reef, overlaid with the positions of the
Day grab sample stations.
Additional sediment data collected from each sample station found the substrate
across the site to be composed primarily of sandy and silty gravel mixtures or
sandy and silty pebble mixtures. These were generally consistent with the EUNIS
classification A5.44 – Circalittoral mixed sediments (JNCC code – SS.SMx.CMx).
Figures 4.10 and 4.11 show interpolated models of the distribution of silty and
sandy gravels in 2010 and 2011. Comparisons between these models show that
the survey site had become sandier between the two surveys, with the greatest
changes occurring to the north of the site. Figures 4.12 and 4.13 show the
distribution of pebbles and cobbles across the survey area in 2010 and 2011. As
had been the case with the West Lynn Knock survey, these models show a
greater distribution of pebbles and cobbles in 2011 than had been present in
2011. These differences are thought to be an artefact of survey design rather
than actual changes.
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Figure 4.10 Interpolated model from the Day grab data at the East Lynn Knock
site showing the distribution of silty and sandy gravel habitats in 2010.

Figure 4.11 Interpolated model from the Day grab data at the East Lynn Knock
site showing the distribution of silty and sandy gravel habitats in 2011.
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Figure 4.12 Interpolated model from the Day grab data at the East Lynn Knock
site showing the distribution of pebble and cobble habitats in 2010.

Figure 4.13 Interpolated model from the Day grab data at the East Lynn Knock
site showing the distribution of pebble and cobble habitats in 2011.
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23 of the 49 stations were also found to support a faunal turf composed mainly of
hydroids and/or the bryozoan, Flustra foliacea (figure 4.14). This habitat,
consistent

with

the

EUNIS

classification

A5.444

–

Flustra

foliacea

and

Hydrallmania falcata on tide-swept circalittoral mixed sediment (JNCC code –
SS.SMx.CMx.FluHyd), was found to have expanded from approximately 344
hectares in 2010 to 485 hectares in 2011.

Figure 4.14 Interpolated model from the Day grab data at the East Lynn Knock
site showing the distribution of faunal turf.
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4.4

Discussion

Other survey commitments meant the Sabellaria survey programme in 2011 was
reduced from the nine areas surveyed in 2010 (Jessop et al, 2010) to just the
West and East Lynn Knock sites. Poor weather conditions limited the planned
programme further, reducing the survey to a single phase of grab sampling rather
than the planned two phases. Although the resolution of the mapping was
reduced because of this, the survey results clearly showed that the Sabellaria
reefs at these sites had declined. As had been the case in 2009 and 2010,
samples collected from many of the survey stations showed low or zero tube
occupancy in the Sabellaria clumps. The ephemeral nature of Sabellaria spinulosa
reefs is well documented, and the low tube occupancy would suggest there has
been a high level of worm mortality in recent years, without whose maintenance
the reef structures would erode and fragment over time. Although Sabellaria
larvae are strongly stimulated to metamorphose and settle on conspecific tubes,
whether the latter are living or old, deceased colonies (Wilson, 1970), without the
rejuvenation provided by a successful settlement, deceased colonies will
eventually disappear. As several of the clumps appeared to be eroding, and in
some cases had turned anoxic, it seems likely that the decline seen at the Lynn
Knock sites over the past two years is real rather than an artefact of survey
design.

The surveys conducted between 2009 and 2011 have focused on relatively small
areas in which reefs had been identified in the past. As such, these do not provide
information on whether the decline of reef features seen at these sites is
representative of the Wash as a whole. The ephemeral nature of Sabellaria reefs
may mean that surveys conducted in this manner monitor the natural decline of
reefs while other reefs develop unobserved in other unsurveyed areas. As such, it
is planned that the 2012 survey programme will use broadscale techniques once
more in an attempt to identify where new reefs may have developed.

Additional sediment data recorded from the ground truth samples indicated
across most of the area surveyed there was a high prevalence of substrates
composed of silt or sandy gravel and pebbles. In the shallow waters of many
estuaries, in which light penetration would allow plants to dominate the seabed,
these would fall into the EUNIS habitat classification A5.43 – Infralittoral mixed
sediments (JNCC code – SS.SMx.IMx). In the Wash, however, the high turbidity
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reduces

light

penetration

beyond

the

limit

that

plants

can

effectively

photosynthesise, allowing animal species such as bryozoa and hydroids to
dominate. As such these habitats fall into the EUNIS habitat classification A5.44 –
Circalittoral mixed sediments (JNCC code – SS.SMx.CMx), that are more often
associated with deeper waters.
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5.0
STUDY OF THE WASH EMBAYMENT, ENVIRONMENT AND
PRODUCTIVITY
5.1

Introduction

5.1.1 The Wash Shellfish Fishery
In response to the recent observed decline in shellfish biomass and productivity,
the Eastern Sea Fisheries Joint Committee, the predecessor of Eastern IFCA, who
had been managing the fisheries resources since 1894, commissioned a research
program in 2009 to improve their knowledge of the dynamics of shellfish
populations in the Wash and conditions determining their productivity and health.
The initial aims of the project were: Long term monitoring of productivity and
basic water quality parameters to help identify changes in resource availability for
bivalves in the Wash and variability in environmental parameters that are likely to
influence physiological processes. Short term studies to investigate localised
depletion of food resources around natural beds and lays. It was hoped that the
findings of this study would provide viable explanations for the observed decline
in shellfish stocks.
5.1.2 Initial SWEEP Project
The detailed sampling methodology and rationale for the established monitoring
programme can be read in the 2009 Research Report (Jessop et al., 2009), but a
brief summary is provided here. Water quality monitoring within the Wash in
2011 was divided into two components. Firstly, monthly Wash-wide surveys were
carried out at seven stations for bacteriological analyses and measurements of a
range of water quality parameters. Secondly a high spatial resolution survey was
conducted over and at the edges of a mussel lay.

All of the water quality

parameters were sampled using a YSI hand-held water quality sonde. Three
replicate water measurements of temperature, salinity, specific conductivity,
turbidity and chlorophyll RFU were taken 1m below the water surface at each
station. Chlorophyll RFU (relative fluorescence units with 1 RFU = 1 volt of
fluorometer output voltage) was measured as a proxy for phytoplankton
concentration present in the seawater. In addition to the above sampling, an in
situ data buoy was deployed in the central Wash to the north of the Roaring
Middle sands in order to gain continuous measurements of basic water quality
parameters.
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Previously this project has included other high and medium resolution surveys
over natural mussel and cockle beds and over a larger area of the NW Wash
reported in the 2009 Research Report and to some extent in the 2010 Research
Report (Jessop et al. 2010).
5.2

High resolution lays survey

The 2010 Research Report highlighted that at the outset of this study it was
assumed that due to mixing of the shallow water in the Wash, any depletion
caused by the shellfish beds would be detectable at a depth of 1m below the
surface. Analysis of data collected over the past 18 months, however, suggests
shellfish extraction of chlorophyll may not occur to such an extent that it is
measurable with a YSI sonde, or that it is measurable, but at a different depth, as
suggested by other researchers.
Depletion of phytoplankton above beds of suspension feeding shellfish has been
reported in several instances (Dolmer 2000, Frechette et al. 1989, Maar et al.
2007, Muschenheim & Newell 1992, Nielsen & Maar 2007, Noren et al. 1999,
Smaal & Zurburg 1997). A review of available literature on vertical profiles of
phytoplankton and chlorophyll over shellfish beds has shown that the effects of
filter feeding can be detected, but much closer to the seabed than was measured
in the initial SWEEP study. Research on the utilization of phytoplankton and
detritus by the mussel Mytilus edulis, for instance, have indicated the effects of
feeding on the water column to extend from a few cm (Muschenheim & Newell
1992) to within 1m above the mussel bed (Dolmer 2000). These studies also
revealed that M. edulis selectively feed on larger phytoplankton species.
Based on these studies a new sampling procedure was established that could be
conducted with our limited resources while still taking the findings of the studies
into account. This new sampling methodology is explained in the next
paragraphs.
5.2.1 Methodology
5.2.1.1

Sampling Regime

Taking into consideration a review of available literature, an alternative sampling
regime was established, which involved measuring chlorophyll RFU values at a
given distance from the shellfish bed, instead of from the sea surface. Due to our
limited resources, it was only possible to measure chlorophyll RFU values with the
YSI sonde, rather than collecting water samples for phytoplankton analyses. The
chosen location for this study was the Toft mussel lays in the western part of the
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Wash. The Toft lays are composed of 15 individual mussel lays and with 95.4
hectares aggregated area, are the largest congregation of lays in the Wash. Three
sampling sites were chosen, with one site directly over the mussel bed, one site
before the mussel bed, in relation to tidal flows, as indicator of baseline
chlorophyll RFU levels and one site after the mussel bed to determine how rapidly
chlorophyll RFU values would recover after passing over the bed (Figure 5.1). The
before and after sites were initially placed 200m away from the lays. During the
flooding tide the north east (NE) site was “Before” the lays and the south west
(SW) site was “After” the lays and vice versa during the ebbing tide. After four
sets of data were collected and a localised depletion of chlorophyll RFU values
was detected directly over the lays, the “Before” and “After” sites were moved to
within 100m of the lays to determine the spatial extent of the influence of the
mussels more clearly.

Figure 5.1 Sampling sites at Toft lays. Blue arrows indicate tidal flow direction.
In order to measure the chlorophyll RFU values directly over the shellfish bed, a
cage was built that held the YSI sonde at a height of 20 cm above the sea bed
(Figure 5.2). This height was chosen based on literature (Muschenheim & Newell
1992, Nielsen & Maar 2007) suggesting that mussels were capable of processing
seawater within 0 m to 1 m from the seabed, but effects were greatest closer to
the mussel bed. During each tidal phase (ebbing and flooding), three sets of
approximately 15 measurements at around five second intervals were taken at
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the three sites in a random fashion from a RIB. Depending on the strength of the
tide and wind, an anchor was deployed prior to sampling in order to minimise
dragging of the cage and consequently stirring up of the sediment, which would
have affected the chlorophyll RFU readings. Sampling was undertaken on six days
from April to June 2011 (Table 5.1).

The data were then processed and any values with anomalies were removed from
the data set. This included negative turbidity values, which occurred when
readings were taken prior to the cleaning and stabilising process of the sonde
having completed. Similarly, values of turbidity considerably higher than the
other readings were removed from the data set. These high values were
generated if the cage was dragging along the seafloor while recording, and thus
stirring up sediment. Chlorophyll RFU measurements are dependent on turbidity
readings and thus high or low turbidity values were problematic and had to be
removed. Once all the data was processed, the actual site names, i.e. NE, Lays,
SW were converted to site names relative to the lays and the prevailing tidal
state, i.e. Before, Lays, After.

Figure 5.2. Set-up of YSI water quality sonde in “cage” for sampling.
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Table 5.1. Sampling dates.
Sampling Date
Sample Locations relative to Lays
13 April 2011

200 m before and after the lays

04 May 2011

200 m before and after the lays

06 May 2011

200 m before and after the lays

20 May 2011

100 m before and after the lays

31 May 2011

100 m before and after the lays

29 June 2011

100 m before and after the lays

5.2.1.2

Data Analysis

Each data set collected per sampling day was analysed separately. ANOVA tests
were conducted using the statistical program Minitab® 15.1.1 after testing for
the assumptions of normality and equal variances and conducting a square root
transformation, if either of the assumptions was violated. If a significant test
result was obtained, Fisher’s a posteriori pairwise comparison was conducted to
assess where the observed differences occurred.
The data collected on the mussel lays were also compared to the in situ data
buoy to determine whether chlorophyll levels near the lays were similar to levels
observed in the Wash. For this comparison, only the before and after chlorophyll
RFU values were used. As above, each data set collected per day was analysed
separately. ANOVA tests were conducted after testing for the assumptions of
normality and equal variances and conducting either a square root or fourth root
transformation, if either of the assumptions was violated. If a significant test
result was obtained, Fisher’s a posteriori pairwise comparison was conducted to
determine where the observed differences occurred.
5.2.2 Results
Chlorophyll RFU values measured throughout the sampling period ranged from
0.4, recorded on 13 April 2011, to 11.3 recorded on 20 May 2011. The
considerable difference in chlorophyll a was due to the occurrence of a plankton
bloom during May. Significant differences in chlorophyll RFU values between
measurements taken on the lays to those outside the lays were obtained on five
of the six sampling occasions (Table 5.2). For all significant results obtained, a
posteriori comparisons highlighted that chlorophyll levels at the lays were
significantly lower than at the before and after sites. This was the case for both,
200 m and 100 m outside the lays.
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Table 5.2. ANOVA test results obtained for the individual sampling occasions.
Sampling
p - value
F - value
Fisher’s a posteriori comparison
Date
13 April 2011

p = 0.236

1.46

N/A

4 May 2011

p < 0.01

60.06

Lays different to Before and After (200m)

6 May 2011

p < 0.01

93.07

Lays different to Before and After (200m)

20 May 2011

p < 0.01

27.43

Lays different to Before and After (100m)

31 May 2011

p < 0.01

13.62

Lays different to Before and After (100m)

29 June 2011

p < 0.01

45.84

Lays different to Before and After (100m)

Background chlorophyll RFU values collected by the in situ data buoy in the
southern central Wash were compared to the data collected on the lays to ensure
that chlorophyll concentrations at the Tofts are representative of the Wash. Due
to the malfunctioning of the data buoy during most of the sampling period, only
three comparisons of chlorophyll RFU values were feasible. On 4 May 2011
chlorophyll RFU values recorded by the data buoy (Mean 2.9 +/- standard
deviation (SD) 0.9) were significantly higher (p < 0.001) than those at the Toft
lays (Mean 2.3 +/- SD 0.4). On 06 and 20 May, on the other hand, no significant
differences were detected between values recorded at the data buoy and the
Tofts.
To determine the extent of chlorophyll removal by the mussels average
chlorophyll RFU values before and on the lays were calculated and the percentage
removal by mussels was calculated (Table 5.3).
Table 5.3. Percentage of Chlorophyll RFU removed over lays.
Average (+/- Average (+/- Average
Tidal
Date
SD)
SD)
(+/- SD)
State
RFU Before
RFU Lays
RFU After

Chlorophyll
removed

Ebbing

1.9 (0.3)

1.5 (0.7)

1.7 (0.5)

21%

Flooding

2.1 (0.2)

1.2 (0.5)

2.0 (0.2)

43%

Flooding

2.4 (0.6)

1.3 (0.4)

2.2 (0.3)

46%

Ebbing

3.7 (0.7)

2.2 (0.5)

3.2 (0.4)

41%

Flooding

3.9 (0.7)

2.8 (0.5)

4.0 (0.6)

28%

Ebbing

7.9 (1.2)

5.6 (1.0)

7.0 (1.7)

29%

Flooding

6.2 (1.0)

5.8 (1.0)

6.8 (1.1)

7%

31 May (100m)

Flooding

0.8 (0.1)

0.6 (0.2)

0.8 (0.1)

25%

29 June (100m)

Flooding

0.7 (0.1)

0.5 (0.1)

0.7 (0.1)

29%

13 April (200m)
04 May (200m)
06 May (200m)

20 May (100m)
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5.2.3 Discussion
The results of this short term study indicate that the mussel lays are depleting
the chlorophyll RFU levels of the overlying seawater. Chlorophyll concentrations
were statistically significantly lower on the lays than before and after the mussel
bed. This effect was, however, very localised and limited to the area directly
above the lays. Chlorophyll concentrations returned to initial levels within 100 m
of the lays in over half of the instances measured. Between 7% and 46% of
chlorophyll was removed from the water column while passing over the mussel
bed, with removal rates being similar during flooding and ebbing tides. The rates
observed are comparable to the 20% of seston flux utilised by M. edulis in a
similar study in Maine, USA (Muschenheim & Newell 1992). Our research was
conducted during the yearly phytoplankton bloom in May, during which removal
rates were slightly lower than before the bloom occurred. The lowest removal rate
of 7% was measured on 20 May 2011 during the bloom.

Less than half of the available chlorophyll, and therefore phytoplankton, was
removed from the water column by M. edulis on the Tofts. These findings,
however, do not necessarily indicate an overabundance of phytoplankton.
Chlorophyll RFU, the parameter measured in our study, is only a proxy for
phytoplankton abundance; and it does not provide any information on the species
of plankton present in the water column. Previous studies have shown the feeding
of M. edulis to be highly selective, with mainly larger diatoms (Nitzschia spp. and
Pleurosigma spp.) and dinoflagellate species being consumed (Muschenheim &
Newell 1992, Nielsen & Maar 2007). Although chlorophyll RFU concentrations
measured after passing over the mussel bed did recover to levels similar to those
recorded before the bed, it is not clear whether the food resources were
qualitatively comparable at the two locations. Unfortunately, it was outside the
scope of our study to identify the plankton species present over the Tofts.

A number of investigations have demonstrated that tidal currents and windinduced resuspension play an essential role in the supply of food to mussel beds
in shallow waters (Møhlenberg 1995 cited in Dolmer 2000, Prins et al. 1996).
Tidal water circulation is the dominating current flow in the Wash (Ke et al.
1997). Current speeds of the flood and ebb tide in the Wash are strong and in
excess of 1.5 m s-1 in the centre of the embayment, but are much lower near the

Eastern IFCA Research Report 2011

198

Toft mussel beds, where they range from 0.2 yo 0.4 m s-1 (depth-mean
averaged speeds) (Ke et al. 1997).

Wind-induced resuspension of particulate material has a quantitatively even
bigger effect than currents, but occurs more randomly (Prins et al. 1996). It was
shown that wind velocities over 4 m s-1 can induce mixing of particulate matter
in the surface water layer. No wind speed recordings were completed during our
experiment, but data is available from the nearest weather station in Holbeach,
which is located around 13 miles from the mouth of the Welland River, where it
enters the Wash. Wind speeds of 3 – 4 m s-1 were measured during the days of
the sampling period (Weather Underground Inc. 2011). Although wind velocities
over the Wash were likely to be higher than over land, these speeds are at the
threshold velocity required to induce particle mixing in the water surface layers.
Without any evidence it is not possible to infer that tidal and wind-induced
resuspension of particulate matter is taking place. Given the prevailing strong
tidal current speeds in the Wash, however, it is highly likely that plankton in the
water column replenishes reasonably fast after passing over a mussel bed, as
shown by the chlorophyll RFU concentrations measured after the mussel bed in
our study.

Our research has focused on a single species of filter feeding bivalve, the mussel
M. edulis, and investigated food supply for this species at one location of the
Wash. Hydrodynamics are likely to be considerably different at other mussel beds
of the embayment. Nonetheless, the Wash is a highly dynamic environment with
horizontally and vertically well-mixed water masses (Ke et al. 1997) that have
strong potential to supply sufficient food particles to the filter feeding shellfish
communities. Filter-feeders are typically exposed to large variations in both
quantity and quality of food-supply over tidal and seasonal cycles (Frechette et al.
1989, Prins et al. 1996). Without repeating this study over other mussel beds, or
beds of other filter-feeding bivalves such as cockles, we cannot generalise the
results shown here across the entire Wash. Based on our results alone, however,
depletion of phytoplankton and food limitation does not appear to be an issue on
the largest lays of the Wash. It is cautiously concluded that food limitation is
unlikely to be causing the observed declines in biomass and productivity observed
in the Wash cockle and mussel populations.
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Although this present study was valuable in providing a snapshot into the effects
of mussel feeding on chlorophyll levels, additional research could be useful in
providing a more detailed insight into shellfish feeding in the Wash embayment.
The present study could be repeated throughout the year to gain a better
understanding of seasonal variations of chlorophyll removal by mussels. In
addition, the same sampling regime could be conducted over a natural mussel
bed, such as the Gat. This would illustrate whether removal rates on natural beds
are comparable to those on cultivated mussel beds.
5.3

Long term monitoring

The long term, low resolution monitoring throughout the Wash has been ongoing
since 2009. The project provides data on the temperature, salinity, conductivity,
turbidity and chlorophyll-a levels at seven sites throughout the Wash (Figure
5.3).

In addition to collecting data on water quality parameters mussel meat

yield is calculated at Toft, Gat, the Wreck, and Thief.

Figure 5.3 Long term monitoring sample stations, natural mussel beds and
mussel lays.
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5.3.1 Methodology
5.3.1.1

Sampling Regime

At each of these seven sites three replicate readings were taken at a depth of 1m
on a monthly basis.
water period.

All sites are generally sampled in one day over the high

While every effort was made to collect readings each month,

damage and subsequent repair of the hand-held sonde meant that no readings
were taken during June, July or August.

The in-situ sonde on the data buoy provides a continuous data set, taking
readings every 10 minutes. Again issues arose with problematic sensors and no
data is available for the period 2nd April 2011 until 19th September 2011.

In order to calculate meat yield 1kg of clean, live mussel is collected and
weighed. The mussels are then boiled in 300ml of water until all shells are open.
Once drained, the meats are counted and weighed and the meat as a percentage
of live weight is calculated.
5.3.1.2

Data Analysis

Data were downloaded into excel spreadsheets and then corrected for the relative
proportion of shift calculated by calibration of the sonde with standard solutions.
Subsequent to this correction any readings showing either a negative value or
unusually high value for turbidity were removed from the data set. The means of
the replicate readings for each site were then calculated and these are the values
presented here.
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5.3.2 Results
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Figure 5.4 Chlorophyll values at each of the seven sites throughout 2011.
Chlorophyll-a levels clearly follow the same pattern throughout the Wash
although the actual levels are different (Figure 5.4). Stylemans appears to have
the highest chlorophyll levels throughout the year, peaking at 11.09 RFU in May,
but no individual station has the lowest level throughout the year although the
Wreck and Gat generally have lower levels than the other stations. All stations
show the plankton bloom in May followed by a sharp decline in June.

There

seems to be a divide in the sites in March when Stylemans, Thief, Wrangle and
Gat all showed increases in chlorophyll levels but levels at the Buoy, the Wreck
and Toft remained low. It is unclear as to what could have caused this divide.
Overall there is no statistically significant difference between the chlorophyll
levels at each site (ANOVA, p=0.92).

Data collected by the in-situ sonde during 2011 is shown in Figures 5.5 and 5.6.
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Buoy Data Jan-Apr11
(10 Minute Interv al)
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Figure 5.5 In-situ sonde data from 1st January to 2nd April 2011.
Figure 5.5 clearly shows the algal bloom from the 12th March to the 21st March,
peaking at 15.1 RFU on 13th March. The spot sonde readings taken on the 11th
March did not detect any algal bloom at the Buoy but did show elevated levels at
Stylemans, Gat, Thief and Wrangle.

Turbidity during January to April shows a

cyclic pattern following the spring and neap tides with higher turbidity on the
spring tides. Salinity appears to vary with the tidal pattern, increasing as the tide
rises with the influx of water from the North Sea and then falling as the tide falls.
Temperature shows the expected general upward trend from 2.1°C to 7.7°C over
the period 1st January to 2nd April 2011.

The data collected by the in-situ sonde from September to November 2011 is
depicted in Figure 5.6. It is immediately obvious that there is a problem with the
turbidity readings, which has since been attributed to the optical wiper parking
over the sensor.

This has also affected the chlorophyll readings making these

data sets unreliable.

Salinity appears to show little variation in this period

compared to January to April and it is possible that there is still a problem with
this sensor. The temperature shows a general decreasing trend from 15.4°C to
11.7°C over the period 19th September to 8th November 2011.
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Buoy Data Sept-Nov 2011
(10 Minute Interv al)

Temp(C)

20.0
18.0
16.0
14.0
12.0
10.0
10:50

11:32

12:14

12:56

13:38

14:20

11:32

12:14

12:56

13:38

14:20

11:32

12:14

12:56

13:38

14:20

Sal(ppt)

38.0
36.0
34.0
32.0
30.0
28.0
10:50

Chl(RFU)

115.0
92.0
69.0
46.0
23.0
0
10:50

Turbid+(NTU)

1491.0
1192.8
894.6
596.4
298.2
0
10:50

11:32

12:14

12:56

13:38

14:20

19/09/11

29/09/11

09/10/11

19/10/11

29/10/11

08/11/11

Date(D/M/Y)

Figure 5.6 In-situ sonde data from 19th September to 8th November 2011.

Chlorophyll levels for sites throughout the Wash were averaged and plotted along
with meat yield data averaged over the four sites (Figure 5.7). Sites were not
plotted separately due to the fact that not all sites could be sampled for meat
yield every month. Although there are some data missing it can be seen that the
meat yield increases when there is an increase in chlorophyll (plankton bloom).
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Figure 5.7 Average chlorophyll and meat yield data for the period April 2009November 2011.
5.3.3 Discussion
The aims of the SWEEP project have changed slightly since the beginning of the
project.

The initial aims were to investigate food limitations as a possible

explanation for the high cockle mortality but the focus has now shifted to the
effect of mussel lays on the available food resources.

The largest concentration of lays in the Wash is found on the Toft sand (Figure
5.3), which also has one of the highest chlorophyll levels of the sites sampled
(Figure 5.4).

The high resolution survey over the Toft lays suggests that the

mussels are not having a substantial effect on the chlorophyll levels but it would
be of interest to compare the meat yield of mussels from the Toft bed with
mussels from another area such as the Thief sand which has similar chlorophyll
levels (Figure 5.4) but fewer mussels (Figure 5.3) as density is known to have an
effect on meat yield (Campbell & Newell 1998). A more complete data set for the
meat yields would allow this comparison of individual sites. It has been shown
that food availability is one of the main factors affecting meat yield in mussels
(Okumus & Stirling 1998). Several other factors are thought to affect meat yield,
including temperature and gametogenesis so it is clear that much more
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information will be needed to gain an accurate understanding of the relationship
between mussels and water quality parameters in the Wash.
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6.0
DISTRIBUTION OF ARENICOLA, LANICE AND MACOMA IN THE
WASH
The intertidal sandflats and mudflats of the Wash are numerically dominated by
infaunal organisms of the polychaete and bivalve groups. Of particular interest for
the current survey were the burrowing polychaetes, the lugworm (Arenicola
marina) and sandmason worm (Lanice conchilega), and the infaunal bivalve
Macoma balthica, which occupy the same habitats as the cockle (Cerastoderma
edule) and could therefore be affected by hydraulic suction dredging.

Lanice conchilega, which is found along all European coasts, is considered to be a
habitat structuring organism that plays a major role in benthic ecosystems by
stabilizing the sediments and providing a habitat for sessile organisms (Hoey et
al. 2008, Callaway et al. 2010). On the other hand, the bioturbating polychaete
Arenicola marina is a sediment destabiliser that is common in intertidal sandy
sediments along northwest European coasts (Volkenborn et al. 2009). The Baltic
tellin (Macoma balthica) is a dominant member of many estuaries and tidal flat
communities around the North Atlantic (Beukema & Meehan 1985) and lives a
few centimetres below the surface of muddy and sandy sediments. These three
invertebrates provide valuable resources to predators, in particular wading birds
such as knots, bar-tailed godwits, grey plovers and curlews (Goss-Custard et al.
1977). Arenicola marina is also preyed upon by the flatfishes plaice and flounder,
which feed on the tail tips of this organism as it defecates (de Vlas 1979). This
worm is also much prized as bait among both commercial and private anglers.

Concerns were raised that hydraulic suction dredging for cockles could have
deleterious impacts on the associated invertebrate population. In this fishing
method, a water jet is directed towards the seabed, which disturbs the upper
layer of the seabed and its contents to such an extent that it is suspended in the
seawater (Ens et al. 2004). The mixture of water, sediment, cockles and other
organisms is then guided into the dredge by a metal blade at the underside of the
dredge. The dredge is a cage with bars spaced about 14 mm apart (in the Wash
cockle fishery), so any organism smaller than 14mm is immediately discarded.
Anything over 14mm is pumped on board, where a rotating sieve separates
cockles from bycatch (Ens et al. 2004).
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Hydraulic suction dredging has been operating in the Wash for most years since
1986, and this century, only in 2005, 2009, 2010 and 2011 were all the beds
closed to this fishing method. As hydraulic suction dredging creates considerable
disturbance to the surface of the seabed, monitoring of the three invertebrates
Arenicola marina, Lanice conchilega and Macoma balthica has been incorporated
into the annual spring cockle monitoring since 2007. The aim of this monitoring
programme is to determine the distribution and density of these invertebrates
and assess any changes over time.
6.2 Methodology and Results

Infaunal invertebrate data was collected as part of the annual spring cockle
surveys, which were conducted between March 17th and May 4th 2011. Densities
of the two polychaetes Arenicola marina and Lanice conchilega were recorded, as
well as numbers of the infaunal bivalve Macoma balthica. EIFCA officers sampled
1,319 stations covering 19 areas of sandbank (Figure 8.1). The stations were
arranged in a regular grid pattern at approximately 350 meters apart. Of these
stations, 210 were visited on foot during low water periods, while the remaining
1,109 stations were sampled at high water by deploying a Day grab from the
research vessel Three Counties.

Figure 6.1 Stations in the Wash sampled between April and May 2010 as part of
the annual cockle surveys.
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6.2.1 Lugworm (Arenicola marina)
At low water Arenicola marina casts are readily visible (Figure 6.2) and provide a
good indication of the presence of the worms. At each sample station visited
during the foot surveys, three 0.1m 2 quadrats were randomly deployed and the
number of Arenicola casts present in each was recorded. Arenicola density data
could not be collected from the Day Grab samples due to the fragility of the casts.
Using the Vertical MapperTM software, the data were then spatially interpolated
using natural neighbour to create models depicting the distribution of Arenicola
over the survey area (Figures 6.3 - 6.5). The graduated scale in these models
uses the densities shown in Table 6.1.

Figure 6.2 Casts produced by the polychaete Arenicola marina in the Wash at low
tide.
Table 6.1 Scale used to represent Arenicola marina density within the survey
areas.
Arenicola marina Density/m2
Density Scale in Models
0
Absent
1 - 10
Low
11 - 50
Moderate
> 51
High
The 2011 foot surveys covered slightly more sites than the 2010 survey but
substantially fewer than the over 400 stations in 2008 and 2009 and over 600
stations in 2007. For this reason it is difficult to compare Arenicola distribution
and density over time. The 2011 distribution and densities are shown in figures
6.3 to 6.5.
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Figure 6.3 Distribution of Arenicola marina within the foot survey sites of the
Boston Main and Roger areas sampled between March and May 2011.

Figure 6.4 Distribution of Arenicola marina within the foot survey sites at the
southwest Wash area sampled between March and May 2011.
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Figure 6.5 Distribution of Arenicola marina within the survey sites at the
southeast Wash area sampled between March and May 2011.
Arenicola densities were moderate to low throughout the Wash and while
coverage appears sparse this is an artefact of sampling and in fact coverage
appears good when compared to the sites where data could be collected (Figure
6.1). It is also worth noting that only one area of high density (Friskney) was
recorded in the 2009 survey, and as this area was not surveyed on foot in the
2011 survey, there does not appear to have been a decrease in Arenicola density
in areas for which there is previous data.
6.2.2 Sand mason worm (Lanice conchilega)
Tubes constructed by the sand mason worm Lanice conchilega are readily visible
at low water (Figure 6.6) and can be used to determine this species’ presence. At
each site visited on foot, three quadrats (0.1 m 2 per quadrat) were deployed, and
the presence or absence of L. conchilega tubes was recorded for each. The
density of Lanice at each site was determined by how many of the three quadrats
the tubes were present in (see Table 6.2).
As L. conchilega tubes are sufficiently resilient to survive collection with a Day
grab (0.1 m2), it was also possible to record data on their distribution from sites
sampled using Day grabs. Due to time constraints, however, samples were
restricted to one grab per site. Densities were classified as either absent, when no
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Lanice were found in the grab, or moderate, when one or several Lanice were
found in the single grab sample. Using the Vertical MapperTM software, the data
were spatially interpolated using natural neighbour to create models depicting the
distribution of L. conchilega over the survey area.

Figure 6.6 Tube of the polychaete Lanice conchilega at low tide in the Wash.

Table 6.2 Scale used to represent Lanice conchilega density within the survey
areas.
Number of Quadrats per
Sampling
Site
containing Density Scale in Models
Lanice Tubes
0
Absent
1
Low
2
Moderate
3
High
Figures 6.7 to 6.9 show the distribution of Lanice within the survey sites across
the Wash. Densities of this polychaete in 2011 ranged from low to moderate in
most areas, and only sites in the Boston Main and Roger supported high
densities.

While densities were similar to previous years, the area in which

Lanice was recorded has decreased from 2010 and 2009. The most noticeable of
these losses is north of the Blackguard Sand in the southeast Wash. This follows
the loss of Lanice from the adjacent Seal Sand between 2009 and 2010 (Jessop
et al. 2010)
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Figure 6.7 Distribution of Lanice conchilega within the survey sites of the Boston
Main and Roger areas sampled between March and May 2011.

Figure 6.8 Distribution of Lanice conchilega within the survey sites at the
southwest Wash area sampled between March and May 2011.
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Figure 6.9 Distribution of Lanice conchilega within the survey sites at the
southeast Wash area sampled between March and May 2011.
6.2.3 Baltic tellin (Macoma balthica)
To collect data on the infaunal bivalve Macoma balthica one sample was collected
per site with either a quadrat (0.1 m2), if a foot survey was conducted at that
particular site, or a Day grab (0.1 m 2). The number of Macoma present in each
sample was recorded and density was established. Using Vertical Mapper TM
software, the data were spatially interpolated to create models depicting the
distribution of M. balthica over the survey area. The graduated scale used in
these models to represent Macoma density is shown in Table 6.3.

Table 6.3 Densities of Macoma balthica found at each sampling station and
density scale used in the models.
Macoma Density/m2
Density Scale in Models
0
Absent
1 - 10
Low
11 - 50
Moderate
>51
High
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Figure 6.10 Distribution of Macoma balthica within the survey sites of the Boston
Main and Roger areas sampled between March and May 2011.

Figure 6.11 Distribution of Macoma balthica within the survey sites of the
southwest Wash area sampled between March and May 2011.
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Figure 6.12 Distribution of Macoma balthica within the survey sites of the
southeast Wash area sampled between March and May 2011.
The sites occupied by M. balthica in the 2011 survey were similar to those in
2010, where this species was generally found at the sheltered high shore
habitats. In the Boston Main and Roger area (Figure 6.10), the area occupied by
Macoma has increased at the south end of Wrangle but a small area on Friskney
has decreased from high density to moderate. Similarly, density has decreased
slightly throughout the Wash but with an increase in area in the southwest
(Figure 6.11) and a loss of Macoma from the south end of Daseleys and Pandora
(Figure 6.12).
6.2.4 Sediment
During the foot surveys and day grab sampling, notes on the sediment types
encountered were recorded. The scale used to classify the sediment at each site
has been used at ESFJC since 2006 and categories range from sand (coarsest) to
anoxic clay (finest sediment type). Using Vertical Mapper TM software, the data
were spatially interpolated to create models depicting the sediment distribution
over the survey area (Figure 6.13).
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As expected, sediment types were similar in 2011 to in 2010, with sand and silty
sand being predominant.

Towards the southeast and southwest corners of the

Wash sediment became finer. In the Herring Hill and Maretail area silt on anoxic
clay and anoxic clay are the prevalent sediment types, while on the Inner
Westmark Knock and Breast Sand it is mainly silt and silt on anoxic clay.

Figure 6.13 Sediment distribution in the areas of the Wash surveyed during March
and May 2011.
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6.3 Discussion
Density data of the three invertebrates, the lugworm Arenicola marina, the
sandmason worm Lanice conchilega and the Baltic tellin Macoma balthica, were
collected as part of the annual cockle surveys in the Wash from March to May
2011. The information was used to produce distribution models for the sampled
areas of the Wash, which was then compared with data collected over the past
four years.

As in previous years, Arenicola marina was found from the upper to lower shore
regions, more so in the sandy sediments than silty sediments, but due to the
changes in which stations are surveyed on foot each year it is difficult to compare
the Arenicola distribution between years. Macoma balthica was been found
predominantly along the higher shore and in areas of fine sediment. Lanice
conchilega, on the other hand, was distributed at the lower shores that were
dominated by coarser sediment.

Densities of Lanice conchilega appear similar in the 2011 survey and the 2010
survey. There has been a slight decrease in area occupied by Lanice from 2010
to 2011 most noticeably in the southeast region of the Wash where an area on
the Blackguard sand appears to have been lost entirely. The area and density of
Lanice in this region in the Wash has been declining since an unusually high
recruitment of juveniles in 2008 (Jessop et al. 2009) so it is possible that this loss
has been the result of a lack of recruitment rather than disturbance.

There has been a general decrease in Macoma balthica densities throughout the
Wash from 2010 to 2011.

Conversely, the area occupied by Macoma has

increased, with the exception of the southeast of the Wash which has shown a
loss of Macoma from the Daseley and Pandora sands.

Similar to Lanice, an

unusually high numbers of juvenile Macoma were noted in 2009 and 2010
(Jessop, Personal Comm.) and the decrease in this area may be due to juvenile
mortality. It is notable however, that the sediment in the southeast region of the
Wash appears to have become coarser which may have had an adverse affect on
Macoma, which is know to prefer finer, more muddy sediments (Desroy et al.
2002, Gofas 2011).
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Overall the changes in the invertebrate communities have been relatively minor,
as would be expected in the absence of suction dredging or other disturbance
events. Monitoring of densities and distribution of the three invertebrates will
continue nonetheless, as a long term data set will be valuable should hydraulic
suction dredging will recur in future years and also they can in some cases
provide a proxy for the quality of the benthic environment (Rabaut et al. 2009)
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7.0

SUFFOLK RIVERS SURVEYS

7.1

Introduction

Between 1993 and 1996 Eastern Sea Fisheries Joint Committee conducted a
number of small-scale surveys in some of the Suffolk rivers including the Blythe,
Debbin, Alde and Ore, in order to improve its knowledge of the species inhabiting
those areas. In 1997 a larger survey was conducted in the Stour and Orwell rivers
using the research vessel ESF Surveyor, primarily to determine what shellfish
stocks might be present along the banks and in the bays of those rivers. The beds
of the two rivers were also surveyed at that time using RoxAnn TM Acoustic Ground
Discrimination Survey (AGDS) equipment in conjunction with beam trawl and Day
grab sampling. During the 1997 survey significant stocks of the edible cockle
(Cerastoderma edule) were identified along the banks of both rivers. These
surveys were subsequently repeated in 2001, 2003, 2007, 2009 and 2010 over
which period the cockle stocks appeared to be declining in numbers. Following
the discovery of a significant number of Manila clams (Tapes philippinarum) in
both rivers during the 2009 survey (Jessop et al. 2009) surveys are now
conducted annually rather than in alternate years.

In addition to studying the

cockle and Manila clam stocks, two colonies of the peacock worm (Sabella
pavonina) have also been monitored since 2003.
7.2

Intertidal Cockle Survey

7.2.1 Introduction
ESFJC initially surveyed the Rivers Stour and Orwell in autumn 1997 when cockle
beds were identified, and then from spring 2001 surveys were conducted every
two years.

These surveys were originally set up to explore the possibility of a

commercial fishery in the area, and although this has never developed, the area
is still an important food source for birds, for which the area has been designated
an SPA. The stock levels in the River Orwell peaked in 2003 with adult stocks of
around 1,062 tonnes, while the River Stour stocks were at their highest level in
2001 with an estimated 138 tonnes of adult cockles. Since 2009 surveys have
been conducted annually and the 2010 results gave estimated adult stocks of 401
tonnes in the River Orwell and 106 tonnes in the River Stour, both of which were
an increase on the 2009 stock estimates.
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7.2.2 Method
Cockle surveys were conducted from 4th-7th July in the River Stour and 12th-13th
July in the River Orwell using the Kent and Essex IFCA research vessel Tamesis.
The surveys were conducted using the same methodology as in previous years, in
that samples were collected at high water using a Day grab from stations
approximately 250 meters apart along a regular, pre-determined grid. However,
whereas in previous years a single sample was taken at each site, 2 samples
were taken from each site in the River Orwell and 3 samples from each of the
River Stour sites. This change was a feature of the Manila clam survey which is
run alongside the cockle survey, but should increase accuracy of stock estimates
in this case. Forty-four sites were surveyed along the northern bank of the River
Orwell, in an area extending from the Orwell Bridge to Levington Creek.
Seventy-four sites were surveyed in the Holbrook Bay area of the River Stour. At
each station the type of substrate was recorded prior to the sample being washed
over a 3mm screen. Any cockles found within the samples were stored in labelled
bags for later analysis, in which they were measured, categorised into age groups
and weighed. This data was then further analysed using MapInfo GIS software to
estimate the distribution of the stocks over the beds.
7.3

River Orwell Cockle Stocks

Figure 7.2.1 Density and distribution of cockles >14mm along the River Orwell
survey area.
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Figure 7.2.2 Density and distribution of cockles <14mm along the River Orwell
survey area.

Previous surveys have found cockles along this bank to be present in three
discreet patches located at Pond Ooze, Cathouse Point and an area between
Potter Point and Long Reach. The distribution of cockles along the River Orwell is
shown in Figures 7.2.1 and 7.2.2.

At Pond Ooze, nine of the ten survey stations were found to harbour cockles of
marketable size (>14mm width). These covered an area of 47.7 hectares, more
than double the 21.6 hectares recorded in the 2010 survey. The mean density of
these market-sized cockles was found to be 53.89 cockles/m2 (range 20-120/m2)
compared to 27.5 cockles/m2 (range 10 – 50/m2) in 2010. This appears to be the
result of the large 2009 settlement now reaching marketable size whereas the
2010 survey found very few two-year old cockles to contribute to the marketsized population, which were comprised mostly of the 2007 year-class.

Figure

7.2.3 shows that the now marketable 2009 cohort account for almost 45% of the
cockle population in addition to the small 2007 and 2008 cohorts still present,
resulting in 123 tonnes of market sized cockles, a substantial increase on the 34
tonnes estimated from the 2010 survey. Although individually these had a lower
mean weight than the 2010 market size cockles (4.8g compared to 5.8g), the
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increased density gave a mean cockle biomass of 2.58 tonnes/hectare, a marked
increase on the 1.59 tonnes/hectare found by the 2010 survey.
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Figure 7.2.3 Cockle size and year-class distribution for Pond Ooze, July 2011
Smaller sized cockles, represented by a settlement of 2010 and 2011 year-class
individuals, were found to be present at seven of the ten survey stations,
covering an area of 36.7 hectares. This increase on the 23.0 hectares recorded in
2010 is accompanied by a slight increase in the mean density of small cockles
within this area from 25.0 cockles/m2 (range 10 – 30/m2) to 26.43 cockles/m2
(range 5 - 50/m2).

Whereas the one-year old cockles in the 2010 survey had a

mean weight of 1.5g, the one-year old cockles in the 2011 survey had a mean
weight of 3.1g, closer to the mean weight of the two-year old cockles
representing the smaller sized population in 2009 (2.8g). As a consequence of
these changes, the mean biomass had increased from 0.39 tonnes/hectare in
2010 to 0.62 tonnes/hectare, resulting in 23 tonnes in total.
Between Cathouse Point and Potter Point eight of the thirteen survey stations
were found to contain marketable size cockles. These covered an estimated area
of 48.7 hectares, an increase on the 44.2 hectares recorded in 2010. The mean
density of these cockles was found to be 47.22 cockles/m 2 (range 5-110/m2), a
decrease from the 68.57 cockles/m2 (range 10 – 210/m2) found in the 2010
survey.

Figure 7.2.4 shows that the Cathouse Point cockle population was

dominated by two year old 15 –16mm cockles, a shift from the three year old 19
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– 21mm cockles that dominated the 2010 population. The 2009 year-class
together with some older cockles made up the market-size population, with a
mean cockle weight of 6.0g, a decrease from the 8.7g found in last year’s survey,
but identical to the 2009 survey.

This decrease in density and mean cockle

weight has resulted in a mean market sized cockle biomass of just 2.8
tonnes/hectare compared to 5.96 tonnes/hectare in 2010. These figures led to
an estimated marketable cockle biomass of 138 tonnes within the Cathouse Point
to Potter Point area, almost half the 263 tonnes estimated from the 2010 survey.

Figure 7.2.4 Cockle size and year-class distributions for Cathouse Point, July
2011.
Four of the thirteen survey stations at Cathouse Point were also found to support
low numbers of smaller cockles.

These covered an area of 20.9 hectares, similar

to the 20.5 hectares supporting smaller cockles in 2010.

This population of

smaller cockles consisted mainly of the 2010 year-class cohort, which had a mean
density of 22.5 cockles/m2 (range 5 – 35/m2), an increase on the 2010 survey,
which found a density of 15.0 cockles/m2 (range 10 – 30/m2) from the 2008 and
2009 year-class cohorts. The mean individual weight of the smaller sized cockles
was 2.2g, an increase from 1.4g in 2010. This can be attributed to the larger size
of the juvenile cockles, which were dominated by 13mm cockles (Figure 7.2.4)
whereas in 2010 the juvenile population was dominated by 11mm cockles. These
changes in density and mean cockle weight meant that the mean biomass of
smaller cockles had increased from 0.20 tonnes/hectare in 2010 to 0.50

Eastern IFCA Research Report 2011

224

tonnes/hectare in 2011, resulting in an estimated 10 tonnes of smaller cockles in
this area, compared to the 4 tonnes estimated in 2010.
Between Potter Point and Long Reach, seven of the twenty-one survey stations
were found to harbour marketable size cockles.

These covered an area of

approximately 36.1 hectares, slightly more than the 34.1 hectares recorded in
2010.

Although the area of coverage was similar to the two previous surveys,

the mean density of these cockles was found to have decreased from 34.29
cockles/m2 (range 10 – 80/m2) in 2010 to 25.0 cockles/m2 (range 5 – 90/m2), a
further decrease from the 81.7 cockles/m 2 (range 10 – 340/m2) found in 2009.
Figure 7.2.5 shows that the 2008 year class dominated the Potters Reach cockle
population, which together with the 2007 and 2009 cohorts, made up the
marketable size population. This was a similar situation to the 2010 market-size
population, which also consisted mainly of 3 and 4 year old cockles. The mean
cockle weight was 8.03g, similar to the 8.9g recorded in 2010.

The slight

decrease in mean cockle weight may be attributable to the larger proportion of
two year old cockles in the market-sized population compared to 2010. Although
the individual cockle weights were similar, the decrease in density meant that the
mean biomass had decreased from 3.1 tonnes/hectare to 2.0 tonnes/hectare. It
was calculated from these figures that there were 72 tonnes of marketable size
cockles present at this site compared to 104 tonnes in 2010.

Figure 7.2.5 Cockle size and year-class distribution for Potters Reach, July 2011.
Four of the twenty-one sites at Potters Reach were found to support smaller sized
cockles, covering an area of 19.6 hectares, almost four times the 5.3 hectares
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recorded in 2010. Although the area had increased, the mean density of small
cockles had fallen from 10 cockles/m2 to 8.75 cockles/m2 (range 5 – 10/m2), a
significant decline from the 66.7 cockles/m2 recorded in 2009.

The mean

biomass of these smaller cockles had also decreased from 0.73 tonnes/hectare to
just 0.17 tonnes/hectare, resulting in an estimated biomass of 3 tonnes for the
area, a loss of 1 tonne since the 2010 survey.
Combining the three areas, this stretch of the River Orwell was found to support
333 tonnes of market sized cockles and a further 36 tonnes of smaller cockles.
Although the stock of market sized cockles had decreased from 401 tonnes in
2010, the stock of smaller cockles had increased by 19 tonnes during the same
period. Together, this means the total stock in this area had declined from 426
tonnes to 369 tonnes, the lowest level since ESFJC began conducting surveys in
this river in the 1990s (Table 7.2.1). Figure 7.2.6 shows the combined size
distribution of the cockles found on the River Orwell during these surveys.

Figure 7.2.6 Cockle size and year-class distributions for River Orwell, July 2011.
7.4

River Stour Cockle Stocks

Twenty-eight of the seventy-four stations in Holbrook Bay, covering an area of
165.7 hectares, were found to support market sized cockles (figure 7.2.7), more
than double the 75.2 hectares recorded in 2010.

These were found to have a

mean density of 14.4 cockles/m2 (range 3.33 – 106.67/m2) a decrease from the
17.69 cockles/m2 (range 10 – 50/m2) recorded the previous year. These market
sized cockles had a mean weight of 8.3g and the mean biomass was found to be
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1.20 tonnes/hectare, a reduction of the 1.41 tonnes/hectare in 2010.

Using

these figures the marketable stock in the Holbrook Bay area was estimated to be
198 tonnes, an increase of 92 tonnes since the 2010 survey and the highest level
recorded at this site since surveys began (Table 7.2.1.).

Figure 7.2.7 Density and distribution of cockles >14mm along the Holbrook Bay
survey area.

Figure 7.2.8 Density and distribution of cockles <14mm along the Holbrook Bay
survey area.
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Smaller cockles were found to be present at only three of the seventy-four sites,
covering an area of 13.7 hectares (Figure 7.2.8), a slight increase on the 11
hectares found in the 2010 survey. Although the area had increased, the mean
density of these smaller cockles had fallen from 10 cockles/m 2 to just 5.56
cockles/m2 (range 3.33 – 10/m2). With a mean biomass of 0.11 tonnes/hectare,
the stock of smaller cockles in the Holbrook Bay area was estimated to be 1.5
tonnes, similar to the 2010 findings.
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Figure 7.2.9 Cockle size and year-class distributions for Holbrook Bay. July 2011.
In 2010 the cockle population was represented by the 2006, 2007 and 2008
cohorts, resulting in much of the population being between 19 – 22mm. However
the 2011 survey found that the 2008 cohort made up the majority of the
Holbrook Bay cockle population (Figure 7.2.9), shifting the size distribution down
a few mm, as there were fewer four and five year old cockles within the
population. The dominance of the single 2008 year-class and very low levels of
younger cockles means that the population at Holbrook Bay could be prone to a
rapid decline as the cohort ages and dies.
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Table 7.2.1 Summary of the cockle stocks throughout the survey areas 20032011.
Site

ADULT

JUVENILE

Biomass (Tonnes)

Biomass (Tonnes)

2003

2007

2009

2010

2011

2003

2007

2009

2010

2011

Pond Ooze

603

57

52

34

123

32

40

68

9

23

Cathouse Pt

300

311

161

263

138

38

31

27

4

10

Potter Reach

159

86

130

104

72

9

1

27

4

3

Orwell Total

1062

455

343

401

333

79

72

122

17

36

77

23

91

106

198

3

2.5

2

2

1.5

Holbrook

7.5

Discussion

It can be seen from the summary of the Suffolk Rivers cockle populations (Table
7.2.1) that while the Pond Ooze population has increased, overall the River Orwell
cockle population is at it’s lowest level since surveys began, with adult stocks
similar to 2009. Although juvenile stocks in the River Orwell are still markedly
lower than pre-2010 levels, they have doubled since the 2010 survey, which may
lead to a subsequent increase in the adult stocks of the area.
Unlike the River Orwell stocks, the cockle population in Holbrook Bay in the River
Stour, had shown a substantial increase on last years’ population and are at their
highest level since surveys began.
consistently low juvenile stocks.

This increase has occurred in spite of
The slight decrease in juvenile stocks

determined by the 2011 survey is possibly an artefact of the change in sampling,
capable of detecting densities as low as 3.33m -2, compared to 10m-2 in previous
years, allowing a more accurate estimate of stocks.

It is important to note that the 2011 survey was conducted in July, rather than
March, when the 2010 survey was conducted. These extra few months of growth
will mean that a higher proportion of younger cockles will reach marketable size
and also a small amount of 2011 spat found in this survey, which may not have
been found had the survey been conducted in March.

For this reason direct

comparison of values between the 2011 results and previous years’ should be
made tentatively.
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7.6

Manila Clam Survey

7.6.1 Introduction
During the 2009 Suffolk Rivers survey, a significant number of Manila clams
(Tapes philippinarum) were found to be present in both the Stour and Orwell
rivers (Jessop, Harwood & Woo 2009).

This non-native species of clam was

introduced into Poole Harbour in 1988 for aquaculture. At that time UK waters
were thought to be too cold for T. philippinarum to successfully breed but by
1994 the Poole Harbour population were found to have naturalised (Jensen et al.
2004), becoming the northernmost naturalised population of this clam in Europe.
Although they are not known to have been intentionally introduced into the Stour
and Orwell rivers, it is possible that larvae were introduced in ballast water from
shipping. The Poole Harbour Manila clam population now supports a sustainable
commercial fishery and annual surveys are now conducted on the Stour and
Orwell populations to determine whether the area might also support a fishery.
Further to the 2009 survey, a survey conducted in 2010 found that populations of
the Manila clam in the River Orwell and River Stour appeared to be relatively
stable, with estimated stocks of 142 tonnes and 230 tonnes respectively.
7.6.2 Method
Sample stations were arranged at regular intervals on predetermined grids, 44
stations situated along the northern bank of the River Orwell between Pond Ooze
and Levington (figure 7.3.1) and 74 stations covering the Holbrook Bay area of
the River Stour (figure 7.3.2). These same stations had been used during all of
the previous surveys between 1997 and 2010 in order to survey the cockle
stocks, however, low densities of Manila clams in previous years prompted the
use of multiple grab samples at each station in an attempt to minimise the
appearance of patchiness. At each of the River Orwell stations 2 samples were
taken and 3 samples were taken at each of the River Stour stations.
Samples, each covering an area of 0.1m2, were collected using a Day grab
deployed from the Kent and Essex research vessel, Tamesis, during the high
water period. These samples were washed over a 3mm mesh, allowing any
shellfish present in the sample to be separated from the surrounding sediment. A
note was made of the sediment type at each station and any shellfish present in
the sample were retained. During analysis, every T. philippinarum was measured
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by length and width to the nearest 1mm and individually weighed using electronic
scales capable of measuring between 0.01g to 200g.
The data acquired from these surveys was transferred to a MapInfo GIS
database. Vertical Mapper software was then used to create Nearest Neighbour
interpolated models of T. philippinarum distribution within the two rivers. The
total biomass of T. philippinarum was calculated by multiplying the area of clam
coverage by the mean weight of the samples.

Figure 7.3.1 Chart showing the positions of the sample stations on the River
Orwell.
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Figure 7.3.2 Chart showing the positions of the sample stations at Holbrook Bay
in the River Stour.
7.6.3 Results
The 2011 survey of the River Orwell found that 14 of the 44 stations supported T.
Philippinarum, covering an area of 71.3 hectares, compared to nine stations
covering 50 hectares in the 2010 survey. The distribution of T. Philippinarum in
the River Orwell is shown in Figure 7.3.3.

The mean density at these sites in

2011 was 8.07 clams/m2 (range 5 – 30), lower than the 20 clams/m2 found the
previous year. These clams had a mean individual weight of 9.48g (range 0.97 –
51.52g), a decrease from the 14.3g observed in the 2010 population. This may
be attributed to the higher proportion of smaller individuals in the population,
illustrated by Figure 7.3.4.

These figures gave a mean biomass of 0.76

tonnes/hectare and a total biomass of 54.6 tonnes of T. Philippinarum in the
River Orwell, a substantial decrease from the 142 tonnes estimated from the
2010 survey. Although the area occupied by the Manila clam appeared to have
increased since 2010, it did not compensate for the decrease in mean density and
mean individual weight.
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Figure 7.3.3 Distribution of T. Philippinarum. River Orwell, July 2011.
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Figure 7.3.4 Size distribution of T. Philippinarum. River Orwell, 2009 to 2011.
Figure 7.3.4 illustrates that since 2009 there has been a loss of larger individuals
from the population and an increase of smaller individuals, to the point where
only 19% of the population were above 35mm in 2011, compared to 80% in 2009
and 43% in 2010. This is possibly due to a suspected illegal fishery thought to
have occurred in the area. A summary of the River Orwell Manila clam population
throughout the surveys is given in Table 7.3.1 and clearly shows the dramatic
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loss of biomass in the 2011 survey compared to 2009 and 2010 which were
relatively similar in both area and biomass.
Table 7.3.1 Summary of T. Philippinarum populations from River Orwell surveys
2009 – 2011.
River Orwell
2009

2010

2011

Area (ha)

51

50

71.3

Mean Density (clams/m2)

11

20

8.07

150

142

54.6

Total Biomass (tonnes)

In the Holbrook Bay area of the River Stour 25 of the 74 stations were found to
support T. Philippinarum covering an area of 108.3 hectares, compared to eleven
stations covering 74 hectares in 2010. The mean density of clams at the stations
was found to be 8.77 clams/m2 (range 3.33 – 46.67), a reduction from the 15
clams/m2 in 2010. The distribution of these clams is shown in Figure 7.3.5.

Figure 7.3.5 Distribution of T. Philippinarum. Holbrook Bay, July 2011.

The mean weight of individual T. Philippinarum in 2011 in Holbrook Bay was
found to be 28.38g (range 3.13 – 72.12g), an increase from the 20.1g in 2010.
This can be explained by the higher frequency of larger individuals in 2011
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compared to 2010 (Figure 7.3.6).

The mean biomass of T. Philippinarum in

Holbrook Bay was calculated to be 2.489 tonnes/hectare, a decrease from the
3.11 tonnes/hectare found in 2010. The increase in area contributed to the total
biomass increasing from 230 tonnes in 2010 to 269.6 tonnes in 2011.
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Figure7.3.6 Size distribution of T. Philippinarum. Holbrook Bay, 2099 to 2011.
It can be seen from Figure 7.3.6 that the size distribution of the Holbrook Bay
Manila clam population has remained relatively stable over time.

There is a

slightly higher proportion of larger individuals in 2011, with 70% larger than
35mm compared to 67% in 2009 and 65% in 2010.

The summary of the Holbrook Bay Manila clam population (Table 7.3.2) shows
the increase in area and biomass and apparent decrease in mean density
throughout the survey periods.
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Table 7.3.2 Summary of T. Philippinarum populations from River Stour surveys
2009 – 2011.
River Orwell
2009

2010

2011

Area (ha)

65

74

108.3

Mean Density (clams/m2)

15

15

8.77

226

230

269.6

Total Biomass (tonnes)

7.6.4 Discussion
Both the River Orwell and River Stour T. Philippinarum populations appeared
relatively stable from 2009 – 2010 but show marked changes from 2010 – 2011
(Tables 7.3.1 and 7.3.2). While these results may reflect actual changes it is also
possible that the increased sampling effort in 2011, to minimise the effects of low
densities, has increased the accuracy of the figures obtained. The 2010 survey
report proposed concerns that at such low densities it would be difficult to
accurately map the distribution of T. Philippinarum in the survey area but by
increasing the number of grabs at each station the 2011 survey would
theoretically detect densities as low as 3.3 clams/m 2 in Holbrook Bay and 5
clams/m2 in the River Orwell. In reality it is likely the changes seen in population
levels at the two sites are a combination of both actual changes in population and
changes in sampling effort. Due to the changes in sampling effort, comparison
between 2011 data and previous data should be made tentatively.
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7.7

Distribution Of Peacock Worm, Sabella pavonina

7.7.1 Introduction
The Peacock worm, Sabella pavonina, is a sessile, filter-feeding polychaete worm
that grows up to 30cm in length and lives in slender, leathery tubes protruding
from the seabed, from which they extend their delicate feathery fans to feed.
During the surveys conducted in 2003, ESFJC mapped the extent of two large
colonies of Sabella pavonina that had been detected using the RoxannTM Acoustic
Ground Discrimination System (AGDS) aboard the research vessel Three
Counties. One colony, covering approximately 85 hectares was situated in the
River Stour between Copperas Bay and Holbrook Bay, and the other, covering 35
hectares was located in the River Orwell near Levington Creek (Jessop, Lowry &
Graves, 2003). A subsequent survey conducted in 2007 found the River Stour
colony had deteriorated badly, with video footage showing numerous damaged
and unoccupied tubes with large barren patches of muddy ground between the
clumps (Jessop, Woo, & Torrice, 2007). Further video footage taken during a
survey in 2009 found healthy tubes were re-colonising some of the ground, but
the extent of the colony was still only 33 hectares (Jessop, Harwood & Woo,
2009) and 34 hectares in 2010 (Jessop et al. 2010).

The 2010 survey also found

that the distribution of the River Orwell colony had changed with the loss of
around 5 hectares around the mouth of Levington Marina, but the colony had
extended on the other side of the marina entrance.
7.7.2 Method
Previous surveys had used RoxannTM AGDS supported by Day grab ground
truthing to identify and map the extent of the Sabella beds in these rivers. RV
Tamesis, however, was not equipped with Roxann TM equipment. Instead,
stratified Day grab sampling was used to monitor the extent of the colonies
identified the previous year. These grab data were then interpolated using
Vertical MapperTM GIS software in order to create models predicting the
distribution of the Sabella colonies.
7.7.3 Results
Figure 7.4.1 is an interpolated model depicting the predicted distribution of
Sabella pavonina in the River Orwell, close to the Levington marina. Video
footage of this colony showed it to be in a healthy condition with high densities of
worms present. Samples taken by Day grab found the worms to be present in
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numbers as high as 2,700 tubes/m2, compared to a high of 1,600 tubes/m2 in
2010. The area covered by this colony was calculated to be just 17 hectares,
compared to the 29 hectares recorded in 2010. This substantial decrease is due
to the large patch downstream of the marina entrance splitting into two smaller
patches and extending less far across the river.

Figure 7.4.1 Predicted distribution of Sabella pavonina in the River Orwell, July
2011.
Figure 7.4.2 shows the predicted distribution of Sabella pavonina in the River
Stour, in which two discrete colonies were found.

While in 2010 two colonies

were found covering approximately 17 hectares each, in 2011 four small colonies
were found, covering around 15.5 hectares in total. The majority of this loss has
been from the western colony which previously extended across the river but now
consists of three small patches along the edge of the river. However, the density
of tubes in these colonies was found to range between 10 and 2,000 tubes/m2, a
good improvement on the high of 500 tubes/m 2 found in 2010.
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Figure 7.4.2 Predicted distribution of Sabella pavonina in the River Stour, July
2011.
7.7.4 Discussion
Although Sabella pavonina colonies have not been classified as reef structures, in
many ways they conform to the description given to reefs: their raised tubes help
collect sediment, create firm anchorage for other sessile marine organisms and
provide shelter for numerous other species. ESFJC had monitored two such
colonies in the rivers Stour and Orwell since 2003, and had been aware of their
presence since earlier surveys conducted in 1997 and 2001. In 2007 the colony in
the River Stour was found to have badly deteriorated, possibly as a result of
sediment replacement activities that had been occurring in the river prior to the
survey. In the 2010 survey it appeared that the colony had recovered somewhat
but the 2011 survey found the area of coverage had greatly reduced again.

In the River Orwell, the 2010 survey found the Sabella colony had extended
further across the river than was mapped in 2009, but the 2011 survey found this
extent had declined and the Sabella colony appeared to be confined to the
northern edge of the river. Being sessile and partially buried within the
substratum, this species is vulnerable to activities that disturb the seabed. The
causes of the decline in area of Sabella in both rivers is unclear as densities of
tubes within each colony appear higher than in 2010 suggesting that disturbance
effects are localised.
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7.8

Other Invertebrate Species

7.8.1 Introduction
Information was gathered about additional invertebrate species found in the
grabs taken during the Holbrook Bay and Orwell surveys.

The species present

were Mytilus edulis (blue mussels), Ensis spp. (razor clams) and Scrobicularia
(sand gapers).

In previous years Nereis diversicolor (ragworm) and Crepidula

fornicate (slipper limpets) present in grab samples were also recorded
7.8.2 Mussels
Mussels were found at 3 of the 44 stations in the River Orwell, ranging in
densities from 3 – 20 / m2. The size range of the mussels in the River Orwell was
34 – 75 mm, with 62.5% over 50mm. The mean weight of mussel at these three
stations was 391g/m2.

Ten of the 74 stations in Holbrook Bay were found to contain mussels at densities
between 3 – 23 /m2. Sizes ranged from 26 – 70 mm with 53.6% over 50mm in
length. The mean weight of mussels at these sites was 177g/m2.
7.8.3 Razor Clams
Ensis spp. were found at 3 stations within the River Orwell survey area. Densities
were low, ranging from 3 – 16/m2 and sizes ranged from 65 – 126mm.
No Ensis spp. were recorded in the grab samples from the Holbrook Bay survey
area.
7.8.4 Scrobicularia
Scrobicularia (sand gapers) were recorded at 7 of the 44 stations in the River
Orwell at densities ranging from 3 – 53/m2.
No Scrobicularia were recorded in the Holbrook Bay survey.
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8.0

BACTERIOLOGICAL AND BIOTOXIN SAMPLING 2011

8.1

Introduction

Shellfish harvesting areas are required to be classified by the competent
authority, the Food Standards Agency (FSA) to ensure food safety and public
health in accordance with EC regulations 852/2004; 853/2004 and 854/2004. The
analytical approach is two-pronged and includes bacteriological analyses of
shellfish meats (for the purposes of bed classification) and biotoxin analyses by
means of both meat and water analyses.
8.1.1 Bacteriological Sampling- Bed Classification
Bed classification involves initial desktop and coastline studies to ascertain the
degree of potential pollutant sources in and around a shellfish production area.
Potential sources of contaminant include farmland, treatment plants and boats.
Outlets near and into rivers and streams facilitate the transport of faecal
coliforms onto shellfish beds where the degree and rate of deposition is affected
by a host of physical and environmental factors such as bathymetry of the
seabed, seasonality, wind and rainfall.

Based on this information, sanitary surveys are devised to optimise sampling
representation and aim to quantify the presence of Escherichia Coli, as a proxy of
the concentration of faecal coliforms in a shellfish sample. Other viruses such as
Norovirus are also tested for, allowing for a more rapid response to outbreaks
especially during very cold weather when shellfish filter-feeding, and therefore
the purging of such contaminants, is at a minimum.

Under the current scheme, Local Action Groups and Local Action Plans provide an
immediate and responsive mechanism for the investigation of E. coli sample
results exceeding regulatory levels. There are government targets that aim to
improve water quality in shellfish harvesting areas under the Shellfish Waters
Directive (scheduled to be superseded by the Water Framework Directive in
2013). There has been significant investment in the improvement of sewage
systems, although very few shellfish harvesting areas currently achieve an Agrade classification. Ultimately, water quality is one of the most important
concerns for the shellfish industry and can cause significant issues for producers.
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The testing procedure in the EIFCA district uses samples of Cerastoderma edule
(common edible cockle), Mytilus edulis (blue mussel) and Crassostrea gigas
(Pacific oyster) and at times has included Ostrea edulis (native or flat oyster) and
Ensis directus (razor clam). Samples are collected monthly by a number of
organisations including the EIFCA on behalf of Local Councils. EIFCA itself is
currently responsible for collecting C.edule and M.edulis only.
Class
A

B

C
D

Table 8.1 Classification criteria for harvesting areas (Cefas 2011)
Microbiological standard
Treatment level
All samples contain < 230
None required (direct human
E.coli / 100g of flesh.
consumption).
Depurate (using approved
90% samples must not exceed
methodology), relayed in an
4,600 E.coli / 100g of mollusc
approved Class A relaying area or
flesh. 100% of samples must
heat treated by approved methods
not exceed 46,000 E.coli /
before being sold for human
100g of flesh.
consumption.
Must be relayed (minimum of 2
All samples must not exceed
months) to meet Class A or B, or be
46,000 E. coli / 100g of flesh.
heat treated.
Do not conform to at least
Prohibited.
class C.

8.1.3 Biotoxin Sampling
C.edule, M.edulis and water samples are collected by EIFCA as part of this
sampling regime on a monthly basis. Meats are used in the testing of Amnesic
Shellfish Poisoning (ASP) associated with Pseudo nitzchia, Diarrhetic Shellfish
Poisoning (DSP) caused by Dinophysis spp. and Prorocentrum lima, and Paralytic
Shellfish Poisoning (PSP) caused by Alexandrium spp.

Unusually high biotoxin concentrations can often be triggered by plankton blooms
where an influx of phytoplankton to a system may bring with it toxic algal
species. The presence of these may cause a temporary increase in the detection
of toxic species associated with ASP, DSP and PSP. Although the occurrence of
one is not necessarily preceded by the other, they can give an indication as to
whether a toxic event may be imminent in results. The plankton data is analysed
by Cefas from water samples collected concurrently with the meat samples.
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Table 8.2 Action levels of flesh and water toxic algae levels and methods of
analysis. (Accreditation to ISO 17025).
Flesh
Method of
Water
Method of
analysis
analysis
High Performance
Liquid
Producing algae:
ASP
20µg/g flesh
Chromatography
150,000 cells/L
(HPLC)
Utermöhl method
Liquid
(Light microscopy
Chromatography
Producing algae:
and electron
DSP
Presence
Mass
100 cells/L
microscopy)
Spectrometry (LCMS)
High Performance
Producing algae:
80µg/g/100g
Liquid
PSP
Presence
flesh
Chromatography
(40cells/L)
(HPLC)
The FSA has recently approved the use of liquid chromatography mass
spectrometry (LC-MS) to detect the lipophilic toxins responsible for DSP,
replacing the bioassay involving live mice.
8.2

Current Sampling Regime

Based on the current programme of monitoring, Table 8.3 outlines the current
sample requirements from each site in The Wash from which Officers collect
organisms. Figure 8.1 depicts the locations of these sampling sites. During site
visits, water quality readings are taken using YSI data sondes. Such concurrent
data collection provides water quality parameter details utilised by Cefas.
Table 8.3 Current bacteriological sampling requirements
Sample type Area
Zone
EHO
Friskney / Wrangle
1
North Lays / Witham Bank
1
Mare Tail
2
Breast
3
Breast
3
Stylemans
4
Training Wall
5
Welland Wall
6
Biotoxin
Friskney / Wrangle
1
Mare Tail
2
Breast
3
Water
Friskney / Wrangle
1
Mare Tail
2
Breast
3
Heacham South
4
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Species
Cockle
Mussel
Mussel
Cockle
Mussel
Mussel
Mussel
Mussel
Cockle
Mussel
Cockle
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Figure 8.1 Bacteriological, Biotoxin and water sampling sites (2011)
Samples described in Table 8.3 and Figure 8.1 were collected by EIFCA and
delivered to the Centre for Environmental, Fisheries and Aquaculture Science
(Cefas) using temperature controlled biotherm boxes.

Bacteriological and

Biotoxin analyses are conducted by the Cefas under contract of the FSA.
8.3

Results and Discussion

For UK shellfish classification results (E.Coli numbers in detail) and maps
including maps of zones see (Cefas website):
http://www.cefas.defra.gov.uk/our-science/animal-health-and-food-safety/foodsafety/classifying-shellfish-harvesting.aspx

For the classification ratings of UK shellfish beds see (Food Standards Agency
website):
http://www.food.gov.uk/multimedia/pdfs/enforcement/shellclassew2011112.pdf

For recent biotoxin results (ASP, DSP and PSP) see (Food Standards Agency
Website):
http://food.gov.uk/foodindustry/farmingfood/shellfish/ewbiotoxin/
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Table 8.4 reports the classification results of bivalve production areas in the
EIFCA district during 2011. Classifications are effective from the 1 st of September
until 31st of August of the following year. The latest classifications (2011-12) for
those sites in which EIFCA collect samples are all of a B-grade standard (Table
8.4), with the exception of the Welland Wall (Mytilus spp.) which has a C-grade
classification. This means that any shellfish gathered from within the EIFCA
district are required to undergo depuration or other suitable treatment by
producers prior to consumption (Table 8.1). The majority of the areas have
achieved a long-term status, in that they have 5 years of compliance data. These
bed classification results are generally good, but the aim would be to achieve
waters with an A-grade classification for all production areas within the EIFCA
district.

There have been no incidences of meat or water biotoxin samples containing toxic
algae species above what is regarded as safe throughout 2011.

There are many factors which can influence the levels of microbiological
contamination in mollusc flesh including environmental conditions, time of year
and the quality and quantity of faecal contamination discharged into local coastal
area. Sources of contamination include human and animal sources of pollution
that can occur as point source inputs (e.g. discharges, outfalls and cracked pipes)
or more generally as diffuse pollution (e.g. agricultural run-off). Although there
have been many improvements in recent years, the identification and prevention
of contamination from such sources is clearly difficult and represents an ongoing
challenge.
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Table 8.4 Classification of bivalve mollusc production areas in the ESFJC district,
1st September 2011 to the 1st September 2012 (LT = long term).
Production
Zone
Bed Name
Species
Class
Area
The Wash Zone 1
Butterwick
C. edule
B
Boston
North
Wrangle
Friskney
Zone 1
Witham Bank/ North
Mytilus
B – LT
South
Lays
spp.
Zone 2 East Maretail
C. edule
B - LT
Tofts Ridge
Mytilus
Tofts South
spp.
Gat Sand
Toft Lays
Herring Hill
Black Buoy
Holbeach
Welland Wall
Mytilus
C
spp.
The Wash –
Zone 3
Thief
C. edule
B – LT
King’s Lynn
Breast Sand
Inner West Mark
Knock
Daseleys
Scotsman’s Sled
Mytilus
B - LT
Thief
spp.
Breast Sand
Daseleys
Zone 4
Heacham
C. edule
B – LT
North
Hunstanton
Mytilus
B - LT
spp.
Zone 4
Ferrier Sand
C. edule
B - LT
South
Pandora
Mytilus
Stylemans
spp.
South Daseleys
Zone 5
Training Wall
Mytilus
B - LT
spp.
Brancaster
Brancaster
C. edule
B - LT
Mytilus
spp.
C. gigas
Thornham
C. gigas
B - LT
Blakeney
Simpool
Mytilus
B – LT
spp.
South Side
C. gigas
B – LT
Wells – The Pool
Mytilus
B (1 Nov –
spp.
31 July)
C (other
times)
River Alde
Home Reach
C. gigas
B – LT
Butley
Creek
C. gigas
B - LT

Eastern IFCA Research Report 2011

246

9.0

ACKNOWLEDGEMENTS

The Research team would like to thank all those who have assisted in the
production of the Authority’s 2011 Research Report, including;



The Masters and crews of the Authority’s vessels and the shore based officers
for their invaluable assistance in the collection of data.



All at Eastern-IFCA office, in particular Dawn Reeve and Jodi Hammond for
their efforts in printing and final production of this report.



Research Officer Olle Åkesson for formatting and proof reading of this report.



Former Eastern-IFCA Research Officer, Sandra Hinni, for her expertise and
enthusiasm in all the projects she conducted during 2011.



Dave Sivyer, Veronique Creach, Naomi Greenwood and Katy Owen from
CEFAS, for their advice towards the SWEEP project sampling regime and their
continued support with water sampling and analyses.



Mike Gubbins and the CEFAS Fish Health Inspectorate team for assistance in
analysing shellfish samples for potential pathogens



Martin Dyer and everyone at Unicomarine for analysing the cockle hydraulic
suction dredge core samples and processing the data.



Natural England who contributed financially to the cockle hydraulic suction
dredge project and for the acquisition of the YSI water quality data sondes
and in-situ buoy system used in the SWEEP project.



Kent and Essex-IFCA, for the use of their research vessel, Tamesis and
assistance in collecting the Holbrook Bay oyster data.



Mark Freestone and Johnny Ashton for the use of their fishing vessels during
sub-littoral mussel surveys and the cockle hydraulic suction dredge projects.



Fishermen throughout the District for their continued support and advice with
projects.

Eastern IFCA Research Report 2011

247

10.0

REFERENCES

Beukema , J.J. & Meehan, B.W. (1985). Latitudinal variation in linear growth
and shell characteristics of Macoma balthica. Marine Biology 90, 27-33.
Bell, M.C. & Walker, P. (2007) Cockle suction dredging in the Wash and North
Norfolk Coast European marine site. Part II – analysis of existing data. CEFAS,
Lowestoft.
Callaway, R., Desroy, N., Dubois, S.F., Fournier, J., Frost, M., Godet, L.,
Hendrick, V.J., Rabaut, M. (2010) Ephemeral bio-engineers or reef-building
polychaetes: how stable are aggregations of the tube worm Lanice conchilega
(Pallas, 1766)? Integrative and Comparative Biology 50(2), 237-250.
Campbell, D.E. & Newell, C.R. (1998).

MUSMOD, a production model for

bottom culture of the blue mussel, Mytilus edulis L.

Journal of Experimental

Marine Biology and Ecology 219, 171-203.
Desroy, N., Warembourg, C., Dewarumez, J.M., Dauvin, J.C. (2002)
Macrobenthic resources of the shallow soft-bottom sediment in the eastern
English Channel and southern North Sea. ICES Journal of Marine Science 60, 120131.
de Vlas, J. (1979) Secondary production by tail regeneration in a tidal flat
population of lugworms (Arenicola marina), cropped by flatfish. Netherlands
Journal of Sea Research 13 (3/4), 362-393.
Dolmer, P. (2000). Algal concentration profiles above mussel beds. Journal of
Sea Research 43, 113-119.
Ens, B.J., Smaal, A.C., de Vlas, J. (2004) The effects of shellfish fishery on the
ecosystems of the Dutch Wadden Sea and Oosterschelde; Final report on the
second phase of the scientific evaluation of the Dutch shellfish fishery policy (EVA
II). Wageningen, Alterra, Alterra-rapport 1011, RIVO-rapport C056/04, RIKZrapport RKZ/2004.031, 212 blz.
Frechette, M., Butman, C.A. & Geyer, W.R. (1989). The importance of
boundary–layer flows in supplying phytoplankton to the benthic suspension
feeder, Mytilus edulis. L. Limnology and Oceanography 34, 19-36.

Eastern IFCA Research Report 2011

248

Gofas, S. (2011) Macoma balthica (Linnaeus, 1758). Accessed through: World
Register

of

Marine

Species

at

http://www.marinespecies.org/aphia.php?p=taxdetails&id=141579 on 2011-0310.
Goss-Custard, J.D., Jones, R.E., Newbery, P.E. (1977) The ecology of the
Wash. I. Distribution and diet of wading birds (Charadrii). Journal of Applied
Ecology 14(3), 681-700.
Hoey, G.V., Guilini, K., Rabaut, M., Vincx, M., Degraer, S. (2008) Ecological
implications of the presence of the tube-building polychaete Lanice conchilega on
soft-bottom benthic ecosystems. Marine Biology 154, 1009-1019.
Jackson, A., Hiscock, K., (2006) Web Page: Sabellaria spinulosa. Ross worm.
Marine Life Information Network: Biology and Sensitivity Key Information Subprogramme [on-line]. Plymouth: Marine Biological Association of the United
Kingdom. Available from: http://www.marlin.ac.uk/species/Sabellariaspinulosa.htm
Jensen, A.C., Humphreys, J., Caldow, R.W.G., Grisley, C., Dyrynda, P.E.J.,
2004. Naturalization of the Manila clam (Tapes philippinarum), an alien species,
and establishment of a clam fishery within Poole Harbour, Dorset. Journal of the
Marine Biological Association of the United Kingdom, 84, 1069-1073.
Jessop, R.W., Harwood, A.J.P., Woo, J.R., (2009) Eastern Sea Fisheries
District Research Report 2009. Eastern Sea Fisheries Joint Committee. King’s
Lynn.
Jessop, R.W., Hinni, S., Skinner,J., Woo, J.R., (2010) Eastern Sea Fisheries
District Research Report 2010. Eastern Sea Fisheries Joint Committee. King’s
Lynn.
Jessop, R.W., Lowry, M., Graves, K.M., (2003) Eastern Sea Fisheries Joint
Committee Research Report 2003. ESFJC, King’s Lynn.
Jessop, R.W., Woo, J.R., Harwood, A.J.P., (2008) Eastern Sea Fisheries
District Research Report 2008. Eastern Sea Fisheries Joint Committee. King’s
Lynn.

Eastern IFCA Research Report 2011

249

Jessop, R.W., Woo, J.R., Torrice, L., (2007) Eastern Sea Fisheries District
Research Report 2007.

King’s Lynn. Eastern Sea Fisheries Joint Committee:

King’s Lynn.

Ke, X., Evans, G., Collins, M.B. (1996). Hydrodynamics and sediment dynamics of The Wash
embayment, eastern England. Sedimentology 43: 157-174.
Korringa, P., (1968) On the ecology and distribution of the parasitic copepod
Mytilicola intestinalis Steuer. Bijdragen tot de Dierkunde 38: 47-57.
Longshore, M., (2010) Edible cockle mortalities in the UK. Unpublished paper.
Cefas.
Maar, M., Nielsen, T.G., Bolding, K., Burchard, H. & Visser, A.W. (2007).
Grazing effects of blue mussel Mytilus edulis on the pelagic food web under
different turbulence conditions. Marine Ecology Progress Series 339, 199-213.
MacDonald,

M.,

(2008)

Pilot

Shellfish

Fisheries

Strategic

Environmental

Assessment. Environmental Report. North Eastern Sea Fisheries Committee.
Muschenheim, D.K. & Newell, C.R. (1992). Utilization of seston flux over a
mussel bed. Marine Ecology Progress Series 85, 131-136.
NESFC., (2004) Fisheries and Environmental Monitoring Summary Report.
2003/2004. North Eastern Sea Fisheries Committee
NESFC., (2005) Cockle Final Report. 2005. North Eastern Sea Fisheries
Committee
NESFC., (2006) Cockle Final Report. 2006. North Eastern Sea Fisheries
Committee
Nielsen, T.G. & Maar, M. (2007). Effects of a blue mussel Mytilus edulis bed on
vertical distribution and composition of the pelagic food web. Marine Ecology
Progress Series 339, 185-198.
Noren, F., Haamer, J. & Lindahl, O. (1999). Changes in the plankton
community passing a Mytilus edulis mussel bed. Marine Ecology Progress Series
191, 187-194.

Eastern IFCA Research Report 2011

250

Okumus, I. & Stirling, H.P. (1998). Seasonal variations in the meat weight,
condition index and biochemical composition of mussels (Mytilus edulis L.) in
suspended culture in two Scottish sea lochs. Aquaculture 159, 249-261.
Pears, S, Finbow, L.A. & Worsfold, T.M., (2011). Assessment of potential
impacts of experimental cockle fishing on the benthos at a sandbank in The
Wash, July-November 2010. Unicomarine Report ESFWASH10 to Natural England
and Eastern Sea Fisheries Joint Committee, February, 2011.
Prins, T.C., Smaal, A.C., Pouwer, A.J. & Dankers, N. (1996). Filtration and
resuspension of particulate matter and phytoplankton on an intertidal mussel bed
in the Oosterschelde estuary (SW Netherlands). Marine Ecology Progress Series
142, 121-134.
Rabaut, M., Vincx, M., Degraer, S., (2009). Fisheries and marine conservation:
How to proceed in a knowledge-poor environment? On the need of interaction
between ecological research and marine management. In: McManus, N.F.,
Bellinghouse, D.S.s (Eds.), Fisheries: Management, economics and perspectives.
Nova Science Publishers, New York, pp. 485-495.
Sebastian, S., Pears, S. & Worsfold, T.M., (2012). Changes to the benthos
following

experimental

suction

dredging

at Wrangle Sand, The

Wash

in

September 2011. Unicomarine Report ESFWASH11 to Natural England and the
Eastern Inshore Fishery and Conservation Authority, March 2012.
Smaal, A.C. & Zurburg, W. (1997). The uptake and release of suspended
and dissolved material by oysters and mussels in Marennes-Oléron Bay.
Aquatic Living Resources 10, 23-30.
van Stralen, M.R. & Bol, J. (2004) Assessment of survey techniques used by
Eastern Sea Fisheries (ESF) for mussel bed surveys in the Wash (UK). MarinXreport 2004.41.1
Volkenborn, N., Robertson, D.M., Reise, K. (2009) Sediment destabilizing and
stabilizing bio-engineers on tidal

flats: cascading effects of experimental

exclusion. Helgolӓnder Marine Research 63, 27-35.Weather Underground, Inc.
(2011). www.wunderground.com accessed on 19/08/2011.

Eastern IFCA Research Report 2011

251

Wilson, D.P., (1970). The larvae of Sabellaria spinulosa and their settlement
behaviour. Journal of the Marine Biological Association of the United Kingdom.
50, 33-52.
Worsfold, T., Hall, D., Ashelby, C. (2010) Unicomarine Procedural Guidelines
and Quality Control Systems, Version 5.0. March 2010.

Eastern IFCA Research Report 2011

252

