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Pathology of wild and cultured fish affected
by a Karenia mikimotoi bloom in Ireland, 2005
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Abstract
An algal bloom of Karenia mikimotoi occurred during the summer of 2005 in Ireland. Mortalities
of both wild and cultured fish and shellfish were recorded. Affected wild and farmed fish were
sampled to assess the pathological impact of exposure to the bloom. Histopathological changes
were observed in the gills, gastrointestinal tract and liver.
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In the summer of 2005, a protracted bloom of
Karenia mikimotoi (formerly known as
Gymnodinium aureolum) occurred along the
northern half of the west coast of Ireland. The
onset of the bloom was late May and it
eventually dissipated over the month of July.
The bloom was very intense and resulted in
marked discolouration of seawater (Silke et
al., 2005). It was visualised using satellite
imagery extending up to 100km offshore and
was periodically present in many sheltered
bays and inlets. The bloom in some areas of
the northwest exceeded 3 million cells per litre
(Silke et al., 2005). A second bloom of
K. mikimotoi subsequently occurred in late
July along the southwest coast of Ireland.

There was concurrent widespread reporting
of wild fish and crustacean mortalities along
the coast and also unusual fish behaviour,
such as normally benthic species of fish
swimming at elevated positions in the water
column. A large number of dead heart urchins
(Echinocardium cordata L.) and lugworms
(Arenicola marina L.) were found on beaches
in the affected regions (Silke et al., 2005). The
bloom was a major cause for concern among

finfish farmers on Ireland’s west coast.
Mortalities occurred in some sites whereas
fish in other sites showed signs of severe gill
damage in the wake of the event.

Karenia mikimotoi is one of the most common
red tide dinoflagellates in the northeast
Atlantic region and also occurs in the waters
around Japan. It can tolerate a wide range of
temperatures and salinity. Blooms of K. miki-
motoi can reach over several million cells per
litre and have repeatedly been associated with
mortalities in both farmed and wild fish,
especially in Scotland, Norway and Ireland.
Mortalities have been linked with K. mikimotoi
since 1966, with all types of wild and farmed
fish being affected as well as a range of
invertebrates (Jones et al., 1982).

The exact mechanism by which K. mikimotoi
has a detrimental effect has remained largely
unclear, but the recent isolation of two
cytotoxic polyethers named gymnocin-A
(Satake et al., 2002) and gymnocin-B (Satake
et al., 2005) may help to elucidate the situation.
It had been suspected that toxin damage is
the mode of operation and in experimental
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laboratory exposure of rainbow trout
(Oncorhynchus mykiss) to a unialgal culture of
K. mikimotoi it was demonstrated that no
mechanical occlusion of the gills by the algae
was occurring, but that marked
histopathological changes such as necrotic
degeneration and disintegration of the
lamellar epithelium were evident (Roberts et
al., 1983). A detailed description of the
pathological changes as a result of natural
exposure to K. mikimotoi is outlined by Jones
et al. (1982). In that specific case, fish on a
shore-based salmon farm were accidentally
exposed to a K. mikimotoi bloom when water
was unintentionally pumped into the tanks,
resulting in a high fish mortality. The
histopathology described included pyknosis
of the outer epithelium and sloughing of cells
into the lumen of the intestine as well as acute
toxic damage in the gills with sloughing of
the external epithelial layer and lamellar
oedema. The authors concluded the damage
was most likely due to a necrotising toxic
agent.

In July 2005 during the K. mikimotoi bloom in
Ireland, and following a report of unusual fish
behaviour, a site visit was carried out to a
marine Atlantic salmon farm in County
Galway in the west of Ireland. A number of
moribund wild fish were noted swimming
near the surface of the water beside the
salmon cages. The wild fish appeared
lethargic and disorientated, and were
captured with ease. Some of these moribund
fish were sampled for further examination.
The sample consisted of three black gobies
(Gobius niger) and two straight nosed pipefish
(Nerophis ophidian). On gross examination of
these fish, no abnormalities were detected.

The gill tissue appeared normal. One
representative of each species was sacrificed
by an overdose with anaesthetic (MS 222),
dissected and tissues immediately preserved
in 10% buffered formalin and following 24
hour fixation were submitted for
histopathological preparation. Sections of
5mm thickness were cut and stained with
haematoxylin and eosin (H&E).

One pen of farmed salmon (Salmo salar L.) at
this site experienced a minor mortality event
coincidental with the bloom. On the day
previous to the visit, the fish were reported
to have been swimming at an elevated
position in the water column and at the time
of the visit low numbers of fish (15 – 20) were
still swimming slowly near the water surface.
On clinical examination, the gills of the fish
appeared grossly normal, but excessive
bleeding from the gills was noted when the
fish were anaesthetised. Fresh gill smears
were examined from a number of
representative salmon on site. Several
K.  mikimotoi cells per field of view were
observed microscopically and no gill parasites
or other abnormalities of the gill tissue were
observed. Five salmon were sacrificed and
tissue samples immediately fixed in 10%
buffered formalin and processed for
histopathological examination. Approxi-
mately 500 fish from this pen subsequently
died, the loss being attributed to the
detrimental effects of K. mikimotoi.

Histopathological examinations revealed that
the gill lamellae of the salmon exhibited
irregular epithelial surfaces, epithelial lifting
with low numbers of necrotic epithelial cells
and a low level of apposition of the tips of the
secondary lamellae. Epithelial cell
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hypertophy was also evident as were
epithelial cells with bizarre star shaped nuclei
(Figure 1). The liver of the salmon presented
with multifocal coagulative necrosis (Figure
2). No abnormalities were noted in any of the
other tissues. Similar gill histopathology was
also present in the wild fish specimens (Figure
3) and in addition in the G. niger, there was
necrosis of the intestinal epithelium and
sloughing of the epithelial layer.

The pathological changes seen in the three
species of fish above are suggestive of water-
borne toxicant damage, most likely as a result
of noxious compounds released by the algae.
The histopathology observed in this study is
broadly similar to that described previously
(Jones et al., 1982, Roberts et al., 1983), albeit
with less severe necrosis occurring in the
epithelia. Karenia mikimotoi toxin ingestion has
been documented to result in enteritis and
focal hepatic necrosis in addition to the severe
necrotising gill pathology commonly
observed (Roberts et al.,1983). No signs of
enteritis were observed in the fish examined
in this case, and although this may be due to
a different species response to the toxins, it is
considered more likely that the pathology
described here is that associated with the
acute response to the algal toxins whereas the
case in Scotland may relate to the pathology
in a more chronic phase of the disease.

Further investigation using controlled
challenges with cultures of K. mikimotoi
should be carried out in order to establish and
elucidate the sequential pathology that occurs
as a result of exposure to blooms of this
species. Experimental work to demonstrate
the presence of one or both gymnocin
polyethers in the tissues of challenged fish

Figure 1. Histopathological section of gill tissue in
farmed salmon (S. salar) exposed to K. mikimotoi
showing irregular epithelial surface, epithelial
lifting and pyknotic nuclei (H & E, X100).

Figure 2. Histopathological section of liver from
salmon (S. salar) exposed to K. mikimotoi showing a
focal area of coagulative necrosis (H & E, X400).

Figure 3. Section of gill tissue showing an irregular
epithelial surface along with fusion of the tips of
the secondary lamellae in the wild pipefish (N.
ophidian) specimen. Some bizarre shaped cells with
stellate nuclei are present (arrows) (H & E, X400).
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would be useful in determining if these
compounds, as suspected, are the actual
precipitating factor of the observed pathology.

We thank Dr. Caroline Cusack of the Martin
Ryan Institute, National University of Ireland,
Galway for background information.
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