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HISTORY AND PRESENT STATUS OF FISH DISEASEST

S. F. SNIESZKO, U.S. Fish and Wildlife Service, Eastern Fish Disease Laboratory, Leetown
Route #1, Box 17A, Kearneysville, West Virginia 25430, USA

INTRODUCTION

Inasmuch as a complete chronological
review of research and development of
control methods for diseases of fishes
would require far more space than has
been allotted to me, I have merely se-
lected the highlights and stressed the
major problems and achievements.

Although most developments in fish
medicine are relatively recent, McGre-
gor® compiled a bibliography on fish
parasites and diseases that began with
the year 330 B.C. Mawdesley-Thomas®™
reached back even further—to 1450 B.C.
—and reproduced an Egyptian painting
of tilapia with a grossly enlarged abdo-
men. The history of fish pathology was
recently reviewed by Snieszko.™™

The intensive culture of domestic ani-
mals became possible only after man had
learned how to control communicable
diseases of animals held in crowded con-
ditions. Similarly, intensive fish culture,
in which recycled water and commercial
feeds are used, depends on the develop-
ment of effective methods of disease con-
trol.

In the following successive sections. I
discuss fish diseases caused by parasites,
bacteria, viruses, and inadequate nutri-
tion. In a final section, I comment on
methods of disease control.

DISEASES CAUSED BY PARASITES

Parasitology of fishes is the oldest part
of fish pathology. Thousands of parasites
are already known, and more are being
described. Literature on this subject is

enormous. Fish parasitology can be divi-
ded into these principal parts: (1) tax-
onomy; (2) diseases caused by parasites;
and (3) control of parasitic diseases.

Taxonomy belongs to zoology, there-
fore, it is not part of this presentation.

The mere presence of parasites is not
an indication that they are causing an
overt disease. If a fish is invaded by suf-
ficient numbers of parasites that its func-
tions are impaired, the parasites may be
considered fish pathogens.

Under natural conditions 80 to 90%
of freshwater and saltwater fishes harbor
at least one species of parasite. Parasit-
ism is much more common and diversi-
fied in the wild than in fish farms and
hatcheries. Under the crowded conditions
common in artificial culture, parasites
can be more destructive than in nature
if they are permitted to spread un-
checked. Parasitology of fishes has been
reviewed in a number of books on fish
diseases. The first was Hofer’s “Hand-
book on Fish Diseases.”® His book was
a review of the field in the 19th century.
A companion volume to Hofer’s book
was published in 1924 by Plehn.* This
was followed by several editions of
“Fischkrankheiten™® by Schéperclaus, the
most detailed textbook of fish diseases
published to that date.

In the Soviet Union, ecological aspects
of parasitology of fishes attracted much
attention. The Symposium on Parasitol-
ogy of Fishes™ contains this quotation
from Dogiel: “When we have at our dis-
posal not only dry lists and descriptions
of new species, but when we get to know
the entire life of the parasite found in
any locality, we shall have a powerful
weapon with which to fight outbreaks of

[0 Presented at the 1974 Annual Wildlife Diseases Conference, Pacific Grove, California.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 11, October, 1975 447

»

parasitic diseases.” He defined “ecologic
parasitology as “the influence of chan-
ges in the external environment and in
the physiological condition of the host on
its parasitic fauna.”

Research on fish diseases and their
control is vigorously pursued in the Sov-
iet Union. This vigor is reflected in the
large number of research papers, books,
and published proceedings of annual con-
ferences and symposia. Some of these
have been translated and published in
English."w'w‘w'“

The study of parasitology and diseases
of fishes in Central Europe has a long
tradition. In addition to the previously
mentioned books by Hofer, Plehn, and
Schiperclaus, more recent textbooks on
fish diseases were published in Poland*
and in Czechoslovakia ®*

The most recent German books on
diseases of fishes available in English
editions are those by Amlacher, by
Reichenbach-Klinke and Landolt,*® and
include the color atlas of fish diseases by
Elkan and Reichenbach-Klinke.” In Italy,
Ghittino® published a textbook on dis-
eases of fishes. It is hoped that this mo-
dermm book will also be published in Eng-
lish.

Parasitic diseases of fishes are impor-
tant in North America. Diseases and
their control are of great economic sig-
nificance because of the presence of
many fish hatcheries operated by con-
servation agencies and private industry;
the extensive fisheries in the Great Lakes,
large and numerous rivers, impoundments
and along the Atlantic and Pacific coasts;
the development of mariculture; and the
existence of millions of home aquaria.

Students of fish parasitology in the
United States and Canada have publish-
ed many excellent scientific reports, text-
books, and symposia which follow the
progress of the study of fish diseases and
their control and include bibliographies
that have adequate and up-to-date cov-
erage. Only a few of these contributions
can be mentioned within the limits of
this article.

Emmeline Moore was one of the early
leaders in fish pathology (active in this

field from 1926 to 1944) and the only
woman president of the American Fish-
eries Society (1927-28). H. S. Davis,
who established the research and teach-
ing of fish diseases at Leetown, West
Virginia, was the author of a monograph
on protozoan parasites’” as well as author
of the classic textbook “Culture and
Diseases of Game Fishes”® which for
years was the only text in the English
language.

A very important contribution to fish
parasitology was the research on life
cycles and intermediate hosts of hel-
minths. It is probably unfair to mention
only a few names associated with this
achievement. R. V. Bangham, J. H.
Fischthal, G. W. Hunter, VanCleave and
Mueller carried out pioneering research
on the biology and life cycles of fish
parasites between 1925 and 1957. The
numerous publications by these authors
have been listed and reviewed in texts by
Davis,” Hoffman, and Hoffman and
Meyer.** The texts by Hoffman, and
Hoffman and Meyer are the most de-
tailed contemporary American works on
identification, biology, and control of
parasites of freshwater fishes.

Parasitology of marine and estuarine
fishes has a long history and large bib-
liography. Sindermann™ compiled and re-
viewed this information and included de-
scriptive information on diseases and
parasites of marine shellfish. He initiated
his research on diseases of fishes in the
early 1950s™ and has continued to carry
out and support investigations on dis-
eases and parasites of marine fishes and
shellfishes. This activity is becoming in-
creasingly important with the growth of
mariculture. It is clearly evident that in-
tensive mariculture is not possible with-
out development of effective methods for
control of diseases.

A very important group of freshwater
and marine fish parasites are the crus-
taceans which cause great losses in hat-
cheries, fish farms, and open seas. Ka-
bata, the leading authority on parasitic
crustaceans, compiled the most recent
textbook* on these parasites.
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A survey of fish parasitology would
be incomplete without mentioning some
current disease problems.

Early in this century whirling disease
of rainbow trout, caused by Myxosoma
cerebralis, was considered most destruc-
tive in Europe. The presence of this dis-
ease in America was discovered in 1956,
and declared a “resource disaster” by
Stewart L. Udall, Secretary of the De-
partment of the Interior in 1969.@ The
outbreak and spread of M. cerebralis in
the United States resulted in laws and
regulations (Title 50)@ requiring certi-
fication that all live or frozen salmonids
imported to the United States are free
from this disease, and also from viral
hemorrhagic septicemia which is still
absent in America. The Canadian gov-
ernment introduced similar controls.
These steps not only stopped further
spread of whirling disease but resulted
in its eradication in some areas.

Pacific salmonids are susceptible to
whirling disease. Since the spawning
channels for Pacific salmon present con-
ditions which are suitable for the trans-
mission of whirling disease, vigilance is
recommended to keep M. cerebralis out
of Northwest America.

A similar disease caused by another
myxosporidian, Ceratomyxa shasta, is en-
demic in Shasta County, California® and
in certain tributaries of the Deschutes
and Columbia Rivers in Oregon.” This
disease is transmissible only by exposing
fishes to water from contaminated areas.

Still another sporozoan, Plistophora
ovariae, is an important pathogen of fe-
male golden shiners (Notemigonus cry-
soleucas) in the south central states.”
Similarly to M. cerebralis and C. shasta,
P. ovariae is also transmitted when ju-
venile fishes are exposed to infection
under normal conditions. The observa-
tion that transmission of sporozoan para-
sites of fishes seems to take place only
under natural conditions, or simulated

2] Federal Register, Doc. 69-1174.
3 Federal Register, Doc. 65-8126.

natural conditions, makes research on
these parasites extremely challenging and
interesting.

Protozoan blood parasites represent
another group which recently attracted
much attention. These parasites, similar
to human malaria and trypanosomiasis,
are widely distributed among freshwater
and saltwater fishes and occasionally
cause heavy mortalities. This subject was
recently reviewed.®*

Control of diseases caused by parasites
can be accomplished by various means.
Isolation of fishes from the source of
parasites is best, but often not practical.
When parasites require intermediate hosts
—elimination of these is recommended.

When parasites are on the surface, or
in the intestines of fishes, the addition of
certain chemicals to the water or food
produces excellent results. Some intra-
dermal parasites such as Ichthyophthir-
ius can be controlled only during their
free-living stage. Crustaceans in fish
farms can be controlled by certain in-
secticides, but the control is a delicate
process because the margin of safety of
these pesticides is usually very narrow.
A textbook of parasite control has re-
cently been published.*®

BACTERIAL DISEASES OF FISHES

Study of bacterial diseases is the
second-oldest division of fish pathology.
Since there are recent textbooks and re-
views on this subject, only the most im-
portant diseases are discussed here.

Fish furunculosis was one of the first
recognized bacterial diseases. The history
of research on furunculosis was reviewed
in detail by McGraw® and Herman.”® At
this time the disease exists in all parts
of the world except Australia and New
Zealand.

A very important contribution to re-
search on furunculosis was made in the
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United Kingdom. In 1929 the British gov-
ernment appointed a Furunculosis Com-
mittee consisting of leading microbiolo-
gists, medical epidemiologists, and fish-
ery biologists to survey the problem and
make recommendations. Reports of the
Committee™ may serve as an example
for the study of any communicable dis-
ease of fishes and should be considered
mandatory reading for any student of
fish pathology.

This Committee concluded that furun-
culosis is a disease of fishes which oc-
curs primarily in freshwater. All salmo-
nids and most other species of freshwater
fishes are susceptible; however, eels are
highly resistant. Adult salmon become
infected when they enter freshwater. If
few bacteria are present, bacteriological
examination is not a reliable method for
detection of carriers. Ova are not infec-
ted internally. Young salmonids in fresh-
water are more resistant than adults en-
tering freshwater. The optimum tempera-
ture for this disease is 12-19 C; at 5 C
or below outbreaks are mnot likely to
occur. Furunculosis is also historically
important as the first fish disease against
which oral immunization was tried.

There is another representative of this
genus known as Aeromonas liquefaciens
(A. punctata and A. hydrophila are syno-
nyms) which cause a wide variety of
diseases in freshwater fishes all over the
world. On occasion, it is also a pathogen
of amphibia, reptiles, and even humans.
Bacterial hemorrhagic septicemia is the
preferred name for the disease caused
by this bacterium.® This disease was
known to Hofer"' and Plehn,* but Schi-
perclaus® named it infectious dropsy
(Bauchwassersucht) and identified an
aquatic bacterium, Bacillus punctatus, as
its cause. The basic concepts regarding
infectious dropsy are now changing ra-
pidly.

In most countries bacterial hemorrha-
gic septicemia is recognized as a disease
of freshwater and warmwater fishes
caused by a polar flagellated organism
belonging to the genus Aeromonas. In
Central Europe and the Soviet Union,
the etiology and name of the disease are

still controversial. It gradually becomes
more clear that infectious dropsy of cul-
tured carp (Cyprinus carpio) is a dis-
ease of complex etiology and rather
vaguely defined pathology. In other parts
of the world, bacterial hemorrhagic sep-
ticemia of fishes is recognized as a dis-
ease caused only by Aeromonas liquefa-
ciens.®

There are two excellent reviews on
this subject.>* Some of the Soviet investi-
gators do not minimize the role of Aero-
monas, which they call Achromobacter
punctatum. Soviet investigators call it
rubella and consider it to be a viral dis-
ease. Also, some investigators in Ger-
many, including Schiperclaus,” do not
minimize the possible role of a virus in
the disease complex.

A great help in elucidation of the na-
ture of this carp disease in Europe was
the publication of a series of papers by
Yugoslavian investigators as reviewed by
Fijan.® He and his associates described
a viral disease which they named spring
viremia of carp and isolated Rhabdo-
virus carpio as its cause. Fijan also in-
dicated that carp erythrodermatitis,
another component of the complex of
carp disease called carp dropsy, may be
the equivalent of the Soviet rubella.

The myxobacterioses are another group
of bacterial fish diseases with an inter-
esting history. These diseases are known
better under the names columnaris, pe-
duncle disease, coldwater disease, and
bacterial gill disease."

Most bacteriologists were not familiar
with myxobacteria until about the early
1960s. Therefore, when Davis™ saw col-
umnaris disease for the first time in
about 1922 in Mississippi River fish near
Fairport, Iowa, he named the associated
organism Bacillus columnaris. Garnjobst®
isolated and cultivated this bacterium 23
years later and recognized its similarity
to the fish pathogenic myxobacteria de-
scribed by Ordal and Rucker.*

The first review paper on myxobacter-
ial diseases of fishes was Borg's doctoral
thesis.” This was followed by numerous
papers by Ordal’s students and others.
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Myxobacterial diseases of fishes are
now known all over the world. The most
recent reviews are by Bullock er al.?
Anderson and Conroy,” and Bullock.?

Bacterial gill disease is one of the most
common diseases of hatchery-reared ju-
venile salmonids. Myxobacteria, so far
not sufficiently described, are strongly
implicated in this disease. They were
seen for the first time by Davis.” In spite
of the frequency of this disease, heavy
losses in hatcheries, and satisfactory me-
thods of control, the nature of bacterial
gill diseases is not adequately explained.

Mycobacterial diseases of fishes, also
called fish tuberculosis, are less impor-
tant from the economic point of view
because food fishes are rarely affected.
A small percentage of wild marine fish-
es are infected with mycobacteria. The
most frequent outbreaks occur in fresh-
water and marine ornamental fishes. The
incidence and significance of mycobac-
terial diseases have recently been re-
viewed. 13038

From the historical and epidemiologi-
cal points of view a temporary but wide-
spread occurrence of mycobacteriosis in
several species of Pacific salmon in
Northwestern America is of great inter-
est. These outbreaks were first reported
in 1952 in adult chinook salmon (Oncor-
hynchus tshawytscha) returning from the
ocean to Bonneville Hatchery, located on
a tributary of the Columbia River in
Oregon.”

This discovery was followed by me-
thodical surveying of fall and spring
chinook salmon for the presence of my-
cobacterial infection between 1952 and
1957. Adult salmon returning to fresh-
water to spawn were confined in holding
facilities until ripe. During that time the
weak and diseased fish died. The greatest
losses were at the beginning of confine-
ment. About 25% of these fish had my-
cobacteriosis. In fish which survived, until
killed for artificial spawning, the preva-
lence of mycobacteriosis was about 5%.
The infected salmon were smaller and
more vividly colored. The secondary
sexual characteristics were absent and
gonads were underdeveloped so that sex

was not readily apparent. The prevalence
of infection was higher in males. The
study of returning marked spring chi-
nook salmon in 1955 and 1956 showed
that 5 of 19 salmon, which spent §
months in the hatchery as fingerlings,
had mycobacteriosis. The number of in-
fected salmon increased significantly
among fish that had spent their first 8
months in the hatchery. This observation
was the first indication “that the inci-
dence of tuberculosis was influenced by
the length of hatchery rearing.”®

Surveys made in 1959% also showed
that 5% of the adult salmon returning
to the Columbia River for spawning were
infected. All species of Pacific salmonids
are susceptible to infection, since myco-
bacteriosis was found in sockeye salmon
(O. nerka), coho salmon (O. kisutch),
chum salmon (O. keta), and sea run rain-
bow trout (Salmo gairdneri). The preva-
lence of disease was very low among
salmon which spawned and hatched in
spawning channels before going to the
sea. Chum, pink (O. gorbuscha), and
sockeye salmon spawn and hatch in
spawning channels and consequently are
not kept and fed in hatcheries.

Prior to the discovery of the epidemic
of mycobacteriosis in salmon, feed of
hatchery-raised salmon included raw
viscera from adult salmon. Salmon raised
in hatcheries where raw viscera were not
included in the diet showed no mycobac-
teriosis. On the basis of this information,
the use of raw salmon viscera in the
diet was stopped. As a result, mycobac-
teriosis in adult salmon almost complete-
ly disappeared. This is an excellent exam-
ple of how contaminated feed can re-
sult in greatly increased prevalence of
infectious diseases of fishes.

The last bacterial disease discussed
here is vibriosis, which is sometimes
called saltwater furunculosis. It was first
reported by Canestrini" in Italy in 1893
and received scientific recognition in
1909 after Bergman® described the dis-
ease and the characteristics of its etio-
logic agent, Vibrio anguillarum. Vibrio-
sis is a world-wide disease of marine
fishes, particularly when kept crowded
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in saltwater enclosures at high water tem-
peratures. In mariculture, vibriosis is a
very serious factor limiting production.?®
It is a very important disease in Japan,
where eel culture is very intensive.

Research on control of vibriosis is cen-
tered on chemotherapy; chemoprophy-
laxis with sulfonamides, antibiotics, and
nitrofurans; and immunization. Among
the effective drugs is the new Japanese
nitrofuran, Furanace, which may be ad-
ded to water or given orally.* Fish vib-
riosis is also a subject of intensive stu-
dies of oral administration of a vaccine
in the United States,” Japan,® and Scot-
land.” Under well controlled laboratory
and small-scale pilot tests, the results are
most encouraging. Unfortunately, oral
vaccination in large-scale fish production
is still disappointing—possibly because
the stress of crowding and high water
temperature overcomes the protection
conferred by drugs and vaccine.

Another species of vibrio must be men-
tioned here—Vibrio parahaemolyticus—
which is common during the summer in
coastal waters, where it invades fish and
shellfish. It seldom causes disease but is
highly pathogenic to humans, particular-
ly in Japan.? It may cause disease, or
even death, in people who become infec-
ted by eating insuffigiently heated sea-
food.

Correct diagnosis of bacterial diseases
of fishes requires positive identification
of the pathogen. This is usually time
consuming because it requires isolation
and determination of characteristics of
the microorganism. Recently a positive
and rapid diagnosis of kidney disease by
Chen et al™ and furunculosis by Mc-
Carthy™* was made possible by serologic
identification of bacterial antigen direct-
ly in the tissues of diseased fishes.

DISEASES CAUSED BY VIRUSES

In early research there were two cri-
teria for establishing the etiology of a
viral disease. One was to transmit the
disease by bacteria-free filtrates, the
other was to show the presence of inclu-
sion bodies in the cells of the affected

organs. The second approach was used by
Weissenberg,® who suggested that lym-
phocystis disease of fish was of viral eti-
ology because the greatly enlarged cells
contained typical inclusion bodies. By
means of an electron microscope, Griitz-
ner™ found virus particles in the enlarged
cells. Final proof of the viral nature of
lymphocystis was isolation of the virus
and demonstration of its multiplication
in centrachid fish cell lines by Wolf et
al® There was a span of 52 years be-
tween the demonstration of the inclusion
bodies and the isolation of the virus.
Study is needed at the molecular level to
determine how the virus alters the cel-
lular metabolism to produce cellular
hypertrophy.

Since about 1950, more evidence has
been gathered showing that fish diseases
caused by viruses are common. To re-
view the achievements in this field and
to chart future research, Snieszko et al.”®
organized an international conference on
viral diseases of poikilothermic verte-
brates held at the New York Academy
of Sciences. It was a very important step
in the development of fish virology and
showed the remarkably fast growth of
this branch of fish pathology. Reports
were presented on lymphocystis; infec-
tious pancreatic necrosis (IPN); viral
hemorrhagic septicemia (VHS) of rain-
bow trout; viral diseases of Pacific sal-
mon; infectious dropsy of carp; carp ru-
bella; orphan viruses of fish; and neo-
plastic diseases of eels, flatfishes,* and
amphibians of presumed viral nature.

At the Eastern Fish Disease Labora-
tory, K. Wolf became the first full-time
fish virologist. He, and his associates,
made many significant contributions to
fish virology. They established methodol-
ogy and developed the first fish cell lines
and standard methods for diagnosis of
viral diseases of fishes.**

In Denmark, where VHS is an impor-
tant disease of rainbow trout, signifi-
cant contributions to fish virology were
made by Christensen, Rasmussen, Jensen
and J¢rgensen, as reviewed by Schiper-
claus™ and Vestergard-J¢rgensen.*
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Research on viral diseases of fishes,
particularly carp rubella, has been car-
ried out in the Soviet Union since 1950.%*

Contributions to the knowledge about
viral diseases of carp were made in Yu-
goslavia.®® These results have shown
that carp diseases, known under the
vague name of “dropsy,” consists of at
least three disease units: spring viremia
of carp, caused by Rhabdovirus carpio;
carp erythrodermatitis; and bacterial sep-
ticemia. This disease of carp, in my
opinion, seems to be similar to acute hu-
man pneumococcal pneumonia which
usually, but not always, follows a viral
respiratory disease which even alone
may be fatal. This is supported by Schi-
perclaus,”* and Bullock et al.” who dis-
cuss the role of bacteria in this complex
disease.

Viral diseases are causing consider-
able losses among juvenile Pacific sal-
monids raised in the hatcheries. Infec-
tious pancreatic necrosis (IPN) and in-
fectious hematopoietic necrosis (IHN)
are the most important. Numerous re-
search reports have been published on
IHN by Amend and associates at the
Western Fish Disease Laboratory as re-
viewed by Wolf"® and by Wingfield
et al®

In the southern United States, viral
diseases of catfish are also important.
Fijan (who was an exchange professor
at Auburn University in Alabama) and
his associates described a viral disease
of channel catfish caused by a herpes-
virus which was named channel catfish
virus.® Important contributions to fish
virology are also being carried out at
the fish disease laboratory at Thiverval-
Grignon near Paris, France.'**"*

NUTRITIONAL DISEASES

Nutrition is an environmental factor
that influences fish health. Borderline
nutritional deficiencies may result in
somewhat slower growth or poor quality
eggs. Severe deficiencies may cause visi-
ble pathological changes, or increase the

hcst susceptibility to pathogens. Several
examp'es of nutritional diseases that are
important in the history of fish diseases
are given here.

One of the earliest fish tumors stu-
died in great detail was goiter, or thy-
roid hyperplasia, caused by deficiency
of iodine in early diets of trout. The
most complete of several reports on this
subject is the monograph by Gaylord
and Marsh.®* More recent studies by
Maclntyre® and Scarpelli” suggested that,
although most of the goiters in trout are
simple hyperplasias caused by iodine de-
ficiency, a true malignant thyroid tumor
in fishes also occurs that is not neces-
sarily caused by lack of iodine.

Another significant fish tumor of nu-
tritional origin is the hepatoma, which
for a time over-shadowed the importance
of all other tumors in fish. Approxi-
mately 20 years ago reports appeared on
epizootic outbreaks of hepatoma in rain-
bow trout raised in hatcheries. The ear-
liest reports were those of Scolari”® in
Europe, and Wood and Larson” in Ame-
rica.

There were some earlier epizootics of
hepatoma in California from 1936 to
1942 which followed a change of diet;
however, these were not publicized until
hepatoma became an important issue."

The great epizootic of hepatoma in
rainbow trout between 1950 and 1965
followed the general replacement of wet
diets, containing second grade fresh meat
products, with diets consisting of dry
meals. Dry pelleted fish feeds were intro-
duced at about the same time. Soon
afterwards, outbreaks of hepatoma in 1
year old or older rainbow trout became
frequent. These findings coincided with
the discovery, in England, that peanut
meal was responsible for the high inci-
dence of hepatoma in young poultry.
G. N. Wogan isolated the carcinogenic
component which was produced in meals
by Aspergillus flavus as reviewed by
Friedman and Shibko.” This agent was
called aflatoxin and was found to be
responsible for the high incidence of
hepatoma in rainbow trout, a species
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which is very susceptible to this carci-
nogen. Trout hepatoma is now prevented
by using feed components free from
alfatoxin and by storing pellets in a dry,
cool location not suitable for the growth
of A. flavus. Mawdesley-Thomas™ said
about the highly successful research on
trout hepatoma; “this is an example of a
problem being supported by government
agencies with a degree of urgency, ade-
quate funds, and skilled workers.”

Other neoplastic diseases are not dis-
cussed here because excellent and recent
reviews on this subject have been pub-
lished by Scarpelli,” Mawdesley-Thomas,
%% and Harshbarger.”*

Determination of vitamin requirements
of fishes is one of the most interesting
chapters in the study of nutritional dis-
eases, but space does not permit a his-
torical review of the subject. There are
several centers in the United States where
most of the research was done on fish
nutrition and nutritional diseases. Since
1932 the Tunison Laboratory of Fish
Nutrition at Cortland, New York, under
the leadership of A. Tunison and A. M.
Phillips, Jr., carried out research, the
results of which are published in annual
reports of the laboratory. Some of the
pioneering work on nutritional gill dis-
ease and anemia was carried out by the
late L. Wolf, Rome, New York, in col-
laboration with the Cortland Laboratory.
Research on nutrition of Pacific salmon
and trout hepatoma was carried out at
the Western Fish Nutrition Laboratory
under the leadership of J. E. Halver. H.
K. DuPree and his associates studied
nutrition and nutritional diseases of chan-
nel catfish at the Fish Culture Labora-
tory, Marion, Alabama. Nutritional re-
search and nutritional diseases have been
reviewed in detail in a textbook “Fish
Nutrition” edited by Halver.*® The peru-
sal of chapters by S. F. Snieszko and L.
M. Ashley in this book show that nutri-
tional diseases, caused by vitamin defi-
ciencies, are very similar to those in
mammals. The main difference is in the
nutritional fish diseases characterized by
pathology of the gills. These diseases are
very important in intensive fish culture.

CONTROL OF DISEASES OF FISHES

A disease breaks out when a suscep-
tible species of fish is exposed to a vi-
rulent pathogen under proper environ-
mental circumstances. In the control of
a disease, at least three factors must be
kept in mind: the fish, the disease agent,
and the aquatic environment.

1. The fish

We know that different species of fish-
es are adapted to specific range of tem-
peratures, pH of water, dissolved oxygen,
and salinity. Therefore, there is no sense
in culturing fishes which are outside the
acceptable amplitude of these environ-
mental conditions. This is just good man-
agement. There are differences among
strains of the same fish species in their
susceptibility to certain diseases. There-
fore, if a certain disease reoccurs fre-
quently, at some locality, it is desirable
to look for, or develop, a strain resistant
to such disease. This is possible, practic-
able, and has been done.”*

2. The disease agent

If at all possible it should be kept out.
For the past 10 years, methods have been
develored to provide fishes that are free
from certain pathogens. Directors of
well-managed fish cultural establishments
are following this practice with determi-
nation. Further, the United States has
Title 50 and Canada has similar regula-
tions to prevent the spread, or introduc-
tion, of whirling disease and viral hemor-
rhagic septicemia. Regional fish disease
control measures are being introduced
and fish health legislation is pending in
Congress. Laws and regulations alone will
not control fish diseases, but if their en-
forcement is in the hands of well-trained,
open-minded, practical people, these can
be of considerable help.

3. The aquatic environment

We know very well that the condition
of water influences outbreaks and sever-
ity of fish diseases. The effect of almost
all parasitic, bacterial, and viral diseases
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can be aggravated by stress of bad en-
vironment, and alleviated by favorable
environment.

Immunization of fishes against certain
diseases is beginning to show promising
results. At first it was restricted by the
slow immunologic response of fishes at
low water temperatures and the need for
handling of fishes. Introduction of oral
vaccines has given encouraging results
in protecting fishes from vibriosis, col-
umnaris disease, redmouth disease and
furunculosis. Progress in this field was
recently reviewed by Anderson.™

Last, but not least, we have chemo-
therapy, as well as external treatments

LITERATURE CITED

with various chemicals. Treatment can
be compared to firefighting. It is most
effective if started when the fire breaks
out. Treatments usually have short-lived
effect and a recurrence of the disease
may take place if unfavorable conditions
continue to exist. In disease, as in fire,
prevention is much more important and
practical than treatment. Nevertheless,
treatment is essential when disease breaks
out.

I will not give a list of treatments,
these are well described in recent publi-
cations such as a comprehensive list
published by the National Academy of
Sciences.”

1. AMLACHER, E. 1970. Textbook of Fish Diseases. Translated from German
and edited by D. A. Conroy and R. L. Herman. T. F. H. Publications Inc.,

Neptune City, N.J. 302 pp.

2a. ANDERSON, D. P. 1974. Fish immunology Book 4. Pages 1-239 in S. F. Sni-
eszko and H. R. Axelrod, eds. Discases of Fishes. T. F. H. Publications

Inc., Neptune City, N.J.

2. ANDERSON, J. I. W. and D. A. CONROY. 1970. Vibrio disease in marine
fishes. Pages 266-272 in S. F. Snieszko, ed. A Symposium on Diseases of
Fishes and Shellfishes. Am. Fish. Soc. Spec. Publ. 5, Washington, D.C.

3. BAUER, O. N. and K. A. FAKTOROVICH. 1969. Research on infectious dis-
eases of carp in the U.S.S.R. Bull. V.U.R., Vodnany No. 3: 30-43.

4. ————— V. A. MUSSELIUS and Yu. A. STRELKOV. 1969. Diseases of pond
fishes. U.S. Department of the Interior and National Science Foundation,
Washington, D.C. (TT 72-50070, 1973) 220 pp.

5. BECKER, C. D. 1970. Haematozoa of fishes, with emphasis on North American
records. Pages 82-100 in S. F. Snieszko, ed. 4 Symposium on Diseases of
Fishes and Shellfishes. Am. Fish. Soc. Spec. Publ. 5, Washington, D.C.

6. BERGMAN, A. M. 1909. Die rote Beulenkrakheit des Aals. Ber. bayer. biol.

Vers. Sta. 2: 10-54.

7. BORG, A. 1960. Studies on myxobacteria associated with diseases in salmonid
fishes. (Ph.D. Thesis. University of Washington) Wildl. Dis. 8: 1-85. (2

microcards).

8. BULLOCK, G. L. 1972. Studies on selected myxobacteria pathogenic for fishes
and on bacterial gill diseases in hatchery-reared salmonids. U.S. Bur. Sport
Fish. Wildl. Tech. Pap. No. 60. 30 pp.

9. —————, D. A. CONROY and S. F. SNIESZKO. 1971. Bacterial diseases of
fishes. Book 2A. Pages 1-151 in S. F. Snieszko and H. R. Axelrod, eds.
Diseases of Fishes. T. F. H. Publications Inc., Neptune City, N.J.

10. BYKHOVSKAYA-PAVLOVSKAYA, 1. E. et al. 1962. Key to Parasites of
Freshwater Fish of the U.S.S.R. (Translated from Russian) U.S. Depart-
ment of the Interior and National Science Foundation, Washington, D.C.

(TT 64-11040, 1964) 919 pp.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 11, October, 1975 455

11

CANESTRINI, G. 1893. La malattia dominante della anguille. Atti Inst. veneto
Sci. 51: 809-814.

11a. CHEN, P. K., G. L. BULLOCK, H. M. STUCKEY and A. C. BULLOCK.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1974. Serological diagnosis of corynebacterial kidney disease of salmonids.
J. Fish Res. Board Can. 31: 1939-1940.

COLWELL, R. R, T. E. LOVELACE, L. WAN, T. KANEKO, T. STALEY,
P. K. CHEN and H. TUBIASH. 1973. Vibrio parahaemolyticus-isolation,
identification, classification, and ecology. J. Milk and Food Technol.
36: 202-213. (Dept. Biol., Georgetown Univ., Wash., D.C.)

CONROY, D. A. 1970. Piscine tuberculosis in the sea water environment. Pages
273-278 in S. F. Snieszko, ed. 4 Symposium on Diseases of Fishes and
Shellfishes. Am. Fish Soc. Spec. Publ., 5, Washington, D.C.

DAINIPPON PHARMACEUTICAL CO. LTD. Furanace (P-7138). Loose
leaf, undated. Osaka, Japan. 57 pp.

DAVIS, H. S. 1922. A new bacterial disease of fresh-water fishes. Bull. U.S.
Bur. Fish. (Doc 924) 38: 261-280.

. 1926. A new gill disease of trout. Trans. Am. Fish. Soc. 56: 156-159.

. 1947. Studies of the protozoan parasites of freshwater fishes. U.S.
Fish and Wildl. Serv. Fish. Bull. §1: 1-29.

. 1953. Culture and Diseases of Fishes. Univ. Calif. Press, Berkeley,
Calif. 332 pp.

DOGIEL, V. A, G. K. PETRUSHEVSKI and Yu. I. POLYANSKI. 1958.
Parasitology of Fishes. (Translated from Russian) Leningrad University
Press, Translation available from T. F. H. Publications Inc., Neptune City,
N.J. 1970. 384 pp.

DUFF, D. C. B. 1942, The oral immunization of trout against Bacterium
salmonicida. J. Immunol. 44: 87-94.

DYK, V. 1961. Nemoci ryb. Ceskoslovenska Akademie Zemedelskych Ved.
Praha. 404 pp.

EHLINGER, N. F. 1964. Selective breeding of trout for resistance to furun-
culosis. N.Y. Fish Game J. 11: 78-90.

ELKAN, E. and H. H. REICHENBACH-KLINKE. 1974. Color Atlas of the
Diseases of Fishes, Amphibians and Reptiles. T. F. H. Publication Inc., Nep-
tune City, N.J. 385 figs. 256 pp.

FIJAN, N. N,, Z. PETRINEC, D. SULIMANOVIC and L. O. ZWILLEN-
BERG. 1971. Isolation of the viral causative agent from acute form of
infectious dropsy of carp. Vet. Arh. 41: 125-138.

. 1972. Infectious dropsy in carp—a disease complex. Pages 39-51 in
L. E. Mawdesley-Thomas, ed. Diseases of Fish. Symp. Zool. Soc. London
No. 30. Academic Press, London.

, T. L. WELLBORN and T. P. NAFTEL. 1970. An acute viral disease
of channel catfish. U.S. Bur. Sport Fish. Wildl. Tech. Pap. No. 43. 11 pp.

FLETCHER, T. and A. WHITE. 1973 Antibody production in the plaice
(Pleuronectes platessa L.) after oral and parenteral immunization with
Vibrio anguillarum antigens. Aquaculture 1: 417-428.

FRIEDMAN, L. and S. I. SHIBKO. 1972. Nonnutrient components of the
diet. Pages 181-254 in J. E. Halver, ed. Fish Nutrition. Academic Press,
N.Y.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



456

Journal of Wildlife Diseases Vol. 11, October, 1975

29.

30.

31

32.

33.

34.

3s.
36.

37.

3%.

39.

40.

41.

42.

43.

44,

45.

46.

47.

FRYER, J. L, J. S. NELSON and R. L. GARRISON. 1972. Vibriosis in fish.
Oregon State Game Comm., Portland, Oregon, Agric. Exp. Sta. Tech. Pap.
No. 2879: 129-133.

GARNIJOBST, L. 1945. Cytophaga columnaris (Davis) in pure culture: a
myxobacterium pathogenic to fish. J. Bacteriol. 49: 113-128.

GAYLORD, H. R. and M. C. MARSH. 1914, Carcinoma of the Thyroid in
Salmonid Fishes. Bull. U.S. Bur. Fish. 32: 363-524.

GHITTINO, P. 1970. Piscicoltura e Ittiopatologia. Rivista di Zootechnia. Italy.
2: 420 pp.

GONCHAROV, G. D. 1965. Rubella, a viral fish disease. Ann. N.Y. Acad. Sci.
126: 598-600.

GRUTZNER, L. 1956. Ueberpriifung einiger Anwendungsmoglichkeiten der
Gewebekultur von Lebistes reticulalus (Peters) und Macropodus opercularis
(L) in der Virusforschung. 2 Mitt. Zbl. Bakt. Abt. I. Orig. 165: 81-96.

HALVER, J. E,, ed. 1972. Fish Nutrition. Academic Press, N.Y. 713 pp.

HANZAL, J. 1965. Kurs lidovych rybarskych pathologu Jednota Rybaru, Praha.
461 pp.

HARSHBARGER, J. C. 1972. Work of the registry of tumours in lower ani-
mals with emphasis on fish neoplasms. Pages 285-303 in L. E. Mawdesley-
Thomas, ed. Diseases of Fish. Symp. Zool. Soc. London No. 30. Academic
Press, London.

. 1973. Activities report: registry of tumors in lower animals. 1965-
1973. National Museum of Natural History. Smithsonian Institution, Wa-
shington, D.C. 141 pp.

HAYASHI, K., S. KOBAYASHI, T. KAMATA and H. OZAKI. 1964. Studies
on the vibrio-disease of rainbow trout (Salmo gairdneri irideus) I1. prophy-
lactic vaccination against the vibrio-disease. J. Fac. Fish. Prefect. Univ.
Mie, Japan. 6: 180-191.

HERMAN, R. L. 1968. Fish furunculosis 1952-1966. Trans. Am. Fish. Soc. 97:
221-230.

HOFER, B. 1904. Handbuch der Fischkrankheiten. All Fisch-Zeit. Miinchen.
359 pp.

HOFFMAN, G. L. 1967. Parasites of North American Freshwater Fishes. Univ.
Calif. Press. Berkeley, Calif. 486 pp.

and F. P. MEYER. 1974. Parasites of Freshwater Fishes. T. F. H.
Publications Inc., Neptune City, N.J. 224 pp.

and R. E. PUTZ. 1969. Host susceptibility and effect of aging, freez-
ing, heat, and chemicals on spores of Myxosoma cerebralis. Prog. Fish-
Cult. 31: 35-37.

KABATA, Z. 1970. Crustacea as enemies of fishes. Book 1. Pages 1-171 in
S. F. Snieszko and H. R. Axelrod, eds. Diseases of Fishes. T. F. H. Publica-
tions Inc., Neptune City, N.J.

de KINKELIN, P. and M. DORSON. 1973. Interferon production in rainbow
trout (Salmo gairdneri) experimentally infected with Egtved virus. J. Gen.
Virol. 19: 125-127.

——, B. GALIMARD and R. BOOTSMA. 1973. Isolation and identifica-
tion of the causative agent of “red disease” of pike (Esox lucius L. 1766).
Nature 241(5390): 465-467.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 11, October, 1975 457

48. KOCYLOWSKI, B. and T. MIACZYNSKI. 1960. Choroby ryb i rakéw. Panst-
wowe Wydawnictwo Rolnicze i Lesne. 418 pp.

49. LENOIR, G. 1973. Structural proteins of spring viremia virus of carp. Biochem.
Biophys. Res. Commun. 51: 895-899.

50. MacINTYRE, P. A. 1960. Tumors of the thyroid gland in teleost fishes. Zoo-
logica (U.S.) 45: 161-170.

51. MACKIE, T. J, J. A. ARKWRIGHT, T. E. PRYCE-TANNATT, J. C. MOT-
TRAM, W. D. JOHNSTON and W. J. M. MENZIES.

1930. Interim report of the furunculosis committee, 65 pp.

1933. Second interim report of the furunculosis committee, 81 pp.
1935. Final report of the furunculosis committee, 67 pp.

H. M. Stationery Office, Edinburgh.

52. MARKEVICH, A. P. 1951, Parasitic fauna of freshwater fish of the Ukrainian
S.S.R. US. Department of the Interior and National Science Foundation,
Washington, D.C. (OTS 63-11130, 1963) 388 pp.

53. MAWDESLEY-THOMAS, L. E. 1971. Neoplasia in fish: a review. Pages 87-
170 in T. C. Cheng, ed. Vol. 1. Current Topics in Comparative Pathobio-
logy. Academic Press, N.Y.

54. —————. 1972. Some tumours of fish. Pages 191-283 in L. E. Mawdesley-
Thomas, ed. Diseases of Fish. Symp. Zool. Soc. London No. 30. Academic
Press, London.

54a. McCCARTHY, D. H. 1975. Detection of Aeromonas salmonicida antigen in dis-
eased fish tissue. J. Gen. Microbiol. 88: 384-386.

55. McCRAW, B. M. 1952. Furunculosis of fish. U.S. Fish Wildl. Serv. Spec. Sci.
Rep. Fish. 84. 87 pp.

56. McGREGOR, E. A. 1963. Publications on fish parasites and diseases, 330 B.C.-
1923 A.D. U.S. Fish Wildl. Serv. Spec. Sci. Rep. Fish. 474. 84 pp.

57. ORDAL, E. J. and R. R. RUCKER. 1944, Pathogenic myxobacteria. Proc. Soc.
Exp. Biol. Med. 56: 15-18.

58. OTTE, E. 1963. Die heutigen Ansichten iiber die Atiologie der infektiosen Bach-
wassersucht der Karpfen. Wiener tieraerztliche Monatschrift. 50: 995-1005.

59. PETRUSHEVSKII, G. K., ed. 1957. Parasites and Diseases of Fish. U.S. De-
partment of the Interior and National Science Foundation, Washington,
D.C. (OTS 60-51169, 1961) 338 pp.

60. PLEHN, M. 1924. Praktikum der Fischkrankheiten. Schweizerbart'sche Verlags-
buchhandlung, Stuttgart. 179 pp.

61. POLYANSKII, Yu. 1. 1955. Parasites of the Fish of the Barents Sea. U.S. De-
partment of the Interior and National Science Foundation, Washington,
D.C. (TT-66-51047, 1966) 158 pp.

62. PUTZ, R. E. 1972. Biological studies on the hemoflagellates Cryptobia catar-
actae and Cryptobia salmonisitica. U.S. Bur. Sport Fish. Wildl. Tech. Pap.
No. 63. 25 pp.

63. REICHENBACH-KLINKE, H. H. and M. LANDOLT. 1973. Fish Pathology.
T. F. H. Publications Inc., Neptune City, N.J. 512 pp.

64. ROSS, A. J. 1970. Mycobacteriosis among Pacific salmonid fishes. Pages 279-
283 in S. F. Snieszko, ed. A Symposium on Diseases of Fishes and Shell-
fishes. Am. Fish. Soc. Spec. Publ. 5, Washington, D.C.

65. ————, B. J. EARP and J. W. WOOD. 1959. Mycobacterial infections in
adult salmon and steelhead trout returning to the Columbia River Basin
and other areas in 1957. U.S. Fish Wildl. Serv. Spec. Sci. Rep. Fish. 332.
34 pp.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



458 Journal of Wildlife Diseases Vol. 11, October, 1975

66. SANDERS, J. E,, J. L. FRYER and R. W. GOULD. 1970. Occurrence of the
myxosporidian parasite Ceratomyxa shasta, in salmonid fish from the
Columbia River Basin and Oregon Coastal Streams. Pages 133-141 in S. F.
Snieszko, ed. A Symposium on Diseases of Fishes and Shellfishes. Am.
Fish. Soc. Spec. Publ. 5, Washington, D.C.

67. SCARPELLI, D. G. 1969. Comparative aspects of neoplasia in fish and other
laboratory animals. Pages 45-85 in O. W. Neuhaus and J. E. Halver, eds.
Fish in Research Academic Press, N.Y.

68. SCHAPERCLAUS, W. 1930. Pseudomonas punctata als Krankheitserreger bei
Fischen, Untersuchungen iiber Siisswasseraalrotseuche, LeibeshShlenwas-
sersucht der Cypriniden, insbesondere des Karpfens und Fleckenseuche der
Weissfische, Z. Fisch. 28: 289-370.

69. ——— 1954, Fischkrankheiten. Akad. Verlag, Berlin. 708 pp.

70. —————. 1965. Etiology of infectious carp dropsy. Ann. N.Y. Acad. Sci. 126:
587-597.

71. ——————. 1969. Virusinfektionen bei Fischen. Pages 1067-1141 in H. Réhrer,
ed. Handbuch der Virusinfektionen bei Tieren. Gustav Fischer, Jena, Ger-
many.

72. SCOLARI, C. 1953. Contributo alla conoscenza degli adenocarcinomi epatici
della trota iridea. Atti. Soc. Ital. Sci. Vet. 7: 599-605.

73. SINDERMANN, C. J. 1953. Parasites of fishes of North Central Massachusetts.
The Commonwealth of Massachusetts Division of Fisheries and Game,
Boston, Massachusetts. 28 pp.

74. ————. 1970. Principal Diseases of Marine Fish and Shellfish. Academic
Press, N.Y. 369 pp.

75. SNIESZKO, S. F. 1972. Progress in fish pathology in this century. Pages 1-15
in L. E. Mawdesley-Thomas, ed. Discases of Fish. Symp. Zool. Soc. London
No. 30. Academic Press, London.

76. ————. 1973. Recent advances in scientific knowledge and developments per-
taining to diseases of fishes. Adv. Vet. Sci. Comp. Med. 17: 291-314, Aca-
demic Press, N.Y.

77. ———, chairman. 1974. Fishes: guidelines for the breeding, care, and man-
agement of laboratory animals. National Academy of Sciences, Washington,
D.C. 85 pp.

78. ———, R. F. NIGRELLI and K. WOLF, chairmen. 1965. Viral diseases of

poikilothermic vertebrates. Ann. N.Y. Acad. Sci. 126 Art. 1. 680 pp.

79. SUMMERFELT, R. C. and M. C. WARNER. 1970. Incidence and intensity
of infection of Plistophora ovariae, a microsporidian parasite of the golden
shiner Notemigonus crysoleucas. Pages 142-160 in S. F. Snieszko, ed. 4
Symposium on Diseases of Fishes and Shellfishes. Am. Fish. Soc. Spec.
Publ. 5, Washington, D.C.

80. VESTERGARD JgRGENSEN, P. E. 1972. Egtved virus: antigenic variation
in 76 virus isolates examined in neutralization tests and by means of
fluorescent antibody technique. Pages 333-340 in L. E. Mawdesley-Thomas,
ed. Diseases of Fish Symp. Zool. Soc. London No. 30. Academic Press,
London.

81. WALES, J. H. and R. D. SINNHUBER. 1966. An early hepatoma epizootic in
rainbow trout, Salmo gairdneri. Calif. Fish Game 52: 85-91.

82. ——— and H. WOLF. 1955. Three protozoan diseases of trout in California.
Calif. Fish Game 41: 183-187.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 11, October, 1975 459

83. WEISSENBERG, R. 1914. Uber infektiose Zellhypertrophie bei Fischen (Lym-

phocystiserkrankung). Sitzung der physikalisch-mathematischen Classe. vol.
16: 792-803.

84. WELLINGS, S. R. 1970. Biology of some virus diseases of marine fish. Pages

296-306 in S. F. Snieszko, ed. A Symposium on Diseases of Fishes and
Shellfishes. Am. Fish. Soc. Spec. Publ. 5, Washington, D.C.

85. WINGFIELD, W. H,, L. NIMS, J. L. FRYER and K. S. PILCHER. 1970. Spe-

cies specificity of the sockeye salmon virus (Oregon strain) and its cyto-
pathic effects in salmonid cell lines. Pages 319-326 in S. F. Snieszko, ed.
A Symposium on Diseases of Fishes and Shellfishes. Am. Fish. Soc. Spec.
Publ. 5, Washington, D.C.

86. WOLF, K. 1966. The fish viruses. Pages 35-101 in K. M. Smith and M. A.

87.

88.

89.

Lauffer, eds. Advances in Virus Research Vol. 12. Academic Press, N.Y.

. 1970. Guidelines for virological examination of fishes. Pages 327-
340 in S. F. Snieszko, ed. A Symposium on Diseases of Fishes and Shell-
fishes. Am. Fish. Soc. Spec. Publ. S, Washington, D.C.

— . 1972. Advances in fish virology: a review 1966-1971. Pages 305-331

in L. E. Mawdesley-Thomas, ed. Diseases of Fish. Symp. Zool. Soc. Lon-
don No. 30. Academic Press, London.

——— M. GRAVELL and R. G. MALSBERGER. 1966. Lymphocystis

virus: isolation and propagation in centrarchid fish cell lines. Science 151:
1004-1005.

90. WOLF, L. E. 1954. Development of disease-resistant strains of fish. Trans.

Am. Fish. Soc. 83: 342-349.

91. WOOD, E. M. and C. P. LARSON. 1961. Hepatic carcinoma in rainbow trout.

Arch. Pathol. (AMA) 71: 471-479.

92. WOOD, J. W. and E. J. ORDAL. 1958. Tuberculosis in Pacific salmon and
steelhead trout. Fish Comm. Oreg. Contribution No. 25. 38 pp.

Received for publication 2 December 1974

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 09 Jul 2025

Terms of Use: https://complete.bioone.org/terms-of-use





