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Preface

In 1970 the Committee on Animal Health appointed a task force to
assess the sources of aquatic animal protein available to meet future
nutritional needs of a rapidly expanding human population. These
scientists were asked to examine the role of aquatic animals as a re-
newable food resource, to elucidate the problem of disease in aquat-
ic species that are important to man, to place these disease situations
in order of priority and to suggest possible corrective measures, and
to identify needs and opportunities in research. The task force pre-
pared a preliminary report dealing with these topics and recommended
the appointment of a Subcommittee on Aquatic Animal Health to
carry out a more detailed study.

The stated charge of the Subcommittee was, in turn, “to review
the status and future potential of proteins of aquatic animal origin,
to evaluate the problems encountered in maintaining the health of
aquatic animals, and to make recommendations for advances in re-
search and education to improve the nation’s capabilities for dealing
with these health problems.”

The members of the Subcommittee are grateful to the predecessor
task force for its contributions and to those persons from private
and governmental organizations who assisted in the preparation of
this report by providing information and insights.
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Present
Utilization of
Food of

Aquatic Origin

The world commercial fisheries catch increased about 6 percent an-
nually between 1947 and 1968 and reached a total of 64 million
metric tons (MT) in 1968 [Food and Agriculture Organization
(FAO), 1970]. The catch of marine fish in 1968 was 50 million MT;
crustaceans, mollusks, and other invertebrates, 5 million M T; seals
and miscellaneous aquatic mammals, 0.01 million M T; miscellaneous
aquatic animals and residues, 0.06 million MT; and aquatic plants,
0.89 million MT. The yield of freshwater fisheries in 1968 was 7
million MT. This figure does not include sport fishing and subsistence
fishing, which are estimated to be nearly half as large as the re-
corded commercial catch.

The world commercial catch declined in 1969 to about 63 mil-
lion MT (Food and Agriculture Organization, 1971). Although some
species were in short supply, the decline was largely due to economic
factors as distinct from overall availability of fisheries resources.
About 7 million MT of the 1969 catch (or nearly 11 percent of
world production) came from fresh waters.

The catch rose to a record high of 69 million MT in 1970 (Food
and Agriculture Organization, 1971). This total was about 10 percent
higher than the total for 1969. Herrings, sardines, anchovies, and re-
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lated species accounted for about 21 million MT of the 1970 catch,
nearly equal to the total world catch in 1948.

The largest increase in catches during 1970 was in marine fish.
These catches rose from 48 million MT in 1969 to 54 million MT
in 1970. Freshwater catches increased 0.2 million MT during this
time. Small increases for crustaceans and mollusks were also recorded.

The Pacific Ocean produced the largest commercial catch in 1970,
35 million MT compared with 30 million MT in 1969. The Atlantic
was next with 24 million MT, compared with 23 million MT in 1969.
The Indian Ocean, comprising about one fifth of the earth’s marine
surface, produced 3 million MT, a slight increase over 1969. Recent
studies by FAO indicate potentials of 14-20 million MT for the
Indian Ocean.

Peru continued to be the leading fishing nation in the world in
1970, catching 13 million MT, compared with 9 million MT in 1969
and 11 million MT in 1968. Most of Peru’s catch was anchoveta
(Engraulis ringens), processed into fish meal for export. The second
leading nation was Japan, totaling 9 million MT. The Soviet Union
was third, with 7 million MT. The People’s Republic of China was
next, with an estimated 6 million M T, followed by Norway with
nearly 3 million MT, the United States with 2.7 million MT, and
India with less than 2 million MT.

Idyll (1970) commented that of the 57.4 million MT of marine
commercial products taken in 1968, 36 percent consisted of fish
used for such products as meal, oil, bait, and fertilizer. Large quan-
tities of these products are waste (e.g., shells of mollusks and crus-
taceans). He estimated that not more than 35 percent of the gross
weight of the fisheries harvest, or about 21 million MT, was in the
form of edible fish flesh. He pointed out that about 19 percent of
fish flesh is protein; 5 percent, fat; 3 percent, nitrogen; 1 percent,
phosphorus; and the remainder, water.

Idyll also noted that the cost of producing animal protein from
the sea is significantly lower than the cost of production on land.
He indicated that in gross weight, or in calories consumed, the con-
tribution of the sea to human food is statistically insignificant but
that in terms of animal protein, the contribution is important. The
Commission on Marine Science, Engineering and Resources (1969)
stated, “Fish provide about 3 percent of man’s direct protein con-
sumption, but because fish meal is fed to land animals, fish are the
basis of about 10 percent of all animal-protein food production.”
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The use of fish in human diets has risen more rapidly than the rate
of human population increase. Georg Borgstrom (personal communi-
cation) stated that in the past three decades much of the increase

in available fish protein is consumed by developed and centrally
planned societies. The inadequacy of protein resources in some parts
of the developing world is a serious concern.
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Increased
Demand
for Protein

The predicted increase in world population during the remainder of
this century can be expected to act in two ways to increase the con-
sumption of aquatic protein: First, as personal incomes increase,
demand for improved diets will also rise; second, as more people
suffer from protein deficiency as a result of insufficient income, they
will demand a more equitable distribution of animal protein food.
For political, as well as humanitarian reasons, nations having sizable
numbers of protein-deficient citizens will seek to meet the protein
demands.

Chapman (1966) maintained that there was no actual food short-
age throughout the world; rather, the shortage was in protein. Idyll
(1970) estimated that at least 500 million people consume diets that
are deficient in total protein. Whole fish protein contains the balance
of amino acids that is needed in human nutrition.

Some unexploited species of fish are not being harvested at all,
and others are being harvested in relatively small quantities. W. Chap-
man has recently noted that about 5 million MT of anchovies could be
taken annually from waters adjacent to California and near Patagonia.

Other unexploited species are the thread herring of the Gulf of Mexico and
Pacific off Central America; Sardinella off Central West Africa, the Arabian and
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Oman Seas, and Northwest of Australia; the Arctic capelin®; and substantial
quantities of hake off the coast of North America and Latin America; very
large but unknown amounts of squid, and very large amounts of small inverte-
brates or krill in Antarctica . . . capable of a sustained yield on the order of 100
million tons per year.

*The Arctic capelin is no longer underutilized. Norwegian scientists report that current
harvests have reached or exceeded levels of maximum sustainable yield.
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Potential Food
from the
Aquatic
Environment

Anyone seeking a usable estimate of future fish harvest is confronted
by a maze of conflicting predictions. One difficulty lies in the dis-
crepancy between the number of fish available and the number of
fish harvested. Even in the most heavily fished waters, not all avail-
able fish are harvested. Moreover, many areas are fished lightly or
not at all, although we must also recognize that many species are
overfished. Furthermore, fluctuations in fish stocks add to the diffi-
culty of making reliable forecasts. The Peruvian fishery for anchoveta
(Engraulis ringens) is an outstanding example where stock fluctua-
tions have taken place. Scientific studies of the resource have indi-
cated that under average conditions the sustainable yield was around
8-10 million MT. During 1972, however, a severe crisis took place
in the anchoveta fishery when there were unusual oceanographic
conditions off the coast and an almost complete recruitment failure.
Catches in the second half of 1972 were cut to almost nothing. This
resulted in a reduction in catch of more than 6 million MT in 1972
compared with 1971. It is hoped that the stock is now rebuilding.
Jackson (1971) aptly states that:

Nature and man’s fate are inseparable, and future fishing cannot be evaluated
apart from the world of men or from the environment. We must estimate how
many people may exist in the future. It is imperative that we recognize that
both the quality of human existence and the quality of the environment in

6
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which fish live will be determined largely by what we humans do to the total
environment. We must determine how much food, particularly animal protein,
the future population will require, and consider possible new foods. We can
make informed guesses about the sizes and kinds of future catches and which
sea and freshwater area will produce them. None of us believes any longer, if
any of us ever did, that aquatic resources are limitless.

MARINE FISHERIES

The extent to which estimates of fish harvests differ is illustrated in
Table 1. The differences are due chiefly to the fact that authorities
considered the variables in different ways. For example, those who
made the estimate for 1966 included krill and other unutilized spe-
cies, whereas most of the other authorities omitted them. All such

estimates are affected by uncertainty about the harvesting process,
uncertainty about aquaculture production, and diminution of fish
stocks by disease and pollution.
Menhaden, which traditionally has supported the largest U.S. fish-
ery, is threatened by environmental pollution in its early life stages

TABLE 1 Estimates of Total Ocean Yields of Aquatic Animals

Forecast

Author (million metric tons) Year Method?
Thompson 21.6 1949 ext.
FAO 554 1955 ext.
Finn 50-60 1960 ext.
Graham and Edwards 55 (bony fishes) 1962 ext.
Meseck 55 (by 1970) 1962 ext.
Graham and Edwards 60 (bony fishes) 1962 ext.mf.
Schaefer 66 (by 1970) 1965 ext.
Meseck 70 (by 1980) 1962 ext.
Alverson 80 1965 ext.
Bogdanov 70-80 1965 ext.mf,
Graham and Edwards 115 (bony fishes) 1962 mf,
Schaefer 160 1965 ext.
Schaefer 200 1965 mf.
Pike and Spilhaus 200 1965 mf.
Chapman 1,000 1966 mf.
Pike and Spilhaus 180-1,400 1962 mf,

Source: Sprague and Arnold (1972).
ext., extrapolated from catch trends of existing knowledge of world fish resources; mf.,

energy flow through food chain.
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and heavy fishing pressure later in life; it is another species in need of
wise management. Other species showing signs of serious depletion are,
for example, yellowtail flounder, herring, American lobster, and had-
dock from the northwestern Atlantic. There are many other examples
in various parts of the world.

Noting the long-term increase in marine harvests since 1938, Shaefer
(1965) predicted the trend would continue until at least 1970, “by
which time the harvest should have reached 66 million metric tons.”
(As noted elsewhere, the total world fisheries catch in 1970 was 69
million MT, of which 62 million MT were from salt water.) Schaefer
conceded that the various projections of yields were “‘a rather uncer-
tain set of numbers, based on many assumptions and imprecise esti-
mates.” He pointed out that the potential total harvest of the world’s
fisheries had been consistently underestimated by fisheries experts
and concluded that ‘““a potential harvest of 200 million tons a year is
probably conservative.”

Several estimates of fish production made as late as 1969 empha-
sized the disparity of opinion on this subject. For example, Chapman
(1969) asserted, “I think we can very conservatively say that within
ten years from now world fish production will be somewhat above
80 million tons, and that twenty years from now productions will
have doubled to about 125 million tons.”

Ryther (1969) estimated that some 240 million tons of fish are
produced annually in the sea. He doubted that the sustained yield
of fish to man could be much more than 100 million tons. Pointing
out that total fish landings had increased at a rate of about 9 per-
cent annually over the past quarter century, he expressed doubt that
the industry would be able to expand for more than a decade.

The Commission on Marine Science, Engineering and Resources
(1969) indicated that if man were to utilize species not now being
harvested, a total annual production of marine food products of
400-500 million MT (exclusive of aquaculture) would be possible.
The Commission noted that beyond that amount expansion costs
could become excessive. It conceded, however, that this estimate
might be conservative if technological advances in the detection,
concentration, and harvesting of marine species were realized.
Rounsefell (1971) stated:

This brave and optimistic statement is hardly in accord with what is and has
been occurring. There have indeed been great advances in fishing technology,
but all these advances, coupled with much greater fishing effort, and the ex-
ploitation of deeper areas, have only resulted in a decreasing catch per unit of
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fishing effort. Optimism, therefore, is giving place to genuine concern among
fisheries scientists as one species after another falls drastically in abundance
under the onslaught of ever increasing numbers of modern fishing vessels with
ever increasing sophistication in gear and techniques. . . . Whether the future
marine catch rises, remains static, or falls, depends chiefly upon both national
and international observance of sound conservation measures. At the present
moment there is little reason for optimism.

An international Technical Conference on Fishery Management
and Development was held from February 13 to 23, 1973, at
Vancouver, British Columbia. It was convened by the Food and
Agriculture Organization of the United Nations and was attended
by more than 325 participants from 55 nations and 12 international
fisheries organizations. This conference was the third worldwide
conference dealing with the problem of management and the first
to consider in depth the problems of the development of fisheries.
Its terms of reference included an examination of population theory,
data requirements for management, methods of assessing latent fish-
eries resources, and techniques of aquaculture. In addition, the con-
ference reviewed the state of the world fisheries resources, the state
of their exploitation, the management mechanisms, and perspectives
for fisheries development. Political and jurisdictional aspects were
not within the purview of the conference, and economic matters
were considered only insofar as they related to the problems of
making fisheries profitable—not as they related to overall social or
political problems.

Among conference participants there was evident a growing con-
sensus that world production of conventional species cannot expand
much beyond 100 million MT. The production limit of 100 million
MT for conventional species seems entirely realistic and is supported
by a variety of independent investigations. The conventional species
include some species that are not now much used but that can be
caught by conventional methods and processed in conventional ways.
The well-known species will produce little, if any, more than at the
present. The nonconventional species that could be caught in addi-
tion to those now being caught are those that will require new meth-
ods of capture, new methods of processing, new products, and new
markets. The nonconventional species include krill (species of Euphau-
sia, Munida, Pleuroncodes, Calanus, and others), as well as new spe-
cies of squids and small fish from the middle depths of the open
ocean. According to Lyubimova et al. (1973) the krill resource “may
be between 0.8 and 5 billion tons, yielding a total commercial catch
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as high as 25 to 50 million metric tons.”” These same writers report

that “Early experimental catches of Antarctic krill by Soviet scien-

tists in the Scotia Sea, and experiments on processing krill to obtain
food and fodder yielded promising results and proved the possibility
of the commercial utilization of this resource.”

FRESHWATER FISHERIES

The yield of freshwater fisheries was approximately 7.6 million MT
in 1970, about 11 percent of the total world catch. From this fig-
ure are excluded the very large subsistence and sport fisheries, which
are estimated to be at least half as large as the recorded commercial
catch. With improved management, freshwater fisheries could provide
at least three to four times the present catch. In the future, fresh-
water fisheries will depend largely on improved management, the
prevention of further water quality deterioration, and an improve-
ment of those waters that are already polluted.

AQUACULTURE PRODUCTION

Aquaculture (see Bardach et al., 1972), the rearing of fish and shell-
fish to economic maturity for consumption or for recreational fishing,
has been developed more widely in other parts of the world than in
the United States. It is practiced intensively in several Asiatic and
European nations for the production of human food. Aquaculture
produces 6 percent of the fisheries yield in Japan (Gullion, 1968).

Aquaculture, at least in North America, will make its greatest eco-
nomic impact as a farming industry of such species as trout, salmon,
shrimp, and catfish, rather than as a way of producing large quanti-
ties of bulk fish. Indeed, the United States imports nearly 75 percent
of the fish consumed. As for the widespread notion of producing
large quantities of marine plants by culture, the fact is that seaweeds
usually thought of as most promising are actually of little nutritional
value. However, production of plant material in the oceans is in the
range of 150-200 billion MT per year.

Swingle (1970) reported on the commercial production of fish
for food from pond culture in the southern part of the United
States. With supplemental feeding, the yield of speckled bullheads
was as much as 1,000 Ib/acre. With intensive feeding, channel cat-
fish produced 2,000-3,400 Ib/acre. The National Marine Fisheries
Service reported that in 1968, 22 million 1b of catfish was produced
from 25,000 acres of water.
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Pillay states that

World production through aquaculture (excluding bait, sport and ornamental
fish and production through stocking of open waters) is over five million tons.
This has an important role in the food and nutrition of many countires and is
particularly significant in integrated rural development. ... [and] The President’s
Science Advisory Committee in the United States in a report on the food prob-
lem (1967) predicted a projected increase in yield of 15 million tons through
pond culture alone, by the year 2000, “if research can provide the management
inputs.” FAOQ’s Indicative World Plan for Agricultural Development (1969) con-
sidered an expansion factor of five by the year 1985 as feasible, and according
to this, the world annual production through aquaculture by that year may be
around 20-25 million tons. Bardach and Ryther (1968) estimate a higher rate
of increase of ten times by the year 2000, which would mean a world produc-
tion of 40-50 million tons annually,

SPORT AND SUBSISTENCE FISHERIES

The contribution of sport fishing and subsistence fishing to the world-
wide production of food is not known. Subsistence fishing takes
place throughout the world, whereas recreational angling is largely
confined to the developed nations. Stroud (1970) stated that *““The
magnitude of fish harvests by angling from U.S. waters alone is con-
servatively estimated by the Sport Fishing Institute to be on the
order of 1% billion pounds of fish annually.” He estimated that 60
million anglers fished at least 665 million recreational days during
1969 in the United States; his comparable figures for Canada were
1.8 million anglers fishing 24 million man-days. During January of
1966, 2.3 million Soviet sport fishermen were listed in societies and
organizations. There were many more who were not members. In
the U.S.S.R., sport fishing is free to all citizens. Unorganized fisher-
men in the U.S.S.R., in certain cases, are known to nullify the
measures taken to protect and increase the stocks. Caspian Fisheries
Research Institute scientists blame the stock depletion of Caspian
roach, Rutilus rutilus caspicus, in the Volga-Caspian region on sport
fishing. It seems evident that sport fishing is likely to become a
major problem with which Soviet commercial fishermen will have to
compete.

Although statistics are not available, we estimate that subsistence
and sport fishing contribute an annual world total between 15 and
35 million MT of food.
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Fisheries
Management

Fisheries management includes all of man’s activities that are related
to maintenance and enhancement of fisheries resources and their
utilization.

In 1973, a marine fisheries committee advisory to the National
Oceanic and Atmospheric Administration, U.S. Department of Com-
merce, stated:

Good fisheries management is a continuing, experimental process that is con-
cerned with the assessment, protection, and utilization of living aquatic re-
sources in a manner that provides the greatest benefit to society. This involves
developing basic policies and assessing the allocation and priorities among user
groups. Furthermore, fisheries management includes: the application of results
from researches in biologic, economic, legal, institutional, and social aspects of
fisheries together with continuing monitoring and evaluation of effects of such
applications, development of fisheries technology; improvement of statistical
and educational programs; and the development and enforcement of regulations
designed to protect and enhance living aquatic resources and to aid in their
utilization.

More efficient management of offshore stocks may result in in-
creased, or at least sustained, yield. The lack of effective national
or international controls over harvest of most of the world’s fish-
eries could bring about long-term declines in yield. Pressure from
both the developing and the developed countries for expansion of

12
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fishing may lead to depletion of certain fisheries stocks. Hatchery
production, enhanced water quality, and improved fishways have
helped sustain the stocks of certain species, such as coho salmon,
but the possibility of depletion remains.

Increases in world fisheries resources will require, as a minimum,
intensified action in the following areas:

¢ Improved management at national and international levels to
regulate the catch and ultimately to control the fishing effort of
many stocks depleted or in danger of depletion.

¢ Expansion of the international education and training opportu-
nities available to workers in fisheries management and research in
the developing countries.

e Development of new food products from aquatic resources that
are now unused or underutilized.

o Improved techniques for controlling water quality in lakes,
streams, coastal marine waters, and other aquatic systems.

e Improvement in the efficiency of harvesting and processing
aquatic animals.

e Extension of aquaculture to suitable fresh, brackish, and salt-
water areas and species.

¢ Development of more effective, more economical, and safer
methods of diagnosing and controlling fish diseases.

e Improved economic methods of assessing changes in environ-
mental quality leading to sustained or increased production from the
aquatic environment.
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Aquatic
Animal Health
and Disease

EFFECTS OF DETERIORATED AQUATIC ENVIRONMENTS

Disease in wild and cultured populations of aquatic vertebrates and
invertebrates may be caused by pathogenic microorganisms, the ef-
fects of toxic materials, or general environmental deterioration. Even
subtle physical change in aquatic environments may result in stress
leading to an impairment of animal health or deterioration of the
quality of tissue for human consumption.

The addition of various man-made substances to aquatic ecosys-
tems almost invariably results in deteriorated environments. These
include such materials as domestic and industrial sewage; such agri-
cultural residues as pesticides, fertilizers, and silt; petroleum products
and mining residues; and such toxic materials as heavy metals, acids,
and other industrial wastes. Pollutants, in general, may not be di-
rectly lethal to adult animals but may influence reproduction, affect
larval or juvenile survival, alter normal patterns of adult or larval be-
havior, or so weaken the individual organism or populations of orga-
nisms that survival is greatly reduced.

In some cases the presence of a particular toxic substance may
predispose an organism to invasion by pathogenic organisms, and thus
a synergism may obtain between toxic pollutants and debilitating
microorganisms or macroscopic parasites. Low-level radioactivity may
also affect the health of aquatic organisms. Dubos (1955) said, “There

14
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are many situations in which the microbe is a constant and ubiqui-
tous component of the environment but causes disease only when
some weakening of the patient by another factor allows infection to
proceed unrestrained . ..”. More recently, Cockburn (1963) stated,
“Infectious disease is composed of three variables, the host, the
pathogen, and the environment. It is in a constant state of flux,
capable of changing in step with any variation of any one of its com-
ponents.”

Disease in aquatic organisms has been reported by numerous
authors and was the principal topic of several recent volumes
(Amlacher, 1970; Sindermann, 1970; Snieszko, 1970; Mawdesley-
Thomas, 1972). In the section of his paper dealing with diseases
of marine fishes, Sindermann (1970) devoted five pages to genetic
and environmentally induced abnormalities. The role of stress in
the medical sense was explained by Selye (1950). Wedemeyer (1970)
discussed the significance of stress for fish, but did not discuss pol-
lutants as stress factors.

Pippy and Hare (1969) reported on a fish epidemic that may have
been induced by stress resulting from heavy metal pollution in the
Miramichi River, New Brunswick, Canada. Sprague and Ramsay
(1965) and Sprague ef al. (1968) investigated heavy metal poisonings
in the same area. Halstead (1970) reviewed the numerous pollutants,
including heavy metals, that are known to cause disease or otherwise
stress marine organisms. Stress, in the widest sense of this word, is
a very important factor in the health of aquatic animals. Therefore,
in aquaculture the aim of management should be to reduce stress as
much as possible so as to improve the health of cultured animals, to
reduce loss of animals from diseases, and to avoid low productivity.

Numerous reports have been made in regard to microorganisms
that thrive on organic enrichment and seriously affect aquatic orga-
nisms (Collins, 1970). For example, this situation can be brought
about directly through the toxins produced, or indirectly by de-
pressing the amount of dissolved oxygen available to aquatic life.
Shotts et al. (1972) reported a widespread loss of wildlife in Lake
Apopka, Florida, that resulted from infection by the bacterium
Aeromonas hydrophila. The organism apparently thrived because of
overabundance of nutrients entering the lake from municipal sewers,
citrus farms and processing plants, and organic debris from water
hyacinths. The widespread mortality of animal life contributed fur-
ther to the organic load, thus aggravating the problem. In the New
York Bight, fin rot disease has been prevalent in several species of
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finfish and is apparently caused by three genera of bacteria, Aero-
monas, Pseudomonas, and Vibrio (Mahoney et al., 1973). These bac-
teria appear to be associated with waters heavily polluted by domestic
and industrial wastes; the epidemic has been found to be restricted to
grossly polluted waters.

Pollutants in deteriorated environments may adversely affect be-
havior patterns and thus indirectly affect an aquatic population or
predispose individual organisms to predation. Elson et al. (1972)
discussed the deleterious effects of pollutants on salmon movements
in a polluted estuary. Stirling (1970) conducted studies of the ef-
fects of copper and phenol, common industrial wastes, on burrowing
activities of the bivalve Tellina tenuis. He observed that as little as
0.25 ppm of copper inhibited normal burrowing, thus predisposing
this species to exposure and predation. Marine sediments in the New
York Bight and other heavily industrialized coastal waters contain
over 900 ppm of specific metals, including copper, chromium, lead,
and zinc (Sandy Hook Laboratory, 1972). Some marine organisms
have been reported to become adapted to estuarine sediments con-
taining very high concentrations of heavy metals (Bryan and Hummer-
stone, 1971). Pearce (1969) found that sublethal increases in water
temperature resulted in changes in behavior of the mussel Mytilus
edulis that greatly increased the possibilities for predation. One of
his co-workers (Iwantsch, 1970) also found that sublethal tempera-
tures depressed reproduction in Mytilus edulis.

Mileikovsky (1970) reviewed the influence of pollution on pelagic
larvae of bottom invertebrates in marine nearshore and estuarine
waters. He concluded that pollutants in marine and estuarine waters
constitute an important economic problem and that “specific re-
search must be carried out into the problem of how floras and
faunas of marine coastal and estuarine waters can survive under en-
vironmental conditions made progressively less suitable as a result of
seawater pollution caused by human activities.”

In reviewing the literature concerned with the effects of pollution
or environmental deterioration on marine organisms, one is struck
by the fact that in many cases the experimental species used are
those that are most tolerant of stress conditions. The common
mummichog Fundulus heteroclitus is a fish that normally lives in es-
tuarine habitats having wide ranges of temperature, salinity, and
general water quality. Although this species would be expected to
have a higher tolerance to environmental stress, it is frequently used
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to assess the impact of a variety of pollutants. Investigators should,
on the contrary, use more susceptible organisms in their evaluation
of the effects of pollutants or stress factors. These would include
adults of the more fragile species, the eggs and larvae of various
adult organisms, and species that can be used in aquaculture.

The literature indicates that environmental deterioration is one of
the major causes of the decline in standing crops and diversity of fin-
fish and shellfish. In 1916, Nelson predicted the decline of oysters
in Raritan Bay as a result of industrial discharges (Federal Water
Pollution Control Administration, 1967). Only a decade or two later
the shellfish economy of that bay disappeared. Bechtel and Copeland
(1970) discussed the relationship of pollution to steady declines in
species diversity.

Very subtle changes initiated by man may have adverse effects on
environmental quality and, consequently, on aquatic animal health.
For instance, Spence and Hynes (1971) found that small dams or
impoundments located on freshwater streams resulted in significant
changes in the bottom fauna. These changes were thie consequences
of increased downstream detritus as well as changes in the maximum
and minimum water temperatures. _

Changes in the physical environment result in immediate changes
in species diversity and standing crops of prey organisms in the
lower end of the food chain. These changes are reflected in the
upper predator level. The conditions brought on by starvation and
exposure to certain industrial pollutants are routinely recognized as
diseases when they occur in human populations. There is reason to
believe that comparable diseases, induced by deteriorated environ-
ments, are to be found among the lower organisms that make up
the community structure of natural aquatic populations.

If man is to manage natural populations of aquatic organisms ef-
fectively in the face of continued human impingement on aquatic
ecosystems, he must so modify his activities that stress effects on
the ecosystem are reduced. Further, if mariculture is to become a
viable endeavor in coastal waters, high-quality waters free from pol-
lution must be maintained. Unfortunately, the net effect of mari-
culture may indeed be to contribute to pollution of freshwater, es-
tuarine, or marine environments.

Pollution from dumping of wastes has closed 20 percent of the
nation’s shellfish beds (Ocean Dumping of Waste Material, 1971).
Shellfish affected by pollution from these dumpings were found to
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contain hepatitis and polio viruses and other pathogens hazardous
to human health.

Under laboratory conditions, lobsters and crabs exposed to the
same pollutants as are poured daily into the New York Bight develop
a fouling of their branchial chambers and gills. These test animals
perished in 3-4 days. Warnings of high concentrations of a number of
toxic elements in the polluted bight waters have been substantiated
by a group of scientists from the Smithsonian Institution studying
the area. If these elements enter, or have entered, the food chain, a
serious hazard to public health may ensue (Ocean Dumping of Waste
Material, 1971).

Perhaps of greater significance than the actual initiation of disease
in aquatic organisms is the fact that many toxic materials or pollu-
tants reduce the quality of fish and shellfish, rendering them un-
suitable for human consumption. Almost a century ago biologists
reported that shad and oysters taken from Newark Bay, New Jersey,
tasted of kerosine, which affected their reputation and sale (Goode,
1887). The kerosine had its origin in refinery pipes laid along the
bottom of Newark Bay before the turn of the century. More re-
cently Blumer et al. (1970) reported on the effects of an oil spill
off West Falmouth, Massachusetts. They noted that the oil affected
surface waters and also spread rapidly along the bottom sediments,
with effects that lasted for months. Shellfish were not only killed
by the oils but a subsequent year class or crop were as heavily pol-
luted as were those affected by the original spill. The authors stated:
“Oysters transplanted to unpolluted water for as long as six months
retained the. oil without a change in composition or concentration.”

Contamination of waters from which living resources are harvested,
be they wild or cultured, is an international as well as a national
problem. Coastal waters account for the vast majority of biological
productivity in the world’s seas (Ryther, 1969) yet these are the
very areas subject to contamination and environmental deterioration.
Since many nations and states harvest coastal resources in interna-
tional seas, often far removed from the fishermen’s own shores, the
matter of environmental deterioration and concomitant disease and
contamination of aquatic organisms may become a major interna-
tional problem. Nations may eventually become concerned with the
health and quality of finfish that are taken in international waters
and that had habituated deteriorated coastal environments at some
stage of their life history.
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TRANSMISSION OF DISEASES FROM FISH AND SHELLFISH
TO HUMANS AND DOMESTIC ANIMALS

There are serious diseases that are transmitted from fish and shell-
fish to humans and domestic animals. Detailed information on such
diseases is presented in textbooks by Faust (1955), Borgstrom (1961,
1962), van der Hoeden (1964), and Sindermann (1970) and in a re-
view article by Janssen (1970). These sources include information on
sanitary aspects of fish food products and on toxins accumulated
from water or food by certain species.

Infectious diseases of aquatic animals are caused by viruses, rickett-
siae, bacteria, fungi, and parasitic protozoa and metazoa.

Relatively few viruses are so far known to be pathogenic to fish
or to multiply in fish, and there is no evidence that any of these
are pathogenic to higher vertebrates. Fish and shellfish exposed to
unsanitary conditions can serve as mechanical transmitters of viruses
that cause diseases in humans and domestic animals.

One species of parasitic fluke, Nanophyetus salmincola, is involved
in fish diseases. The adult parasite inhabits the tissues of the intes-
tinal tract of some mammals. When its eggs in host feces reach fresh
water, they develop into the miracidium stage, which invades certain
species of snails, wherein they change to cercariae. Eventually, the
cercariae leave the snails and invade salmonid fish, wherein they
change to metacercariae. When mammals eat infested fish, the life
cycle of the parasite repeats itself. Sometimes the fluke becomes in-
fected with Neorickettsia helminthoeca, which is not pathogenic to
fish or fluke, but is pathogenic to some mammals—especially, coyotes,
bears, and dogs. The disease is neorickettsiosis; it is sometimes called
salmon-poisoning disease. Human cases of nanophyetiasis (a fluke in-
festation), but not of neorickettsiosis, have been reported (Philip,
1955; Wood and Yasutake, 1956; Farrell et al., 1964, van der Hoeden,
1964).

Some species of bacteria are recognized as typical pathogens for
cold-blooded vertebrates and invertebrates and are capable of causing
diseases in mammals, including humans (Bullock and McLaughlin,
1970).

Bacteria belonging to the genus Erysipelothrix are inhabitants of
moist soil. The most widely known disease caused by them is swine
erysipelas. They can be found on meat and are saprophytic in sewage;
they occur on the surface of many animals and are capable of growing
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in the mucous covering of fish. Therefore, skin infection caused by
Erysipelothrix is an occupational disease of fish handlers (Borgstrom,
1962; van der Hoeden, 1964; Janssen, 1970).

Enteric bacteria such as Salmonella and Shigella do not cause dis-
eases in fish or shellfish but can contaminate fish and survive, even
multiply, on the bodies or in the intestines of fish. Consumption of
uncooked infected animals may cause disease in man and domestic
animals. Recent intensification of the culture of channel catfish
(Ictalurus punctatus) in the southern United States combined with
increased organic matter load of water, resulted in outbreaks of cat-
fish mortalities caused by Edwardsiella tarda (Meyer and Bullock,
1973).

Some species of mycobacteria that are common pathogens of
cold-blooded vertebrates may cause infection and disease in humans.
The first observation of fish mycobacteriosis was made on carp
(Cyprinus carpio) from a pond contaminated with dejecta from
humans suffering from tuberculosis (Bataillon et al., 1897). Inocula-
tion of warm-blooded experimental animals with this mycobacterium
did not produce an infection. More recent observations have shown
that in certain cases people can be infected with mycobacteria from
diseased aquarium fish. Mycobacterium marinum found in fish
(Adams et al., 1970) and M. balnei found in swimming pools (Clark
and Shepard, 1963) are capable of causing infections in the extremi-
ties of mice, which are cooler than the main body.

Another bacterium that is a common pathogen of freshwater fish
is Aeromonas liquefaciens (synonyms: A. punctata and A. hydrophila).
This organism has been identified as a true human pathogen (Caselitz,
1966; von Gravenitz and Mensch, 1968)

The marine bacterium Vibrio parahaemolyticus was first described
in Japan as a human pathogen. Raw seafood containing this bacterium
is capable of causing acute and severe intestinal infections in people
and is one of the most troublesome enteric pathogens in Japan
(Janssen, 1970). Recently, it was discovered in marine environments
in North America and Europe and was found to cause diseases of
fish and shellfish (Janssen, 1970). Enteritis caused by Vibrio para-
haemolyticus is common in countries where raw or inadequately
cooked seafood is consumed.

Important parasitic diseases can be transmitted from fish and shell-
fish to humans. Protozoan zoonoses transmitted from aquatic animals
are not known in higher terrestrial animals or in humans. Trematodes,
on the other hand, do cause disease.
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Clonorchiasis and opistorchiasis are common parasitic diseases of
fish. Humans and domestic animals are infested with metacercariae
of these trematodes as a result of eating raw flesh of infested fishes
(Dogiel et al., 1970; Sindermann, 1970).

Heterophyiasis is an intestinal disease of humans common in many
countries where raw fish is consumed. About 10 species of the trema-
tode family Heterophyidae are involved.

Paragonimiasis is a disease of lungs, brain, and visceral organs of
man and carnivorous animals. It is caused by a trematode parasite,
Paragonimus westermani, inhabiting crabs and shellfish.

Schistosomiasis is a widespread disease in tropical and subtropical
regions. More than 100 million people are affected as a result of con-
tact with water containing the larval form of the parasite. It is ba-
sically a human disease, 'but occurs also in domestic animals. It does
not affect any of the economically significant aquatic mollusks
serving as food. Therefore, its significance is limited. Cercarial derma-
titis, or “swimmers itch,” is in the same category. Courtenay and
Robins (1973) believe that this parasite and its intermediate host
could be transported and established in Florida.

The best known human cestodiasis of fish origin is caused by
Diphyllobothrium latum, or “fish tapeworm.” It has a complicated
life cycle. After passing through copepods and fish, it may infect hu-
mans and dogs eating insufficiently cooked infested fish. It is common
in areas where such fish are consumed. Ligula intestinalis, another
fish tapeworm, often infests carnivorous mammals but is rare in hu-
mans (van der Hoeden, 1964).

Dracontiasis is an Asian disease of humans caused by a nematode,
Fiillerbornius (Dracunculus) medinensis. This nematode may infest
humans who drink water containing infested copepods of the genus
Cyclops.

Trichinellosis is unknown in cold-blooded vertebrates. Occasionally,
aquatic animals, such as seals and whales, may contain Trichinella
and serve as a source of the parasite for humans and domestic car-
nivorous mammals.

Anisakiasis is an acute allergic disease of humans, often requiring
emergency gastrointestinal surgery if the patient’s life is to be saved.
Its occurrence has increased since 1955, when gutting of iced herring
replaced gutting at sea. Danger of human infestation can be eliminated
by cooking, deep freezing, and salting (van der Hoeden, 1964 ; Sinder-
mann, 1970).

In addition to the above-listed pathogens or parasites that may be
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transmitted to humans or domestic animals, there are other ways in
which aquatic animals can be harmful. There are, in marine and es-
tuarine environments, dinoflagellates belonging to the genera Gymno-
dynium, Gonyaulux, and Prymnesium that may accumulate in shell-
fish or be present in large quantities in coastal areas. Shellfish, water,
and even spray containing these dinoflagellates are highly toxic to
fish, terrestrial animals, and humans (Rounsefel and Nelson, 1966;
Sarig, 1971). Many tropical marine fish contain in their flesh specific
toxins that are harmful to people eating such fish. Still other species
contain glands with powerful toxins capable of killing people within
minutes after they are stepped on (Russell, 1971). Cases of human
beings fatally poisoned by eating flesh of fish that are capable of ac-
cumulating mercury and cadmium from water polluted by industrial
waste have been described (Kotsuna, 1966).

SIGNIFICANCE OF DISEASES AMONG INTENSIVELY
RAISED AND WILD FISH AND SHELLFISH

The cost of disease prevention and control of fish culture operations
is difficult to assess. The main reason for the lack of cost data is
the virtual absence of mortality records in all fish-raising industries.
Araji (1972) canvassed the majority of the commercial trout growers
in the State of Idaho and estimated that the 15 percent annual post-
hatching mortality reduced the production potential of the industry
in Idaho by more than 1.5 million pounds in 1970. G. W. Klontz
(1973, unpublished) has estimated that disease reduced the 1972
commercial rainbow trout production potential in Idaho by 3.2 mil-
lion 1b. These figures amount to an estimated 7.5 cents/lb produced,
or $750,000 in 1970 and $1.35 million in 1972. This represents 25
percent of the production costs.

Comparable figures for the channel catfish industry in the United
States range from 10 to 25 percent of the production costs (Brown
et al., 1969; Davis and Hughes, 1970; Foster and Waldrop, 1972).
The national channel catfish processed production during January
through November 1972 was 10,245,896 1b (Rasor, 1972). At an
average production cost of 25 cents/lb (Bureau of Sport Fisheries
and Wildlife, 1970; Davis and Hughes, 1970) the cost of disease con-
trol and prevention is estimated between $256,000 and $640,000
annually.

The Subcommittee has no knowledge of mortality or disease


http://www.nap.edu/catalog.php?record_id=20385

Aquatic Animal Health and Disease 23

cost data for the pond fish industry or for the marine fish and shell-
fish industry.

The Division of Fish Hatcheries, U.S. Bureau of Sport Fisheries
and Wildlife, estimates their cost of disease control and prevention
at 10-15 percent of the total production costs or $1-2 million (H. N.
Larsen, personal communication). Fisheries administrators in several
state conservation agencies contacted by the Subcommittee estimate
their disease prevention and control costs to be 20-30 percent of
production costs.

The best estimate of total fish production costs in the United
States that the Subcommittee can derive, based on available infor-
mation, is between $30 million and $35 million. Assuming that 20
percent of this amount is spent for disease control and prevention,
the total being spent annually for labor, chemotherapeutic agents,
and loss-of-production potential is between $6 million and $7 million.

SPECIFIC DISEASES

Epidemiologically, diseases of fish and shellfish may be classified as
either noninfectious or infectious. The former are caused by chemical
and physical agents; the latter by biologic agents.

The primary noninfectious diseases of fish and shellfish originate
from alterations of the aquatic environment. The nitrogenous excre-
tions of fish give rise to pathological changes in the respiratory system
at concentration above 1 ppm in most freshwater systems. Other en-
vironmental alterations having an adverse effect on fish husbandry are
due to agricultural contaminants (pesticides, herbicides, and ferti-
lizers), industrial contaminants (heavy metals, thermally enriched
discharges, various organic chemicals, various inorganic chemicals),
and poor management practices (overcrowding, under- and overfeed-
ing, inadequate records, unsanitary conditions). Unfortunately, the
noninfectious diseases of fish and shellfish have been considered of
low priority until the past few years. The recent upsurge in environ-
mental awareness has alerted specialists to investigate the often desig-
nated “natural mortalities” among both fish and shellfish.

The infectious diseases of fish and shellfish result from bacteria,
viruses, fungi, protozoa, and metazoa. Fish-to-fish transmission fol-
lows the initial exacerbation, the resultant course lasting a few days
to several months, depending on the nature of the pathogen.

Ten of the 17 recognized bacterial diseases of freshwater and ma-
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rine fish in the United States are considered extremely serious and
occur regularly in epidemic proportions. The remaining seven are
sporadic in nature and are seldom diagnosed; but knowledge of their
existence and loss of production potential is essential. A brief de-
scription of each disease follows:

&

Fin rot (fin erosion) is a progressive erosion and disintegration
of the fins of hatchery-raised fish. Several species of bacteria
have been isolated during outbreaks; but the main contributory
causes are thought to be crowding and nutritional imbalances,
especially of vitamins. Treatment and control are effected by
external antibacterials, sanitation, and management.

Bacterial hemorrhagic septicemia is an acute to subacute sys-
temic bacterial disease caused by Aeromonas liquefaciens. All
species and ages of fish are susceptible and losses are usually
significant. It is traditionally a springtime disease and can be
effectively controlled by certain systemic antibacterials.
Furunculosis is a peracute to chronic systemic bacterial disease
caused by Aeromonas salmonicida. All species and ages of fish
are susceptible, the majority of outbreaks occurring in young-of-
the-year fish. Although direct transmission in salt water has not
been adequately proven, marine fish have become infected with
the organism and subsequently died of the disease from eating
clinically ill salmon smolts following seaward migration. The dis-
ease can occur at any time, is sometimes stress-mediated, and can
be effectively controlled by certain systemic antibacterials.

. Pseudomonad septicemia is an acute to subacute systemic bac-

terial disease caused by members of the genus Pseudomonas. All
species and ages of fish are susceptible during any season of the
year. Springtime and stress-mediated outbreaks are frequent, and
losses are usually significant. Outbreaks may be effectively con-
trolled by certain systemic antibacterials.

. Vibriosis is an acute systemic bacterial disease caused by Vibrio

anguillarum. The disease occurs most frequently in marine fish,
but it has become established in certain freshwater fish popula-
tions. Losses are especially catastrophic during the spring in juve-
nile anadromous and marine fish-raising operations. The disease
may be effectively controlled by certain systemic antibacterials.
Bacterial kidney disease is a normally chronic, but sometimes
acute, systemic bacterial disease of salmonids caused by a spe-
cies of Corynebacterium. The disease is widespread and epi-
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demics occur usually in the fall when the water temperatures
are declining or in the early spring on rising water temperatures.
This disease is not effectively controlled by systemic antibac-
terials.

. Columnaris disease is an acute systemic and cutaneous disease of

freshwater fish caused by Chondrococcus columnaris. The disease
is widespread and occurs most frequently during the summer in
young-of-the-year fish. Losses are usually high. There is frequently
a dual infection with Aeromonas liguefaciens in warm water fish.
The disease may be effectively controlled by certain systemic and
external antibacterials.

. Bacterial gill disease is a peracute respiratory disease of juvenile

hatchery-raised fish (primarily salmonids and ictalurids). A com-
plexity of environmental, physiological and bacterial factors are
involved in causing an outbreak. The disease occurs most fre-
quently in the springtime when the fish are actively growing and
are crowded in water that is low in dissolved oxygen and high

in ammonia. The bacteria involved are, for the most part, un-
specified myxobacteria and pseudomonads. Chondrococcus
columnaris has been implicated on several occasions. The dis-
ease may be effectively controlled by reducing the population
density and administering external antibacterials.

Cold water disease (peduncle disease) is a chronic external and
systemic bacterial disease of juvenile salmonids caused by
Cytophaga psychrophila. The disease occurs during the low-
water-temperature months. Outbreaks with catastrophic losses
have been reported in yolk sac fry. The disease may be controlled
by certain external and systemic antibacterials.

Saltwater myxobacteriosis is an acute external bacterial disease
of juvenile anadromous salmonids in salt water and is caused by
members of the genus Sporocytophaga. 1t is sporadic during the
early summer. It may be effectively controlled by certain exter-
nal antibacterials.

Pasteurellosis is an acute systemic bacterial disease of marine
fish caused by Pasteurella piscicida. Severe sporadic outbreaks
have occurred in the Chesapeake Bay. It has not been diagnosed
in fish culture systems.

Ulcer disease is a subacute to chronic systemic bacterial disease
of salmonids caused by Hemophilus piscium. Until the advent
of chemotherapy, outbreaks occurred frequently in trout hatch-
eries in the eastern United States. Qutbreaks are seldom recorded
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in recent years. The disease may be effectively controlled by
certain systemic antibacterials.

Streptococcal septicemia is an acute systemic bacterial disease

of warm water fish caused by a species of Streptococcus. Only

a few outbreaks of this disease have been recorded.
Flavobacteriosis is an acute to chronic systemic bacterial disease
of freshwater and marine fish caused by several members of the
genus Flavobacterium. It occurs sporadically and treatment is
symptomatic.

Mycobacteriosis is a chronic systemic bacterial disease of all fish
and is caused by Mycobacterium fortuitum. Although it was
frequently diagnosed in Pacific salmon, the disease is now rarely
seen because untreated frozen fish are no longer used in the diet
of young salmonids. The disease occurs sporadically in nature
and in aquarium fish. There is no known effective treatment.
Streptomycosis is a chronic systemic bacterial disease of salmonids
and certain other freshwater fish caused by members of the genus
Streptomyces. It has been diagnosed rarely, and there is no known
effective treatment.

Nocardiosis is a chronic systemic bacterial disease of all fish
caused by Nocardia asteroides. 1t occurs very rarely, and there

is no known effective treatment.

Five virus diseases of fish occur in epidemic proportions in
hatchery-reared fish. Each constitutes a serious threat to fish culture
operations. There is evidence that each disease can occur in wild popu-
lations of fish. However, catastrophic losses have not been reported.
A brief description of each disease follows:

1.

Infectious pancreatic necrosis is a peracute to acute virus disease
of juvenile salmonids (particularly, trouts and chars). It is wide-
spread and considered to be egg-transmitted. Losses are generally
high in fish less than 2-in. long. The recommended control meth-
ods include chemical disinfection of eggs, elimination of carrier
females, and depopulation of affected stock.

. Infectious hematopoietic necrosis is an acute virus disease of juve-

nile salmonids. This disease has previously been recorded as
Oregon sockeye disease, Sacramento River chinook disease, Colum-
bia River sockeye disease, and Leavenworth sockeye disease. The
primary fish species affected are chinook salmon, rainbow trout,
and sockeye salmon. The disease is endemic in the western United
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States, with sporadic outbreaks occurring in other parts of the
United States. The virus is considered to be egg-transmitted. Losses
are high in less than 2-in. fish in water temperatures below 56°F.
Recommended control methods include chemical disinfection of
eggs, elimination of carrier females, and depopulation of affected
stocks.

3. Viral hemorrhagic septicemia is an acute to chronic virus disease
of salmonids, particularly rainbow trout. It occurs in fish of all
ages with unpredictable losses. This disease has not been diagnosed
in the United States. The major endemic areas are Denmark,
France, and Italy. All salmonids—dead or alive—entering the
United States must be certified to be free of this virus. Recom-
mended control methods include chemical disinfection of eggs,
elimination of carrier females, and depopulation of affected
stocks.

4, Catfish virus disease is an acute viral disease of juvenile channel
catfish. Recently, a similar disease of blue catfish was detected.
Losses in channel catfish fingerlings have been high. A typical out-
break may last for several weeks and be complicated by dual in-
fections with Aeromonas liquefaciens and Chondrococcus colum--
naris. Recommended control measures include buying fingerlings
from sources free of the disease, maintenance of high dissolved-
oxygen levels, and rigid sanitation practices.

5. Lymphocystis is a chronic viral disease of freshwater and marine
fish. It seldom causes losses among wild or cultured fishes. Its
main effect is to make a potential food fish aesthetically unap-
pealing. There are no known effective control methods.

Comprehensive textbooks on fish diseases describe five mycotic dis-
eases of fish and shellfish. All have been the cause of, or significantly
contributed to, serious epidemics in cultured and wild fish and shell-
fish. A brief description of each follows:

1. Ichthyophonosis is a chronic systemic mycotic disease of fresh-
water and marine fish caused by Ichthyophonus hoferi. All ages
and species of fish are affected. There is no treatment. The
spread has been controlled by feeding cultured fish only in-
spected and processed marine fish. Rigid sanitation and disposal
methods also have decreased the prevalence of this disease.

2. Branchiomycosis (European gill rot) is a subacute to chronic res-
piratory mycotic disease of all fishes caused by Branchiomyces


http://www.nap.edu/catalog.php?record_id=20385

28 AQUATIC ANIMAL HEALTH

sanguinis. Until recently, the disease was thought to occur only
in Europe. Several epidemics have been diagnosed in channel cat-
fish in Arkansas. There is no known treatment. The spread can be
controlled by strict sanitation and management practices.

3. Dermocystidiosis is an acute to chronic respiratory fungal disease
of fish and shellfish caused by members of the genus Democystid-
ium. The disease occurs sporadically, and there is no known treat-
ment. The spread has been partially controlled by rigid sanitation
and management practices.

4. Saprolegniosis and achylosis are two acute cutaneous mycotic
diseases of all fish and fish eggs. The disease generally arises
secondarily to pre-existing bacterial infections, nutritional defi-
ciencies, or traumatic wounds. Effective treatment and control
methods include external disinfectants and strict sanitation prac-
tices.

There are several hundred genera of parasitic protozoa and metazoa
that utilize fish and shellfish as intermediate or definitive hosts (see
Hoffman, 1967). Fewer than 100 genera have been described as causing
primary or secondary disease problems in fish and shellfish. Those
protozoa and metazoa causing epidemics in fish and shellfish have been
categorized by the portion of the host affected (i.e., gills, body surface,
and viscera) (Table 2). The gill parasites and body surface parasites
may be effectively controlled by external chemotherapeutics and rigid
sanitation practices. The internal parasites may be controlled by dis-
rupting the life cycle. Chemotherapeutics may also be effective in
some cases.

Many of the foregoing descriptions of infectious diseases of fish and
shellfish pertain to aquaculture systems. These diseases may occur in
wild fish and shellfish but with far less devastating effects due to the
lack of physical contact between animals.

METHODS OF CONTROLLING DISEASE IN FISH

Seven primary methods are used to control diseases of aquatic animals.
Each has varying degrees of use and success, depending on the nature
of the disease. These methods are drug therapy, quarantine and restric-
tion of movement, sanitation and disinfection, test and slaughter, des-
truction or control of a link in the transmission cycle, limitation or
control of toxic substance release, and reduction of hazards. Immuni-
zation—an eighth method used successfully for control of contagious
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TABLE 2 Parasites of Fish and Shellfish
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Gill Parasites External Parasites Internal Parasites
Protozoa Protozoa Protozoa
Trichodina Trichodina Schizamoeba
Chilodon Epistylis Bodomonas
Scyphidia Chilodon Eimeria
Epistylis Scyphidia Cryptobia
Amphileptus Costia Trypanosoma
Trichophrya Ichthyophthirius Hexamita
Oodinium Haemogregarina
Glossatella TrRnsnota Myxosoma
Bodomonas Gyrodactylus Ceratomyxa
Tripartiella Discocotyle Chloromyxum
Costia Unicapsula
Myxidium
Myxobolus
Trematoda Copepoda Werdia
Dactylogyrus Lernaea Henneguya
Monocoelium Argulus Nosema
Diplozoon Glugea
Cleidodiscus hemeis Plistophora
Urocleidus Philometra Dermocystidium
Clavunculus Glaucoma
Mazocraes Vauchomia
Nanophyetus Sarcocystis
Copepoda Trematoda
Ergasilus Sanguinicola
Lernaea Diplostomum
Achtheres Neascus
Clinostomum
Nanophyetus
Crepidostomum
Uvulifer
Cryptocotyle
Bucephalus
Centrovarium
Phyllodistomum
Cestoda
Microphallus
Corallobothrium
Proteocephalus
Triaenophorus
Eubothrium
Ligula
Diphyllobothrium

Bothriocephalus
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TABLE 2 (continued)

Gill Parasites External Parasites Internal Parasites

Nematoda

Contracaecum
Anisakis
Philonema
Philometra
Capillaria
Bulbodacnitis
Cystidicola
Metabronema
Dioctophyme
Eustrongylides

Acanthocephala

Neoechinorhynchus
Echinorhynchus
Acanthocephalus
Tanaorhamphus
Pomphorhynchus

diseases in humans, poultry, livestock, and domestic pets—has not been
a practical method of controlling infectious diseases of fish. Oral im-
munization, now being investigated, seems to have promise.

Drug Therapy

There are three ways of administering therapeutic compounds to fish:
the addition of therapeutic agents to the water, addition to the food,
and parenteral injection. The chief limitation is that up to 1973 only
four chemotherapeutic or antibiotic agents had been cleared by the
Food and Drug Administration for use with fish. Restrictions on the
use of many other therapeutic compounds point up the need for use
clearance. The Division of Fishery Research and the Division of Fish
Hatcheries of the Bureau of Sport Fisheries and Wildlife might well co-
ordinate the research requirements necessary for use clearance of other
potentially effective drugs. Use clearance of proprietary drug products
has been impeded because of the expense of use-clearance procedures
and the limited market potential.
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Quarantine and Restriction of Movement

Quarantine and restriction of movement has proved to be one of the
most successful methods for controlling various infectious diseases.
Pathogens can be contained by careful detection of the pathogens and
restriction of their movement. Disease prevention is far better than
therapy. Several legislative proposals are or have been considered as
means to enhance the effectiveness of this approach.

Sanitation and Disinfection

The use of sanitizing agents to eliminate infectious organisms from the
aquatic animal and its environment is useful. Many satisfactory sani-
tizing agents are available. Combining sanitation and disinfection with
quarantine and restriction of movement offers the greatest hope for
control of infectious diseases among fish populations.

Test and Slaughter

Testing for presence of a pathogen within or on the fish, followed by
slaughter and deep burial or burning of the carcasses, is used in specific
instances of disease. This method of control is used when no thera-
peutic drugs are known and whenever there is grave danger of spread-
ing the infective agent into susceptible fish populations. It is the least
desirable method, but often the most successful. It is the one procedure
that can be used to control infectious disease in certain wild stocks.

Destruction or Control of a Link in the Transmission Cycle

Transmission of disease involves movement of the pathogenic agent
from host to host or from the environment to the host. The transmis-
sion cycle usually includes one or more steps. Many times, intermediate
or transfer hosts are involved. Control of the intermediate or transfer
host in turn controls or reduces the disease in the primary host. This
approach has been found useful, in certain instances, for the control

of both infectious and noninfectious diseases of aquatic animals.

Control of Toxic Substance Release

Contamination of water resources will alter or contaminate aquatic ani-
mals living within the polluted water. Toxic diseases are becoming a
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greater threat to existence of some aquatic animal species than are in-
fectious and contagious diseases. Concerted efforts are being made in
many parts of the world to reduce or control the release of toxic sub-
stances into bodies of water containing populations of aquatic orga-
nisms. When used diligently, this method of disease control has gen-
erally met with success.

Reduction of Hazards

All living organisms are subject to trauma or physical injury. Natural
hazards and man’s alteration of the water environments have increased
obstacles and physical hazards to aquatic animals. Water flowing through
turbines, water falling into plunge pools from high dams, heat released
from industry into estuaries, and many similar hazards are increasing.
Design engineers have tried in the past to reduce these hazards, but

more concerted efforts are needed.
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Laws and
Regulations for
Control of

Fish Diseases

Various laws and regulations restrict interstate shipment of diseased
aquatic animals at the state level. In many states, regulations require
that fish with gross lesions or macroscopically visible parasites be with-
held from sale for human consumption; this is done, however, mostly
for aesthetic reasons. Thus far, only California and Michigan have ef-
fectively enforced these laws. The operation of the California law was
described by Wolf (1970). On one occasion, Michigan took legal action
against a trout hatchery affected by whirling disease, caused by Myxo-
soma cerebralis, as a result of which the hatchery was closed and dis-
infected.

Other states have fish disease laws and regulations, but they are sel-
dom enforced (Herman, 1970).

Periodic reports of fish disease committees of the American Fish-
eries Society, since 1955, have advocated legislation for control of dis-
eases of fish and shellfish at the international, national, and interstate
levels (American Fisheries Society, 1955, 1957a,b, 1966a,b, 1967,
1968, 1969, 1970, 1971).

As a result of excellent cooperation between the American Fish-
eries Society, the Fish and Wildlife Service of the U.S. Department of
the Interior, the state conservation agencies, and the government of
Canada, several actions were taken to improve the state of fish health
in the United States and Canada (Canadian Committee on Fish Dis-

33
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ease, 1972). A significant achievement was the modification of Title
50—VWildlife and Fisheries (Bureau of Sport Fisheries and Wildlife,
1968). Under this law, as modified again by the Bureau of Sport
Fisheries and Wildlife (1970), all fish and all fish products must be
certified free of whirling disease and viral hemorrhagic septicemia
prior to interstate shipment. A similar law was enacted in Canada
(Fisheries Act, 1969).

The Fish and Wildlife Service established several fish disease diag-
nostic service laboratories between 1963 and 1966 and plans to estab-
lish a fish disease reporting and information center.

The spread of fish diseases as a result of stocking diseased hatch-
ery fish and contamination of water supplies by effluent from fish
hatcheries and fish farms is of considerable concern. The Bureau of
Sport Fisheries and Wildlife has been the most active agency in efforts
to solve these problems. The Salmon Cultural Laboratory, Bureau of
Sport Fisheries and Wildlife, at Longview, Washington, was the first to
develop procedures for recycling, filtration, and disinfection of the
water supply (Burrows and Combs, 1968). More recently, in Nevada,
the entire stock of valuable Lahontan strain of cutthroat trout was
destroyed, whereupon the hatchery was closed for 2 years, all water
supplies were disinfected and are now carefully checked in order to
eliminate whirling disease in Nevada. This was done at a cost of over
$1 million.

Another action in official recognition of the importance of fish dis-
eases was the “Determination of Whirling Disease as a Resource Disas-
ter” by the Secretary of the Interior in 1969 (Federal Register, 1969).

In the United States, responsibility for control of fish and shellfish
is divided between the states and several federal agencies. The Depart-
ment of the Interior, through its Bureau of Sport Fisheries and Wild-
life, is responsible for research on freshwater and anadromous fisheries
and for construction and operation of fish hatcheries. The Department
of Commerce through its National Marine Fisheries Service is primarily
responsible for administration of federal programs dealing with marine
fisheries, shellfisheries, and inland commercial fisheries, and for re-
lated research. Fish farmers of the southern states look to the Depart-
ment of Agriculture for assistance in commercial fish culture, which
is essentially a farming operation. The Department of the Interior in
recent years has had the major facilities and research experience neces-
sary for control of fish diseases (Workshop on Inspection and Certifi-
cation of Fish Diseases, 1970). A cooperative program between federal
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and state government agencies would be mot beneficial and would at-
tract widespread support.

The subject of international regulation of fish diseases has been
reviewed by Thompson (1972) for the European Inland Fisheries Ad-
visory Council of Food and Agriculture Organization, United Nations.
This review “gives details of a survey of legislative and administrative
measures enforced in 48 countries to ensure the sanitary control of
traffic in live fish and fish eggs.”

Another international organization interested in control of diseases
of aquatic animals, fish in particular, is the International Office of Epi-
zootics (IOE). IOE organized three symposia, held in 1963, 1966, 1968.
Another symposium organized by FAO and IOE was held in Amsterdam
in April 1972. The Amsterdam conference was concerned with the con-
trol of diseases. The following diseases were discussed and general recom-
mendations for control made: viral hemorrhagic septicemia, infectious
pancreatic necrosis, ulcerative dermal necrosis, furunculosis, whirling
disease, and infectious dropsy.

In Europe, state veterinarians are responsible for sanitary inspection
of all food products of animal origin (Ghittino and Vittoz, 1963).

Considerable concern has been created during recent years by indis-
criminate worldwide shipment of aquarium fish and other similar fish
and the threat of introduction of undesirable species and exotic fish
diseases into native waters (Hoffman, 1970; Lachner et al., 1970). This
concern has led to administrative regulations and requests for additional
legislative action to deal with these problems.
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Manpower and
Facilities

Aquatic animal disease specialists address their professional capabilities
to the prevention and control of infectious and noninfectious diseases
of fish and shellfish. The total number of persons engaged in some as-
pect of fish health management is unknown because of the diversity of
the fisheries industries and the wide variation in degree to which person-
nel are involved. There are many who devote only a small portion of
their total effort to work with fish diseases.

The American Fisheries Society Fish Disease Committee has esti-
mated that there are nearly 100 full-time fish disease specialists in the
United States. This figure includes those occupied with diagnosis, re-
search, or teaching. The rate of attrition among these individuals is un-
certain. If the rate is comparable with other professions, a figure of
5 percent annually is realistic. If the profession grows at an annual rate
of 10 percent and the 5 percent attrition rate is accepted as valid, 15
new positions should open up annually, a figure that teaching institu-
tions might well consider.

The majority of fish health specialist positions today are filled by
individuals who received no formal training in fish diseases during their
academic career. Practical experience, participation in professional
meetings, and continuing education courses have been the source of
their training.

Colorado State University is the only university in the United States

36
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as of 1973 that offers a Fish Disease option to undergraduates in fish-
eries science and microbiology. There are other universities that offer
a single undergraduate lecture-laboratory course in fish diseases. Other
universities and colleges have graduate-level programs that pertain in
part to fish health (Martin, 1969).

Training people for the fish health specialties requires that appro-
priate courses be available at both vocational and academic institutions.
The extent of the education required by a given individual will limit
the degree of specialization possible. The highest degree of specializa-
tion is likely to be obtained at academic institutions having curricula
in both veterinary medicine and fisheries sciences. Many of the courses
at veterinary medical schools provide the required background for the
study of fish and shellfish diseases. A fisheries curriculum, on campus,
affords the student an opportunity to apply knowledge acquired in
courses in human biology or domestic animal sciences to similar prob-
lems in fish.

There is a very limited number of universities in the United States
that have both a veterinary medical school and a school (or department)
of fisheries. This restricts the potential for producing highly trained
graduate fish health specialists. However, an adequate undergraduate
background in the life sciences can be supplemented by advanced de-
grees at institutions offering a fisheries major. Most of the present fish
disease specialists were stimulated to work with fish at institutions
having general fisheries courses, as well as special courses on disease
processes and etiological agents.

The number of new graduates with baccalaureate degrees in fish
health-related sciences is unknown. However, the present number is in-
adequate, if judged by the fact that virtually the same degree of annual
mortality in propagated fish and shellfish persists. Fish hatchery mana-
gers, aquarium enthusiasts, fish culturists, and fisheries management
biologists have not been properly informed of the magnitude of the
annual mortality rate in fish and shellfish under their control. It has
been estimated that between 20 and 40 percent of cultured fish do
not survive to market size. By contrast, the U.S. poultry industry has
recorded a more than 75 percent reduction in annual loss of animals
to diseases over the past decade (C. F. Hall, personal communication).
This low poultry mortality is the result of training poultry disease
specialists and of offering continuing education on poultry manage-
ment procedures. Fish health managers would do well to look at the
success of disease prevention, control, research, and training in the
poultry industry as a guideline to approaching problems in the fish-
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eries industry. Training fish health specialists and continuing education
in the form of short courses, seminars, and workshops for these special-
ists as well as for managers of the fisheries industry should become a
necessary part of fish health management.

Training fish disease specialists must be initiated by those who are
working with fish diseases at present and are thus aware of the prob-
lems involved. Development of a fish health specialty must be sup-
ported by administrators in federal, state, and private agencies who
are charged with production or procurement of fishes or shellfishes
for both recreational and food needs. They must be made aware of the
contributions fish health specialists can make to their operations.
Filling of such positions with competent people will provide the im-
petus for more universities, colleges, and vocational training schools
to set up curricula that will train qualified fish health specialists. There
is also a potential for private enterprise in fish disease prevention, diag-
nosis, and control. Some of the efforts to produce fish disease special-
ists should be expended toward demonstrating the needs for fish dis-
ease specialists in private practice to both the student and to the
fisheries industry.

There is a need to certify the abilities of fish health specialists.

The creation of a national registry of fish health specialists, as sug-
gested by the Fish Health Section of the American Fisheries Society,
would provide professional status for these individuals.

Fish health diagnostic and research facilities are now sponsored by
federal and state fish and game agencies, associated with universities,
and operated by commercial fish farms and by commercial laboratories.
The Bureau of Sport Fisheries and Wildlife has nine fish disease research
and diagnostic laboratories strategically located to assist the Division
of Fish Hatcheries with a given species of fish within the general ad-
ministrative and geographical region. Federal assistance to state agencies
and private fish producers is being curtailed more each year. Diagnosis
of disease in the federal fish cultural system requires more and more
use of these facilities, whereas funding of these laboratories has remained
static or has been reduced during the past few years.

There are 20 state conservation agencies with fish disease diagnostic
and research capabilities at the time of this writing. In most states,
one or two individuals are expected to give diagnostic services to an
entire state fish cultural system and to the commercial fish and shell-
fish industries within the state. Many state agencies rely wholly or
in part on federal fish disease diagnostic laboratories and personnel.

State and federal fisheries agencies are not set up administratively
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to cope with the many problems of private fish producers. University
agricultural extension service administrative functions should be capable
of handling fish health problems. Yet only six state universities have
this service as a part of their agriculture extension service activities as

of 1973.

The practicing veterinarian has certain laboratory facilities available
for diagnosis of diseases of fish and shellfish. Addition of special facil-
ities to which he might refer would enhance the veterinarian’s service
capabilities. Fish health specialists in private practice would also supply
much needed facilities. One answer to the laboratory facility needs of
a practicing veterinarian or a practicing fish health diagnostics special-
ist would be commercially operated area laboratories with capabilities
for fish disease diagnostic procedures. There are no such commer-
cially operated laboratories in the United States as of 1973.
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Summary and
Recommendations

The need for increased food and feed derived from the aquatic environ-
ment is an issue that should be faced squarely. The fish and shellfish re-
sources of marine and fresh waters are limited. The most important
man-made stresses limiting these resources are environmental degrada-
tion and overexploitation. Diseases and kills in aquatic animals, as a
consequence of these imbalances, impose still further losses.

Concern about diseases of aquatic species is important not only as
they contribute to depletion or extinction of species but also as a
hazard to the health and nutritional well-being of man. We are aware of
no clearly defined institutional mechanism whereby focus can be
placed on programs in aquatic animal health, other than for marine
mammals. We have identified the relationships between environmental
quality and aquatic animal health that are central to the issue of con-
tinued supplies of aquatic animals for use by man. We recommend that:

1. Steps be taken to minimize deleterious alterations of the environ-
ment, particularly those alterations having an undesirable effect on the
health of aquatic animals.

2. Research on health of aquatic animals consider not only existing
problems and disease but anticipate future problems, particularly dis-
eases that result from changing or deteriorating environments. Existing
programs concerned with basic and applied research must be augmented
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with personnel, funds, and facilities. A favorable climate for such re-
search must be fostered and proper communication maintained if re-
dundancy is to be avoided and available research funds wisely spent.

3. Coordination of state and federal regulations for movement and
transfer of animals as they relate to control of disease be established
and maintained.

4. Greater effort be devoted to securing international agreements
for effective disease control.

5. A program be developed for interaction of appropriate commit-
tees of the National Academy of Sciences that relate to the aquatic
environment. Special attention should be given to proper communica-
tion of problems and to continual re-evaluation of priorities. The NAS
should maintain a continuing interest in health of fish and shellfish
through committees involving environmental scientists, resources sci-
entists, fish disease specialists, and animal health scientists.

6. Adequate education and training programs be established to pro-
duce personnel competent to prevent, diagnose, control, and conduct
research on diseases of aquatic animals.

7. Grants-in-aid be provided by state, federal, and private agencies
to assist the training of qualified people and for construction of training
and research facilities.

8. A technical manual be developed to provide uniform and effec-
tive nomenclature and procedures for identification and diagnosis of
diseases of aquatic animals.

9. A national fish and shellfish disease recording and reporting cen-
ter be established, augmented by private and public diagnostic services.
10. An advisory council be formed within the federal government
to delineate needs and priorities and to see that appropriate programs

are implemented.
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