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Light years ago, just before the invention of dirt (1988), I was a fish pathologist for the Alaska Department of Fish and 
Game (ADFG).  A Yukon king salmon (chinook) caught near Koyukuk had been sent into the Fish Pathology Lab 
having grayish-brown streaks throughout the flesh.  A subsistence fisher had caught it and was worried there might be a 
human health problem.  A quick look at a piece of the tissue under the microscope revealed what it was, Ichthyophonus 
(Fig. 1), a fairly large (a millimeter or so in diameter) protist parasite, but one that has been in found in many different 
species of fish in many, many parts of the world.  In other words, it was curious but no big deal and, as I said in the 
report then “…not known to be of human health significance.”  But I also said “Please do not dispose of any raw fish 
parts from similarly infected fish in the future into streams, rivers or other wild waters in order to prevent the infection 
of additional fish.”  (Fish Pathology Report 890026).   
 

 
 
Fig. 1.  Ichthyophonus resting spore, from Yukon chinook salmon taken near Koyukuk, June 28, 1989 
 



 
 
Fig. 2.  Ichthyophonus beginning to bud, from Yukon chinook salmon taken near Koyukuk, June 28, 1989. 
 

 
 
Fig. 3.  Ichthyophonus vegetative stage with aseptate hyphae, from Yukon chinook salmon taken near Koyukuk, June 
28, 1989. 
 
Move ahead another few years and Ichthyophonus, together with a viral disease (Viral Hemorrhagic Septicemia) was 
killing herring in Prince William Sound, but the question then was, did the Exxon Valdez Oil Spill (EVOS) have 
anything to do with it?  Exposure to oil can weaken a fish’s immune response system so there was an arguable case, but 



of all fishes, herring seem to be about the most susceptible to Ichthyophonus so that was not really a big surprise either.  
Dr. Dick Kocan of the University of Washington was one of the researchers looking at this disease in the herring. 
 
Now fast forward another ten years from the Prince William Sound herring, 15 years beyond the Yukon chinook case.  
I left Fish and Game behind, left the country, in fact, to join the Peace Corps for awhile, and when I came back and 
joined YRDFA, here was my old acquaintance, Ichthyophonus, once again in Yukon River kings, and once again, Dr. 
Kocan was hot on its trail.  This time though things had changed.  Infected salmon were not the occasional oddball fish, 
but much more common and thus were getting people’s attention beyond just the “What’s this?” question.  Some 
people along the Yukon noticed a different odor to fish heavily infected with Ichthyophonus and they said it does not 
dry correctly.  They wanted to know how it was going to impact their subsistence and commercial fishing up and down 
the river and on both sides of the US-Canada border.  Consequently, the Joint Technical Committee (JTC) of the 
Yukon River Panel funded Dr. Kocan to investigate.  The jury is not in yet  on the disease’s impacts, but some of the 
results Dr. Kocan has thus far are not good news.  In 2002, he found that about a quarter of the chinook salmon entering 
the Yukon were infected with Ichthyophonus, but only about half of those showed clinical signs of disease (a fish, a 
human or any animal can be carrying a pathogen, but not always show signs of disease).  As the fish moved up river a 
bit larger proportion of the infected fish showed clinical signs of disease UNTIL spawned out fish were examined at 
which point the prevalence of detectable Ichthyophonus actually declined to half or less of what it had been.  
 
Chinook are believed to acquire Ichthyophonus infections by eating infected marine fish.  When the prey fish is 
digested in the salmon’s gut, amoeboid forms penetrate the gut wall and are most likely carried by the blood or lymph 
to all parts of the fish’s body.  They then form resting stages (Fig. 1) which appear as granular nodules or grayish-
brown streaks.  Later, the spores begin to bud out (Fig. 2) and form aseptate hyphae (Fig. 3) which continue to 
proliferate throughout the fish’s body forming more resting stages followed by more budding and hyphae and so one 
until the fish dies.  When the fish dies, the pathogen continues to proliferate, the resting spores become multinucleate 
(many nuclei) forming endospores and presumably are able to infect other aquatic organisms that consume them, thus 
working their way through the food chain again as small fish are consumed by larger fish and so on.  For the most part, 
transmission from one fish to the next seems to take place largely in salt water though some examples of freshwater 
transmission have been noted.  Indeed, most fish from which Ichthyophonus has been isolated live in marine waters, 
but once infected, a fish typically carries the pathogen for the rest of its life whether it moves into freshwater, as salmon 
do to spawn, or remains in saltwater. 
 
As noted, once a fish is infected with Ichthyophonus, it is generally believed that it never recovers from the infection.  
Given enough time, infections eventually do tend to become “clinical” and the fish dies.  This might take a very long 
time under some circumstances, but the only way for there to be a smaller proportion of infected fish on the spawning 
beds than there are during the earlier parts of the salmon’s journey is for some of the infected fish to die along the way 
without some of the uninfected fish themselves becoming infected.  Since Ichthyophonus is primarily if not entirely 
picked up by the fish in saltwater, this scenario is very plausible.  So what proportion of the fish never make it to the 
spawning grounds because of this pathogen?  Excluding spawn-outs, Kocan found that 29.9% of all males tested in the 
Yukon or Tanana and 29.7% of the females were positive for Ichthyophonus infections.  Conversely, 16.4% of the 
spawn-out males and 9.9% of the spawn-out females from the Chena and Salcha tributaries to the Tanana were 
positive.  What happened to the extra 13.3% of the males and 20% of the females if they did not die somewhere along 
the way?  Dr. Kocan believes that this is precisely what happened and he is sampling fish again this year to see whether 
he gets similar results.   
 
If the problem of pre-spawning mortalities due to this disease really is of this magnitude, escapement goals may have to 
be increased to account for these losses.  The only way to do that will be to decrease the numbers fish available to 
commercial and subsistence users.  That would directly impact people and so Congress has provided ADFG a grant to 
study Ichthyophonus and hopefully find a way to accommodate it in their management decisions.  They formed a 
committee that includes some of their own managers and fish pathologists, a federal manager, Canadian researchers 
and YRDFA (currently I am the YRDFA representative).  This Ichthyophonus Committee plans to build on what Dr. 
Kocan has learned and coordinate with his studies which, as noted above, are continuing.   
 
If infections are almost entirely marine in origin, how can the prevalence of infection go up as the fish move upriver?  
The answer is that the prevalence may not actually go up; it just might be easier to detect the infections that were 
always there in a fish, but originally were below the sensitivity level of the test being used.  The most sensitive test 
currently used (which is also the test Dr. Kocan uses) requires culturing heart tissue in growth media which obviously 
is a fatal procedure.  If a non-lethal test could be developed that is at least as sensitive as the culture method, many 
more fish could be tested, released alive and development of the disease in individual tagged fish could be tracked.  The 
Ichthyophonus Committee is asking Dr. Mike Kent, a researcher at the Oregon State University, to develop a PCR test 
(polymerase chain reaction) to detect minute amounts of Ichthyophonus DNA in a fish’s blood.  Blood can be drawn 
from a fish without killing it and if the PCR test works as well with this pathogen as it has with many others, it should 
be able to detect the very low level initial stages of an Ichthyophonus infection in a fish.  They could then radio tag 



these fish and uninfected fish to find out whether there is a difference in pre-spawning mortality, whether different 
stocks have different infection rates, whether any fish are picking up their infections in freshwater and so on.  As the 
test is being developed, the same fish will be tested for Dr. Kocan’s study and for Dr. Kent’s and thus the methods 
themselves will be directly comparable. 
 
There is some speculation that global warming is causing Yukon waters to warm up and make the salmon less able to 
fight an Ichthyophonus infection.  Thus it could be that just as many Yukon salmon were infected in the 1980’s as there 
are today, but the greater stress of the higher temperatures is turning more of those hidden infections into clinical 
disease.  Some of the tags placed in fish periodically record the temperatures to which a fish is exposed as it moves 
upriver.  Some day with enough data, we may be able to say whether a fish infected with Ichthyophonus and exposed to 
higher water temperature stress is more likely to develop clinical disease and die before spawning.  That would mean 
that if global warming continues to increase Yukon water temperatures, the proportion of disease and pre-spawning 
mortality among Ichthyophonus-infected fish could go up, and higher escapement goals would be necessary.  If, that is, 
they are all linked and this has not been shown to be the case yet.  But it is the research we need to do to find the 
answers.  Whatever the reason for the apparent increased numbers of infected Yukon chinook salmon, it does appear 
that it is going to be a factor we must consider for some time into the future.  We cannot cure the fish so we must live 
with it, but, like anything else, the more we know, the better decisions we can make to do that. 
 


