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EXECUTIVE SUMMARY

High biomass Harmful Algal Blooms (HABs) such as Karenia mikimotoi and shellfish toxin producing HAB species
continue to be observed in UK and Republic of Ireland waters. Regional differences continue to be seen in the
distribution of HABs in UK and Rol waters with impacts mainly observed in the south and west coast of Ireland and
regions in the UK with a strong Atlantic influence, e.g. Regions 1, 3, 4, 6 and 7. There is little monitoring aside from
the continuous plankton recorder (CPR) in Region 8. The impacts from HABs in Wales, Northern Ireland and the
Isle of Man are generally low.

Since the last MCCIP report card was issued, blooms of Karenia mikimotoi have caused problems in Ayrshire,
Scotland, and also in the north-west coast of Ireland where concerns about the quantity of dead wild fish washing on
shore during an event in Ireland in 2012 resulted in two beaches being closed to the public.

No clear trend that can be attributed to climate change can be observed in the incidence of shellfish toxin producing
HABs since the last report card was issued. During the last two years the incidence of some shellfish toxins has
continued to decrease (e.g. paralytic shellfish poisoning toxins in Scotland). High concentrations of yessotoxins
(YTX) and azaspiracids (AZAs) have been recorded for the first time in Scotland. Northern Ireland enforced its
first shellfish harvesting closure for high concentrations of domoic acid (the toxin responsible for amnesic shellfish
poisoning, ASP) in 2012.

A recent survey in Scottish waters (Regions 1, 6 and 7) has revealed the presence of domoic acid in the urine and
faeces of harbour seals (Phoca vitulina). The impacts of these toxins on the health of marine mammals are unknown
and a more detailed study is currently being undertaken.

Many of the future impacts of climate change are unknown. Increasing sea surface temperatures as a result of
climate change may increase the potential for blooms of species that are not currently found in UK and Rol waters
through range expansion or human mediated introduction. There is evidence that no new HAB species have become
established during the last two years.

An increase in the duration of stratification of the water column may influence the abundance of HABs in UK and
Rol waters. This is particularly relevant in shelf areas and Region 8, an area where offshore high biomass K. mikimotoi
blooms have been hypothesized to initiate and impact coastal areas along the west of Ireland and Regions 6, 7 and 1.
Conversely, an increase in wind speed and duration may reduce the duration of stratification in the water column.
This may result in a decrease of some HAB dinoflagellate species and an increase in HAB diatom species. Little is
known about the impacts of ocean acidification or changes in offshore circulation on the incidence of HABs. The role
of offshore blooms in seeding coastal blooms (e.g. of K. mikimotoi) remains unknown and the lack of monitoring in
Region 8 and on the shelf edge compounds this knowledge gap.
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INTRODUCTION

Phytoplankton (also termed algae) play a critical role in
the marine ecosystem. They are the primary producers,
harvesting light energy from the sun and passing it up
to higher trophic levels (Chavez et al., 2011). When the
abundance of phytoplankton increases above background
concentrations, this event is called an ‘algal bloom’ Algal
blooms are a natural part of the phytoplankton seasonal cycle
but some can have a negative impact on marine ecosystems
and the resources they provide such as fish and shellfish.
These are termed ‘Harmful Algal Blooms’ or HABs (Gowen
et al., 2012). HABs have impacted ecosystem services in UK
and Republic of Ireland (Rol) waters in two distinct ways.
High biomass HABs can cause mortalities of farmed fish
and the marine benthos through clogging of gills, anoxia
and, in some instances, the production of icthyotoxins.
Examples of this are blooms of the dinoflagellate Karenia
mikimotoi (Silke et al., 2005; Davidson et al., 2009). Other
HAB species can have a negative impact at much lower
cell densities through the production of potent toxins
that can accumulate in filter feeding shellfish. The toxins
are not harmful to shellfish but can pose a severe risk to
human health if consumed. Closures of shellfish harvesting
areas are enforced to protect human health. Repeated and
lengthy closures can have a negative impact on local rural
economies (Davidson and Bresnan, 2009). In UK and Rol
waters the main shellfish toxin producing genera are the
dinoflagellates Alexandrium, associated with the production
of paralytic shellfish poisoning (PSP) toxins and Dinophysis,
associated with the production of lipophilic shellfish toxins
(LSTs) including those associated with diarrhetic shellfish
poisoning (DSP). The diatom genus Pseudo-nitzschia is also
of concern as a number of different species in this region
are confirmed producers of domoic acid (DA), the toxin
responsible for amnesic shellfish poisoning (ASP) (Gowen et
al., 2009). In Rol waters, high concentrations of azaspiracid
(AZA), produced by the dinoflagellate Azadinium, has
caused major problems to the Irish shellfish industry (Salas
etal.,2011) The Shellfish Hygiene Directive 91/492/EEC and
subsequent recommendations EC/853/2004, EC/2074/2005
and EC/1664/2006 are enforced in EU member states and
ensure that human health is protected.

Since the last report card was produced a review has been
published which details the complex influence of climate
change on HABs (Hallegraeft, 2010). HABs occupy a variety
of ecological niches in the ocean and climate change can
have an impact in diverse ways. These include sea surface
temperature change, sea-level rise, changes in wind (direction
and strength), mixed layer depth and precipitation, ocean
acidification, UV radiation and feedback mechanisms.
These factors can interact to impact HAB distribution and
abundance. Many laboratory studies have examined these
influences in isolation and more work is required to examine
the interaction between them. Accurately predicting
the future impact of climate change on HABs presents a
considerable challenge. Expected impacts on a global scale
include species-specific changes in abundance, changes in
seasonality of growth and range expansions of warm water
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species with cold species driven pole-ward (Hallegraeff
2010).

Datafromanumberofsources (Hughesetal.,2010;2012; Frost
et al., 2012) all report an increase in sea surface temperature
(SST) in the North-East Atlantic area over the last number of
decades. Considerable interannual variability can be observed
in SST in both coastal and offshore areas (Hughes et al., 2010;
2012). Lowe et al. (2009) predict that temperatures in UK
and Rol waters will continue to increase by up to 2.5 - 4°C
over the next century. Changes in wave height, wind speed,
salinity, ocean acidification, the distribution and intensity of
precipitation have all been reported to impact the UK and
Rol waters (Frost et al., 2012). The variability in atmospheric
forcing has also been observed in decadal cycles such as the
North Atlantic Oscillation (NAO) and Atlantic Multidecadal
Oscillation (AMO) (Hughes et al., 2012). Changes such as
these all have the potential to impact on the phytoplankton
community and HAB occurrences.

1. WHAT IS ALREADY HAPPENING?

Data from the Continuous Plankton Recorder (CPR)
have already revealed distinct ‘events’ in the North Sea
phytoplankton community over the last six decades. A ‘cold
boreal’ anomaly was identified in the late 1970s which was
associated with low temperature and salinity and resulted
in a reduction of the intensity of the spring diatom bloom
(Edwards et al, 2002). A ‘warm temperate event was
identified at the end of the 1980s as a regime shift was
associated with marked synchronous changes in plankton
in the CPR and other time series from the North Sea and
Baltic areas (Edwards et al., 2002; 2006; Alheit et al., 2005;
Wiltshire et al., 2008). More recently, Alvarez-Fernandez
et al. (2012) have reported another shift in the North Sea
plankton community in 1998. This shift has been associated
with a reduction in dinoflagellates and neritic copepods.

There has been a considerable increase in phytoplankton
biomass (Phytoplankton Colour Index) on samples collected
by the CPR over the last decades in certain regions of the
North-East Atlantic and North Sea, particularly over the
winter months. In the North Sea a significant increase in
phytoplankton biomass has been found in both heavily
anthropogenically-impacted coastal waters and the
comparatively less-affected open North Sea. Significantly
decreasing trends in nutrient concentrations suggest that
these changes are not being driven by nutrient enrichment.
The increase in biomass appears to be linked to warmer
temperatures and evidence that the waters are also becoming
clearer (i.e. less turbid), thereby allowing the normally light-
limited coastal phytoplankton to more effectively utilise
lower concentrations of nutrients (McQuatters-Gollop et al.,
2007).

Examination of the HAB data collected by the CPR shows
that the distribution of some HAB species in the North Sea
has altered the since the 1960s with a general decrease in
abundance observed along the east coast of the UK (Regions
1 and 2) (Edwards et al., 2006). A study of individual
phytoplankton groups has shown increased temperatures
were associated with an earlier timing of the maximum
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abundance of some dinoflagellate species. In contrast,
the diatom species examined did not show such a shift
(Edwards and Richardson, 2004). A recent analysis of six
phytoplankton taxa from the CPR showed that an increase
in wind speed and SST were associated with a decrease in
some dinoflagellates genera, while these climatic conditions
favoured some diatom taxa, including the toxin producing
Pseudo-nitzschia ‘seriata’ type diatom (Hinder et al., 2012).
Gowen et al. (2012) reviewed the relationship between HABs
and anthropogenic nutrients and have not observed an
increase in the incidence of blooms of the HAB species in the
Northern and Central North Sea.

Coastal time series of HAB phytoplankton are much shorter
in duration. Most began in the 1990s in response to the EU
Shellfish Hygiene Directive. A review of the distribution of
HAB species around the UK and Rol coast revealed regional
differences in distribution with HAB species more abundant
along the west coast of Ireland and Scotland (Gowen et
al., 2009). This is believed to be due to the thermo-haline
stratification of these waters favouring the growth of some
dinoflagellate genera. Gowen et al. (2009) also investigated
the relationship between HAB genera and nutrient input
in the UK and Rol and found no evidence to support the
hypothesis that HABs are promoted by anthropogenic
nutrient enrichment in this region. The role of nutrient ratios
in the promotion of HABs has also been reviewed (Davidson
et al., 2012). At non-limiting concentrations the influence of
nutrient ratios on HABs is seen as limited. Little is known
about the role of organic forms of nutrients or mixotrophy
in promoting HABs. Both require further investigation if
the nutrient requirement for HAB development is to be fully
understood.

Since the last report card, interannual variability has been
observed in the occurrence of HABs around the UK and
Rol coastline. However, no changes have been observed
that have been directly attributed to climate change. Recent
molecular studies of HAB genera such as Alexandrium and
Karenia have revealed a complex diversity in European waters
(Collins et al., 2009; Brosnahan et al., 2010; Al - Kadari et al.,
2011; Brown et al., 2011). Based on the UK and Rol national
monitoring programmes for HAB species, there is evidence
that no ‘new’ HAB species have become established in UK
and Rol waters through climate driven range expansion or
human introductions.

High Biomass HABs
Karenia mikimotoi

Blooms of K. mikimotoi, continue to impact the UK and Rol
coastline. During the summer of 2010 a bloom of Karenia
mikimotoi was reported along the Ayrshire coast in Scotland
(Region 5). During the summer of 2012, a widespread bloom
of Karenia mikimotoi was observed along the western coast
of Ireland where it persisted from May until September.
The 2012 bloom resulted in considerable mortalities of fish
including turbot, flounder, scorpion fish and shore rockling.
Other dead species recorded included worm pipefish, lesser
weavers, grey gurnard, shanny, sand goby, pollock, sole,
plaice, flounder and dabs. The worst impacted area was

the North-west of Ireland where beaches were closed in
Rossnowlagh and Murvagh due to the quantity of dead fish
washing on shore.

K. mikimotoi blooms do not occur every year although
an increase in the incidence of K. mikimotoi blooms was
suggested as a potential impact of climate change by Bresnan
et al. (2010). Blooms appear to initiate in regions of the
continental shelf which have small tidal currents and are
stratified in summer (Brand et al., 2012). Subsequent growth
and transport in coastal currents can spread their impact
over large areas of the coastal zone (Davidson et al., 2009).
During July 2012, Karenia was observed in the surface waters
at the shelf break off the Malin Shelf (approx 1.5x10° cells
L") (AFBI unpubl.) suggesting a potential offshore origin for
these blooms.

K. mikimotoi does not preserve well in CPR samples owing to
the preservative used and there remains a lack of data on this
species from offshore areas in UK (Region 8) and Rol waters.

Chaetoceros/Phaeocystis

High biomass algal blooms can also cause water
discolouration, which has an unsightly appearance. Referring
to this as a ‘HAB’ infers a negative impact. In some cases
with visual discolouration this may just be aesthetic. High
biomass diatom blooms such as Chaetoceros may cause gill
damage in farmed fish. Since the last MCCIP report card was
published no negative impacts from blooms of Chaetoceros
have been reported.

The colonial haptophytes, Phaeocystis, can produce large
quantities of foam when the colonies are broken down. An in-
depth review of this genus shows that Phaeocystis blooms are
natural events in the southern North Sea and did not appear
suddenly in the 1970s. Regional variations in abundance of
this genus in the southern North Sea can be driven by climate
change (Gowen et al., 2012).

Shellfish toxin producing HABs
Alexandrium and paralytic shellfish poisoning (PSP) toxins

Historically PSP toxicity in shellfish has been reported more
frequently in shellfish from Scottish waters (Regions 1, 6
and 7) than elsewhere in Britain or Ireland. A decline in the
toxicity of Scottish shellfish has been observed over the last
decade (Bresnan et al., 2008; 2010) and this pattern of a low
incidence of PSP toxicity in Scottish shellfish has continued
since the last report card was issued.

The population of Alexandrium in Scottish waters is diverse
with the potent PSP toxin producing Alexandrium tamarense
(Group I) identified in Regions 1, 6 and 7 (Collins et al., 2009;
Brown et al., 2011). The non-toxin producing A. tamarense
(Group III) strain, previously thought to be excluded from
Scottish waters has been identified in Regions 6 and 7 (Brown
et al., 2011) and both toxin and non-toxin producing strains
were found to co-occur in the Shetland Isles (Touzet et al.,
2010). Cysts of A. tamarense have also been recorded in the
sediment from Region 1 (Brown et al., 2011). Since the last
report card was published A. ostenfeldii has been identified
from Region 1 and 7 and confirmed as a producer of both
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PSP and spirolide toxins (Brown et al., 2011). A number of
non-toxin producing species and strains of Alexandrium
have also been identified with non-toxin producing A.
minutum identified from Region 7 and A. tamutum recorded
from the Shetland Isles (Region 1) and Loch Creran (Region
6) (Brown et al., 2011; Swan and Davidson, 2012).

PSP toxicity in English waters remains confined to the south
and south-west coasts (Regions 3 and 4). In the Rol it is
confined to one Irish site, Cork Harbour, on the south coast.
In contrast to the situation in Scotland, these incidences of
toxicity have been associated with a toxin producing strain
of A. minutum (Percy, 2006; Touzet et al., 2008). A. ostenfeldii
and A. peruvianum have also been identified from the south
coast of England and Rol waters as well as the non-toxin
producing Group III strain of A. tamarense (Percy, 2006;
Touzet et al., 2008). Non-toxin strains of A. minutum, A.
tamutum and A. andersonii have also been identified from
Rol waters.

In Northern Ireland (Region 5), PSP toxicity in shellfish is
rarely observed. A recent study revealed the presence of cysts
of both the toxin (Group I) and non-toxin producing (Group
III) A. tamarense in sediments in Belfast Lough. These cysts
were isolated and successfully grown in laboratory culture
(Brosnahan et al., 2010).

In Manx waters, king scallops (Pecten maximus) are
routinely tested for the presence of shellfish toxins. Although
Alexandrium cells have been observed in the water column,
PSP toxins in concentrations exceeding the EU closure limit
have not been detected.

Since the last report card there have been no records of
the PSP producing dinoflagellate Gymnodinium catenatum
reported in UK and Rol waters.

There is no information on PSP toxin producing species
from the offshore waters to the west of Scotland (Region 8).

Dinophysis and lipophilic shellfish poisoning (LST) toxins

The dinoflagellate genus Dinophysis, associated with the
production of diarrhetic shellfish poisoning (DSP) toxins
continues to show a regional distribution around Britain and
Ireland. It is typically found in stratified waters and occurs
in the temporal window from June-September (Raine et al.,
2010). There is now evidence to show it is found in high
densities in horizontally retentive physical structures such
as gyres or coastal jets, usually as sub-surface thin layers of
thickness up to ~3-4 metres (Farrell et al., 2012; Gentien et
al., submitted). These thin layers are transported onto the
coast where they dissipate and cause DSP events. Outside of
these thin layers, Dinophysis is commonly found in coastal
waters in summer but in very low cell densities. Since the
last MCCIP HAB report card was issued, closures of shellfish
harvesting areas were enforced along the south and west
coast of Ireland, west coast of Scotland and Shetland Isles
(Regions 1, 5, 6, 7). Closures of harvesting areas as a result
of high concentrations of DSP toxins are less frequently
enforced in Regions (2, 3 and 4), although Dinophysis
cell counts exceeding the action limit of 100 cells L' were
observed on 12 occasions during 2011 mainly in the south-
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west of England and south Wales. Dinophysis cells were
also regularly observed in the Wash and Thames estuary.
Dinophysis is observed as part of the summer dinoflagellate
community in Manx waters, however, concentrations of DSP
toxins in P. maximus are not high enough to close shellfish
harvesting areas.

The duration of closures due to DSP toxins can be quite long.
During the summer of 2009 a prolonged closure of shellfish
harvesting areas was enforced in Loch Fyne on the Scottish
west coast (Region 5). A co-occurrence of classical DSP
toxins (okadaic acid, dinophysistoxins and acylated esters)
and yessotoxins was observed. The degree of shellfish tissue
contamination in early June resulted in a toxin persistence
which lasted for approximately 12 weeks. Temporal trends of
toxin concentrations in shellfish during this period paralleled
the bloom profile of the DSP causative dinoflagellate genus
Dinophysis, which exhibited exceptional bloom magnitude
and duration. While a definitive causal link cannot be
established on the basis of available data, it is likely that this
population became established and persisted through wind
driven advection of a seed population into the loch.

In Irish waters, shellfish harvesting areas continue to enforce
periodic closures in the south west region as a result of high
concentrations of DSP toxins associated with Dinophysis. A
study on the dynamics of the Dinophysis acuta populations
in Irish waters showed cells of this species to accumulate in
thin layers in the water column which could be transported
in the coastal current (Farrell et al., 2012). Along the west
coast, closures in 2009 and 2012 in Killary Harbour were
due to DSP toxins from Dinophysis at cell densities of several
thousand cells per litre (Raine et al., 2014). These populations
had been advected into Killary Harbour.

Analysis of the historical data from the CPR shows the
distribution of Dinophysis to have shifted in the North Sea
region over a multi decadal scale. Dinophysis was abundant
on the east coast of the UK (Region 1) in the 1970s (Dodge
1977), however, densities have declined and shifted to the
north-eastern North Sea (Edwards et al., 2006). During
2010, high abundances of Dinophysis were observed off
the northern coast of Denmark. Data on Dinophysis from
Region 8 is scare. A report on the phytoplankton community
observed along a transect in this region (Ellett line), revealed
Dinophysis to be present both on and off the shelf, but in
low numbers (Fehling et al., 2012). Data from the CPR also
reveals Dinophysis to be lower in abundance in Region 8 than
in the North Sea.

Since the last report card, concentrations of yessotoxins
(YTX) and azaspiracids AZAs exceeding the EU closure limit
have been reported for the first time in Scottish shellfish from
Regions 1, 5 and 6. This is in contrast to a previous survey by
Stobo et al. (2008) when low concentrations of these toxins
were recorded. The presence of AZA producing Azadinium
spinosum, alongside a new non-AZA producing species A.
polongum, has recently been confirmed in samples from the
Shetland Islands (Tillmann et al., 2012).

The relationship between Azadinium in the water column
and AZA in field material has only started to be investigated

MCCIP Science Review 2013: 236-243



240

E. BRESNAN et al.

recently and it is too early to show clear patterns. In Irish
waters AZA concentrations in shellfish increase during the
late summer months. A recent study confirmed that shellfish
can accumulate AZA in their tissues when fed Azadinium
spinosum isolated from Irish waters (Salas et al., 2011).

Pseudo-nitzschia and amnesic shellfish poisoning (ASP)
toxins

Pseudo-nitzschia, continues to be routinely detected as part
of the phytoplankton community in UK and Rol waters.
Historically, this toxin-producing species was responsible
for extensive closures of shellfish harvesting areas for king
scallops in Scotland (Pecten maximus) (Fehling et al., 2005).
Since the shellfish hygiene recommendation (2002/226/EC)
allowed the sale of shucked scallop product on the market,
closures of harvesting areas in UK waters (regions 1- 8) have
considerably reduced. Monitoring for the presence of domoic
acid continues and although high concentrations were found
in P maximus from the Isle of Man and Northern Ireland,
they were not sufficient enforce a closure of the shellfish
harvesting area.

The uptake and depuration of ASP toxins in shellfish such
as blue mussels (Mytilus edulis) is very rapid and although
high Pseudo-nitzschia cell densities have been observed
in UK waters, virtually no closures of shellfish harvesting
areas have been enforced in regions 1-8 since the last report
card was issued. During the summer of 2012 domoic acid
concentrations above the regulatory limit of 20 ug DA 100g ™!
was detected for the first time in mussels from Belfast Lough.
A high cell density of Pseudo-nitzschia (250,000 cells L'!) was
associated with this event and the harvesting area was closed
for two weeks.

During the spring in Rol waters blooms of Pseudo-nitzschia
can be associated with high concentrations of ASP toxins in
M. edulis tissue, which result in enforced closures of shellfish
harvesting areas.

A report on the phytoplankton community composition
along a transect in Region 8 (Ellett line) presents the first
details of the Pseudo-nitzschia community both on and off
the shelf edge in this region (Fehling et al., 2012).

Dense blooms of Pseudo-nitzschia, particularly P ‘seriata’
type cells continue to be observed in the offshore areas of the
North Sea by the CPR.

Since the last report card was issued, the occurrence of
algal toxins in higher trophic levels of UK waters have been
reported. A small study investigating the role of zooplankton
in vectoring algal toxins up the food web, recorded the
presence of domoic acid in calanoid copepods in the north
east of Scotland (Region 1) (Marine Scotland, unpublished
data). A recent survey in Scottish waters has revealed the
presence of domoic acid, the toxin responsible for ASP in the
urine and faeces of harbour seals, Phoca vitulina, in Regions
1, 6 and 7 (Hall and Frame, 2010). Opportunistic sampling
of a pregnant dead harbour seal also found traces of domoic
acid in the amniotic fluid and analysis of faeces and urine
from various species of cetacean that have stranded around
the Scottish coast also detected exposure in harbour porpoise

(Phocoena phocoena). Grey seals (Halichoerus grypus) were
also found to be exposed, but the proportion of positive
faecal samples collected from a haulout site on the east
coast of Scotland during the summer was much lower than
in harbour seals from the same region and month (18/37,
48% in grey seals compared to 22/23, 95% in harbour seals),
possibly due to their more offshore foraging behaviour (Hall,
unpublished data). Domoic acid has been responsible for
the mortality of sea mammals in coastal waters of California,
USA (Lefebvre et al., 2012), but the impact of this toxin on
the health of marine mammals and seabirds in UK and Rol
waters is currently unknown. A more detailed study is now
underway to investigate this further.

2. WHAT COULD HAPPEN?
Sea surface temperature

Many HAB species are flagellates, life forms that are favoured
by increased temperatures though direct influences on
cellular processes and indirectly through increased stability
of the water column. An increase in SSTs may facilitate the
range expansion of HAB species from more southerly areas
as suggested by Hallegraeff (2010). Examples of species
that may become established in UK and Rol waters are
Gymnodinium catenatum, a PSP toxin producer frequently
observed in Spanish waters and Ostreopsis spp., a toxin-
producing benthic dinoflagellate which is now known to have
a European distribution outside of the Mediterranean. Given
the complex interactions that determine the occurrence of
HAB species and control bloom development, it is difficult
to determine the probability of ‘new’ species becoming
established in UK and Rol waters. Predicted temperature
increases are highest in Regions 2, 3 and 4 which suggests
these waters may be more at risk.

Stratification

An increase in the duration of stratification has the potential
to impact the occurrence of HABs in UK and Rol waters.
The onset of seasonal stratification is predicted to occur
earlier in the year and persist into the autumn as a result of
climate change. Such conditions may favour dinoflagellate
growth. This is particularly relevant in Region 8, an area
where offshore high biomass K. mikimotoi blooms have been
hypothesized to initiate and impact coastal areas in Regions
6,7 and 1. Increased stratification may also promote growth
of selected phytoplankton through the reduction of turbidity,
increasing exposure to available light.

Conversely, changes in wind speed and duration may reduce
the duration of stratification in the water column. This may
result in a decrease of some HAB dinoflagellate species and
an increase in HAB diatom species as suggested by Hinder
etal. (2012).

Increase in precipitation, runoff and flooding

Elevated or intense bursts of precipitation can increase the
amount of runoff from the land and/or the number of flood
events. This may enhance stratification in estuaries and sea
lochs which can favour the growth of dinoflagellates. Humic
material during these events may increase the concentration
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of nutrients available which may promote phytoplankton
growth (Hallegraeff, 2010). Conversely turbidity during
storm/run off events may increase turbidity and result in
light limitation of growth.

The impact of climate change on algal toxicity

It is known that environmental variables such as temperature,
pH, light, nutrient supply and water movement/turbulence
can affect algal bloom dynamics and their toxicity. Climate
change is expected to impact on these variables to differing
extents in different regions (Hallegraeff, 2010; Davidson et
al., 2012)

Ocean acidification and multiple pressures

The influence of increasing ocean acidification (OA) on the
phytoplankton community (including HABs) has yet to be
fully investigated. Knowledge gaps in this area have been
highlighted by Fu et al. (2012). Increased CO, concentrations
may influence the abundance of pH sensitive species, however,
impacts from ocean acidification may also be less obvious.
A lower pH has the potential to influence the speciation of
nutrients (e.g. nitrogen, phosphate and silica) important for
phytoplankton growth (Turley et al., 2009) however many
HAB species are mixotrophic (Davidson et al., 2012) and
thus the impact of OA on food availability has yet to be fully
resolved. Some phytoplankton groups with a low affinity for
CO, could be favoured by increased concentrations of CO,
(Rost et al., 2008), thereby altering the composition of the
phytoplankton community. Culture studies on strains of
Pseudo-nitzschia have investigated the combined impacts of
pCO, and nutrients on toxin production. Increased domoic
acid production was observed under high pCO, conditions
and this increase was elevated in nutrient limited conditions
(Fuet al., 2012).

Changes in offshore circulation

Changes in offshore circulation can influence the abundance
and diversity of phytoplankton in UK waters and have already
been identified in Region 1 (Edwards et al., 2002). where
influx of polar water into the North Sea in the late 1970s
resulted in a decrease in phytoplankton abundance, with
one species Ceratium macroceros being lost from the North
Sea dinoflagellate community. Variation in the circulation
of the subpolar gyre may influence variability in ecosystem
structure on the eastern margin of the North Atlantic (Hatan
et al., 2009) and should be considered when interpreting
longer term phytoplankton time series data as well as making
predictions for the future. Studies into the impact of regional
climate change on harmful algal blooms in the north-east
Atlantic concluded that harmful algal blooms in Norwegian
coastal waters and the Skagerrak are particularly sensitive
to climate induced changes in temperature, salinity, and the
North Atlantic Oscillation (NAO) (Edwards et al., 2006).
McDermott and Raine (2006) give suggestions for the groups
of species, from the genus Ceratium that could be used as
evidence of such changes.
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3. KNOWLEDGE GAPS
Some knowledge gaps remain:

a. The majority of HAB monitoring is performed in coastal
areas. The role of advection from the offshore in seeding
blooms in coastal areas requires further attention. The lack
of monitoring/modelling studies in shelf areas and Region 8
contributes towards this.

b. Limited work has been performed in modelling the
different HAB species in UK waters. Therefore it is difficult
to predict the response of different HAB groups and genera
to the influences of climate change.

c. The impact of increasing ocean acidification on UK HAB
species is largely unknown.

d. Ichthyotoxic species such as Karenia mikimotoi have yet to
be investigated to a level that would allow a proper evaluation
of their impacts on the marine ecosystem (including critical
life phases of exploited species).

4. SOCIO-ECONOMIC IMPACTS

Increased HAB events may have a direct detrimental effect
on ecosystems (e.g. benthic mortalities resulting from
K. mikimotoi blooms) and they can often have a direct
commercial impact on aquaculture, either shellfish or fish
production farms, depending on the type of HAB. Predictions
of future food consumption indicate that these two sources
will be of much greater importance in the future and thus the
economic impacts may be severe. In rural areas impacts to
the aquaculture industry will have a disproportionate impact
on the economy of the local area.

5. CONFIDENCE ASSESSMENT

Time series data from the CPR and coastal monitoring sites
in UK and Rol waters reveal changes in the occurrence and
distribution of HABs and HAB species over the last number
of decades. Limited modelling work makes it difficult to
predict the response of HABs to the influences of climate
change.

What is already happening?
High

Low

Level of agreement/
consensus
<

Amount of evidence

What could happen?

Low

Level of agreement/
consensus
<

Amount of evidence
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