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Diseases of Flatfish
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The flatfish referred to here are the flattened bony fish, primarily Pleuronectiformes. These fish
become flattened from side to side early in their development, which fits them to their ecological
niche: they live in close contact with bottom deposits, without a swim-bladder, with both eyes
on the upper surface of the head, effectively camouflaged, and feeding largely on benthic inver-
tebrates.

The major motivation to study the pathology
of flatfish species comes from a number of
sources: including curiosity; the use of flat-
fish in pathobiological monitoring; the need
to sustain stocks of wild flatfish; and the need
to prevent or control disease losses in cultured
flatfish.

Pathobiological monitoring
Flatfish have been chosen for pathobiological
monitoring because of their niche. Living in
close contact with bottom sediments, and
preying on benthic invertebrates, they are
most likely to have close contact with, and
perhaps to bioconcentrate, xenobiotics. The
approach of pathobiological monitoring de-
veloped as a result of increasing numbers of
reports during the 1970s of diseases, lesions
and abnormalities in fish in coastal waters,
which were tentatively attributed to pollution.
Further studies and surveys were undertaken.

The diseases used in pathobiology surveys are
selective, in that for reasons of practicality,
they should be visually obvious to non-spe-
cialist observers without lengthy training or
elaborate equipment, and should require lit-
tle or no dissection or processing. Further-
more since the surveys require large numbers
of fish for statistical significance, only larger
individuals caught in trawls are examined.

Over the past 30 years or so the methodolo-
gies for pathobiological monitoring have been
researched, developed and refined, and are
outlined in an ICES (International Council of
the Exploration of the Sea) Training Manual
(Bucke et al., 1996). The diseases chosen in-
clude fin rot, ulcers, lymphocystis, skin hy-
perplasia and papillomas, skeletal deformi-
ties, and, in recent years, hepatomas. Surveys
have been undertaken, largely by national
agencies, notably in the North Sea (Moller and
Anders, 1986; Bucke and Watermann, 1988;
Vethaak and ap Rheinhalt, 1992), in US coastal
waters (Moore and Stegeman, 1994), and the
Baltic (Lang et al., 1999; Lang and Mellergaard,
1999). Furthermore, the association between
pathobiology and contaminated sediments
has been tested and demonstrated in experi-
mental mesocosms (Vethaak et al., 1996).

In the coastal waters of the Irish Sea east of
Ireland a number of surveys were carried out
in the 1970s and 1980s (Perkins et al., 1972;
Shelton and Wilson, 1973; Mc Ardle, 1982) and
lymphocystis and ulcers were recorded in
dab, plaice, and flounder. Bucke et al. (1983)
and Bucke and Nicholson (1983) surveyed
locations in the eastern Irish Sea and recorded
lymphocystis, epidermal hyperplasia, ulcers,
skeletal deformities and liver nodules in dab.
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In a local study in Cork Harbour on the south
coast of Ireland in 1984 / 85, flatfish, mainly
dab (1,432), but also plaice and flounder, were
examined for pathology at three sites, and at
a reference site outside the harbour. At the
time there was a lot of concern about the in-
creasing impact of industrialisation around
the harbour, and fishermen and anglers were
reporting lesions in their catch. Overall, dis-
ease prevalences were slightly higher inside
the harbour than at the reference site outside
(Mulcahy et al., 1986).

A larger study was carried out in 1990 - 1993
at a range of 68 coastal sites all around Ire-
land. Altogether 5,979 flatfish, mostly dab,
were examined for external and also for liver
lesions. Fin rot was the most prevalent disor-
der; lymphocystis was also recorded, and
small numbers of ulcers. The work established
baselines for the future, and significantly,
hepatomas were not found (Richards, 1995).

The continuing focus on hepatomas found in
flatfish in contaminated waters is based on the
fact that the liver is the prime site of detoxifi-
cation, and the mechanisms involved are com-
mon to vertebrates, including humans. It is
recognised that some hepatomas in humans
are caused by the generation of carcinogenic
chemicals in the liver as accidental products
of detoxification reactions. The classic exam-
ple is the production from benzpyrene of 7,8-
dihydro- 7,8- dihydroxy benzo(a)pyrene- 9,10-
oxide, which forms a DNA adduct, resulting
in a mutation, which is oncogenic. Feist et al.

(pers. comm.) recently reported a correlation
between DNA adduct frequency and estua-
rine pollution.

In mammals, many cancers are associated
with mutations in oncogenes or tumour sup-
pressor genes. These are genes with the ca-
pacity to cause neoplasia. They are very
highly conserved in living organisms, e.g. the
ras oncogene, which codes for a signal trans-
ducer from the cell membrane to the interior
of the cell, or the p53 tumour suppressor gene,
which is involved in apoptosis. Mutations in
these genes contribute to the uncontrolled
growth of cells in neoplasia. To date ras and
p53 have been cloned and sequenced in flat-
fish ( Mc Mahon et al., 1990a and b; Vincent et

al., 1995; Cachot et al., 1998), and the critical
sites, which have been found to be involved
in human neoplasia, have been examined in
small numbers of flatfish hepatomas. How-
ever, no mutations have been found to date
in these genes in flatfish hepatomas (Peck
Miller et al., 1998; Vincent-Hubert, 2000;
Franklin et al., 2000).

Pathology of wild flatfish
Surprisingly little research has been carried
out on wild flatfish stocks, in support of the
goal of sustainable fisheries. Fish stocks are
under threat from overfishing. The status of
the 200 major fishery resources is deemed to
be: 35% showing declining yields; 25% show-
ing flattened yields; 40% still growing; and
0% at under developed level; viz. 60% of
known stocks are in need of urgent manage-
ment. In stable fish populations, which are not
subject to fishing pressure, recruitment is bal-
anced by natural mortality. In sustainable fish-
ing, recruitment balances natural mortality
plus fishing mortality. When fishing pressure
on stocks increases, an understanding of natu-
ral mortality, which is due to due to preda-
tion, parasites and diseases, becomes rela-
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tively more important for the fish stocks. It is
difficult to assess the importance of diseases
in wild fishes, because moribund fish may be
eaten quickly by predators, and undoubtedly
many infectious diseases, especially chronic
diseases, in the wild have gone unrecorded
(Kent and Fournie, 1993). The sparse research
on parasites and diseases has again been on
larger fish, with little attention paid to larvae
or juveniles. Knowledge is very patchy, and
consists mainly of parasite surveys, such as
of Atlantic halibut in Norway by Schram and
Haug (1988), of Greenland halibut in Atlantic
Canada (Arthur and Albert, 1994), of Pacific
halibut (Blaylock et al., 1998a, b), of the Cali-
fornia halibut, Paralichthys californicus

(Castillo Sanchez et al., 1998, as well as X –
cell disease in dab (Mellergaard and Nielsen
(1996). Ichthyophonus, a fungal pathogen, is
known to have caused significant epidemics
in marine fish populations including yellow-
tail flounder, Limanda ferruginea in NW Atlan-
tic, and plaice, P. platessa in the N.E.Atlantic.
Noga (1993) considers that the fungal infec-
tion may be a limiting factor in some feral fish
populations.

Myxobolus infections in dab have been sur-
veyed in Irish waters. This work was under-
taken following the observation of nodules on
the heads and/or the bases of the finrays of
dab in Cork Harbour. These nodules were
found to be cartilage lesions infected with
Myxobolus aeglefini. M. aeglefini causes a his-
togenic infection in a wide range of fish hosts,
both pelagic and demersal, but the nodules
had not been previously reported in dab. In
Cork Harbour 633 out of 1279 (49.5 %) dab
were infected, and 165 of these (26 %) showed
visible nodules. During the pathobiology
study (above) the dab were examined

histologically for Myxobolus infections. Re-
sults from coastal waters showed a 28% preva-
lence of infection among 4,334 dab overall.
This varied from 19.7% in western waters to
36.3 % along the south coast. The dab sam-
pled ranged in age from one to nine years,
mainly two to four. No older infected fish
were found, which suggests that the infection
may curtail the life of the dab, which in turn
probably has a controlling effect on the dab
population growth (Richards, 1995).

Pathology of cultured flatfish
The study of the pathology of cultured flat-
fish is very different to that of the wild, in that
the farmed fish are monitored on a daily ba-
sis, and diseased or moribund fish are rela-
tively easily detected and observed. Research
has focussed on the few species which are
currently being farmed, but in these species
studies include hatchery stages, as well as ju-
veniles and adults. A diversity of diseases has
been described, as problems have emerged in
culture: bacterial, particularly Vibrio and
Aeromonas species (Angulo et al., 1994;
Pedersen et al., 1999; Bricknell et al., 1999); vi-
ral, including VHS (Ross et al., 1994), turbot
aquareovirus (Rivas et al., 1996, nodavirus in
halibut (Bleie, pers.comm.); parasitic, such as
Trichodina (Nilsen, 1995), or  Tetramicra

(Angulo et al., 1994); nutritional, such as fat
cell necrosis syndrome (Bricknell et al., 1996);
and environmental, such as finrot (Liewes,
1984).

VHS is particularly critical problem in marine
culture at present. An outbreak first occurred
in a turbot farm in Scotland (Ross et al., 1994).
In Ireland the disease has never been experi-
enced in freshwater fish farming, but it was
detected in turbot in 1987, soon after a turbot



Bull. Eur. Ass. Fish Pathol., 22(2) 2002,  89

farm was established on Cape Clear Island off
the southwest coast (Mc Ardle, J., pers.comm).
The VHS was reported, and the stock was
culled in line with EU Regulations, since VHS
is a List 2 disease. This incident was a shock
not only to the company concerned but also
to the Irish aquaculture industry generally,
which was at that time viewing turbot as the
next species to be farmed, following salmon.
Confidence in diversification was damaged
and has not yet recovered.

In the 1990s there have been increasing num-
bers of reports of isolation of VHS in wild
marine species both pelagic and demersal in
the North Pacific, North Atlantic (Meyers and
Winton, 1995; Smail, 1995; Stone et al., 1997;
Dixon et al., 1997) and Baltic Seas (Mortensen
et al.,1998) and in Japanese waters (Takano et

al., 2000), at least some of which were caught
a long way from any aquaculture facility. It is
recognised that VHS is not just a freshwater
salmonid disease, and it now seems likely that
in fact freshwater fish may have picked up
the virus originally from marine strains, rather
than the other way around (reviewed by
Dixon, 1999). The marine virus strains are
being defined genetically, and three European
genotypes are distinct from a fourth found in
the North American and Japanese isolates
(Snow et al., 1999, Takano et al., 2000). Moreo-
ver, the marine genotype 2 from around the
British Isles is related to the VHSV isolates
from the turbot farms in Scotland and Cape
Clear, whereas freshwater VHSV isolates be-
long to genotype 1, otherwise found in a sin-
gle isolate from the Baltic Sea. Categorising
VHS as a List 2 disease within EU Regulations
is questioned by these recent findings.

In exploring the pathology of flatfish, para-
sites and diseases are only one-third of the
story: the immune response and stress are also
involved. An increasing number of studies are
elucidating the immune parameters and
mechanisms of flatfish, specific and non-spe-
cific, cellular and humoral. Baseline values of
immune parameters are being established for
cultured species (Pulsford et al., 1995; Puente-
Novoa and Barja, 1999; Scofield et al., 1999;
Burrows et al., 2001; Langston et al., 2002;
Hoare, 2000). A problem of such research is
that it is difficult to relate results to the func-
tioning immune system, unless the measure-
ments are linked to a disease challenge. In
measuring an immune factor, is a higher value
more effective functionally than a lower
value? What is optimal?

In a recent study, different halibut
populations: Canadian, Icelandic and Norwe-
gian: were compared in culture, to find,
among other objectives, the most immune-
competent and disease resistant stock. They
were sampled, to establish baseline levels of
immune parameters, and to examine re-
sponses to Vibrio challenge. The Norwegian
strain had lowest mortality (Hoare, 2000;
Imsland et al., in press). The non -specific pa-
rameter correlating with this relative resist-
ance was the respiratory burst activity of kid-
ney macrophages. Specific antibody levels did
not correlate with Vibrio challenge survival,
in contrast to the findings of Bricknell et al.,
(2000).

There is a tendency to extrapolate from
salmonids to flatfish. Salmonids provide an
information model, because they are better
known. However, results of challenge experi-
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ments with A. salmonicida in halibut and
salmon suggest that the processing of the bac-
teria during infection may be fundamentally
different between the two species (Bricknell
et al., 1999). Also, stress response mechanisms
may differ to some extent between them, as
evidenced by the plasma glucose response in
salmon, which was not observed in turbot
(Waring et al., 1996). The isolation and char-
acterisation of anti-microbial peptide
pleurocidins suggest that the flatfish group
have evolved distinct molecules not found in
other fish species examined (Cole et al., 1997;
Douglas et al., 2001).

The work being carried out by Dr. Aoki and
his colleagues in Tokyo is breaking new
ground in applying genomic analysis to im-
mune functions in the Japanese flounder
Paralichthy olivaceus. Six groups of immune
response-related genes from the flounder,
have been cloned from partial expressed se-
quence tags (ESTs), and the protein products
can be tested for their immune effect. The re-
sults of this research will give greater under-
standing of when and how this flounder re-
sists pathogens and parasites, and will pro-
vide a model for the flatfish group (Aoki et

al., 1999; Nam et al., 2000; Hirono et al., 2000;
etc.)

Boosting the immune responses by vaccina-
tion or by using immunostimulants offers
potential advances in disease prevention and
control. In our hands juvenile turbot, injected
with the ß-glucan Macrogard, showed lower
mortality than controls in response to a Vibrio

challenge. This response was correlated with
alternative complement and increased iron-

witholding capacity. Macrogard has also been
shown to be effective in turbot when admin-
istered orally (Skjermo et al., 1995; Figueras et

al., 1998).

In conclusion, knowledge of flatfish
pathobiology is growing, but research is over-
selectively focussed. Too little attention is be-
ing given to wild flatfish, which both ham-
pers the effective management of wild flat-
fish stocks, and also limits our knowledge of
the reservoirs of diseases and parasites for
cultured flatfish.
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