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1. Introduction
1.1. The Thames cockle fishing industry
Up until the late 1960s all cockles were collected by hand raking. Following a decline in the handraking fishery the hydraulic cockle dredge was developed by the White Fish Authority. This proved
successful although damage rates to cockles were initially high. The development of new
harvesting systems saw the introduction of the solids handling pump in the early 1990s, this
combined with other modifications to dredge design has meant that catch smash rates of around
20% in the 1970s have now mostly been reduced to below 5%.
As the industry modernised, new vessels were built with even greater catching capacity, which in
turn triggered the need for improved monitoring and management of the fishery. In 1991 new
European Shellfish Hygiene legislation came into operation, which proceeded to open up the
fishery and put increased pressure upon stocks, to a level that could be detrimental to its
sustainable long term production. To counteract this KESFC worked with the local cockle industry
to develop the present day level of fishery management.
1.2. Management of the cockle stocks
To help develop and protect the cockles within the district a series of byelaws were passed which
laid down the conditions by which people could remove cockles in a way that was deemed
sustainable. To this end there are byelaws limiting:
•
•
•
•
•
•
•
•

maximum vessel size
engine power
dredge size
minimum cockle size
maximum damage rate
closure of beds/closed season
fishing times and quantities landed
additional fishing permit requirements

The Thames Estuary Cockle Fishery Regulating Order came into operation in 1994 and covers the
major section of the fishery, only 14 vessels are licensed to fish for cockles within this area. An
important part of management has been policy that closes beds to commercial exploitation once
stock levels drop below set limits.
In addition to local vessels, traditionally up to 20 visiting vessels from the Wash and West coast
ports have worked the outer areas not covered by the Regulating Order. Skippers are required to
return catch data showing area fished, quantity taken and fishing time. Generally cockle beds
outside the regulating order have been opened for 1-4 weeks, with the decision to close based on
catch rates dropping below 1 tonne an hour. Although the fishing duration can be less than a
month the value of the cockles harvested from these sites has been up to £1.5M at first point of
sale.
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1.3. KEIFA response to mortalities in cockle stocks
In 2008 the Wash cockle fishery started to suffer significant cockle mortalities with losses reported
to be as high as 14,000 tonnes. In 2009 the Wash cockle fishery continued to show significant
mortalities (estimated to be 6,000 tonnes) and although the hand rake fishery remained open, the
lack of available stock meant that the dredge fishery was closed (this management regime
continued for 2010, 2011 and 2012).
In 2010 the KESFC decided to take a precautionary approach on the possibility of spreading the
cause of high cockle mortality in the Wash area by maintaining the closure of cockle beds outside
the area of the Regulating Order. This decision has been reviewed each year by the KESFC/KEIFCA
since then and the Authority has decided to maintain its precautionary approach and keep the beds
closed to all cockle fishing vessels.
Aims of this report:
This report aims to provide KEIFCA with an objective information from which management
decisions can be evidenced. This report focuses on the following aspect:
Review UK and European cases of recent mass cockle mortalities
Identify commonalities between mortality events and identify possible causative factors
Review management actions for managers faced with mortality events including
preventative measures
1.4. Overview of mass mortality in cockles
Cockle populations, like other bivalve species, suffer from periodic mass mortalities with resulting
population crashes. These events are not uncommon, having been reported for decades, and have
been associated with a variety of factors including disease, predation, pollution, recruitment
failures, over-fishing and most recently climate change (Ducrotoy et al., 1989). A number of
environmental factors have been implicated with cockle mortalities including algal blooms,
deterioration in water quality, eutrophication, temperature, salinity, and weather events such as
storms. These events have been reported with an increasing frequency and intensity in bivalve
species in the last 50 years (Walter et al., 2007; Hayes et al., 2001). See Table 1 for a synthesis.
What have become termed as ‘Atypical’ cockle mortalities have been reported in the UK since
2002. In order to provide clarity it is useful to provide a comparison of ‘typical’ and ‘atypical’
mortalities:
Characteristics of typical mortalities:
These are commonly episodic mortality events punctuating extended periods of recovery
and persistence of the population.
These are often associated with a clear causative agent.
These may manifest as a sudden catastrophic mass mortality or a prolonged event occurring
over a single season.
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Post-event the population either recovers to pre-mortality state of multiple year classes and
spatial distribution, or, in some instances, may be locally extinct for a period until
environmental conditions are suitable.
Characteristics of atypical mortalities:
These are chronic and persistent mortality events that repeat over a number of years.
May begin with a mass mortality of all year classes.
Mortality is chronic occurring (at low levels) over a period (e.g. mortality ~0.5% per day) but
there may be localised mass mortality instances within this period.
Characterised by moribund and dead cockles on sediment surface.
The causative agent for the chronic, low-level mortality is unclear although the periodic
localised mass mortalities may be associated with a particular factor e.g. heavy rainfall, high
temperatures etc.
The affected cockle population becomes characterised by low proportions of older or larger
individuals and dominated by small cockles of year 1 or year 2.
o It is likely that size rather than year is a key factor with mortality affecting individuals
larger than > 15mm
The typical population follows a cycle of spawning (year class 1 or 2) – chronic mortality
(year class 1 or 2) – spat settlement – fast growth (year class 0) – spring spawning.
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Table 1. Published “mass” mortality events reported for Cerastoderma edule. (Adapted from Malham et al., 2013)
Site
Burry Inlet
Burry Inlet
Burry Inlet

Year Class
Not reported
Not reported
Not reported

Associated factors
Unknown
Predation
Parasite: Bucephalus minimus sensu lato?

Burry Inlet
Burry Inlet, The Wash,
Thames, Whitstable,
Morecambe Bay
Lancashire and Cheshire
The Wash
Wadden Sea

Not reported
Not reported

Parasite: Gymnophallus minutus & stress
Harsh winter conditions – exposure

Not reported
Not reported
Not reported

Warm weather combined with reproductive stress
Unknown
Exposure

Wadden Sea

Not reported

Wadden Sea
Wadden Sea
Wadden Sea

Not reported
Not reported
Not reported

Freezing conditions
“delayed mortality” from winter
Parasite: Gymnophallus gibberosus
Parasite: Gymnophallus gibberosus
Predation by oystercatchers and overfishing, poor
Recruitment

Bay of Somme

Not reported

Eutrophication

Bay of Morlaix, France
Bay of Morlaix, France
Portugal
Portugal
Galicia, Spain

Juveniles
1 month + 1 month
Not reported
Not reported
Not reported

Galicia, Spain
Sweden
Sweden

Not reported
Not reported
3 mo / 1 yr

Predation by crabs
Low glycogen reserves and predation
Amoeba
Mycoplasma-like organisms
Granulocytomas (Minchinia) and disseminated
neoplasia
Disseminated neoplasias
Monorchis parvus
Predation by crabs

Date
Summer 1959
Winter 160-62
Winter 1962-63
Summer 1965
Winter 1974/1975
Winter 1962-63

Reference
Hancock & Urquhart, 1965
Hancock & Urquhart, 1965
Bowers, 1969

Summer 1933
1987
Winter 1970/1971;
1979/1980; 1985/1986;
1986/1987; 1987/1988;
1995/1996
Winter 1995/96
Summer 1996
Winter 1992/1993
Summer 2004
Winter 1978/1979;
1984/1985; 1985/1986;
1986/1987; 1990/1991
Summer 1981-1985;
1989; 1990
Summer 1993
Winter 1987-1991
Summer?
Summer 1991 and 1992
Summer 1997

Orton, 1933
Atikinson et al., 2003
Beukema et al., 2010;
Reise, 2003; Strasser et al.,
2001b

Spring 1999
Summer 1991

James et al., 1977
Hancock & Urquhart, 1964

Strasser et al., 2001b
Thieltges et al., 2008
Thieltges, 2006
Beukema, 1993;
Jensen, 1992a
Desprez et al., 1992;
Rybarczyk et al., 1996
Masski & Guillou, 1999
Guillou & Tartu, 1994
Azevedo, 1997
Azevedo, 1993
Carballal et al., 2003;
Villalba et al., 2001
Ordás & Figueras, 2005
Jonsson & André, 1992b
Möller & Rosenberg, 1983
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1.4.1. Physical Environmental factors
Water quality: Cockle populations are most commonly situated in tidal estuaries and sheltered
embayments. This exposes them to any natural or anthropogenic changes in water quality resulting
from inputs from the surrounding catchment. Eutrophication, the enrichment of an ecosystem by
inorganic nutrients such as nitrate and phosphate, may occur naturally but is commonly the result
of anthropogenic inputs from agricultural runoff (fertilizer) and sewage discharge. Eutrophication
has been linked with mass mortalities around Europe e.g. in the Bay of Somme in France in 1982
(Desprez et al., 1992) and, at sites in the Kattegat, Sweden 1980 onwards (Rosenberg & Loo, 1988).
The eutrophication does not directly act upon the cockles rather than it promotes algal blooms with
an associated increase in decaying organic matter in the sediment and water column. The bacterial
action on the decaying matter rapidly reduces the oxygen concentration in the water to a level
where they are considered anoxic. It is anoxia that is responsible for cockle mortalities along with
that of other species present including fish.
Anoxia is a typical symptom of sewage spills which are commonly responsible for fish kills in rivers
and have been implicated in cockle mortalities in some areas e.g. 1989, Ria Formasa, Portugal
(Mudge & Bebianno, 1997).
Extreme weather events: Cockles are an intertidal species and are exposed to a wide range of
physical environmental stressors for which they are adapted. Nevertheless, in extreme events their
tolerances may be exceeded and mortalities occur. Mass mortalities of cockles have been
associated with natural weather events including storm mediated disturbance and habitat loss,
extremes of temperatures and particularly cold winters.
Cold weather, particularly prolonged freezing conditions resulting in ice formation, can affect cockle
survival and particularly impact the smaller size classes. For example, the Wadden Sea experienced
a cold winter in 1995/1996 with ice flows causing scouring to intertidal mussel beds and cold
temperatures affecting the cockle population. Over 80% of cockles died during the winter period
with extinctions of 100% in high shore areas. There was also an effect on survival during spring
when further mortalities occurred in adult animals (Strasser et al., 2001). The cold winter of 1963
affected cockle beds across England and Wales with mortalities reported in the Burry Inlet,
Morecombe Bay, the Thames, the Wash and Whitstable (Hancock & Urquhart, 1964).
Storm events may have catastrophic impacts on the sand flats in which the cockles at situated; a
single storm event may scour the surrounding sediment and subsequently the cockles themselves
from the bed. The prevailing sedimentary processes in the estuary or embayment may replace or
return the sediment over time and recruitment of cockles to the denuded beds can be high
(Ducrotoy et al., 1989). Conversely, winter storm events may redistribute or scour juveniles from
more exposed areas, a process that may dictate the pattern of adult distributions on the bed
(Olaffsson et al., 1994)

Cockles are tolerant to a temperature range of ~0 oC to 36oC. It has been shown cockles are
tolerant to temperatures up to 34°C with a subsequent lethal step at 36°C after which mortality
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occurs (Kristensen, 1957). It appears that newly settled spat and young cockles are more tolerant
to high temperatures than adults; this may be an adaptation to their summer recruitment period.
Salinity: The salinity range of cockles is temperature related but has been reported as being
between 15 psu and 35 psu and it is fair to assume that these are good approximate thresholds
(Boyden & Russell, 1972). Mortalities related to high salinities (hyposalinity) are not reported but it
is assumed that they are possible especially in warm weather where standing water may evaporate
increasing salinity. Mortalities related to low salinities are more likely given the potential for cockle
beds to be exposed to heavy rainfall and fresh water influxes from there surrounding catchment.
Mortality of young spat (1-2 mm) has been recorded in the Dutch Wadden Sea after heavy rain
flushed the beds with fresh water, the adult cockles were able to dig deeper into the sediment and
find refuge (Kristensen, 1958).
1.4.2. Anthropogenic Factors
Pollutants: Industrial and other anthropogenic chemical pollutants can affect the health of cockles
and can in some cases be the cause of mortality events. The Sea Empress oil spill resulted in the
mortality of cockles in Angle Bay, Pembrokeshire and hydrocarbon contaminants have been
reported to affect cockle health factors including immune function, gonad development and DNA
damage (Fernandez et al., 2011; Timmermans et al., 1996; SEEEC, 1998; Wootton et al., 2003 a&b).
Cockles have been demonstrated to be sensitive to Tributyltin (TBT) in microcosm studies where
100% died with 2 weeks of exposure to high concentrations and in another experiment there was a
cumulative mortality even at low TBT concentrations over 17 weeks (Beaumont et al., 1987). It is
well established that compounds such as TBT have negative effects on molluscan reproductive
health and TBT has been shown to be responsible for recruitment failure in bivalves, either through
larval mortality or preventing reproductive output (Bryan & Gibbs, 1991).
Heavy metal pollutants such as copper, mercury and zinc are well understood to affect the
development of embryos of marine bivalves; in Europe mussel and oyster embryo development
toxicity tests are commonly used as an effective monitoring tool for the presence of toxic chemical
contaminants (e.g. Beiras & Bellas, 2008). Contamination of sediments and water may affect the
survivability of cockles and influence patterns of distribution within estuaries. Exposure of adult
cockles to heavy metal contaminants has been demonstrated to cause mortality over the longterm; transplantation of cockles into highly polluted sediments resulted in 10-15% mortality within
63 days and 100% within ~4 months (Bryan & Gibbs, 1983). Cockles exposed to cadmium have
been shown to affect survivorship when infected with pathogenic organisms (trematodes
Himasthla elongata and bacteria Vibrio tapetis) (Paul-Pont, 2010).
Environmental pollutants often have sub-lethal effects that may compromise the health of cockles
but that are not ultimately the cause of mortality. Some pollutants may accumulate or affect
certain tissues in the cockle (Cheggour et al., 2001). When these sub-lethal effects are
compounded with other stressors such as a pathogen they may result in mortality, e.g cockles
exposed to cadmium have shown reduced ability to endure digenean parasite infections
(Baudrimont et al., 2005).
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1.4.3. Pathogens and disease
Bivalve molluscs such as cockles are host to variety of infectious pathogens, including viruses,
bacteria, fungi, rickettsiae-like organisms (RLOs), and protozoans and metazoans. It is beyond the
scope of this study to present them all but comprehensive reviews of bivalve diseases and parasites
are available by Lauckner (1983) and Sindermann (1990) and more specifically of cockles by
Longshaw & Malham (2013). A table of reported infectious agents, parasites and pathogens is
presented in Table 2 at the end of this section.
Viruses and virus-like particles: Surprisingly, viruses infecting bivalve molluscs were first reported
as late as 1969 (Farley, 1969). The main groups of bivalve virus include: irido-like viruses, herpeslike viruses, papova-like viruses, birnaviruses and reoviruses (Elston, 1997). Viruses are known to
cause a variety of pathologies at a cellular level, including necrosis, haemocyte damage, nuclear and
mitochrondrial swelling which can result in mortality, particularly in juveniles (e.g. Jones et al.,
1996; Renault et al., 2000; Friedman et al., 2005).
Disseminated neoplasia is a proliferative cell disorder of the circulatory system of marine bivalves
that has analogies with certain criteria of malignant tumors (Barber, 2004). Disseminated neoplasia
is characterised by the presence of large (2-4 times the diameter of normal haemocytes) cells in the
haemolymph. The disease is progressive and can result in severe mortalities in cockles (Villalba et
al., 2001). Due to its transmissive nature from cockle to cockle an infectious agent such as a virus
has long been suspected as the cause of the disease. Recent studies have indicated that a retrovirus
may be responsible (Twomey & Mulcahy, 1998; Collins & Mulcahy, 2003; Romald et al., 2007).
Bacterial disease: Bacteria have been associated with cockle mortalities and are the causative
agents for disease in other marine bivalves (Azevedo, 1993; Carballal et al. 2001). The bacterium
Vibrio tapetis is more commonly reported as causing Brown ring disease in clam species (Ruditapes
spp.) but has been reported to be present in cockles (Palliard, 2004). Although not associated with
mortalities in the wild, this bacteria has been reported to kill 100% of cockles under experimental
conditions (Pont-Paul, 2010).
Anaerobic pathogenic bacteria have been implicated with cockle mortalities that result from
changes in the cockle behaviour; the presence of these bacteria has been associated with changes
in cockle burrowing behaviour leaving them exposed at low water (Blanchet et al.,2003 ; de Zwaan
et al., 2002).
Fungi: Fungal infections of cockles are less often reported and are not generally directly associated
with mortalities. A study of cockles from Baie des Yeys, France, reported that surfaced cockles had
a higher prevalence of a Steinhausia fungal parasite than those collected from the sediment
(Comtet et al., 2003).
Protozoan Parasites: There are a wide range of protozoan parasites found in the tissues and
organs of cockles. Although commonly found in ostensibly healthy cockles protozoan parasites
have been implicated in cockle mortalities throughout Europe e.g. mortalities of cockles in Portugal
has been linked to Nematopsis spp. which affected gill tissues leading to death (Azevedo & Cachola,
1992). Haplosporidian protozoan parasites are well reported in cockles and have been implicated
in mortalities where they have affected a variety of tissues including gills, gonad and digestive gland
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(Azevedo et al., 2003; Villalba et al., 2001). Cockles examined during a recent mass mortality in
southern Spain in 2008 were found to have a high prevalence of a Marteilia sp., and although not
thought to be the sole cause of the mortality it is likely that the parasite played a contributing role
(Carrasco et al., 2011, 2012).
Digenean parasites: Digeneans are the most common metazoan parasites in marine invertebrates.
These parasites have a variety of effects that can affect the health of the cockle host; effects
include reduction in reproductive output and castration, modification of burrowing behaviour and
reduction in the ability to burrow, increased energy demands on the host and a decrease in
resistance to environmental stress (Longshaw & Malham, 2013).
Digenean parasites are reported to alter the burrowing behaviour of the cockle resulting in them
remaining exposed and vulnerable to predation (Thieltges and Reise, 2006). Cockles collected from
the sediment surface during a 2004 mortality event in the Wadden Sea where reported to have a
ten-fold higher prevalence of the digenean Gymnophallus choledochus than buried cockles. The
digenean was found to have filled almost the entire body effectively eliminating the gonad and
causing mortality in the adult cockles. It is rare however that parasitism alone is responsible for
mass mortalities but they may be the indirect cause in already weakened animals (Desclaux, 2002;
2004).
Parasites can reduce the host’s resilience to environmental stressors such as temperature and
hypoxia which in combination may affect mortality; cockles infected with the digenean Himasthla
elongate exposed to hypoxia for 30 hrs showed a significantly reduced survival than uninfected
cockles (Wegeberg and Jensen, 1999)
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Table 2 Table of Summary of parasites/diseases/commensals reported in Cerastoderma edule adapted from
Longshaw & Malham, 2013. Key: – No effect recorded or negligible impact; + Localised pathology, limited
effect on survival; ++ Individual mortality or impact on growth, metabolism; +++ Population level effect,
mass mortalities reported.
Taxa
Virus
Bacteria
Bacteria
Bacteria
Bacteria
Bacteria
Fungi
Microsporidia
Microsporidia
Microsporidia
Apicomplexa
Apicomplexa
Apicomplexa
Amoeba
Ciliophora
Ciliophora
Ciliophora
Ciliophora
Perkinsozoa
Haplosporidia
Haplosporidia
Haplosporidia
Haplosporidia
Cercozoa
Turbellaria
Turbellaria
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Digenea
Cestoda
Nematoda
Crustacea

Species/name
Disseminated neoplasia
Mycoplasma-like
Vibrio tapetis
Rickettsia-like organisms
Chlamydia-like organisms
Extracellular bacteria-like organisms
Fungi of Bowmer et al., 1994
Steinhausia sp.
Microsporidia of Comps et al., 1975
Unikaryon legeri in G. minutus
Nematopsis portunidarum
N. schneideri
Pseudoklossia sp.
Unidentiﬁed amoeba
Hypocomella raabei
Sphenophyra cardii
Hypocomidium fabius
Trichodina cardii
Perkinsus sp.
Haplosporidium edule
Minchinia tapetis
M. mercenariae
Urosporidium sp. in Paravortex cardii
Marteilia sp.
Paravortex cardii
P. karlingi
Bucephalus sp. of Matthews, 1973
Bucephalus sp. of Pina et al., 2009
Himasthla elongata
H. interrupta
H. continua
H. quissetensis
Curtuteria arguinae
Gymnophallus choledochus
G. gibberosus
G. fossarum
G. minutus
G. strigatus
Asymphylodora demeli
Monorchis parvus
Psilostomum brevicolle
Renicola roscovita
Diphterostomum brusinae
Parorchis acanthus
Anatinella brachycephala
Unidentiﬁed
Herrmanella rostrata

Impact
+++
+++
+
+
+
+
–
+
+
–
+
++
–
+++
–
–
–
–
+
+
+++
+++
–
+++
–
–
+++
–
++
++
++
++
–
+++
+++
+
+++
+
–
+++
–
–
–
–
–
–
–
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Crustacea
Crustacea
Nemertea

Mytilicola intestinalis
Pinnotheres pisum
Malacobdella grossa

+
–
–

2. Case Studies of Recent UK Mortality Events
Reference: Discussions with Environment Agency staff, the archived SWSFC reports, author’s own
notes, technical reports referenced in the text.
2.1. Burry Inlet, South Wales
The Burry Inlet is the west facing estuary of the River Loughor that flows into Carmarthen Bay,
south Wales. The estuary is characterised by extensive saltmarsh and sand flats. A commercial
cockle fishery has taken place in the Burry Inlet since Roman times and has continued through the
middle ages to the present day. The fishery has always been hand-worked traditionally using a rake
and riddles. The Burry Inlet Cockle Fishery Order was established in 1965 to enable effort limitation
through the issue of a limited number of permits. Numbers of licenses issued have ranged from 4367 and currently there are 45-50 issued. The Order was originally granted to the South Wales Sea
Fisheries Committee (SWSFC) who managed the fishery up until 2010 when the Environment
Agency became the grantee following the reorganisation of sea fisheries management by Welsh
Government.
The Burry Inlet is a site of conservation interest as it is in an internationally important overwintering
site for wildfowl and wading birds including oystercatchers and knot that rely on cockle prey. As a
consequence the Burry Inlet is Special Protection Area (SPA) under the EC Birds Directive, a Special
Area of Conservation (SAC) under the EC Habitats Directive and a Ramsar Site under the
International Convention on Wetlands.
The Burry Inlet cockle stocks have suffered from unexplained annual mortality events since 2002.
This mortality has become cyclical and continues to present. This has resulted in a population size
structure dominated by a single year class of 1 year olds cockles. The unusual population structure
and recruitment dynamics of the Burry Inlet stock present unique fishery management challenges
for managers particularly given the sensitive conservation designation of the site. These mortalities
have occurred during the main gathering season over the summer and recent estimates indicated
and economic loss to the commercial fishery of £14 million in the period 2003-2007.
Figure 1. As an indication of the effect of the mortality on the population and economic impact on the
industry this figure demonstrates cockle landings (expressed as tonnes and value) in the Burry Inlet between
1993 and 2010 (after Millar, in Elliot et al., 2012)
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2.1.1. Burry Inlet mortality timeline based upon SWSFC reports
Chronic cockle mortality has occurred in the Burry Inlet since August 2002:
Year

Description of mortality events

2002

The mortality events in 2002 were associated cockle fishery closures due to atypical diarrhetic shellfish
poisoning (aDSP). Although not thought to affect cockle health, the biotoxin aDSP human health risk if
contaminated flesh is consumed. The first mortalities were reported in August 2002 on School Beds (Ochwr
Draw) after the closures were lifted. Reports at the time suggested that the mortality had been occurring
for some time and the bed was unworkable due to dead shell. The mortality event continued until the
autumn when few live cockles remained on the beds.

2003

Heavy cockle mortalities were reported between May – July of 2003 affecting cockles from year classes 1
and 2. The mortality was first reported on the Pencladd beds on the south shore of the estuary and
coinciding with warm weather. The mortality was shortly thereafter reported on the north shore of the
Burry Inlet around the Rudder Gutter area. Mortalities were reported from all beds by September. The
2003 recruitment was reported to be successful and the spat growing well by September.

2004

Cockle mortalities were again reported throughout the spring and summer of 2004. In 2004 the population
was dominated with a large year class 1 a small proportion of surviving older year classes. Timing was now
thought to coincide with spawning. The spatfall of 2004 was the largest in living memory and growth was
again high. This was attributed to the absence of competition for space and food due to the demise of the
parental year class.

2005

The cockle mortality began in May and June in 2005 affecting the year 1 cockles and surviving individuals
from older year classes. A catastrophic mortality of year 1 cockles occurred in late July 2005 across the
whole of the estuary. The amount of dead and dying cockles exposed at low water caused reports of the
smell from the surrounding hinterland. This particular event has been associated with a sewerage pipe
breakage and spill although no other species appeared affected. A Cefas survey in November 2005
estimated mortality rates of 99.5% and 96% on the north and south shore respectively.

2006

Cockle mortalities began in May 2006 affecting all areas. The progression of the mortality continued as in
preceding years of dead and moribund 13 to 15mm cockles being observed on the surface each tide.
Mortality of over 90 % had occurred by late August on both north and south shores.

2007

The 2006 year class recruited successfully and was distributed across all commercial beds with little sign of
mortality in early spring giving rise to hope for a recovery. Unfortunately mass mortalities began in early
April 2007 during a period of dry, warm weather that coincided with neap tides. It was estimated that the
majority of north shore cockles had died by early June 2007. The mortality on the south shore was chronic

13 | P a g e

Cockle Mortality and Biosecurity Management Review
affecting cockles before they reached the MLS of 17.5mm.
2008

Mortalities occurred in early spring and continued over the summer of 2008. Cefas reported that the 2008
recruitment was poor (below the arithmetic mean)

2009
onwards

Following the disbanding of SWSFC in 2009 the Environment Agency Wales have managed the cockle
fishery. The mortalities have followed a similar pattern of recruitment-growth-spawning-mortality of year 1
cockles up to the present.

2.1.2. Typical pattern of mortality events in Burry Inlet
The initial mortalities in 2002 and 2003 reduced the Burry Inlet cockle population to a state
dominated by spat of the year by the winter of 2003. The older year classes, having been the focus
of 2 years of mortality, accounted for < 5% of the cockles collected in the Cefas surveys of that year.
By spring of 2004 the survival of the population was reliant of the successful spawning and
subsequent recruitment of the 2003 year class. This population year class structure has been
maintained to the present day through a cycle of spawning-mortality. The cycle can be described:
1. Year 1 cockles spawn in spring April/May (subsequent spawning may occur later in the season)
2. Mortality of Year 1 cockles larger than ~15mm begins, characterised by moribund and dead
cockles on surface. Dead cockles can be found still buried. This continues affecting a small
proportion of the population per day throughout the spring and summer until 90+% have died.
3. Spat cockles recruit to the beds during late spring/early summer.
4. Spat cockle exhibit rapid growth throughout the summer and autumn reaching and average
shell length of 12mm by November.
5. Spat cockle generally overwinter well.
6. The spat cockle, now Year 1, grow quickly in spring and spawn repeating the cycle.

Figure 2. Diagram of the progression of spawning/mortality cycle reported in Burry Inlet
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2.1.3. Characteristics of atypical mortality in Burry Inlet.
1.
2.
3.
4.
5.

Begins in spring during April or May coinciding with spawning times.
Characterised initially by moribund and dead cockles on sediment surface.
Healthy cockles in the sediment are still able to rebury.
Low and high density beds can be affected.
Mortality is chronic occurring over the spring summer and autumn until 90+ % mortality
(the authors own observations have suggested a mortality rate ~0.5% per day)
6. Localised mass mortality instances within this period associated with a particular factor e.g.
Few individuals
heavy rainfall, high temperatures, gathering disturbance etc.
survive to Year 2
7. Mortality affects individuals larger than > ~15 mm. Older year classes may survive in a size
refuge on the higher areas of the bed where growth is slow.
8. Initial mortalities are not estuary-wide but may begin on one bed while adjacent areas
unaffected. The other beds usually follow suit within two weeks.
Figure 3. Affected cockle bed north shore Burry Inlet. This bed was exhibiting the first signs of
mortality and was approximately 5 days into the event when this photograph was taken. Cockles
were relatively small between 15-20 mm shell length.
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Figure 4. A close up view of an accumulation of dead and moribund cockles. Note the typical flaccid
foot extending from the shell.

Figure 5. A catastrophic mass mortality that occurred in 2005. The whole of the north shore of the
Burry Inlet was affected with near total mortality occurring in a short time.
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2.1.4. Investigations into cause of mortality in the Burry Inlet.
The importance of the Burry Inlet cockles to the socio-economics of the region and their role in
underpinning the food web in this key conservation site focused a great deal of concern when it
became apparent that the mortality events were reoccurring annually.
A number of theories about potential causes were postulated by the cockle industry, who spend
most time on the estuary, and by biologists and managers. Water quality in the Burry Inlet was
highlighted as a potential factor after a sewage spill in 2005 resulted in a mass mortality of cockles
already suffering from the effects of the atypical mortality. Literature references suggested a
disease or pathogen was likely. The timing of the mortalities made post-spawning stress and
elevated temperatures a possibility too.
Although SWSFC initially sent samples to Cefas Weymouth for analysis, the results were
inconclusive and further work was considered warranted. Two studies have been undertaken in
the Burry Inlet; the first study was instigated by SWSFC and the regional fisheries association (South
and West Wales Fishing Communities Ltd) using FIFG funding and involving researchers from
Bangor University; the second was a multi-disciplinary study funded by Welsh Government,
managed by the Environment Agency, and coordinated by Hull University.
Key findings of the investigations:
The short 2008 study (Malham, et al., 2008) investigated a range of environmental and biological
factors including water quality data from catchment rivers and immunological status of the cockles.
The results
“No single cause of mortality of the cockles in the Burry Inlet and Three Rivers Estuary has been identified.
This suggests that the cause is not a single environmental or pathological factor. It is likely that a number of
co-occurring factors contribute to the mass-mortality events”

From, A report into the causes of mortality of the edible cockle (Cerastoderma edule) in the Burry
Inlet and Three Rivers, South Wales (Malham, et al., 2008)
The 2009-2011 study (Elliot, et al., 2012) was comprehensive and multifactorial and built upon the
previous work. The two year study involved a combination of desk-based, field-work and
laboratory analysis. Key aspects of the study:
Scientific Reviews: Water quality, physical characteristics of the estuaries and the cockle
beds, ecology and dynamics of cockles, other bivalves and the other sandflat fauna, cockle
individuals and health);
Field, laboratory and Analysis: Water quality, ecology and dynamics, cockle Individuals and
health, combined data analysis);
Fisheries Management: review and recommendations for stock management
Key findings over page.
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“1.1 The conclusions of this report are based upon the analyses of the new and existing data together with
knowledge of the biology of cockles. No single, clear cause of the mortalities has been identified. It is clear,
however, that there may be several causes and that the cause(s) of the initial trigger may differ from the
cause(s) of the continuing mortalities.
1.2 The analysis and interpretation here enables us to conclude that the Burry Inlet populations have gone
from an apparently stable population, composed of several age classes and supporting a lucrative fishery, to
one in which high recruitment produces a first-year cohort which has good growth, and gives an early and
successful reproduction (spawning) based on an increase in fatness. That spawning is then followed by death
which could be the result of overcrowding, parasite load, energy imbalance, and/or condition loss together
with a lesser influence of sedimentation. However, it is still not possible to determine the relative influences
of each of these on total mortality and indeed whether some are causes or merely symptoms of the problems
observed.
1.3 There is no evidence to show that pollution in the water or sediment is a cause of mortalities but the
nutrient and organic conditions in the Burry Inlet are producing good growth of young cockles. With time,
one would then expect one of two alternatives – either this new state stabilises and becomes typical for the
area or the population gradually regains its former characteristics with an increasing number of older
individuals remaining to rebuild the typical age structure.”

From, Burry Inlet Cockle Mortalities Investigation 2009-2011 (Elliot, et al., 2012)
With relevance to the focus of this report the histological sample analysis carried out by Cefas
reported that a diverse number of parasites are found in the Burry Inlet. When compared to
analyses carried out in 1999 and the mid-2000s they found an increase in parasite numbers and
types. The authors concluded that there was no clear statistical evidence of a direct causal
relationship between parasite infestation and cockle mortality in Burry Inlet and that the death of
the most infected cockles may have resulted from the interaction of parasite infection with other
factors in weakening cockles.
“Both increases and a change of type of parasites in the cockles were seen in cockle samples compared with
those taken in studies in the late 1990s. These changes can have health consequences for the cockles.
However, it is concluded that this parasitism is not sufficient alone to cause the cockle mortalities.”

2.2. The Three Rivers Estuary, South Wales
Reference: Discussions with Welsh Government Fisheries Unit, the archived SWSFC Directors reports,
authors own notes, review table in Elliot et al., 2012
The Three Rivers estuary is an estuarine complex of three rivers, the Gwendraeth, the Towy and the
Taf. Situated in the north of Carmarthen Bay this estuary is 12 km away from the Burry Inlet. The
estuary is characterised by extensive sand flats and areas of extensive saltmarsh. The Three Rivers
estuary is a site of conservation interest as it is in an internationally important overwintering site
for wildfowl and wading birds including oystercatchers and knot that rely on cockle prey. The
estuary is part of the Carmarthen Bay and Estuaries SAC and the oystercatchers and knot using the
estuary are considered to be features of the Burry Inlet SPA.
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A commercial cockle fishery has taken place in the Three Rivers for at least as long as those in the
Burry Inlet. Cockle beds in the Three Rivers are present in all three rivers but are comparatively
smaller than those found in the nearby Burry Inlet. The Three Rivers cockle fishery is relatively
episodic relying on favourable recruitment and survival of cockles. When conditions allow the
cockle fisheries in the estuary are very productive and economically valuable to the local
processors.
Table 3
Year

2005

Description of mortality events
The first mortality events reported on the Three Rivers estuary occurred in 2005. A successful settlement of
the 2004 year class resulted in a fishery operating from midsummer. Reports from fishery officers in August
2005 suggested a significant mortality on a bed at Llansteffan on the Towy. An estimated loss of >5000
tonnes loss during August effectively closed the fishery. The mortality manifested itself by large numbers of
moribund and dead cockles on the surface of the sediment. This affected the dense bed at Llansteffan
where the focus of the fishery had been but was also recorded on low density cockle beds over 500 m away
on separate sand banks. By the winter of 2005 effective mortality was >95% of the population.

2006

Surveys carried out in April 2006 indicated that the Llansteffan beds had < 50 tonnes of cockles on them
compared to the 8000 tonnes in the previous year. The densest bed in the Three Rivers estuary was
reported at Laugharne (Llan-y-bri) on the Taf. This bed began to show signs of mortality in May 2006. A
monitoring study was established at the site with regular sampling carried out during the summer. The
results of this study suggested an initial mortality rate of ~7% per day in May/June. Mortality was
estimated to be 50% by August 2006. Further mortalities were reported in survivors in December
2006/January 2007 coinciding with a period of particularly stormy weather.

2007

Cockle mortalities were reported on beds at Llansteffan and the Gwendraeth in May/June 2007. The
mortality manifested itself as previously by a small number of moribund and dead cockles sitting on the
surface with amount of dead shell accumulating throughout the period. By September cockles at
-2
-2
Llansteffan have declined from 69 m to 6 m (91% mortality)

2008

The first mortalities were reported at Laugharne in late April with significant amounts of dead cockles being
reported. Although the mortalities continued over the summer a fishery opened in September but with
limited gathering due to the absence of > 19mm MLS cockles (~23mm shell length). Surviving cockles were
small with a 15-17mm shell length.

2009

Survey in Spring reported fast growing Year 1 cockles in the Three Rivers estuary. The first mortalities
occurred at Llansteffan at the end of May with other beds including the Gwendraeth following in June. The
fishery 2009 was short-lived and landed only 45 tonnes of cockle due to lack of stocks. A good recruitment
was reported in September with 5 mm spat present in the estuary.

2010

The local cockle industry commissioned a series of assessments over the summer 2010 in order to raise
awareness of mortality events occurring in the Three Rivers estuary. These reports described a widespread
mortality in all estuaries Gwendraeth, Llansteffan, Laugarne and Llan-y-bri (also at Laugarne). These
mortalities manifested in a similar manner as those previously with moribund and dead cockles on the
sediment surface. Year 1 cockles grew well with a shell length range of 16-25+ but all were affected along
with surviving year 2s. The mortality began in late May and continued over the summer, no mortality
estimates are reported but anecdotal information from processors suggests that it was >90%.
Only cockles were affected with other invertebrate species appearing to persist over the period.

2010 present

The cockle mortalities have continued in the Three Rivers since 2010. Welsh Government Fisheries Unit
were unable to supply any information.
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Figure 6. Moribund and dead cockles at Llan-y-bri (Laugharne) in June 2010.

Figure 7. Dead cockle on the surface being feed upon by the polychaete Scoloplos armiger at Llan-y-bri
(Laugharne)
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2.3. Dee Estuary
Reference: Discussions with local cockle industry, Environment Agency press releases, review table in
Elliot et al., 2012
The Dee estuary is a large estuary located between north Wales on the west and the Wirral on the
east. There are five main cockle beds in the estuary at West Kirby, Thurstaston, Bagillt, Mostyn and
Salisbury Bank. The extent of the cockle beds is thought to be recruitment mediated and with
inter-annual fluctuations (Hough & Holt, 2012).
Prior to the Regulating order introduced in 2008 the fishery tended to be seasonal with high
gathering effort, followed by a hiatus until the next spatfall had reached an economically
harvestable size. Although permits were issued under Bylaw there was no means of effort limitation
which saw a peak of 1017 permits being issued in 2002. Since the introduction of the Regulating
order a cap on effort has been imposed of 50 licences issued on the basis of experience of active
and material participation in the commercial Dee Estuary cockle fishery.
An Environment Agency press release reports a series of mortalities occurred in the summer 2009
on the West Kirby and Thurstaston beds. A mortality estimate of 15-20% was reported by EA staff
and was attributed to heat stress. On some beds barnacle fowling on the cockles was reported and
associated with localised 75% mortality. It is presumed that these cockles were unable to fully bury
themselves and remained exposed to become fouled. On the Thurtaston beds smothering by alage
was attributed to localised mortalities of up to 90%.
Anecdotal reports from experienced cockle gatherers and processors suggest that mortalities
similar to those occurring in the Burry Inlet and Three Rivers do occur on the Dee beds but at a
lower intensity. The industry reports sporadic instances of moribund and dead cockles on the
sediment surface. This is attributed to weather and other stressors by EA officers.
In June 2010 the Dee cockle beds opened for a limited time in a precautionary measure to reduce
densities and prevent mortalities. The beds were due to open on 1st July 2010 but opened 3 weeks
early after concerns were raise following survey work reported very dense beds and the onset of
warm weather. The survey showed that there were high numbers of one year old cockles in the
beds but lower numbers of older cockles than in 2009.
2.4. Traeth Lafan (Lavan Sands)
Reference: Discussions with Welsh Government Fisheries Unit, review table in Elliot et al., 2012
Traeth Lafan (Lavan Sands) is a large intertidal area of mud- and sand-flats in Conway Bay at the
eastern boundary of the Menai Straits, north Wales. There has traditionally been a cockle fishery at
the site for over 200 years. The site is also an important overwintering site and SPA for wading
birds and waterfowl specifically Oystercatchers (Haematopus ostralegus) which utilise Traeth Lafan
as a refuge site from the Dee Estuary.
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The cockle fishery at Traeth Lafan has historically been considered to be relatively stable although
the pattern of spat fall may have changed from a distinct spring spat fall to a more protracted
period of recruitment over the spring and summer.
Mortalities have occurred at the site since 2008 when a large area (~80 ha) high density bed
suffered mortality rates above those considered usual. The same bed was affected in 2009 when it
suffered high mortality. There was a successful recruitment after both events and the population
persisted although with no cockles older than year 3. Cockle surveys in 2010 and 2011 reported
insufficient cockles above MLS to allow the opening of the fishery along with high density of spat.
The 2011 survey reported significant quantities of cockle shell on the surface. 2012 surveys
reported a good recruitment and sufficient stock for a fishery (1908 tonnes) but this had reduced
significantly by December even though delays in issuing permits prevented legal fishing in the
intervening period.
The concurrent mortalities in 2008-9 combined with the subsequent loss of year classes and small
size of the population are similar to the situation in sites affected by atypical mortality. The rapid
loss of cockles between surveys in 2012, despite suggestions of poaching activity, suggest that
Traeth Lafan may be also affected and should be monitored for continued mortalities.
2.5. Dyfi (Dovey) Estuary
Reference: Discussions with Welsh Government Fisheries Unit, authors own notes, review table in
Elliot et al., 2012
The Dyfi (Dovey) Estuary is a small estuary on located on the west coast of Wales on the boundary
between Ceredigion, Gwynedd and Powys. The estuary has extensive sand- and mud-flats, and
large areas saltmarsh. The Dyfi estuary is a SPA for wildfowl specifically the Greenland Whitefronted Goose (Anser albifrons flavirostris).
There has been a small intermittent hand worked fishery in the Dyfi estuary traditionally worked by
local fishermen but increasingly subject to the attentions of cockle gatherers from other areas.
Anecdotal accounts report a mortality occurring in the estuary in 2001 but there are no details of
the extent or intensity of the die off. A subsequent mortality occurred in 2008 when a significant
proportion of the population died over the summer period. As a consequence of the mortality a
large amount of dead shells were deposited on some areas of the estuary which were subsequently
colonised by mussels. Current estimates indicate that the cockle population is at lower levels that
have been historically present.
2.6. Angle Bay
Reference: Discussions with Welsh Government Fisheries Unit and CCW, authors own notes, review
table in Elliot et al., 2012
Angle Bay is a sheltered bay close to the seaward extent of the Milford Haven waterway, south
Wales. Angle Bay is within the Pembrokeshire Marine SAC and is characterised by varied bedrock
outcrops and sediment types which support a diverse range of marine and littoral communities
including Zostera eel grass. The sand and muddy sand communities are considered important and
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also provide feeding grounds for passage and wintering waterfowl. A small periodic cockle fishery
has traditionally occurred in Angle Bay.
Cockle mortalities were first reported in 2005 when a large proportion of the population died in
mid-summer. This cockle bed has had repeated mortalities with peaks in midsummer since then
but is not well studied. Anecdotal reports from CCW staff confirm a small mortality in the summer
2009. Discussions with Welsh Government staff suggest that there is a reoccurance annually but
there is no information on intensity.
2.7. The Wash, Norfolk
Reference: Research Reports of Eastern IFCA and its predecessor, ESFJC and discussion with Eastern
IFCA Senior Research Officer Ron Jessop.
The Wash is a large embayment on the east coast, running from Gibraltar Point in Lincolnshire to
Hunstanton, Norfolk. The area is characterised by large intertidal sand and mudflats, and is a
designated European Marine Site (SAC and SPA). The Wash is a significant shellfish production site,
and the fishery is important locally, managed under a Regulating Order by Eastern IFCA. The IFCA
undertakes full annual and partial biannual stock assessments of the cockle beds, which are fairly
extensive throughout the regulated beds within the estuary.
The growth rate of Wash cockles is relatively steady compared to other areas, and is variable
throughout the production area, with a general correlation between longer immersion times, lower
elevation and faster growth. Cockles within a given year-class or cohort might take two years to
achieve marketable size (14mm shell width which equates to a shell length of ~20mm) on fastergrowing beds, and three or four years on slower-growing areas (Jessop, 2011).
Spatfall, retention and recruitment has been shown to vary in relation to seasonal temperatures
and the prevailing wind during the winter after spatfall; in recent years, the strongest year classes
have been produced every other year, with recent fisheries provided by 2006 and 2008 year-class
cockles.
2.7.1. Nature of the Wash mortality events
The 2009 Research Report of Eastern IFCA (then ESFJC) reported large unexplained die-offs
observed during the summer and autumn of 2008 (Jessop, 2009). The mortality had predominantly
affected the 2006 year class, and particularly in areas where it was soon to attain harvestable size.
Losses in these areas (the Gat and Wrangle beds) were estimated at over 90%, with other areas
experiencing mortality of between 35% and 88%.
The die-offs were remarkable in that they did not resemble “normal” mortality events, often
referred to as “ridging out”, which is related to high densities of cockles and competition for space.
In contrast to ridging out, which tends to be sudden and acute, but not persistent, the new
“atypical” mortality was characterised by a protracted period during which approximately 1-2% of
the stock in an affected area was estimated to die each day, accumulating over that time to account
for a significant proportion of the stock.
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Subsequent years saw similar atypical mortality events. The 2011 Research Report (Jessop, 2011)
estimated that the phenomenon had accounted for approximately 26,000 tonnes loss between
2008 and 2011.
Year

2008

Description of mortality events
Large losses on most beds due to an unexplained die-off during summer and autumn, affecting 2006 yearclass cockles. This was the first year that symptoms of this sort – long, protracted low-level mortality over a
period of time – had been observed in The Wash. Estimated losses of 14,000 tonnes to unexplained (nonfishery) atypical mortality. Mortality was apparently not density-dependent, occurring even on beds with
2
densities as low as 10 cockles per m .

2009

Spring surveys in early 2009 confirm heavy losses since spring 2008 of over 90% of biomass on the Gat and
Wrangle beds, with other beds registering between 35-88% losses. A new bed was discovered (the Dills)
which allowed a decent handworked fishery, but winter surveys indicated that mortality within the 2006
cohort continued throughout the summer and autumn. Samples of moribund cockles were sent to Cefas in
June. These are later revealed to contain high numbers of Haplosporidian parasites concentrated in lesions
within the cockles.

2010

Spring surveys this year suggest losses in 2009 to atypical mortality of 6,000 tonnes (compared to 1,400
tonnes removed by the fishery), with over 80% losses on high productive areas such as the Gat and
Holbeach. It has now become difficult to identify sufficient densities of adult cockles for a dredge fishery,
so this remains shut this year. A handwork fishery is opened, with 29 vessels eventually taking the quota of
just over 2,000 tonnes by December.The productivity study initiated in part as a result of the die-offs in
2008 reaches a preliminary conclusion that food availability is unlikely to be a contributing factor to
mortality. By now, all the faster-growing beds usually responsible for supporting a fishery have been
affected by losses – even the new Dills bed sustained a loss in stock that well exceeded what was removed
by the fishery. Most cockles of marketable size are now sparse and mixed with juvenile year classes –
except some relatively high density patches on Thief and Whiting Shoal, consisting of 2008 cockles.
Losses between spring 2009 and 2010 of up to 100% on inner beds to the east of The Wash; an estimated
5,800 tonnes to non-fishery mortality. Increase in biomass on the Boston Main, where juvenile stocks with
little competition grew well. From having been at record levels only a few years previously, cockle stocks
are now low enough to raise the issue of bird food availability, which must be balanced with the needs of
the fishing industry. Although the conservation objectives (in terms of cockle and mussel biomass) cannot
be achieved, high mortalities are again expected and there is a reasonable argument to open a fishery on
the grounds that fishery losses are likely to be within those cockles that would have been lost to atypical
mortality (and therefore not available to overwintering bird populations).

2011

A limited 1,500 tonne fishery is opened to handworking on the Thief sand, in part as an experiment – stock
surveys monitored mortality on this bed and the adjacent Whiting Shoal (which had similar characteristics
in population and the nature of the bed). There was no apparent relationship between fishing and mortality
rates; however, growth of moribund cockles in comparison to healthy cockles was significantly slower on
the unfished bed.
Further to the fishing study, retrospective statistical analysis of past atypical mortality-affected years was
undertaken to compare mortality rates in fished and non-fished beds. Fished beds had higher levels of
mortality, but not significantly higher than those left unfished.

2012

Mortality occurs again, but peaked noticeably later in the season than previously observed. This has been
attributed to spring and early summer temperatures below seasonal averages. A small handwork fishery is
allowed with an extension to the TAC once the “trigger” mortality rate of 1% is exceeded, in August. This
year, Officers monitor mortality rates throughout the season from February to November. A link between
temperature and the number of moribund cockles is noted in the report, due to be published later this
spring.
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The following observations of the nature of the mortality as it has manifested in The Wash have
been made (Jessop, 2011):
•
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 yearold individuals.
•
Cockles observed to be gaping, unburied on the surface (except in muddier sediments)
•
Moribund cockles have poor response times, closing slowly when touched
•
In affected areas, approximately 1-2% of the cockle population appears to be moribund.
•
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.
In the 2012 Research Report (Jessop, 2012; in production) the results of a comparative study of
growth between healthy and moribund cockles are presented. Cockles were studied over the
course of the year, between February and November. There appeared to be a disparity between
moribund and healthy cockles at many points over the season, with a mean size difference of
between 0.5 and 1.5mm width. This suggests that the phenomenon is chronic and persists within
the cockle, affecting its general health for some time before causing premature death.
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2.7.2. Eastern IFCA theories about cause
A relationship with spawning and sexual maturity
The affected cockles have been those approaching or exceeding marketable size, and not juvenile
animals; where growth is slower, a given year class taking longer to reach maturity, their
susceptibility to atypical mortality has been observed to be delayed. This indicates that growth and
development of the shellfish is in some way related to the risk of mortality. It has been suggested
that maturation and gonad production, which is physiologically highly stressful to the animal, might
either trigger mortality in cockles already weakened by a pathogen or, alternatively, inhibit their
immunity to infection by new pathogens.
Haplosporidian parasite infection
Samples of moribund cockles were collected and sent to Cefas in June 2010 to be analysed for
pathogens (Jessop, 2010). Histological examination of these cockles revealed a concentration of
three different Haplosporidian protozoa in the lesions of the cockles. It is unclear whether their
presence is causal or opportunistic, but their presence has led the author of an (unpublished)
report on the mortality events in the Burry Inlet to write:
“there is strong circumstantial evidence that the Haplosporidian infections may be a major
contributory factor in the observed mortalities in The Wash.” (Longshore, 2010).
Correlation with increased mean temperature
The timing of atypical mortality events has generally been spring and early summer, peaking in June
or July in The Wash. In 2012, onset of mortality was later than previously observed, occurring in
August. This has been linked to the lower than average summer temperatures last year (Jessop,
pers. comm), with warmer weather arriving later than usual. The IFCA started to monitor cockle
mortality as early as February and continued through to November that year; the 2012 Research
Report (Jessop, 2012 in prep), shows a clear relationship between mean daily temperature and
observed mortality rate (as a % ) coinciding with a peak in both (19°C, 1.75%) in late August.
Cockle feeding rate and metabolism is related to temperature, and it has been postulated that an
increased stress to the animal with increased metabolic rate could be a factor in increasing their
risk of mortality.
Food availability (no longer a current theory)
When the mortality was first observed, despite the similarities to the events in the Burry Inlet,
there were also questions at the time about food availability in The Wash, particularly in relation to
high stocking densities in some parts of the Several Order mussel fishery. A study of nutrient levels
and productivity in the Wash (SWEEP) was initiated, but there has been no suggestion from the
results of this work that the availability of food or carrying capacity is an issue in The Wash, and it is
unlikely to have any direct link with the atypical mortality.
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2.7.3. Mitigation strategies
The Wash is a Special Protection Area for birds (SPA), and as such the fisheries are managed so as to
be compatible with the overwintering populations and their requirement for food. Management
measures are in place that help the IFCA and Natural England to negotiate what quota might be
made available for potential fisheries, which are treated as individual “plans or projects”, requiring
Appropriate Assessment. One of the management measures is to maintain a minimum stock of
mussels and cockles in combination which supports bird populations, based on calculations of ash
free dry weight. Therefore, if standing stocks of cockles and mussels in the regulated fishery fall
below this minimum, no fishery is allowed.
This presupposes that all (or a majority of) stock as surveyed in the spring or summer will survive to
the following winter to be available to the migratory bird populations. Since the atypical mortality
events, which have seen significant numbers of adult cockles die, consistently, this assumption is no
longer valid for those beds where mortalities occur.
The observations and research that Eastern IFCA have undertaken in previous seasons has given
them reasonable information with which to predict, given the growth rate and characteristic year
classes on each bed, where significant atypical mortality is likely to occur that summer. On a caseby-case basis and under negotiation with Natural England, this has enabled managers to release
additional TAC to the fishery for those at-risk beds, with the extra quota only becoming available
when mortality rates pass a “trigger” level of 1%.
In this way, stocks that would have been lost both to the fishery and bird populations have been
harvested. This mitigation is only relevant in a similar context, where fishery quota is predicated on
stock levels and bird food availability.
2.8. Horseshoe Point, Lincolnshire
Horseshoe Point is a relatively small production area in the mouth of the Humber Estuary,
comprised of three beds on Haile Sand, between Tetney Haven and Donna Nook in north
Lincolnshire. Formerly part of North Eastern Sea Fisheries Committee’s District, and managed under
the Humber Estuary Cockle Fishery Byelaw, it transferred to Eastern under a boundary change that
coincided with the inauguration of the IFCAs in April 2011.
The area has in the past supported commercial fisheries, but has been closed since August 2002
due to low stock levels. Stocks have fluctuated from 400 tonnes in 2000, to 51 tonnes in 2006.
Eastern IFCA has surveyed the area three times since assuming responsibility. It has become
apparent that, while growth is quick and 0-group cockles appear able to achieve marketable size
within a year, mortality rates are high. Over 90% of stocks 1 year or older were lost between August
2011 (105 tonnes found) and January 2012 (52 tonnes found) (Jessop, 2011).
Despite relatively high spat-fall, the high level of juvenile and adult mortality means that the
population consists predominantly of single (0-group) year classes. The nature of the mortality is
similar to that observed in The Wash, with apparently moribund and weakened cockles lying gaping
on the surface seen on several visits to the site (Jessop, pers. comm). It is believed that atypical
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mortality is likely to be responsible for the losses to the cockle stocks in this area; however it has
been less well-studied with respect to this phenomenon than other production areas to date.
2.9. Budle Bay, Northumberland
Reference: review table in Elliot et al., 2012 and discussion with Northumberland IFCA officers
Budle Bay is situated south of Lindisfarne (Holy Island) on the Northumberland coast near Berwickupon-Tweed. This site is not a commercial cockle bed and is not classified as such although some
may be taken by the public for consumption. Anecdotal accounts from Northumberland IFCA
report that a cockle mortality occurred in 2008-9 during the summer period. Gaping and moribund
cockles were observed on the surface resulting in high mortalities of 1 year + cockles.
2.10.

Camel Estuary, North Coast Cornwall

Reference: Discussions with Cornwall IFCA officers, authors own notes, Cefas Sanitary Survey (Cefas,
2009)
The Camel estuary is fully draining north facing estuary on the North coast of Cornwall. Cornwall
IFCA confirmed that the Camel estuary was the principal cockle fishery in the district and until this
year supported the last remaining designated classified harvest beds. For a number of years there
has been a consistent failure of the cockle stock to survive beyond Year 1 with a non-specific cause
for mortality post-spawning similar to that observed in the Burry Inlet (Colin Trundle pers comm.).
Cockle beds have been present on the Camel since the onset of classification in 1992. Up until 2003
this was a dredged fishery after which an EA Bye-law prohibition limited effort to hand gathering.
In 2007 mass mortality occurred of unknown cause with a noted dramatic fall in stock relative to
2006 levels. After this event the EA undertook a stock assessment which indicated that harvestable
stock was limited to the Town Bar. The Sanitary Survey (CEFAS, 2009) for the area indicated that
the 3 designated points monitored at Little Petherick and Town Bar that were maintained up to
2009 although it was noted that there was sometimes difficulty in obtaining sufficient adult stock
for sampling. Environment Agency data indicated that by 2008 annual cockle production had
fallen to ~13tonnes. Subsequently local merchants have ceased to obtain stock from the Camel
(Sue Hancock pers comm). The authors own observations from the summer of 2010 showed only
Year 1 cockles present on Town Bar. Until its declassification in 2012-2013 Little Petherick
remained the last classified harvest bed until 2012.
2.11.

Helford and Ruan (Fal) Creeks, South Coast Cornwall

Reference: Discussions with Cornwall IFCA and Environment Agency officers, authors own notes,
additional references in the text
The Helford and Fal estuaries are adjacent rias that flow into Falmouth Bay on the south coast of
Cornwall. Both estuaries fall within the Fal/Helford SAC and have a high level of conservation
designation. Fisheries exist for the native oyster and mussels with additional farmed stocks of
mussels and pacific oysters. Cockles are present in both systems at relatively low stocks levels and
are not commercially exploited. Cockle mortalities have been noted in both the Helford and Ruan
Creek (a tributary in the upper Fal estuary).
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The Helford has had a long tradition of local cockle collection referred to as ‘trigging’ which is
conducted on Good Friday by the community with cockles cooked and consumed on the beach as
‘Trigmeat.’ With the advent of the car, trigging activities became a large scale social activity with
many hundreds of people involved travelled from all around Cornwall and beyond, leading to
concerns about over exploitation and collateral damage to sensitive marine features (Ref: Covey
and Hocking 1987). This source also references cockle collection from the Fal although locals
favoured the Helford stock stating the Fal cockles had a ‘oily taste.’ Mather (2006) estimated a
relatively low production of ~65kg of cockles being removed from Bar Beach each Good Friday with
an estimated ~20% reduction in landings between 1996-2006.
Cockle mortality events in the Helford have encompassed both cockle specific mortality (in 2008)
where samples were obtained and assessed for parasitic load and an ecosystem wide algal bloom
event where multiple species were impacted (in 2009) across a broad area.
2008 Cockle Mortalities – Helford and Ruan
In September 2008 a cockle mortality was noted on the nearby Ruan by a fisheries scientist from
the Environment Agency whilst conducting a visit for another purpose (P Elsmere pers comm.)
Photos of cockle beds are shown below. A sample was obtained and forwarded to CEFAS.
Figure 8. Ruan Cockle Mortality 2008 (Source: Paul Elsmere)

In October 2009 a cockle sample (36 cockles) was also collected from Bar Beach on the Helford by
Falmouth Port Health Authority which was also forwarded to CEFAS. Both samples were analysed
histologically for the presence of infectious agents and reported together in Longshaw, 2009. This
report notes a wide spectrum of parasites from both sites as described in Table 4.
A total of 10 infectious agents were identified including epitheliocystis caused by a bacterium,
granulocytomas with a viral aetiology, three different protistans, one turbellarian, three digeneans,
and one copepod. Most cockles from Bar Beach were infected with at least one species of parasite,
compared with only 60% of animals examined from Ruan Creek.
As with the Camel the direct cause for the mortality would appear to be multi-factorial. The CEFAS
report concludes:
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“No environmentally derived pathological changes were noted in the animals examined. Whilst the
cause of the observed mortalities remains unknown, it is suggested that some of the parasites found
may contribute to some of these mortalities, with heavily infected individuals being less able to cope
with prevailing environmental conditions.”
Table 4 Summary of Infectious Agents found in 2008 Helford and Ruan Cockles Samples (Source:
using data from the January 2009 Report from CEFAS)
Taxa

Pathogen

Organ

Bacteria

Rickettsia-like

Gregarine

Nematopsis sp.

Gills, digestive gland,
systemic
Gills

Ciliata

Trichodina sp.

Gills

~100%*

Ciliata

Gills

61%

28%

Turbellaria

Rhynchodida like
sp.
Paravortex karlingi

Intestine

17%

28%

Digenea

Himasthla a spp.

Foot

86%

0%

Digenea

Meiogymnophallus
minutus
Labratrema
minimus
Herrmannella
rostrata
Granulocytoma

Pouch below shell hinge

39%

0%

Digestive gland and
gonads
Gills

17%

28%

39%

8%

Systemic

0%

19%

Digenea
Copepoda
Virus

1

Sample of x36 cockles

2

Sample of x30 cockles

3

Prevalence of x42

*
*
*

Prevalence of
Infection (%)
Bar Beach, Helford
1
River *
0%

Prevalence of
Infection (%)
2
Ruan Creek *

22%

64%
3

19%

36%

2009 Algal Bloom Related Mass Mortality – Helford and Par
In 2009 a mass mortality occurred within the Helford which devastated the oyster stocks in the
upper estuary around Frenchman’s Creek (Mark Mercer pers comm.) and was attributed to a
widespread algal bloom which impacted a large area of the south Cornwall coast from St Austell
Bay to Lizard Point. Multiple species were killed, including cockles, as noted by an anecdotal report
by a bait digger in the area in August 2009. It would appear as though the impact of this bloom was
not confined to the Helford and may have also caused mortalities at other coastal locations as
highlighted by a second report from public from Par in September 2009. This report included
images of mortalities of a range of invertebrates, including cockles, as well as finfish in addition to
algal yellow-brown scum slicks along the strand line.
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2.12.

Exmouth, South Coast Devon

Reference: Discussions with Devon IFCA and Environment Agency officers, authors own notes,
additional references in the text
The Exe estuary is a south-east facing estuary which exits at Exmouth before flowing into Lyme Bay,
on the south coast of Devon. The estuary is characterised by a buoyant mussel fishery in addition
to supporting farmed stocks of Pacific oysters. The area is has a high level of conservation
designation with large number of birds present on the adjacent Dawlish Warren Ramsar site to the
south of the Exe.
Exmouth was the key cockle production area in Devon with the Kings Lake bed being the last
remaining classified harvest bed until its recent declassification this year (FSA, 2012-2013). In 2011,
following a temporary closure to allow a stock assessment, a significant mortality was noted on
these beds.
Cockle samples obtained by Devon & Severn IFCA were forwarded to CEFAS for histological
examination to reveal several parasites present which may have contributed to the mortality.
Although no notifiable diseases were detected a parasite screen yielded a range of parasites
including Haplosporidians within both live and moribund cockle samples as indicated in Table 5
Table 5 Disease Screening for ‘Shelley Bank’ Cockle Sample Submitted on 12/07/11 (Source: 6/9/11
Letter from CEFAS)
Parasite species

Unknown
Haplosporidian
Digenean
Digenean
Digenean

Disseminated neoplasias
Minchinia spp
Gymnophallus minutius
Himasthla sp
Bucephalus minimus

Live cockles
Prevalence of
infection (%)
22
63
5

Gaping cockles
Prevalence of
infection (%)
4.6
9
7
79

Since the mortality event in 2011 production has not resumed (Myles Blood Smyth pers comm.) and
current stock status not known (Sarah Clark pers comm.).
Devon & Severn IFCA have listed cockle mortality and stock assessments within their 2012-2013
Priority Research Areas (Ref Clark 2012) including an evaluation of other minor stocks throughout
the District.
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3. Analysis
3.1. Comparative table
The comparative table of recent UK cockle mortalities provides a synthesis of key information on
the temporal and biological manifestations of each event along with any associated physical or
ecological environmental factors (Table 6).
3.1.1. Commonalities between “Atypical” events
Assuming that the Burry Inlet, Three Rivers and Wash mortalities represent the benchmark of
atypical mortality the following common manifestations and associated factors associated with
these events can be described:
Seasonality
o Inception: Predominantly begins in a period from late April – early June
o Progression: Continues to affect the population over the Summer into Autumn
Symptoms
o Visual signs: Dead and moribund cockles on the sediment surface
o Mortality rate: Chronic mortality across the period of 1-7% per day but with episodic
increases in mortality related to environmental stressors
o Population structure: Population is characterised by young cockles (years 1 and 2)
o Size refuge: Only cockles >14mm affected
o Cyclical nature: The pattern of mortality is repeated annually
Associated physical and ecological environmental factors
It is important to note that no single factor has been attributed to the atypical mortalities.
However, some have been associated with episodic increases in mortality rates:
o Temperature: Warm or hot temperatures have been associated with episodic and
initial mortalities in these sites
o Weather events: Prolonged periods Heavy rainfall and fresh water influx over the
beds have triggered increase mortality rates.
o Parasites and Pathogens: Testing by Cefas has identified a diverse range of
pathogens and parasites in cockles from these sites that may have a contributory
role.
o Anthropogenic Pollution: Sewerage spills have been associated with episodic
mortalities but not the broader atypical mortality.
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Table 6. A synthesis of key data from sites recently affected by cockle mortalities in England and Wales.

x

x

Dyfi (Dovey)

Hand worked

2001, 2008

Angle Bay

Hand worked

2005-present

55° 37' N

-

-

x

All years
initially then
year 1

16 mm shell
length

x

-

-

x

Year 1 +

0

x

Year 1 +

0

x

Year 1 +

16 mm

Approx.
14mm
(width)

x

x
x

x

x

-

-

No factors
implicated
No factors
implicated
No factors
implicated

-

0° 10' E

53° 29' N

Budle Bay

x

-

Dredged,
hand-worked

2008 present

x

x

x

x

Varies
depending
on growth
rate locally.
Members of
cohort might
die at 2
years in
faster areas,
3-4 years
slower areas

0° 08' E

52° 55' N

Horseshoe
Point

x

x

Other notes

Hand worked

2001-present

x

x

x

x

All years
initially then
year 1

Approx.
14mm
(width)

x

No factors
implicated

1° 45' E

The Wash

x

14 mm shell
length

Freshwater
influx

x

Parasites
/Pathogens

2008-2011

Temperature
Extremes

Hand worked

Anthropogenic
Pollution

Traeth Lafan

All years
initially then
year 1

Algal Bloom

x

x

Juveniles
Affected?

x

x

Reoccurring
annually

x

Minimum size
of moribund
cockles (mm)

2005present

Mean age of
affected
cockles

Hand worked

Three Rivers

Moribund and
dead cockles
on surface

Slow chronic
mortality
x

Factors Implicated

Episodic mass
mortalities

Autumn
x

Winter

Summer
x

Spring

Longitude
4° 11' W

2002-present

Latitude

Hand worked

Burry Inlet

51° 39' N

Years
observed

Production
area

51° 44' N

Type of
fishery

4° 24' W

Symptoms

Smothering

Timing of peak
mortality

Noncommercial

2008-2009

x

x

x

x

Year 1 +

0

0

No factors
implicated

-

-

Peak mortality
usually observed in
June-July; in 2012
(which was cooler in
spring/summer than
seasonal average)
peak was August.
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x

x

x

Noncommercial

2008-?

x

x

0

Hand
worked*1

2008-?

x?

x

0

Hand
worked*1

2009

x

Vessel,
elevator
dredge

2011-?

x?

x?

0

x

>Year 1

15 mm

0

x

All years

0

0

x

0

0

x

x

All years

0

0

x

0

0

x

-

0

-

Freshwater
influx

Other notes

-

IFCA officers with
experience of Burry
Inlet situation
considers this site to
be affected in an
idential manner

-

CEFAS histology:
multiple parasites

-

CEFAS histology:
multiple parasites
Mult-species
mortality over wide
area

x

0

Smothering

Parasites
/Pathogens

Temperature
Extremes

Anthropogenic
Pollution

Algal Bloom

Juveniles
Affected?

Reoccurring
annually

Factors Implicated
Minimum size
of moribund
cockles (mm)

Mean age of
affected
cockles

Moribund and
dead cockles
on surface

Episodic mass
mortalities

Slow chronic
mortality

Winter

Autumn

2007-?

3° 26' W

50° 38' N

Summer

Hand worked

Helford

Exmouth

Spring

Longitude
4° 56' W

50° 13' N

Helford

Years
observed

5° 00' W

50° 32' N

Ruan

Type of
fishery

Symptoms

5° 9' W

Camel

50° 6' N

Production
area

Latitude

Timing of peak
mortality

-

CEFAS histology:
multiple parasites
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3.1.2. Identification of Atypical mortality at other sites
Using the criteria described in “Seasonality” and “Symptoms” an analysis of records in Table 6
suggest that further sites in England and Wales have similarities and may be affected by atypical
mortalities:
Traeth Lafan, North Wales
Angle Bay, South Wales
Horseshoe Point, Humberside
Camel
The other less monitored sites or those with traditionally periodic recruitment may not fit the
criteria simply because of insufficient information and the episodic recruitment cycle.
3.1.3. Review of Kent and Essex populations for atypical symptoms
Kent and Essex IFCA conducts annual surveys of the cockle beds within the Thames Estuary
following a sampling programme designed to allow for annual seasonal assessment of cockle stocks
within the major commercial harvesting areas. Recent KEIFCA reports were reviewed for
indications that atypical mortality was occurring in the Thames fishery using the common
symptoms determined in 3.1.1 above:
Symptoms
o Visual signs: Dead and moribund cockles on the sediment surface
o Mortality rate: Chronic mortality across the period of 1-7% per day but with episodic
increases in mortality related to environmental stressors
o Population structure: Population is characterised by young cockles (years 1 and 2)
o Size refuge: Only cockles >14mm affected
o Cyclical nature: The pattern of mortality is repeated annually
Symptom
Visual Signs

Observed in surveys or reported?
Not observed

Mortality rate
Population structure

Not applicable
Not observed

Size refuge
Cyclical nature

Not applicable
Not observed

Notes
No signs of dead or moribund cockles
have been reported on the Thames
cockle beds
The year class structure of the
Thames cockle populations has a
range of year classes and is not
dominated by only year 1 or 2 cockles

Conclusion: the Kent and Essex IFCA cockle populations are not exhibiting the characteristic signs of
atypical mortality
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3.2. Trends in Historical Cockle Classification Status – England and Wales
Whilst shellfish classification data is designed to provide an indication of microbial quality, the
historical assessment of the numbers of beds classified and declassified can give a broad indication
of the commercial status which could illustrate stock health.
Data handling and methods: Data was extracted from the FSA website for a 10 year period going
back to 2003 and exported into Excel to allow the counting of total and cockle harvest beds in both
the classification and the declassification listings for each year. This data with simple statistics to
show the proportion of cockle incidence is provided in Table 4 below and in a time-series within
Figures 8 and 9 for cockle and total datasets respectively (below).
Table 7. Summary of Classified and Declassified Harvest Bed Numbers (Source: FSA Classification
data from FSA website)
Year
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Production Harvest Beds
Total No. Cockles
% cockles
353
69
20%
383
59
15%
367
70
19%
373
68
18%
371
64
17%
367
65
18%
356
57
16%
373
58
16%
365
52
14%
392
54
14%

Declassified Harvest Beds
Total No. Cockles
% cockles
6
3
50%
9
3
33%
6
3
50%
18
11
61%
20
6
30%
21
4
19%
26
8
31%
28
11
39%
43
15
35%
49
23
47%

Results: Table 1 demonstrates a reduction in both the number and proportion of cockle beds from
around 20% to 14% of all beds over the 10 year period. Although the number of cockle beds being
declassified is increasing this is also reflected for all species and maybe symptomatic of increasing
instability in classifications with much higher level of bed ‘turnover’ as demonstrated in Figure 10
below.
It should be noted that in some cases declassification may relate to quality criteria, although for
Class B and C cockle beds prohibition due to a reduction in microbial quality is currently unusual in
view of the comprehensive shellfish water improvements over AMP3-4 (2000 onwards) and the
predominance of cooking as a post-harvest treatment.
The notes supporting the classification/declassification records for cockles in most cases indicate
that the bed is no longer commercially active which maybe an indication that stock levels have
crashed and are therefore no longer economically viable for exploitation.
In addition, in other cases classification status is lost due to insufficient provision of samples which,
upon inspection, can also relate to impacts upon stock density or shell size. This was illustrated in
the case of the Camel estuary where the Sanitary Survey highlighted the difficulty maintaining
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monitoring status after the mortality event and the need to extend the sample location threshold
to obtain a sufficient sample mass for testing.
Key results:
There has been a reduction in cockle harvest bed numbers from 69 beds to 54 beds over a
10 year period,
This equates to a loss of ~22% of England and Wales production beds since 2003.
Although classification data is not designed for stock management purposes and must be
interpreted with care, it does provide a semi-quantitative indication of underlying trends
suggesting that cockle producing beds are reducing in England and Wales.
Figure 9. Cockle Harvest Bed Numbers
England and Wales - Classified Cockle Beds
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Figure 10. All Shellfish Harvest Bed Numbers
England and Wales - Classified Beds (All Species)
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Figure 11. Proportion of Beds Declassified
England and Wales - Proportion of Beds Declassied (All Species)
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3.3. Sex ratios in Cockles from affected sites
When reviewing the extensive Burry Inlet Cockle Mortalities Investigation report (Elliot et al., 2012)
a striking skew in sex ratios was noticed in data tables produced by Cefas (Tables 32-34, p154-155).
Under normal circumstances, cockle populations are considered to exhibit an equal male:female
(M:F) sex ratio (i.e. 1M:1F), and deviations from this 1:1 ratio may suggest a sex-specific mortality
(Malham et al., 2013) or the effects of Endocrine Disrupting Chemicals (EDC) (e.g. Luckenbach,et al.,
2010). The sex ratio data tables from Elliot et al., 2012 highlight a possible female bias in the cockle
populations involved in the atypical mortality affecting the Burry Inlet, South Wales, during 2009
To further explore this potential sex bias in Burry Inlet cockles, statistical analyses were performed
on the sex ratio data from Elliot et al., 2012. Frequency analyses were undertaken using the
Fisher’s Exact Test. Fisher’s Exact is a statistical significance test for categorical data, measuring the
association between two variables in a 2x2 contingency table. Hence, in this case, we analysed the
deviation from a 1:1 sex ratio in the Burry Inlet and Dee populations using a model population of
1M: 1F. We also examined the change in the sex ratio at each location during the mortality event.
Data handling: the small size of the Burry Inlet cockles (and associated sexual immaturity) resulted
in a number of cockles being classified as an ‘indeterminate’ sex. Therefore, for data analyses,
indeterminate individuals were equally divided between the Male and Female categories; assuming
that in a normal cockle population there would be a sex ratio of 1M:1F (Table 4).
To examine deviations from the typical 1:1 sex ratio, total numbers of male and female cockles
(from the complete sampling period, wks 5-17) from each location were compared to a total model
population of 135 male and 135 female cockles (based on 15 males and 15 females at each
sampling week). Model data were adjusted accordingly for the Dee, due to the absence of data at
wk 17. To examine the change in sex ratio at each location during the mortality event, the sex ratio
at early stage mortality (wk 5) was compared with that of late stage mortality (wk 15) for each of
the 3 sites.
Table 8. Aggregated data table used in the Fisher’s Exact Test produced from Cefas data presented in Elliot et
al., 2012.
Sampling Sites
North Burry Inlet

South Burry Inlet

Week

Males

Dee
Females

Males

Females

Males

Females

Males

Model Data
Females

5

14

16

18

12

16

14

15

15

7

11

18

13

17

11

19

15

15

9

13

17

13

18

10

19

15

15

10

19

12

12

19

12

19

15

15

11

19

11

15

15

13

17

15

15

12

16

14

10

20

13

18

15

15

13

12

19

11

19

16

14

15

15

15

14

16

6

24

12

19

15

15

17

0

0

9

21

11

20

15

15

Total

118

123

107

165

114

159

135

135
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Results of Fisher’s Exact test:
Results and explanations of the statistical tests are presented in Table 5.
Comparison of observed sex ratio to 1M:1F model ratio: Comparison of observed sex ratio (at
each location) to a model 1M:1F ratio, revealed that cockles from the Burry Inlet North population
is significantly different (P = 0.016) from the model. The population is significantly skewed toward
female cockles. Burry Inlet South population is also obviously skewed towards females (1:1.39),
however, the difference from the model pop is not quite significant (P=0.058).
Table 9. Outputs from Fishers Exact Test of observed sex ratio (at each location) to a model 1M:1F
ratio. Significant result highlighted in bold.
Treatments

Dee Cockles

Burry Inlet North

Burry Inlet South

Overall M:F

1M:1.04F (P = 0.855)

1M:1.54F (P = 0.016)

1M:1.39F (P = 0.058)

Key results:
Definite bias towards females at Burry sites
Overall sex ratios show 54% and 39% more females than males at North and South Burry,
respectively (for comparison, there were only 4% more females than males in the Dee
population)
Burry Inlet North population is significantly different (P = 0.016) from the model
Burry Inlet South population is almost significantly different (P = 0.058) from the model
Comparison of sex ratio between early stage and late stage mortality: Comparison between the
sex ratio at early stage and late stage mortality (at each location) revealed that only in the Burry
Inlet North population was there a significant change in the sex ratio during the mortality event
(P=0.003). At this location, there is a significant bias towards female cockles at the later stage of
the event. There is also a bias towards female cockles at Burry South by week 15 (late stage),
however this was not significant. There is no change at all in the sex ratio at the Dee during the
mortality time period.
Table 10. Outputs from Fishers Exact Test of observed sex ratio between early stage and late stage
mortality. Significant result highlighted in bold.
Treatments

Dee Cockles

Burry Inlet North

Burry Inlet South

Early stage mortality (wk 5)
M:F
Late stage mortality (wk 15) M:F

1M:1.14F

1M: 0.67F

1M:0.88F

1M:1.14F (P=1.000)

1M: 4.00F (P=0.003)

1M:1.58F (P=0.309)

Key results:
There are significant changes in sex ratio during the period of a mortality event; increased
number of females in both Burry Inlet populations by late stage mortality (wk 15)
We compared number of females at early stage (wk 5) with number of females at late stage
(wk 15). But only significant at Burry North (see table). Dee stayed exactly the same.
Burry Inlet North sex ratio is significantly different (P = 0.0003) from week 5 and week 15
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4. Discussion
Cockle mass mortalities have been reported for as long as we have records for the fisheries e.g.
Orton (1933) documented a mass mortality in the Dee estuary in 1933, where the author described
large number of individuals on the sediment surface with rotting flesh still retained within the shell.
Episodic mass mortalities of cockles are common to all populations and should probably be
considered as part of their natural cycle. In a synthesis of European cockle population dynamics
Ducrotoy et al. (1989) proposed a simple three stage model of population stages:
’Crisis’: a phase characterised by a few age-classes which undertake successive spawning
events or continuous spawning that result in a number of within-year cohorts. This may be
strategy employed by the cockle population to increase likelihood of survival and future
restoration.
‘Recovery’: a phase characterised by a single successful recruitment that leads to a high
density of the first cohort. This phase may enable synchronization of spawning between
breeding stocks.
‘Upholding’: This phase is characterised by several year classes and a higher proportion of
older year classes with normal episodic spawning.
The collapse of the ‘upholding’ population may be due to a variety of factors that result in
the loss of the older year classes or a recruitment failure. According to Ducrotoy et al.
(1989), an increase in the population growth rate in this phase should be considered as a
sign of instability which may lead to a population crash.
A key factor that has resulted in the mortalities in the affected sites such as the Burry Inlet and
Wash being considered Atypical is their annual repetition. Where data exists it appears that the
populations in the affected sites are exhibiting reproduction strategies characterising the ‘Crisis’
phase. In the absence of further mortalities this should see the population progress through
‘Recovery’ to ‘Upholding’ but these populations are held in ‘Crisis’ by the annual mortalities.
The timing and size refuge highlighted in Table 6 supports the commonly held view that spring
spawning is the trigger of initial annual mortalities. Cockles become sexually mature between 1214 mm shell length (Hancock & Franklin, 1972; Seed & Brown, 1977) which corresponds with
reported sizes of the smallest moribund or dead cockles. If mortality is linked to spawning then
cockles in the ‘Crisis’ phase undertaking continuous spawning may exhibit the slow chronic decline
over the summer period that we observe at affected sites.
The geographic distribution of sites affected by atypical mortality is relatively wide with sites in
Cornwall, Wales and the northeast coast affected (Figures 12). Even after this study, the true
picture of the situation is opaque, as although we have had access to reports in the grey literature
and internal IFCA or EA reports it is likely that the industry and individuals working in areas with
cockle beds have further accounts. Mortalities have occurred in relatively small cockle beds that
are not regularly commercially fished and therefore monitored e.g. those on the south coast in
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Devon and Cornwall. It is possible that with further surveillance of less commercially important
beds further populations affected by atypical mortality would be identified.
Figure 12. Map demonstrating the locations of cockle mortalities in England and Wales.

Shellfish classification and the relative numbers of classified/declassified cockle beds may provide a
useful proxy for beds in a ‘Crisis’ state. Declassification may relate to quality criteria, although for
Class B and C cockle beds prohibition due to a reduction in microbial quality is currently unusual in
view of the comprehensive shellfish water improvements over AMP3-4 (2000 onwards) and the
predominance of cooking as a post-harvest treatment.
The notes supporting the
classification/declassification records for cockles in most cases indicate that the bed is no longer
commercially active which maybe an indication that stock levels have crashed and are therefore no
longer economically viable for exploitation.
In addition, in other cases classification status is lost due to insufficient provision of samples which,
upon inspection, can also relate to impacts upon stock density or shell size. This was illustrated in
the case of the Camel estuary where the Sanitary Survey highlighted the difficulty maintaining
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monitoring status after the mortality event and the need to extend the sample location threshold
to obtain a sufficient sample mass for testing.
The 22% reduction in classified commercial cockle beds in the 10 year period from 2003-2013
presented in our analysis could be interpreted that beds once targeted for commercial gathering
are no longer supporting populations of sufficient size to be of interest to the industry. There has
been no lessening of demand for cockles from processors or the markets on the continent which
could have accounted for a lack of commercial interest in these sites. The FSA classification data
warrants a more detailed analysis to identify the sites concerned from which more information can
be gathered.
If the numbers of declassified cockle beds do reflect populations affected by atypical mortality of
are stuck in the ‘crisis’ stage then this is clearly a national issue requiring some attention.
Two investigations of atypical cockle mortality have been carried out in the Burry Inlet, the first
preliminary study in 2008 (Malham et al., 2008), and a subsequent detailed study between 20092011 (Elliot et al., 2012). Assuming that the underlying factors causing atypical mortality are
common between sites then the Burry Inlet studies represent the best available information.
Both studies have concluded that there is no single, clear cause of the mortalities and that
ultimately cockle death is as a result of a combination of factors. In the Burry Inlet these factors
have been identified: overcrowding, parasite load, energy imbalance, and/or condition loss
together with a lesser influence of sedimentation. Due to concerns from local communities, water
pollution (sewerage) was focused upon as a suspected cause in the Burry Inlet studies, but reports
conclude that there was no evidence to show that pollution in the water or sediment is a cause of
mortalities (Elliot et al., 2012). In the context of a single estuary the reoccurrence of mortality each
year would suggest some local factor being responsible, but given that atypical mortalities are
occurring in other sites around England and Wales it would appear that there is a currently
unidentified underlying factor, be it biological or environmental, common to all sites that is
affecting cockles and making them vulnerable to a variety of stressors that ultimately kills them.
The underlying factor may be biological in the form of an unidentified pathogen, a result of
anthropogenic pollutants or environmental change. The sex ratio analysis presented in 3.3 above
illustrates the difficulty in teasing apart the factors affecting cockle populations. A normal healthy
cockle population should have a an equal male:female (M:F) sex ratio (i.e. 1M:1F). We have shown
that the Burry Inlet population has a significantly skewed sex ratio of 1:4 on the north Burry Inlet
beds and 1:58 on the south Burry Inlet beds during the late summer. Although this is a striking
result, and one for concern, it does not resolve the question of a single underlying cause for the
mortality. There are a number of potential reasons that the sex ratios are female biased in these
sites:
Feminization due to endocrine disrupting compounds (EDC) such as xenoestrogens,
Feminising parasites such as microsporidiea, and
Differential mortality in males associated with post-spawning stress.
Endocrine disrupting compounds (EDC) such as xenoestrogens are substances that alter the
function of the endocrine system and consequently cause adverse health effects in an organism or
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its progeny, or even whole populations. Endocrine disrupting compounds such as nonylphenol
have been shown to influence hormonal functions in a variety of aquatic organisms as they are able
to mimic the action of estrogens by binding estrogen receptors (e.g. Luckenbach, et al., 2010). The
effects of these chemicals on molluscan species is well documented – for example, Tributyltin, used
in antifouling paints, causes imposex in whelks and affects the reproductive output of oysters.
Endocrine disrupting compounds have the ability affect fertility, alter sex-ratios and reduce
reproductive output.
Cockles from areas with high levels of anthropogenic inputs can be exposed to a variety of
contaminants including EDCs. Studies on cockles in the Venice Lagoon reported the effects of EDCs
in this population indicating feminisation (Matozzo & Marin (2007). Subsequent studies at the
same site reported that males exposed to the EDC nonylphenol, a xenoestrogen, were more
susceptible its effects than females (Matozzo et al., 2008). The effects of these pollutants can be
complex and affect disease and pathogen resistance making organisms more susceptible to
infection (Morley, 2010).
That pathogens can cause changes to sex ratios and feminisation to cockles highlights the inherent
complexity of investigations. The ability of parasites to affect the sex ratios of marine organisms is
well established and a variety of parasite taxa have been implicated e.g. microsporidians and
paramyxeans (Short et al, 2012). There is more known about their feminising role in crustaceans
but this is less well described in bivalves. Similar parasites, microsporidia (e.g. Steinhausia) and
paramyxea (e.g. Marteilia), are reported in cockles and other commercial bivalves (Longshaw and
Malham 2013). Marteilia parasites have been associated with sexual dysfunction in mussels (e.g.
Villalba et al 1993) and destruction of male gonads in oysters (Tun et al 2007). Marteilia species
have been reported in cockles from Brittany but with little information on associated pathologies
(Comps et al., 1975; Auffret and Poder, 1987).
In the context of Kent and Essex IFCA’s management issues, specifically the continued protection of
their commercially valuable cockle beds and associated industry, this report provides an overview
of the current atypical situation in England and Wales. Understanding the biosecurity risk is central
for KEIFCA to be able to develop proportionate and reasonably management measures. Current
KEIFCA management has focused on predominantly on biosecurity risks with the result that
stringent controls have been introduced on vessels working in affected areas i.e. The Wash.
The studies and investigations in the earliest affected sites in the Burry Inlet and The Wash have
been unable to identify a pathogenic or parasitic agent solely responsible for the atypical
mortalities. The authors of the extensive study in the Burry Inlet concluded that they could detect
“no single, clear cause of the mortalities” and that” that there may be several causes and that the
cause(s) of the initial trigger may differ from the cause(s) of the continuing mortalities”. Clearly the
latter conclusion was arrived at before the wider geographic scope of atypical mortalities was
understood but does illustrate their multifactorial nature. That no single pathogen has been
detected does not negate the biosecurity risk as many pathogens such as viruses and single celled
organisms are notoriously difficult to detect. The geographic extent of atypical mortality events
suggest that there may be an environmental factor or factors, natural or anthropogenic, affecting
our estuaries affecting cockle populations. Whatever the underlying cause, atypical mortality
should be considered a national issue and should be considered in the context of the importance of
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cockle populations to the socio-economics of coastal communities and their role in supporting
already vulnerable wading bird populations.
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Appendix 1. “Atypical” Mortality: Potential Risks and Mitigation Options
Potential causes and risks
The review has highlighted that there is no obvious single cause for “atypical” mortalities. The
extensive work carried out in Wales focused on the “atypical” mortalities in the Burry Inlet was also
unable to identify a causative factor concluding that “no single, clear cause of the mortalities” was
associated with the prolonged mortality events in that estuary. The review of literature and of
recent mortality events has shown that potential causes fall into three categories:
Physical environmental factors: including deterioration in water quality, changes to climate
and weather, changes in salinity and sedimentation
Chemical and industrial pollution: Industrial and other manmade chemical pollutants can
affect the health of cockles. These may include hydrocarbons, antifoulants such as TBT,
heavy metals and Endocrine Disrupting Chemicals.
Pathogens and disease: there a wide variety of infectious pathogens, including viruses,
bacteria, fungi, and protozoans and metazoans that can cause cockle mortalities.
4.1. Risk assessment of potential causative factors
This risk assessment will refer to Table 2 (below) which presents the risks associated with each
potential factor and associated potential management measures to mitigate the risk. This risk
assessment adopted an approach commonly employed in H&S risk assessments in identifying the
risk, assessing the potential seriousness and identifying risk mitigation options to reduce risks to “as
low as reasonably practicable” (ALARP). Once risks mitigation has been identified an assessment of
risk “high”, “medium”, and “low” was assigned.
Figure 13. The ALARP diagram used in the risk assessment of the Thames cockle fishery.
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Table 11. 3 x 3 Risk matrix for Thames cockle fishery risk assessment. The matrix balances the
likelihood of an event with the severity of the impact
Likely

Medium Risk

High Risk

Extreme Risk

Unlikely

Low Risk

Medium Risk

High Risk

Low Risk

Medium Risk

Highly Unlikely Insignificant Risk

→ Severity of Impact to Cockle Fishery →

4.1.1. Physical environmental factors
Although physical environmental factors have been implicated in “typical” mass mortality events,
e.g. harsh winters and freezing conditions or episodic storm events, these may only affect single
estuaries or estuaries within a region and would not cause the repeated annual cycle of the
“atypical” mortality over such a wide geographic area as described in the review (see Figure xx).
A widespread and persistent physical environmental factor, such as a climate change related
influence, would be required to affect the wide geographic area currently affected by “atypical”
mortality year after year. Such a factor would very likely be more readily detected and affect other
estuarine and marine species in the vicinity of affected cockle beds and this is not reported from
any site. These considerations suggest that there is low risk from a physical environmental factor.
Management options:
•

Maintain links with existing environmental monitoring programmes e.g. Thames Gateway
monitoring, in order to identify any localised threats to the Thames cockle population
4.1.2. Chemical and industrial pollution

As in the case of the possible physical environmental factors for chemical or industrial pollution to
be a cause of the widespread “atypical” mortality in cockles the pollutant would need to be
common to all affected estuaries and would have to be either persistent in the environment or its
source constant or regularly episodic. Many of the obvious pollutants such as hydrocarbon,
industrial chemicals or sewerage related eutrophication, are considered more likely to be related
with short-term spills or spatially restricted point sources which, although may be associated with
single mortality events, cannot explain the wide spatial and temporal extent of the “atypical”
mortalities.
There is however the potential, and therefore a risk, for more widespread and persistent or
repeated chemical pollution resulting from changes in land use, agricultural practice and domestic
chemical entering the estuarine and marine environment from run off into river catchments and in
treated effluent from sewerage works. A theoretical example of a potential chemical with a wide
geographic range and persistent temporal pattern are pesticide residues. These are used in
agriculture, are used periodically on an annual basis and have a clear route into the estuarine
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environment via runoff into river catchments. Likewise, chemicals originating from domestic use,
e.g. endocrine disrupting chemicals as discussed in the review, have a wide geographic distribution
and will have regularity to their input into the ecosystem through treated sewerage discharges.
Both of these examples have been shown to affect the health and immunocompetency of bivalve
species. Probably the best known chemical pollutant to have a detrimental effect on shellfish is
Tributyltin (TBT). This compound, used extensively as a component of anti-fouling paint until its
prohibition, is responsible for changes in the sexual development of whelks causing sterility and a
condition called imposex where the female develops male reproductive organs. Tributylitin also
affects the health and reproduction of the native oyster and other marine molluscs.
Although there is a clear possibility that an undescribed chemical pollutant is responsible for
“atypical” cockle mortality the fact the Thames cockle fishery has not been affected to date, either
because the factor is not present or that local environmental conditions act to mitigate against it,
suggests that this factor presents a medium level of risk.
Management options:
•

Ensure via consultations and dialogue with relevant statutory bodies and industry groups
that the potential impacts to the Thames cockle population and fishery are considered in
any catchment management plans, new sewage discharge consents etc.

•

Ensure that the potential for widespread chemical and industrial pollution to affect cockle
populations and fisheries is included in future discussions and research into “atypical”
cockle mortality.

•

Maintain links with existing environmental monitoring programmes e.g. Thames Gateway
and Water Framework Directive monitoring, in order to identify any localised threats to the
Thames cockle population

•

Promote and support further research into the possibility of environmental pollutants as an
underlying cause of “atypical” mortality.
4.1.3. Pathogens and disease

Although no single pathogen or disease has been implicated in the “atypical” cockle mortalities it is
prudent to assume that such a pathogen or disease could be implicated and that a high risk exists.
Discussions with Cefas scientists have highlighted that the main biosecurity risk comes from the
potential for cockle-to-cockle transfer (pers comm Matt Longshaw). Whilst many parasites have a
complex life cycle requiring an intermediate host, e.g. wading birds, other parasites and diseases
such as viruses, bacteria and protozoans may be transmitted directly from cockle-to-cockle. Clearly
there is very little that can be effectively done about natural disease vectors such as birds and fish,
but the risk of cockle-to-cockle transfer can be mitigated against.
The most likely route for cockle-to-cockle transmission of disease, and therefore a high level of risk,
comes from the inadvertent transport of cockles from an area affected by “atypical” mortality to
the Thames fishery area either on-board a vessel, within fishing gear or inside used cockle sacks.
Although the most stringent management measure would be to prohibit all vessels engaged in
cockle fisheries in affected areas from entering the Thames cockle fishery this may be avoided by
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the implementation of effective biosecurity measures akin to those employed during the foot and
mouth disease crisis. Straightforward biosecurity measures such as cleaning vessels and fishing
gear should address the main biosecurity risks much like foot baths around farms.
Management options:
•

Develop a protocol ensuring that any vessel and associated cockle fishing equipment
entering the Thames cockle fishery area with the intention to fish for cockles has been
cleaned and is free of cockles and cockle debris

•

Develop a protocol that all cockle bags used in the Thames cockle fishery are free from
cockles and cockle debris

•

These protocols may be applied to vessels engaged in other fisheries e.g. mussels and
shrimp, to ensure that the inadvertent transfer of cockles or cockle debris is avoided.

•

Promote and support further research into potential diseases that may be the underlying
cause of “atypical” mortality.
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Table 12. Risk assessment table of potential factors implicated in “atypical” cockle mortality on the Thames cockle fishery. (ALARP = as low as
reasonably practicable)
Potential Factor
Physical Environmental

Chemical and Industrial
Pollution

Examples
All

Heavy Metals

Hydrocarbons

Endocrine
disrupting
compounds

Pesticides

Description

Risk

Mitigation

Resulting Risk

Low

Maintain links with existing environmental
monitoring programmes monitoring, in
order to identify any localised threats to
the Thames cockle population

Low

Low

Ensure via consultations and dialogue with
relevant statutory bodies and industry
groups that the potential impacts to the
Thames cockle population and fishery are
considered in any catchment management
plans, new sewage discharge consents etc.

Low

These may include changes to:
Salinity
Sedimentation
weather and climate
These may include such as copper,
mercury, cadmium and zinc which can
affect the health and disease susceptibility
of cockles. Main sources are from
historical industrial pollution and
sediments
These may result from spills and from
diffuse pollution and can affect the health
of cockles
Endocrine disrupting compounds (EDC)
such as xenoestrogens can affect cockle
health and reproduction. Main sources
are from treated sewerage effluent and
diffuse pollution in river catchments
Pesticides can affect aquatic organism
health. Main sources are from run off and
diffuse pollution in river atchments

Low

Medium

Low
Ensure that the potential for widespread
chemical and industrial pollution to affect
cockle populations and fisheries is included
in future discussions and research into
“atypical” cockle mortality.

Medium

ALARP

Medium

Maintain links with existing environmental
monitoring programmes e.g. Thames
Gateway and Water Framework Directive
monitoring, in order to identify any
localised threats to the Thames cockle
population.

Medium

ALARP

Cockle Mortality and Biosecurity Management Review
Potential Factor
Pathogens and disease

Examples
Parasites and
diseases with
multiple hosts

Description

Disease organisms with a complex life
cycle requiring an intermediate host,
e.g. wading birds.

Risk

Medium

Mitigation
There is very little that can effectively be
done to manage the risk from natural
disease vectors.

Resulting Risk

Medium

The intermediate host is the disease
vector
Pathogens and
diseases capable
of host to host
transfer

Disease organisms with a more simple
life cycle not requiring an
intermediate host and transferred
cockle-to-cockle.

The most stringent management measure
would be to prohibit all vessels engaged in
cockle fisheries in affected areas from
entering the Thames cockle fishery.

These include such pathogens as
viruses, bacteria and protozoans.

This may be avoided by the
implementation of effective biosecurity
measures, e.g.:

The main vector for these would be
the introduction of infected cockles
from an area affected by “atypical”
mortality. This would most likely be
via transport on vessels, fishing gear
or used cockle bags.

• Develop a protocol ensuring that any
vessel and associated cockle fishing
equipment entering the Thames cockle
fishery area with the intention to fish for
cockles has been cleaned and is free of
cockles and cockle debris

High

Medium

(ALARP)

• Develop a protocol that all cockle bags
used in the Thames cockle fishery are free
from cockles and cockle debris
• These protocols may be applied to
vessels engaged in other fisheries e.g.
mussels and shrimp, to ensure that the
inadvertent transfer of cockles or cockle
debris is avoided.
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