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ABSTRACT

A protracted bloom of Karenia mikimotoi was present in summer 2005 along the northern half of
the western Irish coastline. The onset of this bloom was identified in late May / early June. This
event subsequently dissipated over the month of July and was succeeded by a bloom of the same
species in the southwest in late July. The bloom was very intense and resulted in discolouration of
seawater and foaming in coastal embayments. Major mortalities of benthic and pelagic marine
organisms were observed and a complete decimation of marine faunal communities was reported
and observed in several locations. Deaths of echinoderms, polychaetes and bivalve molluscs were
observed in County Donegal and Mayo, while farmed shellfish and hatchery raised juvenile
bivalve spat suffered significant mortalities along the Galway and Mayo coasts. Reports of dead
fish and crustacea were received from Donegal, Galway, West Cork and Kerry.

Karenia mikimotoi is one of the most common red tide causative dinoflagellates known in the
Northeast Atlantic region, and is also common in the waters around Japan. Blooms of this species
often reach concentrations of over several million cells per litre and these densities are often
associated with marine fauna mortalities. Although cytotoxic polyethers have been extracted from
cultures of the species, the exact mechanism of the toxic effect and resultant devastating damages
yet remains unclear. It is known in the literature under several different names as the taxonomy
and genetics have been studied. It is now known that previously reported names including
Gyrodinium aureolum, G. cf. aureolum, G. nagasakiense and G. mikimotoi are synonymous with
the current name given to the organism.

The visible effects following the mortalities included noticeable quantities of dead heart urchins
(Echinocardium cordata L.) and lugworms (Arenicola marina L.) deposited on beaches. Several
species of wild fish were also found dead. The bloom coincided with a period of fine weather and
tourists visiting the seaside were concerned about the safety of swimming in waters that were
obviously harmful to marine organisms on this scale. A public awareness programme was
mounted by the Marine Institute with several radio broadcasts, press releases and a website
provided to give up to date pronouncements on the event.

While there have been several instances of Karenia mikimotoi blooms reported in Ireland over the
past 30 years, this scale of mortalities associated with the 2005 bloom were not previously
observed. Recording the scale of this event was facilitated by satellite imagery while direct counts
of the cells in seawater by the Marine Institute monitoring programme gave very useful
information regarding the size and intensity of this event. The mortalities of marine organisms
were documented from reports made by various observers and by Marine Institute field surveys.
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1. INTRODUCTION

1.1 Background and context

A bloom of the dinoflagellate Karenia mikimotoi (see Figure 1) originated along the west coast of
Ireland during June 2005 and persisted for approximately two months. During that time,
mortalities were reported of vertebrate and invertebrate species along the length of the western
seaboard. Marine Institute (MI) scientists conducted comprehensive surveys of the coastline. High
cell counts were related to subsequent mortalities.
MI took responsibility for the provision of public information during the harmful algal event. A
number of public information services were put in place, including:

• response to phone queries from the public and state agencies
• a website to provide daily updates on the event
• several press releases was prepared and published
• news bulletins broadcast on national and local radio

MI agreed with the Department of Communications, Marine and Natural Resources (DCMNR) to
produce a full report on the phenomenon.

This report documents the origin and development of the bloom and the reported mortalities. It
also  details the investigation by MI into the protracted and intense bloom of the ichtytoxic
dinoflagellate along the west coast of Ireland during summer 2005.

Figure 1: The dinoflagellate Karenia mikimotoi, observed at x200 magnification (Picture MI)

1.1.1 Normal periodic blooms

Blooms of phytoplankton are regular occurrences of the natural cycle of the marine flora. A
bloom is said to occur when the population of planktonic organisms becomes sufficiently
abundant resulting in visible discolouration the sea. These blooms are mostly associated with
phytoplanktonic autotrophs (organisms self-sufficient in food production) and the resultant
discolouration is due to high concentrations of photosynthetic and accessory pigments.

Normal levels of chlorophyll-a in summer European waters are in the order of a few mg/m3 but
blooms of Karenia mikimotoi can result in dramatic increases of chlorophyll resulting in
spectacular water discolouration. Visible discolouration becomes noticeable when chlorophyll
concentrations exceed approximately 10 mg/m3, whereupon the pigments can absorb and algal
cells scatter a substantial fraction of submarine light. Holligan (1979) observed chlorophyll levels
due to a bloom of this species above 100 mg/m3 in the approaches to the English Channel. Jones
et al. (1984) describe a red tide in western Scotland where chlorophyll levels reached 2200
mg/m3.
1.1.2 Exceptional blooms

An “exceptional” bloom is defined as being an irregular event, and hence unpredictable, unlike
the spring diatom bloom. Exceptional blooms include those that are outside of the usual
dinoflagellate summer succession, and blooms that are unusual in their consequences. Some of
these consequences include acute toxicity, such as result from toxin producing species such as
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Alexandrium spp., and marine organism mortality events, such as those following blooms of
Karenia mikimotoi, often accompanied by discoloured water due to its potential high biomass.

1.2 Introduction to Karenia mikimotoi

1.2.1 Mechanism of toxicity

While many fish killing phytoplankton are known worldwide, the actual toxicity of these species
is not fully understood. Only the brevetoxins produced by Karenia brevis and prymnesins
produced by Prymnesium parvum have been shown to kill fish to date. Karenia mikimotoi is one
of the most notorious red tide species causing devastating damage to aquaculture and marine
ecosystems worldwide, however the mechanism of the toxic effect to marine organisms as yet
remains largely unknown. The mortalities have been suggested to be due to a combination of
decreased levels of oxygen saturation, or anoxic conditions that result from the decomposition of
the algae in the latter stages of the bloom and the presence of a toxin. Respiration by the algae
themselves as well as bacterial respiration associated with the breakdown of the bloom consumes
oxygen. In estuaries and bays, the bottom waters may become deficient in oxygen and, in extreme
cases, anoxic (i.e., totally devoid of oxygen), causing mass mortalities of benthic fauna. The
process is exacerbated if the water column becomes stratified, either by freshwater inputs to
estuaries or through seasonal heating of the surface waters.

In recent papers by Satake et al. (2002 and 2005), an investigation into the toxic principal causing
mortalities associated with K. mikimotoi was conducted. Using a cytotoxicity assay instead of
more elusive fish toxicity assays used in the past, and by improving extraction and purification
conditions, they isolated new toxins named Gymnocins A and B. These compounds are
structurally similar to certain Brevetoxins (BTX), however it was shown that, while they are
cytotoxic, they are only weakly toxic to fish. When a mixture of the Gymnocins was tested on a
fresh water fish, Tanichthys albonubes, the toxicity was 250 times less potent than that of 42-
dihydro BTXb . The discrepancy between the observed massive fish kills in the field and the weak
toxicity in the laboratory assay may arise from the fact that the extremely low solubility of the
Gymnocins in water prevents them from reaching the fish gills. In the red tide events, K.

mikimotoi, cells were observed to stuff the fish gills, enabling thereby direct contact of the
Gymnocins to the gills. A similar mechanism may apply to many other red tide species that kill
fish in the field but appear to be non-toxic when extracts are tested by conventional fish assays.

1.2.2 History of Karenia mikimotoi blooms

Vertebrate and invertebrate mortalities associated with large algal blooms (of a variety of species)
are not unusual and have been reported from New Zealand (Chang et al., 2001), Hong Kong (Lu
and Hodgkiss, 2004), South Africa (Horstman, 1980) and, the US (Smith, 1975 & 1979). The
scale of impact of these events have varied considerably and have been realised both on a broad
geographic scale e.g. 2,162 square miles impacted on west coast of Florida (USA) during 2005
(Florida Fish and Wildlife Commission, 2005), and on an economical scale e.g. US$40,000,000
worth of losses in caged fin-fish in Hong Kong (Lu and Hodgkiss, 2004).

First recorded as “Gyrodinium aureolum Hulbert” from samples collected in a coastal lagoon
close to Woods Hole, Massachusetts USA, (Hulbert, 1957), it was subsequently found in 1966 by
Braarud and Heimdal (1970) to be responsible for a red tide along Norwegian coasts. Here it was
described as “brown water accompanied by sea trout mortalities”. There are two further uncertain
occurrences in the late 1960s (identification not confirmed); in the Helgoland Bight (North Sea) in
1968 (Hickel et al., 1971), and off the coast of Jutland, also in 1968, (Vagn Hansen et al., 1969).
The latter was also associated with fish mortalities. In 1971 Ballentine and Smith (1973) reported
a bloom on the North Wales coast, which was associated with the characteristic extensive
lugworm mortalities. Ballentine also recorded that G.aureolum (K. mikimotoi) had been identified
in the Plymouth area in south-west England.
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A North Sea bloom of K. mikimotoi was also described in the North Sea by Tangen (1977) and
this was also associated with marine organism mortalities. Other than the report from Woods Hole
lagoon, all the sightings seemed to occur around the latter part of the Summer and early autumn.
Fine calm weather appeared to be an important precursor to these blooms.

There were two distinct morphotypes described using the same species name Gyrodinium

aureolum; one on the east coast of the USA and the other in Europe. Hulbert described the North
American type under the original description in 1957. Neither red tides nor mass mortalities were
described in North America, but extensive red tides with mass mortalities were reported in the
North Sea (Tangen, 1977).

Tangen and Bjorland (1981) observed the morphology of European G. aureolum in detail.
Comparing their description to that of Hulbert the position of the nucleus apparently differs. The
position of the nucleus is one of the key identifying features of this species lying laterally across
the hypocone. Many taxonomists considered it inadequate to describe the North American and
European morphotypes as G. aureolum. Consequently it was decided that the European
morphotype was not G. aureolum and similarities to the Japanese fish killing species
Gymnodinium mikimotoi were made.

During 1975, Evans (1975) described the progress of a bloom of a virtual monoculture of K.

mikimotoi throughout most of Liverpool Bay, and particularly along the north Wales coast. This
year was notable for a fine extended summer, and this bloom was well established towards the
middle of September just as the weather broke with strong gales and heavy rain. The resultant
mixing of Liverpool Bay, rather than diminishing the intensity of the bloom, extended its
geographical distribution to Morecambe Bay, reaching a peak on 15th October. Cell counts
reached a density of 0.92x 106 and a chlorophyll a level of 40.7 mg/m-3. This bloom tailed off
gradually and had disappeared from the phytoplankton completely by mid November. The effects
of this bloom were reported to include large-scale lugworm mortalities, luminescence in the water
and a seaweed-type odour during the period of bloom decline.

1.2.3 History of Karenia mikimotoi blooms in Irish waters

In Irish waters there have been several reports of blooms. The earliest recorded publication on an
Irish bloom of Karenia was made by Ottway et al. (1979) following observations of mortalities of
littoral and sub littoral organisms associated with an algal bloom in 1976. This bloom was located
in Wexford Harbour and extended along the south coast to Youghal where discolouration of the
water persisted for 10 days from the 5th July 1976. Mortalities of organisms included lugworms
(Arenicola marina), ragworms (Nereis sp.), sole (Solea sp.), plaice (Pleuronectes platessa L.)
flounder (Platichthys flesus L.), sandeels (Ammodytes sp.) gapers (Mya sp.), razor fish (Ensis sp.),
cockles (Cerastoderma (Parvicardium) edule L.) and Palourdes (Tapes decussata L.)

In August 1978, a bloom was recorded, located in Roaringwater Bay, inside the Fastnet Rock, and
extending some 100km eastwards along the south coast to Kinsale Harbour (Roden et al., 1980).
Chlorophyll-a concentrations of 32 mg m-3 were estimated at the peak of the bloom (Pybus,
1980). The following year a further exceptional bloom was recorded, again in the month of
August (Roden et al., 1981).

In both cases, these blooms were associated with mortalities of marine organisms including
benthic invertebrates and farmed fish. In 1984, a bloom up to 0.5x 106 cells/litre was recorded also
in Roaringwater Bay, with a similar density reported in 1987 in Bantry Bay (Raine et al., 1990).
The above studies suggested for the first time that the frontal regions between the upwelling zone
and adjacent thermally stratified waters off the southwest coast could be an ideal site for bloom
formation. These are similar to the tidal front regions of the Irish Sea, which have been associated
with large Karenia populations in the summer.
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A study to investigate the link between surface wind stress and upwelling in the promotion of
K.mikimotoi blooms in coastal areas was carried out in July and August of 1991 in Bantry Bay
(Raine et al. 1993). This survey indicated that the effects of upwelling in promoting dinoflagellate
blooms might be due to the shallowing of the pycnocline outside of the coastal bays into the
euphotic zone (due to upwelling), thereby promoting phytoplankton growth at this discontinuity.
This shallowing may reach the sea surface where dinoflagellate communities can predominate.
Wind stress acting along this surface coastal front and its resident bloom of dinoflagellates can
move the community shorewards by moving a large surface inflow and bottom outflow into the
bays that are axially aligned to the predominant wind direction.

The work was highly significant in explaining the sudden occurrence of large populations of
dinoflagellates, including Karenia, which regularly present themselves into coastal embayments
during the summer months when upwelling and stratification may occur offshore. These advective
processes accompanying large-scale movements of Karenia from offshore adjacent shelf areas
into the bays of the south west of Ireland are related to axial component of the wind stress i.e. the
resumption of southwesterly winds following a short period of north easterly winds is known to
cause considerable water exchange in Bantry Bay. In the August 1991 event it was estimated that
75% of the bay volume was exchanged with water on the shelf within two days. The physical
mechanism by which these populations were transported into the bay was by way of a strong two
way oscillatory flow in a stratified (two-layer) water column (Edwards et al. 1996) The alignment
of Bantry Bay to the prevailing wind direction explained the sudden appearance of Karenia

mikimotoi into the Bay.

In further studies in the south of Ireland between 1995 and 1996 the subsurface chlorophyll
maximum between Sherkin Island and Cork Harbour contained cell counts of 4x 106 cells/litre of
K.mikimotoi (Raine & McMahon, 1998).

A similar sudden appearance of Karenia mikimotoi was observed in Rosses Point in Co Sligo in
1998 and 1999 (O’Boyle, 2002). An increase in salinity on both occasions suggests physical
control of these events rather than in situ growth. The role of the Irish Coastal Current (ICC),
which travels northwards along the coast of Ireland, was suggested to play an important transport
vector in moving these developing blooms northwards along the coast. Measurements of wind,
taken at Erris Head, suggested that the ICC is strongest under southerly and southwesterly
airflows. In 1999, a large population of K. mikimotoi was observed in the shelf waters to the west
and southwest of the Aran Islands between the 8th and 11th of July. Later that month
concentrations were observed to increase rapidly within a three-day period around the 26th of July
reaching a maximum of 750,000 cells/l on the 29th July. The northwards coastal current was
measured to give maximum current speeds of 15-20 cm/s and under these conditions the
population west of Aran could have reached the shelf waters to the west of Sligo Bay in this time
period. Transport into the bay was explained by westerly and northwesterly wind conditions.



Marine Environment and Health Series, No. 21, 2005

_______________________________________________________________________________________________

5

2. METHODOLOGY

2.1 Surveys

Methods for the investigation were many and varied. They can be divided broadly into 3 areas of
assessment:

(a) Assessment of the scale of the blooms

• The scale of the bloom was determined from the satellite imagery and phytoplankton
counts.

• A review was carried out of environmental conditions measured along the western
seaboard during the bloom event.

(b) Assessment of the intensity of the blooms

• Samples of seawater were collected from along the western coast to identify and
enumerate the phytoplankton present, resulting in seawater discolouration and marine
mortalities.

• RV Celtic Voyager Survey of West Galway coast (July 13-14), for phytoplankton,
fluorescence and oceanographic conditions.

(c) Assessment of the impact of the blooms

• The scale of the impact was evaluated by discussion with staff from public agencies, as
well as private individuals concerned about, or affected by the blooms.

• Numerous information sources were investigated with a view to documenting the intensity
of mortalities in areas as well as the geographic scale of the impacts.   

• Shore sites visits in Donegal Bay (July 1).
• MI Dive investigations in Kilkieran Bay July (4-5)
• MI’s RV Celtic Voyager Camera Survey of Donegal Bay (July 10-11).
• Phytoplankton and benthic grab survey of Killary Harbour (August 7).
• A survey of aquaculture installations and surrounding environment in Killary Harbour was

commissioned by MI (Aqua-Fact International Services Ltd.).

Specific investigations by the Marine Institute were supplemented by additional input from a
variety of other sources (See Appendix 1). The reports of these additional investigations are
summarised in the following Results section.

2.2 Methods

2.2.1 Phytoplankton Assessment

2.2.1.1 Phytoplankton enumeration
In the course of these investigations a suite of methods were employed to estimate the scale of the
bloom. Weekly samples were collected from shellfish and salmon farms around the coast as part
of the National Phytoplankton Monitoring Programme. The samples were collected using a Lund
tube to integrate the top 10m of water in a single sample. Where water depth precluded the use of
this equipment, a surface sample was collected. The samples were settled, identified and counts
made under an inverted microscope.

2.2.1.2 Phytoplankton toxicity
The toxicity of the cells was investigated to see if there were any human health implications
present. In particular the presence of Brevetoxins was of concern, as the closely related species
Karenia brevis causes widespread respiratory and in some cases neurological problems through
direct consumption of shellfish and through inhalation of aerosolized particles in coastal areas in
the Gulf of Mexico and in New Zealand. To eliminate this problem, samples of phytoplankton
were concentrated from the southwest bloom and were sent to the Cawthron Institute in New
Zealand, and Mote Marine Lab in Florida. These were analysed using Liquid Chromatography –
Mass Spectroscopy.
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2.2.2 Assessment of benthos

2.2.2.1 Grab survey

A survey of benthic infauna was carried out in Killary Harbour, Co. Galway on August 7, 2005.
The survey was carried out in an attempt to estimate the impact of the algal bloom on the infauna
by comparing the data with those derived from a similar survey in August 2003.

The survey was carried out aboard the MV Connemara. A 0.01 m2 Van Veen grab was used in the
survey and each sample was washed through a 1mm sieve. In total, 4 replicate samples were taken
from each of 3 locations within Killary Harbour (Table 3.1). The samples were fixed in 4%
neutral buffered formalin and ultimately preserved in 70% ethanol. The fauna were identified to
the lowest taxonomic group possible.

2.2.2.2 Dive surveys

During the course of the bloom a number of dive surveys were carried out to observe the extent of
the impact of the bloom. These surveys were carried out by MI in Kilkieran Bay, Co. Galway on
July 5 and 6, 2005 (Section 3.3.2 following). A second dive survey is described and was carried
out by Dr. Rowan Holt of the Countryside Council for Wales. This was carried out in Killary
Harbour on July 3, 2005. The report was published online at (http://www.glaucus.org.uk/
News2005Summer.htm) and is included in this report as Appendix 4. A separate dive survey was
carried out in Killary Harbour on July 20 2005 by Aqua-Fact International Services Ltd. This
survey was commissioned in order to document the impact of the algal bloom in the vicinity of
finfish culture cages located therein. A summary of the findings is provided in section 3.3.2.

2.2.2.3 Sediment Profile Imaging Survey of Killary Harbour

The Marine Institute commissioned Aqua-Fact International Services Ltd. to carry out a survey of
Killary Harbour. In order to obtain a more accurate account of the conditions in the selected areas
in Killary Harbour after the oxygen depletion process caused by the recent algal bloom in the
area, Sediment Profile Imagery (SPI) was used to support the findings of the dive survey
(described above).

The primary objectives of the SPI survey were:
• To analyse sediments for grain size, degree of compaction and depth of bioturbatory

activity (re-working or irrigation of sediment by animals).
• To document infauna (animals living in the sediment) and epifauna (animals living on the

bottom) and to infer from their presence the health of the benthos.
• To assess the overall conditions of the seafloor after the algal bloom phenomenon.

Sediment Profile Imaging (SPI) was carried out by means of a specially constructed camera that
can photograph a profile of the top layer of the seafloor. Sediment Profile Imaging can remotely
identify the stage of succession of the benthic fauna and its subsequent development or
destruction. The physical disturbances responsible for driving succession can also be remotely
detected. It is a non-destructive method, such that comparisons can be directly made with baseline
and previous SPI studies. An additional downward-looking surface camera mounted on the SPI
frame is used to obtain a pre-penetration photograph of the seafloor where the profile shot is to be
taken. Additional information can be obtained from these surface shots-when combined with
information already recorded in the profile shots this helps to build a complete picture of the
seafloor being studied.

The sampling stations were located in the same area were the dive transects were laid out, that is
the north shore of Killary Harbour, directly opposite the fish farm buildings, 50m, 100 m and on a
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control site near the Ocean Spar and PolarCirkel™ cages. In all, 7 stations were sampled on July
20 2005. One station was sampled on the north shore of Killary Harbour. Three stations were
sampled on a southwest direction from the Ocean Spar cage: 50 metres, 100 metres and a control
site. Finally, another three stations were sampled off the PolarCirkel cages (50 metres, 100 metres
and control on a southwest direction). Sediment Profile Images and ancillary seafloor surface
images were taken at each station. Four replicates were taken at each station.

2.2.3 RV Celtic Voyager Surveys

In response to reported mortalities of invertebrate and fish species throughout the Donegal Bay
area in the early part of July, the MI mobilised the RV Celtic Voyager to carry out an underwater
video survey of the bay on July 10 and 11, 2005.

Underwater video footage was acquired by an OE14-366 Kongsberg Simrad™ Underwater Video
Camera mounted on a custom made tubular aluminium sledge. Camera and lights were powered
via a 300m NC13 real time cable and the sledge was towed behind the vessel by a separate towing
wire at approximately 0.5 to 1.5kn, with optimum speed of 0.8kn.

In total 11 stations were visited (see Figure 11), wherein a 10 minute transect of video images of
the seabed was acquired. Upon acquisition of the video they were fully reviewed and all features
noted.

An additional survey was carried out using the Celtic Voyager along the Galway coastline in the
vicinity of Killary Harbour on July 12-13, 2005 (Figure 12). The objective of this survey was to
establish if the bloom was dissipating. Two transects were run on the survey. On both of these
transects CTD casts were performed with the addition of a Fluorometer in determining the depths
of Chlorophyll maxima. Phytoplankton samples were taken from discrete depths using the rosette
sampler. In addition, phytoplankton net hauls and Lund tube samples were taken to observe
integrated qualitative and bulk phytoplankton samples.  

2.2.4 Site Visits to Inner Donegal Bay (July 1, 2005)

In response to reports of dead invertebrate fauna being found on beaches and dredged up during
fishing activities in Donegal Bay site visits were carried out by MI. The survey consisted of visits
to intertidal locations along the inner parts of Donegal Bay. In total, six locations were visited.
Observations were made on the sea conditions and the presence of any fauna on the shore. Details
are listed in section 3.3.
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3.  RESULTS

3.1 Phytoplankton assessment

3.1.1 Phytoplankton abundance

Samples analysed as part of the National Phytoplankton Monitoring programme identified the
onset of the bloom from the end of May to the beginning of June. This first bloom was present in
the northern and northwestern part of the country and a subsequent bloom developed in the
southwest (Figure 2). The monthly maximum cell counts at the locations of the sample points
taken as part of this programme are given in Figures 3 (a-d)(Appendix 2). Early development of
the bloom during the month of May showed highest counts observed in western County Galway
(Fraochoilean 17,600 cells/l). The bloom continued to develop in this area during the month of
June up to 692,714 cells/l recorded in Hawks Nest, but extended northwards into Donegal Bay
where exceptionally high counts in the inner part of the bay reached over 3 million cells/l. The
bloom dissipated in Donegal during August.

Meanwhile in the southwest, a second bloom had established during July where high
concentrations of up to 3.7 million cells were observed in the Glenbeigh area of Dingle Bay. The
bloom in the southwest was not as persistent as in the north and had significantly decreased by the
start of August. Castlemaine Harbour showed the highest levels of the month at only 2000 cells/l
on the 2nd August. However typical levels were between 40 and 200 cells/l along the northwest,
west and southwest coasts, apart from 840cells/l found in McSwynes Bay on 22nd August. The
bloom continued to dissipate through the month of August back to background levels by the end
of the month (Figure 3a-d).

The extent of these blooms was also apparent from satellite images. A suite of images of 7 day
composite images (Figure 4 a-e) taken from the MODIS aqua sensor revealed the presence of
elevated sea surface chlorophyll levels, greater than 9 mg m-3 during the first half of June. This
bloom was very extensive covering the western coastline north of Slyne Head, and developing as
the month progressed to an area west of Donegal extending to approximately 100 km offshore.
The levels were concurrent with the high cell counts observed in the area of K. mikimotoi.
Elevated chlorophylls were also visible in Dingle Bay in August, although not as extensive and
not as striking in the images due to its localised presence in a coastal area where the land effects
interfere with satellite imagery.
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