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In July and August 2001 a number of adult Atlantic salmon (Salmo salar) from the Tuloma and Kola rivers
(Kola Peninsula, Russia) were found to have multiple haemorrhages on the skin, necrosis of the fins and epidermis,
extensive areas of scale loss, flat sores of 0.5–1.5 cm in diameter and epithelial tumours (Fig. 1). The muscles of
examined fish were unnaturally soft.
In order to establish the cause of these symptoms, samples of liver, spleen, kidney and blood were cultured in
mycological media. After 3 months’ incubation at 4 – 5°C 9 cultures of a fungus identified as Ichthyophonus hoferi
were derived.
Fig. 1. Hemorrhages and sores on the skin.
Histopathological examination of sections
stained with hematoxylin-eosin revealed spores and
fungal hyphae in the spleen, lumina of kidney
tubules and the muscles below haemorrhages, sores
and papillomas (Fig. 2). Spores were scarce, and
their size was 3–10 µm. The lymphoid tissue in the
spleen was reduced, kidneys showed necrosis of
the tubules and haemorrahages in the parenchyma
and body muscles exhibited lysis of muscle fibres
and connective tissue in areas of localization of
spores.
Epizootics of ichthyophonosis occasionally
occur among commercial fish species in the North
Atlantic, particularly in herring (McVicar 1977,
1982; ICES 1991; Hjeltnes and Skagen 1992;
Karaseva et al. 1993; Sindermann and Chenoweth
1993; Karaseva and Donetskov 2001). I.hoferi
attacks more than 70 species of fish, including
salmon, and induces system mycosis (Lauckner
1984; McVicar 1977; Sindermann and Chenoweth
1993). Epizootics among salmonids thought to be
caused by I.hoferi have been reported from trout
farms in Europe and North America (Neish and
Hughes 1980). In wild populations of salmonids a
high prevalence of Ichthyophonus hoferi disease
was reported for Oncorhynchus tshawytscha from
the Yukon river (ICES 2001).
Symptoms of the disease are species-related
and depend on the condition of individual fish
(Neish and Hughes 1980). For example, Dorier
and Degrange (1961) observed chaotic, spiral-wise
movements of diseased farmed rainbow trout
which develop when the nervous system has been
affected. Some individuals ceased growth and became debilitated, while other, even severely affected, fish did not
differ from healthy individuals.
Rucker and Gustafson (1953) noted that as the disease developed trout showed clear signs of agitation, and the
skin along the lateral line and then in other areas of the body became darkened, and the belly was observed to
protrude because of the increased size of the internal organs. However, the brain was seldom found to be affected.
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Fig. 2. A spore in the kidney tissue of Atlantic salmon.

The most comprehensive description of
ichthyophonosis symptoms is given for herring, in which
a major sign of the disease is small light nodules of
connective tissue which develop beneath the skin and in
the internal organs. However, the absence of such
nodules does not prove that fish are uninfected with
I.hoferi (Neish and Hughes 1980; Sindermann and
Chenoweth 1993).
The symptoms of ichthyophonosis in Atlantic salmon
are unknown. For example, nodules were not found in the
salmon examined. However, external signs suggest that
the development of symptoms in salmon follows the
pattern typical of herring. A certain distortion of the
clinical picture may be attributed to specific features of
the physiological condition and immune status of fish.
According to a number of authors infection of fish
with I.hoferi occurs during feeding on food containing
viable spores of fungus (Rucker and Gustafson 1953; Dorier and Degrange 1961; Lauckner 1984). For example,
Marshall and Orr (1955) referred to I.hoferi (Ichthyosporidium) as a parasite of Calanus.
According to data provided by Hansen and Pethon (1985) the diet of salmon at sea is dominated by crustaceans,
squid and fish. Euphausiidae and Hyeriidae were the most frequent crustacean prey. No records of infection of
these crustaceans with I.hoferi were found.
Calanus has not been identified as food for Atlantic salmon. However, it could be ingested by fish with other
food. Besides, Calanus finmarchicus could play a role in the diet of post-smolts, and, hence, be a source of infection
but at present only limited information is available on the diet of post-smolts.
Salmon show a dietary preference for other fish species. In samples obtained between 1969 and 1972 the
frequency of occurrence of fish in salmon stomachs was on average 61.4% (Hansen and Pethon 1985). According
to Grønvik and Klemetsen (1987), 85% of stomachs of salmon caught near Northern Norway contained herring.
Therefore, it is quite likely that salmon may contract I.hoferi through feeding on infected herring.
Post-smolts may contract I.hoferi through transmission of the infectious agent from fish to fish during feeding
migrations with herring shoals. For farmed salmon, feeds based on meal or mince of Clupeidae could be a source of
infection. This possibility should not be disregarded, since the range of temperatures which spores can tolerate is
unknown.
In the wild it is difficult to establish the cause of death of fish, except in the case of large-scale mortalities. For
example, in 1991 during an outbreak of the disease in the Kattegat and Skagerrak the mortality of fish was so high
that dead herring were found along the coast of Denmark (ICES 1991). Repercussions of the disease for wild
populations of fish are, as a rule, identifiable only after an epizootic. They appear not only in the form of a decline
in abundance but also as changes in population structure (Winters 1976; Neish and Hughes 1980).
Many attempts have been made to assess the magnitude or proportion of natural mortality caused by
Ichthyophonus during an epizootic by using indirect methods (McVicar 1982; Munro et al., 1983; ICES 1993), but
these were unsuccessful. Nevertheless, the results obtained and analysis of data available in the literature suggest
that in recent years conditions have developed in northern seas which facilitate infection of both adults and postsmolts of Atlantic salmon with I.hoferi.
This is a dangerous disease, the consequences of which are difficult to assess for wild populations of fish. For
shoaling species, ichthyophonosis often leads to mortality of a part of the population. Salmon represent both an
intermediate (plankton-post-smolt) and a final (plankton-herring-predator) constituent of the food web, therefore, it
can contract Ichthyophonus, and post-smolts are the most vulnerable link in this chain.
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