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Health Maintenance

Fish health maintenance emphasizes many ar-
eas that affect the health of cultured fishes. It
requires continuous efforts, which include the
following: the location and construction of a
culture facility; selection and introduction of
culture species; and reproduction, culture, and
harvesting of the final product. The aquatic
habitat—a dynamic and continuously chang-
ing environment—is affected by structural ma-
terial, facility design, soil quality and type, vol-
ume, and quality of water, fish species present,
amount and quality of nutrients introduced
into the system, climate, and daily human ac-
tivities.

Health maintenance involves a series of
principles that apply to most farm-raised
animals. However, fish tend to react more
quickly to environmental change than terres-
trial farm animals. Because of their homeother-
mic nature, most terrestrial farm animals
respond comparatively slowly to unfa-
vorable environmental conditions, whereas
fish—Dbeing poikilothermic—respond quickly
and often fatally to handling, temperature
change, excessive or insufficient dissolved
gasses in the water, metabolites, or chemical
additives, and so forth, to which they are un-

able to adapt. These factors also increase fish
susceptibility to infectious agents and compro-
mise their immune response.

Specific areas of concern addressed in this
book include principles of health or health
maintenance, epizootiology and pathology of
fish diseases, disease recognition, basic con-
cepts in disease diagnosis, and prevention and
control of infectious fish diseases. Aquatic an-
imal health management encompasses the en-
tire production process, including disease di-
agnosis and treatment.

The objective of health maintenance is
to help control environmental fluctuations
through management practices, thus reducing
the magnitude of change and producing a more
economical, healthier, and better quality prod-
uct. The ultimate goals of health management
are (1) disease prevention, (2) reduction of in-
fectious disease incidence, and (3) reduction
of disease severity when it occurs. Successful
health maintenance and disease prevention or
control do not depend on any single proce-
dure but are the culmination of the application
of integrated concepts and exercising manage-
ment options.
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Chapter 1

Principles of health

maintenance

“An ounce of prevention is worth a pound of
cure” is a familiar phrase that describes one
approach to the culture of food animal re-
sources. Health maintenance is a concept in
which animals are reared under conditions that
optimize the growth rate, feed conversion effi-
ciency, reproduction, and survival while min-
imizing problems related to infectious, nutri-
tional, and environmental diseases, all within
an economical context. “Health maintenance”
encompasses the entire production manage-
ment plan for food animals, whether they are
swine, cattle, poultry, or fish. Aquaculture in-
volves man’s intervention in the growth pro-
cess of fish and other organisms in an aquatic
environment. The degree of intervention is
progressive, ranging from extensive (few fish
per unit of water volume) to increasingly inten-
sive (comparatively greater numbers/weight of
fish per unit of water volume) in ponds, race-
ways, cages, and recirculating systems where
higher fish densities are maintained. As culture
becomes more intensive, need for intervention
increases accordingly, and principles of health
maintenance become of greater importance.
These principles apply to aquaculture around
the world, regardless of fish species, culture
method, or climate.

Health Maintenance and Principal Microbial Diseases of
Cultured Fishes, 3rd edition. By J. A. Plumb and L. A. Hanson.
Published 2011 by Blackwell Publishing Ltd.

Fish health management is not a new approach
to aquaculture. Snieszko (1958) recognized
the need for health maintenance in fish culture
when he stated, “We are beginning to realize
that among animals (including fish) there are
populations, strains, or individuals that are not
susceptible all of the time, or even temporarily,
to some of the infectious diseases.” He theo-
rized that fish possess a certain level of nat-
ural resistance to infectious diseases that can
be enhanced through proper management, and
that environmental stressors and/or fish cul-
tural practices can adversely affect that natu-
ral resistance. Another contributor to a health
maintenance concept for aquatic animals is
Klontz (1973), who established a fish health
management course at Texas A & M Uni-
versity that combined fish culture and infec-
tious diseases into health management. The
Great Lakes Fishery Commission published a
Guide to Integrated Fish Health Management
in the Great Lakes Basin, which was a regional
concept for fish health management (Meyer
et al. 1983). These references deal with the im-
provement of aquatic animal health through
management. The most in-depth contribution
to maintaining health of domestic (cultured)
animals was Schnurrenberger and Sharman
(1983), who set forth a series of principles for
animal health maintenance, which apply in a
general sense to all domesticated food animals.
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4 Health Maintenance

In the following pages these principles are ap-
plied to aquaculture. Theoretically, if these
principles are utilized in daily, monthly, yearly,
and long-term management of an aquatic cul-
ture facility, there will be fewer environmental
and disease problems and optimum produc-
tion will be more readily obtained.

Biosecurity is the term recently applied to
fish health management (Bebak-Williams et al.
2007) in which biosecurity is aimed at reduc-
ing the risk of pathogens being introduced to
a facility, reducing the risk of pathogens being
spread throughout the facility, and alleviating
conditions that increase susceptibility to infec-
tions. It is emphasized that biosecurity cannot
completely prevent entry of or eliminate all
pathogens from the culture facility but empha-
sizes reduction of pathogens rather than their
complete elimination. Biosecurity begins with
selection of the aquaculture site and continues
throughout production with complete control
of water and human access.

Health maintenance

In an aquatic environment, there is a profound
and inverse relationship between environmen-
tal quality and disease status of fish. As en-
vironmental conditions deteriorate, severity of
infectious diseases increases; therefore, sound
health maintenance practices can play a ma-
jor role in maintaining a suitable environ-
ment where healthy fish can be grown. The
aquatic environment is a dynamic ecosystem
that changes over a 24-hour period and sea-
sonally, particularly in ponds with limited wa-
ter exchange. Tucker and Van der Pflog (1993)
noted that in static catfish ponds, periods of
poorest water quality occurred during sum-
mer months when feeding, temperature, and
standing crops were at a maximum, but rain-
fall and available water were at a minimum,
thus producing a higher potential for stressful
conditions requiring health management.

Fish health management is a positive con-
cept that aids in disease prevention, empha-

sizes interruption of a disease cycle, deals with
multiple segments of health maintenance, and
results in more efficient production. Health
maintenance does not simply target infec-
tious diseases, but emphasizes proper utiliza-
tion of physical facilities; use of genetically
improved fish and certified “specific pathogen
free” (SPF) stocks whenever available and/or
feasible; environmental control; prophylactic
therapy; feed quality and quantity, pond, cage,
raceway, tank, or recirculating system man-
agement; control of vegetation; aeration and
use of other water quality maintenance prac-
tices; and a management commitment to pro-
vide an optimum habitat in terms of water
quality for fish being cultured. Its goal is to
improve the health and well-being of animals
that appear to be generally healthy. If sound
health maintenance principles are followed,
production will be more efficient and result in
a healthier product. Obviously, all activities,
policies, and improvements must be based on
sound economic criteria.

Stress

“Stress” is difficult to define because it is used
to describe many adverse situations that affect
the well being of individuals, but generally it is
the reaction of an animal to a physical, phys-
iological, or chemical insult (Barton 1997).
Stress may also produce a nonspecific response
to factors that are perceived as harmful; how-
ever, stress in fish is usually related to handling,
transport, environmental quality, or fright. For
clarification in this text, “stressors” are fac-
tors that cause a “stress response,” which is
the sum of physiological changes that occur
as fish react to physical, chemical, or biolog-
ical stressors as the fish attempt to compen-
sate for changes that result from these stressors
(Wedemeyer 1996). The corticosteroid level
in plasma is the usual quantitative measure
for stress; however, amounts of glucose, lactic
acid, and ions will also increase during stress-
ful conditions (McDonald and Milligan 1997).
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Principles of Health Maintenance 5

The aquatic environment is in a continu-
ous state of flux, and because fish are poikilo-
therms and body functions are controlled by
temperature, oxygen concentration, and many
other water quality parameters, they must con-
tinually adapt physiologically to environmen-
tal changes. An inability to adjust to these
changes may be manifested in lower produc-
tivity, reduced weight gain, poor feed conver-
sion, decreased immunity, reduced natural dis-
ease resistance, increase in infectious disease,
lowered hardiness in general, death, reduced
profits for the commercial fish farmer, and re-
duced production.

Some commonly known stressors in the
aquatic environment are unionized ammonia,
nitrite, chronic exposure to low concentrations
of pesticides or heavy metals, insufficient oxy-
gen, high concentrations of carbon dioxide
(CO,), rapidly changing or extremes in pH
or water temperature, external salinities, nu-
trition, and fish density (Barton 1997). Low al-
kalinity and hardness are also not conducive to
good fish health or performance (Boyd 1990).
Many of these factors are exacerbated by type,
quality, and quantity of feed put in a pond,
and by waste accumulation. Sensitivity to these
conditions will vary with fish species. Suc-

cessful and efficient health maintenance pro-
grams for aquaculture facilities will include
measures to reduce and modify stressful con-
ditions that may be present in a fish popu-
lation.

Hazard reduction by management

Experience has shown that a wide variety of vi-
ral, bacterial, parasitic, and other fish diseases
will cause mortality if cultured fish are held in
unfavorable environmental conditions (Wede-
meyer 1996). Health and environmental man-
agement decisions are not independent and a
change in one area should not be made with-
out evaluating its effect in other areas. Notable
stressor-related fish diseases that result from
a culmination of management and biological
factors are furunculosis, enteric redmouth,
motile Aeromonas septicemia, columnaris,
vibriosis, bacterial gill disease, streptococ-
cus, external fungal infections, and some
protozoan parasites (Table 1.1).

Stress on fish increases when environmen-
tal conditions approach the host’s limit of tol-
erance (Snieszko 1973). For example, if wa-
ter temperature is critically high and oxygen

Table 1.1 Microbial diseases of fish commonly considered stress mediated.

Disease

Predisposing Environmental Factor

Spring viremia of carp
Bacterial gill disease

Columnaris

Handling after over wintering

Crowding, poor water quality, elevated presence of causative
bacteria

Crowding, poor water quality, handling, seining, adverse

temperature, physical injury

Cold-water disease
Enteric redmouth

Temperature decrease from >10°C to <10°C
High stocking density, elevated water temperature, handling,

transport, poor water quality

Furunculosis
Motile Aeromonas septicemia

Low oxygen, handling, environmental stress
Injury to skin, transport, improper handling, temperature stress,

poor water quality, other parasites

Ulcer disease of winter or goldfish and
carp erythrodermatitis
Vibriosis

Handling and stocking in late early spring

Handling, poor environmental conditions, moving from

freshwater to salt water

Streptococcicosis

Handling, poor water quality, parasites

Source: Walters and Plumb (1980), Piper et al. (1982), Roberts (1989), Wedemeyer (1996).
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6 Health Maintenance

concentration is adequate, fish may survive,
and if oxygen is critically low and water tem-
perature is normal, fish may also adjust and
survive. Multiple stressful parameters have a
compounding synergistic effect on the fish, and
even though the fish may be able to handle
the stressors individually, the combined effect
can be lethal. An example of environmental
stressors and their synergistic effect on fish in-
volves dissolved oxygen (DO) and CO, con-
centrations. Channel catfish can adapt to an
elevated level of CO; (20-30 mg/L) if the DO
concentration is optimal (Boyd 1990). How-
ever, if the CO; level is critically high and DO
is critically low, fish cannot eliminate CO; and
will become listless (narcotized) and may die. If
fish do adapt to these environmental stressors
and survive, pathogen resistance is often com-
promised. Although salmonids require cooler
water and higher oxygen concentrations, these
factors are often offset in salmonid culture be-
cause in most instances the fish are reared in
flowing water from springs or streams. These
waters have more consistent temperatures and
higher oxygen concentrations and lack high
organic loads.

A theory of host/pathogen/environment re-
lationship was applied to fish with regard to
development of infectious diseases by Snieszko
(1973) (Figure 1.1). This theory is based on
the premise that to have an infectious disease,
a host and pathogen are required but an un-
favorable environmental condition often acts
as a trigger for disease to develop. Potential
pathogens are often endemic in surface waters,
especially in warm-water fish culture, and only
environmental conditions and/or the hosts nat-
ural resistance can dictate onset of the disease
process. The interaction of these factors is ex-
pressed in the equation:

H(A + §%) =D,
where:

H = Species or strain of host (natural
resistance)

Pathogen Host
Infectivity Species
Age
Virulence Stain
Pathogenicity Nutritional
Viability status
i Population
Strain deneity

N\ /

Disease potential

Environment

Temperature
Oxygen
concentration
Water alkalinity
Water hardness
Toxicants
Season

Figure 1.1 Variables of infectious agents, host, and
environment that influences disease occurrence. (Adap-
ted from Snieszko (1973) and Schnurrenberger (1983a).)

A = Etiological agent
S = Environmental stressors
D = Disease

Environmental stressors are squared because
as fish approach adaptation limits, stressors
increase accumulatively rather than additively.
Also, when more than one stressor is involved
(oxygen, ammonia, CO,, temperature, etc.),
detrimental factors act synergistically.

There is a relationship between water
quality deterioration and bacterial infection.
A sudden die-off of cyanobacteria (blue-green
algae) in a channel catfish pond was followed
by reduced DO production, decreased pH,
and increased CO, and NHy (Plumb et al.
1976). These water quality changes in the
pond resulted in “oxygen depletion” and
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Figure 1.2 Water quality parameters before, during, and after a channel catfish mortality and subsequent Aeromonas
hydrophila infection (Plumb et al. 1976). (Printed with permission of Journal of Wildlife Diseases.)

a fish kill (Figure 1.2). This phenomenon
has since been described by R. Schmittou
(Department of Fisheries and Allied Aquacul-
tures, Auburn University, Alabama, personal
communication) as “low dissolved oxygen
syndrome” (LODOS), which refers to the
fact that low DO is part of an environmental
condition that includes a variety of separate
but interrelated elements. When fish first

began to die as DO dropped below 1 mg/L, no
bacteria or other significant pathogens were
found during necropsy. However, 4 days after
oxygen depletion, channel catfish were found
with hemorrhaged and depigmented skin and
muscle lesions (Figure 1.3). When first ob-
served, no bacteria were isolated from internal
organs or skin—-muscle lesions of these fish, but
2 days later and for several days thereafter,
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8 Health Maintenance

Figure 1.3 Channel catfish with depigmented, hemorrhaged, and necrotic lesions that appeared 6 days after oxygen
depletion (Plumb et al. 1976). (Printed with permission of Journal of Wildlife Diseases.)

Aeromonas hydrophila was isolated from
both. When freshwater was added to the pond
and remedial aeration provided, mortality
ceased and clinical signs of infectious disease
abated. It was theorized that while the water
had low oxygen concentrations, some muscle
areas in the fish became hypoxic, which led
to tissue necrosis, hemorrhaging, and skin
depigmentation. When protective epithelium
integrity was lost, naturally occurring op-
portunistic A. hydrophila invaded the muscle
beneath areas where skin had been injured and
focal infections were established, which pro-
gressed into septicemia. Walters and Plumb
(1980) demonstrated that low oxygen, low
pH, high ammonia, or high CO, alone was not
particularly stressful and did not lead to bacte-
rial disease. However, if two or more of these
adverse environmental conditions occurred si-
multaneously, infection was much more likely
to occur (Figure 1.4).

Intensive fish culture causes unique but
manageable environmental problems for the
aquaculturist (Piper ef al. 1982; Boyd 1990;
Wedemeyer 1996). All fish require adequate
water maintained at a suitable temperature
and oxygen concentration level for proper
growth and reproduction. Water temperature
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Figure 1.4 Number (CFU) of bacteria per gram of trunk
kidney from channel catfish held in various
environmental conditions. (i) Low dissolved oxygen (DO)
only; (ii) Low DO, fish injected with A. hydrophila; (iii)
Low DO, fish injected with A. hydrophila, NH3 added;
(iv) Low DO, fish injected with A. hydrophila, NH3, and
CO; added; (v) Low DO, fish injected with A. hydrophila,
CO; added; (vi) Aeration, fish injected with A.
hydrophila; (vii) Noninjected fish in aerated water.
Number of fish samples in parentheses; significantly
higher numbers of bacteria are designated by “a” (Walters
and Plumb 1980). (Printed with permission of the
Fisheries Society of the British Isles.)
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Table 1.2 Range of temperature tolerance, optimum temperature for growth,
and spawning temperature of selected cultured fishes.

Temperature

Commmon Name Range Optimum Spawning
Atlantic salmon 1-24 10-17 7-10
Brook trout 1-22 8-13 8-13
Brown trout 1-25 9-17 9-13
Channel catfish 4-35 28-30 25-27
Chinook salmon 1-25 10-14 8-13
Coho salmon 1-25 9-14 8-13
Common carp 4-35 23-30 13-27
Eel 4-35 25-28 16-17
Grass carp 4-35 22-30 22-27
Lake trout 1-21 7-14 9-11
Largemouth bass 4-35 13-27 16-20
Milkfish 10-35 25-35 23-32
Northern pike 1-27 4-18 4-9
Rainbow trout 1-25 10-17 10-13
Sockeye salmon 1-21 10-15 8-12
Striped bass 2-32 13-24 13-22
Tilapias 15-35 23-32 23-32
Walleye 1-27 8-16 9-13
Walking catfish 13-38 20-30 20-30

Source: Ney (1978), Piper et al. (1982).

requirements will vary from species to species
(Table 1.2). For example, channel catfish re-
quire a water temperature of 20-30°C for
growth (optimum of 28°C), and they spawn
at 27°C. They prefer oxygen concentrations
above 5 mg/L. They will survive at 1-5 mg/L of
oxygen, but prolonged exposure below 1 mg/L
is lethal. If oxygen levels drop below a critical
concentration, supplemental aeration is neces-
sary as either a routine practice or as emer-
gency management (Figure 1.5). For compari-
son, rainbow trout require water temperatures
of 8-18°C for growth, spawn at temperatures
as low as 6°C, and require oxygen concen-
trations above 5 mg/L. At the other extreme,
walking catfish of Southeast Asia can survive
water temperatures above 35°C and very low
oxygen concentrations. However, these fish
have an auxiliary gill that allows them to ex-
tract oxygen directly from the air. Extreme
high or low water temperatures may result
in greater fish susceptibility to viral, bacte-
rial, and parasitic diseases (Austin and Austin
1987).

For a fisheries manager, biologist, or di-
agnostician to understand infectious fish dis-
eases, he/she must also understand how and to
what extent the environment affects the host
and disease. It is not enough to simply iden-
tify a pathogen or parasite; it is equally impor-
tant to identify and understand environmental
stressors that predispose fish to disease. When
stressors are known, corrective and preventive
measures can often be initiated to help prevent
or minimize a reoccurrence of the condition. In
the aquatic world, maintaining an optimal en-
vironment is essential to good animal health.
Extreme deviations will result in stress mani-
fested by reduced feeding, higher feed conver-
sions, poor growth, disease, or death.

Location, soil, and water

Choosing a proper site for an aquaculture fa-
cility is paramount to its success. Land topog-
raphy, soil quality, water quality and abun-
dance, and proximity to market are primary
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Figure 1.5 Routine and emergency aeration with (a) water pump attached to tractor power takeoff, (b) electric paddle
wheel in a catfish pond (could also be powered by tractor power takeoff), and (c) aeration by flowing water over a
column of perforated plates.

factors to be considered when choosing a
location. To maintain healthy fish popula-
tions, soil, water, and fish species to be grown
must be compatible. Sometimes environmen-
tal modifications can be made to accommo-
date a species not indigenous to a specific
area but these modifications must be cost ef-
fective. For example, channel catfish are not
normally grown in northern latitudes of the
United States because of a short growing sea-
son and lack of warm water. However, if ar-
tificially heated water from power plants or
geothermal supplies are available, channel cat-
fish or other warm-water species can be grown
successfully, although seldom economically.
Another example of culturing fish species out-

side of their normal geographical range are
tilapia, which require water temperatures of
over 18°C for survival and over 24°C for op-
timum growth. However where adequate vol-
umes of artificially heated water is available
these fish can be successfully grown in temper-
ate and cool regions.

Some soil requirements for culture ponds
are very specific. Soil must have a high clay
content to prevent ponds from leaking; leaky
ponds are unstable, do not retain a suitable
plankton bloom to shade out rooted vegeta-
tion, and require continuous water replenish-
ment. Conversely, in an analysis of chemicals
naturally present in soil, Boyd (1990) stated
that it is possible to rear fish in ponds built
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Table 1.3 Water quality criteria for optimum fish health management of
warm water and cold water species of fish (mg/L except for pH).

Characteristic

Cold Water Warm Water

Oxygen

pH

Ammonia (un-ionized)
Calcium

Carbon dioxide
Hydrogen sulfide

Iron (total)

Manganese

Nitrate

Phosphorus

Zinc

Total hardness (CaCO3)
Total alkalinity (CaCO3)
Nitrogen (gas saturation)
Total solids

5-saturation 5-saturation

6.5-8 6.5-9
0-0.0125 0-0.02
4-160 10-160
0-10 0-15
0-0.002 0-0.002
0-0.15 0-0.5
0-0.01 0-0.01
0-3.0 0-3.0
0.01-3.0 0.01-3.0
0-0.05 0-0.05
10-400 10-200
10-400 10-400
<100% <100%
0-80 50-500

Source: Piper et al. (1982), Boyd (1990), Hajek and Boyd (1994).

on soils that have wide ranges of chemical
properties.

Certain regions have acid-sulfate soils con-
taining high levels of iron pyrite (Boyd 1995).
As long as these soils are submerged, the iron
pyrite is stable and usually causes no prob-
lem. However, when the pond is drained and
the bottom exposed to air, iron pyrite is ox-
idized and upon dehydration sulfuric acid is
produced. Upon refilling the pond, the water
becomes highly acid (pH may be as low as
3.5), rendering an unproductive environment.
Generally, such areas should be avoided for
aquaculture sites, but the acidity level can be
corrected to some degree by addition of huge
quantities of lime.

It is important that pond soil is free of chem-
ical and pesticide residues. If toxicants, usually
of anthropogenic origin, are present, they can
leach into the water and kill fish. Concern is
not only with soil used in pond construction
but also with soil in the watershed; therefore,
prior to construction of a culture facility, wa-
tersheds should be inspected for toxicants that
could contaminate the water supply.

The most important ingredient in success-
ful fish health management is water quality

and its availability. Water quality as described
by Boyd (1990) varies, but most water can be
made suitable for aquaculture, except under
unusual circumstances. Water hardness, alka-
linity, pH, presence of toxicants, or dissolved
gases are important in aquaculture (Table 1.3).
Before construction of a fish farm, water qual-
ity, volume, and reliability of the water source
must be determined.

Water sources for aquaculture may be lakes,
rivers, springs, pumped or artesian wells, sur-
face runoff, or irrigation canals. From a fish
disease management standpoint, springs or
wells are preferred because these sources are
free of wild fish that may be carriers of infec-
tious disease agents. However, from a water
quality standpoint, these sources may not be
usable without modification because of acid-
ity, low DO, and/or high concentrations of
CO; or nitrogen gases, which require removal.
These waters may be very soft (less than 50
mg/L CaCO3) or contain high concentrations
of iron, sulfur, or manganese (Table 1.3). Al-
though well and spring water may have a con-
stant temperature, it may not be optimum for
the aquaculture species to be cultured, thus
requiring heating or cooling in the case of
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geothermal sources. If pumping is necessary
to utilize a water source, it can be expensive
and prone to mechanical breakdowns and in-
terrupted water flow. However, most water
quality problems can be overcome by proper
planning and management.

When streams or reservoirs are used as
a water supply, there are inherent problems
involved. Wild fish, including fry and eggs
that harbor parasites, pathogenic bacteria, or
viruses may be indigenous to these sources.
These waters can be disinfected with ozone
or ultraviolet light, but the efficacy of treat-
ment depends on the physical nature of the
water. For example, ultraviolet treatment is
ineffective in silt or particulate-laden water.
Also, surface waters including streams, reser-
voirs, and irrigation canals may be prone to
wide seasonal temperature fluctuations, vari-
able oxygen levels, silt loads, increased organic
loads, volume fluctuations, or contamination
with pollutants from municipal, industrial, or
agricultural sources. Installation of sand and
gravel filters or use of porous (saran) socks
on inlet pipes are some options to prevent fish
contamination.

Avoiding exposure

The ideal way to control infectious fish disease
is to prevent exposure to pathogenic agents
whenever possible, thus avoiding most dev-
astating health problems through biosecurity
(Bebak-Williams et al. 2007). However, when
dealing with the aquatic environment, it is vir-
tually impossible to define all disease-causing
agents and to keep them isolated from the fish
host. Water provides an excellent medium for
transfer of many communicable agents from
fish to fish or from locality to locality. More-
over, many disease-causing organisms are en-
demic to the aquatic environment and are op-
portunistic, facultative pathogens that remain
viable under various conditions.

Since the mid-1960s some governments, fish
hatcheries, and privately owned fish farms

have made great strides in avoiding fish ex-
posure to certain infectious diseases by using
fish certified as specific pathogen free (SPF),
quarantine, routine water disinfection, and by
destroying populations that have become in-
fected with specific pathogens. The pros and
cons of the latter approach should be carefully
weighed before making a decision to destroy
or treat the fish. Paraphrasing a statement
by Snieszko, “A disease management practice
should not destroy more than it saves.”

The earliest attempt to prevent fish expo-
sure to infectious pathogens was when trout
stocks known to be positive for infectious pan-
creatic necrosis virus (IPNV) were not used
as egg sources; a practice that is now applied
to other diseases. It is impossible to declare
a fish group, or population, simply “disease
free,” implying they are free of all disease
agents; therefore, the term “disease free” is
limited to a specific pathogen. Currently, Spe-
cific Pathogen Free (SPF) certification is the
best way to prevent introduction of unwanted
pathogens into a “clean” facility, but it must
be understood that testing procedures are not
infallible because they are based on a statisti-
cally determined sample number of individu-
als taken from a larger population (AFS-FHS
2007). To detect a given pathogen with 95%
confidence, the appropriate sample number
for a 2% prevalence is 120 fish per 100,000
and for a 5% prevalence, 60 fish per 100,000
(Simon and Schill 1984). However, Thorburn
(1996) indicated that these numbers may not
be uniform for all diseases and all fish species.
In some instances a larger number than rec-
ommended should be sampled to improve ac-
curacy. Fish pathogen detection methods for
determining SPF populations are discussed fur-
ther in Chapter 3.

Many states have now established fish
health protection programs that specify that
incoming fish must be accompanied by a doc-
ument certifying them SPF. California has one
of the oldest and most rigorous fish health
regulatory programs in the United States.
Regional fish health plans have also been
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established to prevent introduction of un-
wanted pathogens into geographically defined
fish populations. The Colorado River Basin
Council has a strong inspection program to
prevent introduction of fish that are infected
with certain disease agents into natural and/or
hatchery waters. The Great Lakes Fisheries
Commission initiated a regional fish health
protection program for the states and Cana-
dian provinces contiguous to the Great Lakes.
The major problem with state and/or regional
fish health regulations is statutory inconsis-
tency and degree of implementation. However,
they are a step in the right direction to prevent
the spread of some fish diseases.

All Nordic countries have established coor-
dinated surveillance and monitoring systems
for fish diseases of concern to the fish farming
industry (Hastein et al. 2001). The ultimate
goal of the program is to eradicate or keep the
level of disease to a minimum. According to
the authors, due to these surveillance systems
coupled with good management practices the
fish disease situation in the Nordic countries is
generally good compared to other countries of
the world. Diseases included in the surveillance
are viral hemorrhagic septicemia, infectious
hematopoietic necrosis, infectious pancreatic
necrosis, viral nervous necrosis, bacterial kid-
ney disease, and furunculosis. However, reme-
dial measures to be taken when a disease is
found depend on the country in which it is
found.

International fish disease control concepts
are gaining support to keep pace with a grow-
ing, world-wide aquaculture industry. An
increasing number of countries now require
health certificates of some type verifying that
certain imported fish products (alive or dead)
are free of specific diseases. While not fool
proof, these methods have generally been
successful in inhibiting the spread of many
infectious disease agents. Great Britain, the
European Economic Union, Canada, and the
United States all have regulations limiting fish
movement with emphasis on fish health. Great
Britain probably introduced the first fish health

regulation by passing the Diseases of Fish
Act 1937 (Hill 1996) with several subsequent
amendments. It is believed that it’s continuous
implementation has had a positive effect on
the United Kingdom’s fish industry. In the
United States, Title 50 applies to Injurious
Wildlife and requires that fish and/or fish eggs
imported into the United States be certified free
of certain pathogens. The European Union has
directives that provide guidelines that must be
met before aquaculture products are shipped
into their sovereign territories to insure pro-
tection against introduction of exotic diseases
(Daelman 1996). The European Union also
has an operative fish disease control service
that requires that all aquaculture facilities
be inspected and registered. However, some
countries such as Japan, consider aquaculture
practices to be too diverse and extensive for
implementation of an effective national disease
control program (Wakabayashi 1996).

Quarantine is an approach to disease avoid-
ance when fish are moved from one area to
another. Fish should be isolated for a specific
period of time before contact with a resident
population. If disease develops in newly ar-
rived animals, it can be dealt with more effec-
tively and without exposing resident stocks.

Drastic measures such as eradication of an
entire fish population from an aquaculture fa-
cility are sometimes necessary to avoid expos-
ing healthy fish to highly infectious, nonen-
demic disease agents. When contemplating the
eradication of a fish population, the economic,
environmental, and biological significance of
the disease should be considered. Is the dis-
ease indigenous to the area? Can it be ad-
equately controlled through management or
chemotherapeutics? In other words, is eradi-
cation worth the long-term potential savings
in fish and can the facility be maintained free
of the disease organism?

In 1989, an attempt was made to prevent
establishment of viral hemorrhagic septicemia
virus (VHSV) in the United States by destroy-
ing adult salmonids as they returned to spawn
at two sites in the Pacific Northwest where
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the virus had been found (Hooper 1989). This
constituted the first confirmed VHSV occur-
rence outside Europe and so these drastic mea-
sures appeared to be justified. However, in
subsequent years, the virus was found in dif-
ferent areas of northwestern United States, so
eradication did not solve the problem (Winton
et al. 1991). Viral hemorrhagic septicemia was
detected in the Great Lakes region of Canada
and the United States in 2005 (Paul R. Bowser,
Cornell University, personal communication).

Destruction of lake trout and disinfection
of contaminated hatcheries in the Great Lakes
region of the United States and Canada in the
late 1980s was apparently successful in elimi-
nating epidermal epitheliotropic disease, a se-
vere herpesvirus infection of juvenile lake trout
(R. Horner, Illinois Department of Natural re-
sources, personal communication); however,
the disease eventually showed up in other loca-
tions. Also, a second fish eradication occurred
in 1990 when salmonid brood stock at Jackson
National Fish Hatchery (Wyoming) (Ander-
son 1991) and White Sulfur Springs National
Fish Hatchery (West Virginia) (Cipriano et al.
1991) were killed because they were subclin-
ically infected with Renibacterium salmoni-
narum (bacterial kidney disease, BKD). These
two facilities were major egg suppliers for
many federal and state agencies and could
potentially contribute to the spread of BKD
by egg distribution. Therefore, an administra-
tive decision was made to destroy large num-
bers of valuable rainbow, lake, cutthroat, and
brook trout. This decision was based on a
highly sensitive ELISA method for detecting
very low numbers of R. salmoninarum. The
fish were killed in spite of the fact that nei-
ther facility demonstrated any evidence of clin-
ical BKD. Snieszko’s theory on the application
of fish health management practices comes to
mind: “Was the cost and consequence of im-
plementation greater than the value of what
was saved?”

Although infectious disease prevention is
best accomplished through avoidance when-
ever possible, there are times when one must

look beyond the host for a disease source.
Some disease agents (helminths, for exam-
ple) have complex life cycles that involve
fish-eating birds, snails, or copepods, and the
pathogen life cycle is broken by controlling
non-fish vectors, a nearly impossible task. An-
other example of a disease agent that may have
a non-fish vector is IPNV. This virus has been
shown to be infectious after passing through
the intestines of fish-eating birds (Peters and
Neukirch 1986). It would be extremely diffi-
cult to prevent exposure of fish to these con-
tamination sources in an endemic area.

Each disease outbreak must be considered
individually and rarely will a general policy
be applicable; therefore, “avoiding exposure”
decisions must be made using biological facts
and common sense, with an eye to the overall
good of the aquatic environment.

Exposing dose

As previously noted, total avoidance of infec-
tious agents is the desirable approach to dis-
ease prevention; however, this is not always
possible or practical because many organisms
that infect fish are normally free-living, facul-
tative, and opportunistic pathogens. Fish and
some pathogens can coexist without disease
unless the fish’s immune system or other de-
fensive mechanisms are compromised.
Aeromonas hydrophila, the bacterial agent
of motile Aeromonas septicemia (MAS), is
a ubiquitous organism that occurs natu-
rally in most freshwaters of the world. It
is capable of living and proliferating in any
water containing organic enrichment. The bac-
terium usually causes disease only after a fish’s
resistance has been compromised by environ-
mental stressors, or when fish have suffered
some mechanical or biophysical injury. Thus,
the best approach to prevent MAS is to reduce
organic load and bacterial numbers in the wa-
ter and to keep fish at a high state of resistance
by environmental management. Prophylactic
treatments after fish are handled will aid in
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healing superficial wounds and in reducing
bacterial populations on the skin. In a normal,
healthy fish population, a certain percentage
of fish may possess systemic A. hydrophila
however, disease occurs only when bacterial
numbers overwhelm the fish’s resistance.

Many fish, wild or cultured, normally have
some parasites present on their gills or skin.
As long as these parasites, either protozoa or
monogenetic trematodes, are present in low
numbers, there generally is no health prob-
lem; however, if water quality deteriorates to
a point that fish are stressed, parasite num-
bers will increase. Parasite populations can be
reduced with prophylactic chemotherapy and
good health reestablished with restoration of
environmental quality.

Culling old brood stock and using younger
fish for reproduction before they become heav-
ily parasitized can reduce the effects of meta-
zoan parasites. Using young largemouth bass
as brood stock has proved successful in the
southeastern United States where bass tape-
worm (Proteocephalus ambloplitis) larvae can
be a problem. This parasite can damage the
ovaries of adult fish if the parasite is present
in large numbers. The damage can cause a re-
duction in egg production that is cumulative
with age (W. A. Rogers, Auburn University,
Alabama, personal communication).

Most infectious agents require specific lev-
els of infective units before adversely affecting
a host’s health status. Therefore, if infectious
organisms can be maintained at levels below
disease threshold, losses will be reduced.

Extent of contact

Diseases that involve opportunistic (faculta-
tive) organisms are not germane to this par-
ticular discussion; therefore, the following re-
marks pertain to obligate pathogen-induced
fish diseases (viruses, some bacteria, and most
parasites). In managing such diseases, initial
consideration is given to the pathogen source
in the culture system.

Portal
of entry

g

Route of

Reservoir transmission

(fish)

Direct,
Portal vehicle
of exit vector
Direct, Portal
vehicle of exit
vector /
Route of Susceptible
transmission /4 host (fish)
Portal
of entry

Figure 1.6 Typical transmission cycle for communicable
disease agents. The direct vehicle vector may be water,
food, contaminated equipment, eggs, etc. (Adapted from
Swan (1983).)

Pathogens must have a route of transmis-
sion from source to susceptible host, which
may be by direct contact from fish to fish, via
the food chain, through water, on nets, buck-
ets, and other gear, or via reproductive prod-
ucts (Figure 1.6). Infected fish that survive can
become pathogen carriers and a reservoir for
disease agents. There are numerous examples
of fish diseases (particularly viruses) where epi-
zootics are associated with a reservoir host. A
pathogen must have a way to escape the host;
in fish this can be accomplished by shedding
virus or bacteria across the gill membranes,
through skin mucus, from skin lesions, in fe-
ces, urine, or via reproductive products. Inter-
nal metazoan parasites often must wait until
the host fish is eaten by an intermediate or fi-
nal host to complete its life cycle. Nematode
and trematode parasite larvae that live in the
eyes of some fish are released when the eye is
destroyed.

Some pathogens, especially viruses, are re-
leased from a reservoir host during spawning
via eggs, ovarian fluid, or milt. In some vi-
ral diseases, the number of virus-shedding fish
actually increases during spawning time (in-
fectious hematopoietic necrosis virus, [HNV),
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which aids transmission (Mulcahy and Pascho
1985).

Bacteria and parasites can be transmitted
to cultured fish populations through feed that
contains raw wild fish flesh. Marine fish are
an especially good source for these pathogens.
Mycobacteria (acid fast staining bacteria) are
transmitted to uninfected fish when uncooked
fish flesh or viscera is incorporated into their
feed. Transmission of mycobacteria was com-
mon in Pacific salmon hatcheries in the 1950s
and 1960s when ground raw marine fish
was incorporated into hatchery feeds. Another
example of a parasite being transmitted by
feeding contaminated fish flesh occurred in
Florida when chopped Atlantic menhaden, in-
fected with Goezia (a nematode that inhab-
its the stomach and intestinal wall), was fed
to cultured striped bass fingerlings (W. A.
Rogers, Auburn University, personal commu-
nication). The infected striped bass were then
stocked into Florida’s inland lakes where the
parasite was transmitted to resident tilapia
and largemouth bass. Although virus trans-
mission resulting from feeding raw fish has
not been reported, most virulent fish viruses
have been transmitted orally under laboratory
conditions.

While infectious disease-induced mortali-
ties in wild fish populations are rare, high
losses are much more common in cultured
fish populations. Like other animals, fish are
more susceptible to infection when crowded.
As fish density increases, rate of contact and
pathogen transmission increases accordingly.
Therefore, in high-density fish populations,
many epizootics have a potential for reach-
ing catastrophic proportions. Many fish dis-
ease organisms do not cause clinical dis-
ease until infected fish are placed in stressful
conditions.

Pathogens can be introduced into an aqua-
culture facility by humans, either staff or visi-
tors. In order to prevent this mode of transmis-
sion fish hauling trucks should be disinfected
before entering a facility (Bebak-Williams et al.
2007). Also footbaths containing disinfectant

placed between fish holding areas should be
available to kill any pathogens on boots, etc.

Protection by segregation

Segregating fish according to species and age
can reduce transmission of disease-producing
agents because some of these organisms are
not equally pathogenic to all fish species, or
all strains or ages within a susceptible species.
Some fish disease-producing organisms lack
host specificity, while others are more host
specific. Nonhost-specific, opportunistic free-
living bacteria are generally facultative. Some
diseases, such as furunculosis (Aeromonas
salmonicida) and most viral agents are gen-
erally more host specific. Brook trout are con-
sidered highly susceptible to A. salmonicida
and should be reared completely segregated
from carrier populations. Rainbow trout and
brown trout are also susceptible to A. salmoni-
cida, but to a lesser degree than brook trout,
and may be considered for culture where this
disease is endemic. Rainbow trout and some
species of Pacific salmon are highly suscepti-
ble to IHNV; therefore, culture of a less sus-
ceptible salmonid species should be considered
where this virus occurs.

Channel catfish are the most suscepti-
ble species to channel catfish virus disease
(CCVD). However, within channel catfish
stocks, inbred strains are more susceptible to
CCVD than are “out-bred” strains (Plumb
etal. 1975). In areas where CCVD is endemic,
less susceptible catfish species, blue catfish for
example, can be cultured even though they are
not totally CCV resistant. The same catfish
susceptibility pattern exists for Edwardsiella
ictaluri, the bacterial causative agent of en-
teric septicemia of catfish (ESC) (Wolters et al.
1996).

Generally, young fish have greater pathogen
susceptibility than do older fish, particularly
with regard to viruses and some parasites. In
the case of IPNV and IHNV of salmonids and
CCV of catfish, fish less than 3 months old
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are highly susceptible, but disease effects di-
minish with increasing age. If these fish species
can be reared in noncontaminated water un-
til past the critical age of susceptibility, severe
losses can be avoided. The same is true with
Myxobolus cerebralis (whirling disease), a par-
asite that infects young trout before the carti-
lage has matured into bone. Susceptible fish
should be reared in well or spring water free
of wild fish, but after fish have grown past a
susceptible size or age, they can be transferred
to less protected waters.

Segregation for disease avoidance may also
take into account water temperature because it
affects the disease-causing ability of some fish
pathogens. Infectious hematopoietic necrosis
virus normally occurs at a temperature of
10-17°C; thus, if fish can be reared in water
above 17°C, effects of disease is minimized.
However, at elevated temperatures, trout may
be more susceptible to other disease organisms
and growth rate will be reduced. Channel cat-
fish virus is most severe at temperatures above
25°C, therefore, if catfish are held at cooler
temperatures, CCV can be avoided but growth
rate will be reduced because of the suboptimal
temperature. Unfortunately in most instances,
optimum temperature for pathogens is also op-
timum for hosts. However, a combination of
susceptible age and optimum temperature may
be factors that are used to determine when
strict segregation of young fish from the rest
of the stock can be modified.

Temporal segregation can also be an im-
portant factor in reducing disease-associated
losses. This involves depopulating fish holding
facilities between batches to prevent the trans-
mission of pathogens carried by one crop to the
next. Current channel catfish culture involves
a continuous production system where fish are
partially harvested for market (graded accord-
ing to size) and then fingerlings are added to
the pond to replace the number of fish har-
vested. This type of system perpetuates en-
demic pathogens and the newly arriving fish
will bring their own pathogens (and strains)
that may exacerbate disease problems. The use

of batch systems (all in from one source and
all out at one time) greatly reduces the oppor-
tunity for pathogen accumulation in a produc-
tion system. To be effective, all fish must be
removed from the production system and wa-
ter source and the system disinfected before
restocking.

Problem of new arrivals

Newly arrived fish may bring pathogens with
them, either in an active or carrier state, to
which the resident population has not been
exposed. Therefore, no new animals should be
introduced into an existing population until
reasonably certain they will not be detrimental.
This rule applies to home aquaria, movement
of fish from farm to farm, and to interstate
and international live fish shipments. Even if
the new arrivals carry the same pathogens
as the farm population, there can be sub-
stantial differences in strains of the pathogen.
The new strains may have different ability to
cause disease or different host ranges, allowing
more severe disease outbreaks to occur or they
may have different antibiotic-resistance pro-
files, making treatment more difficult. Further-
more, new pathogen strains may have different
antigen profiles that can allow the pathogen to
infect fish that have developed immunity to the
endemic strains of pathogen or to infect and
cause more severe disease in fish vaccinated
against the endemic strain.

Several precautions to reduce potential for
introducing disease with new arrivals are use
of SPF eggs or be familiar with health his-
tory of fish to be introduced, know if any
serious disease problems occurred, and if so
what type of treatment, if any, was given. If
not treated before transport, newly arrived fish
or eggs should be given a prophylactic treat-
ment with appropriate drugs to remove any
external pathogens. When possible, new fish
should be segregated (quarantined) from the
resident population until shown to be disease
free. Fish farmers must be extremely careful
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when replenishing brood stocks with outside
sources to insure that no new pathogens are
introduced into their facility. This danger is
especially prevalent if fish from wild popula-
tions with unknown disease histories are used
to replace brood stocks.

Certain fish production facilities produce
certified disease-free fish or eggs (certified
to be free of known obligate pathogens).
Disease free salmonid eggs have been exten-
sively marketed (certified free of IPNV, THNV,
VHSV, and some salmonid bacterial diseases),
but this is not 100% reliable. Because of the
production systems, lack of legal restraints to
shipping and limited number of pathogens to
target, no facilities currently market disease-
free eggs or fry for warm-water aquaculture
systems. Specific disease-free certification re-
quires certification by an external authority.
Sampling and diagnostic tests used are speci-
fied by the most current edition of “FHS Blue
Book: Suggested Procedures for the Detection
and Identification of Certain Finfish and Shell-
fish Pathogens” (AFS-FHS 2007), the “OIE
Manual of Diagnostic Tests for Aquatic An-
imals” (OIE 2009) or must conform to “Code
of Federal Regulations—Title 50: Wildlife and
Fisheries”. In order to stop movement of dis-
ease agents, one must stop movement of in-
fected animals. The prudent fish farmer must
take every precaution available when acquir-
ing new stock.

Breeding and culling

Domestication of wild animals has been the
foundation of successful animal husbandry
throughout the ages. Selection, culling, and
crossbreeding has been vital in developing to-
day’s herds and flocks of domesticated ani-
mals. Culturing fish for food has been prac-
ticed for thousands of years in some areas of
the world, especially in China. However, com-
paratively few studies have dealt with develop-
ment of disease-resistant fish through selective

breeding and genetic manipulation. In most ge-
netic fish improvement experiments, objectives
have been to increase growth rates and fecun-
dity or to improve feed conversions; therefore,
any disease-resistance traits have resulted from
happenstance.

Different strains of channel catfish express
different susceptibility to channel catfish virus
disease and ESC (Plumb et al. 1975; Wolters
and Johnson 1994; Bilodeau-Bourgeois et al.
2007). But few studies have investigated ge-
netic selection or genetic manipulation in order
to develop strains of fish with improved dis-
ease resistance. Peterson et al. (2008) demon-
strated that certain selected strains of channel
catfish not only had superior growth perfor-
mance but also were more resistant to Ed-
wardsiella ictaluri (ESC). Recently, transgen-
ics has shown the potential to improve disease
resistance. Dunham et 4l. (2002) enhanced dis-
ease resistance of transgenic channel catfish
into which cecropin B gene from the cercropia
moth had been inserted. In a pond epizootic of
Flavobacterium columnare (columnaris) infec-
tion, 40.7% of the transgenic fish expressing
the cecropin B gene survived compared to only
14.8% of the controls. Furthermore, 100% of
the transgenic survivors possessed the cecropin
B gene. Bilodeau-Bourgeois et al. (2007) points
out that there is a variation in ESC suscepti-
bility between strains and results from experi-
ments in aquaria may not hold true in the pond
environment.

Lack of available scientifically developed
disease-resistant brood fish should not prevent
the aquaculturist from improving his stocks by
gradually selecting fish that are less affected
by specific disease outbreaks. If a particular
lot of brood fish routinely produces offspring
that develop a specific disease year after year
(i.e., CCVD), then replacing those brood fish
should be strongly considered; however, an-
tidotal evidence of this practice suggests that
success has been mixed. Routine culling of in-
ferior individual brood fish will also improve
performance.
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Nutritional basis of health
maintenance

Proper nutrition is essential for survival,
growth, and reproduction of any animal
species, and nutrient requirements of fish are
similar to those of other animals (Lovell 1989).
This applies to wild or cultured fish popu-
lations although nutritional management in
the two systems is entirely different. In
aquaculture, the fish’s nutrition is generally
dependent on the quality and quantity of feed
provide to the fish, but in wild fish popula-
tions, proper nutrition is dependent upon the
natural food chain and availability of primary
nutrients. Nutrients can be supplemented in
these populations by addition of organic or
inorganic fertilizers to stimulate growth of
macroflora (vascular plants), microflora (phy-
toplankton), zooplankton, and other inverte-
brate fish food organisms. In some parts of the
world, traditional aquaculturists continue to
use manure and/or ingredient-based nutrient
sources to feed cultured fish. This practice
causes increased levels of organic matter
in semiliquid layers of unoxygenated sedi-
ments, greater water quality problems, poor
fish growth, higher feed conversion ratios,
and higher incidences of infectious disease,
especially stress-induced epizootics. More
advanced aquaculture management practices
advocate the use of manufactured feeds that
contain proteins, fats, carbohydrates, fiber,
vitamins, amino acids, and minerals. A defi-
ciency in any one of these nutrients can result
in nutritionally related disease or lowered
disease resistance. The amount of each nutri-
ent needed for proper growth depends upon
species and age of fish being fed and intensity
of the culture system. Fresh feed of the highest
quality available should always be used.

It has been shown that certain nutritional
deficiencies can result in specific pathological
conditions (Halver 1972). Injury to the spinal
column of channel catfish (broken-back syn-
drome) results from a vitamin C deficiency.

Lack of sufficient riboflavin can cause eye
cataracts in rainbow trout and possibly in
channel catfish. A niacin deficiency increases
sensitivity to ultraviolet irradiation and “sun
burn” on fish in clear water. Nutritional gill
disease of trout is caused by a pantothenic acid
deficiency and can progress into bacterial gill
disease if the deficiency is not corrected. Also,
severe anemia in channel catfish is linked to di-
etary deficiency of folic acid or presence of the
folic acid antagonist pteroic acid (Butterworth
et al. 1986).

Several researchers have shown that a defi-
ciency of specific elements in a fish’s diet can
increase disease susceptibility and megadoses
may increase immune response. Channel cat-
fish fed a vitamin C-deficient diet were more
susceptible to Edwardsiella tarda and E. ic-
taluri (Durve and Lovell 1982) and megadoses
of vitamin C (five times the recommended 60
mg/kg of diet per day) enhanced immune re-
sponse (Li and Lovell 1985). However, these
studies were conducted in aquaria and when
the same principles were applied to pond-
reared channel catfish, vitamin C-deficient di-
ets did not affect susceptibility nor did mega-
doses of the vitamin enhance immunity (Liu
etal. 1989).

The attributes of organic zinc sulfate vs.
inorganic zinc sulfate in a fish diet has re-
ceived significant attention. Paripatananont
and Lovell (1995) reported that channel catfish
required less organic than inorganic zinc sul-
fate and that resistance to Edwardsiella ictaluri
increased with addition of organic zinc sulfate
in the diet. Contrastingly Lim ez al. (1996) re-
ported that the zinc source was unimportant
and did not change disease resistance of chan-
nel catfish.

Fish in poor nutritional condition (starved
or lightly fed) may be more resistant to some
infectious agents than are well-fed fish. Anti-
dotal observations indicate that channel catfish
susceptibility to CCV is decreased following
starvation for 2 weeks (unpublished). More
recently Kim and Lovell (1995) showed that
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channel catfish that were not fed at all during
winter were significantly less susceptible to E.
ictaluri in the spring than fish fed everyday or
less frequently during the winter. Taking chan-
nel catfish off feed when ESC occurs has been
practiced throughout the catfish industry. Fish
that continue to be fed suffer higher mortality
than do either medicated or nonfed popula-
tions (Wise and Johnson 1998). To what de-
gree nutrition affects disease resistance in fish
remains unclear.

Subtle effects of a nutritionally deficient diet
are reduced growth and poorer feed conver-
sion; reduced fecundity and all dietary fac-
tors have the potential to affect health status
and disease susceptibility of fish (Lovell 1989).
When water quality becomes critical with high
organic fertility and low DO, reduced feeding
can hasten a reversal of this trend; therefore,
flexibility in feeding can be a valuable tool in
aquaculture management.

Eradication, prevention, control

The terms eradication, prevention, or control
are defined as follows: Eradication is the com-
plete elimination of a disease-causing agent
from a facility or specific geographical re-
gion, while practical eradication is elimina-
tion of an agent from its reservoir of practical
importance. Prevention is avoiding introduc-
tion of a disease-producing agent into a re-
gion or facility and/or stopping a disease pro-
cess before it becomes a problem. Control in-
volves reduction of a problem to a level that
is economically and biologically manageable,
and/or confinement of a problem to a defined
area.

Eradication of a fish disease from a facility,
watershed, or region is desirable but difficult
to accomplish. To date, there are no reported
examples of a fish disease agent being totally
eradicated from a large geographical region.
Practical eradication of IPNV, furunculosis,
and bacterial kidney disease from individual
fish hatcheries and farms in the United States

has been accomplished by removal of all fish
and sterilization of facilities with chlorine or
formaldehyde gas. These select facilities had
closed water supplies with no indigenous fish
populations to serve as disease reservoirs and
precautions were taken to prevent reintroduc-
tion of disease. Only SPF eggs were used to
repopulate the facilities and strict sanitation
was established, which included disinfection
of equipment and fish transport trucks that
accessed the culture area. A commitment to
eradicate a specific disease must be balanced
with an equal commitment to keep the facility
disease free.

Eradication of a disease is much more dif-
ficult in warm water than cold-water aqua-
culture because most warm-water facilities do
not have closed water supplies and use large
ponds, which are more difficult to sterilize.
They are more susceptible to animals (birds,
snakes, muskrats, etc.) that may mechanically
carry pathogens from one pond or farm to
another. Additionally, there are no applica-
ble SPF certification procedures that apply to
warm-water fish pathogens.

Disease prevention is primarily a farm
management approach and should begin with
construction of a culture facility. Disease pre-
vention considerations should include site se-
lection, development of water supply, and se-
lection of fish to be stocked. Original fish
stocks, as well as any subsequent fish brought
onto the facility, should come from popula-
tions known to be free of obligate pathogens.
When available, vaccination should be consid-
ered as a disease prevention tool. Sanitation
practices are extremely important and disinfec-
tion of nets, buckets, boots, and other equip-
ment should be a routine practice whenever
used in different culture units. These precau-
tions will also help prevent spread of disease
within a facility once it occurs.

Control is appropriate when obligate or
nonobligate pathogens are involved or when
effective chemotherapeutic and management
practices are available to combat the disease.
The objective of control is to reduce pathogen
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levels in an environment or host so that overt
disease will not occur. This approach dictates
that some fish will die while attempting to keep
losses at a minimum. Chemotherapeutics are
most successful when used in conjunction with
elimination of environmental stressors and ap-
plying good health management practices.

Biological and economic constraints usually
dictate what approach will be employed when
dealing with fish disease problems. Eradication
may be the best approach when isolated cases
of obligate pathogen infections are involved;
however, destruction of entire animal popu-
lations remains controversial. Eradication vs.
control should be determined on a case-by-case
basis with strong consideration being given
to economic consequences. Eradication is only
feasible if a facility can be maintained free of
a specific disease agent after sterilization.

Variable causes require variable
solutions

Epizootiology is the study of disease patterns
in animals other than man and implies that
the presence or absence of overt disease is
not necessarily indicative of the presence or
absence of a disease-causing agent. As previ-
ously discussed, many infectious fish diseases
are caused by the complex interaction between
host, pathogen, and environment. Although a
host and pathogen must be present to cause in-
fectious disease, environmental influences are
often the trigger that elevates a subclinical in-
fection to disease. Most pathogenic organisms
can be identified, but environmental influences
that precipitate disease are far more complex
and difficult to detect. Each disease situation is
different and must be evaluated and dealt with
on an individual basis.

When a fish disease problem arises, an envi-
ronmental evaluation prior to and during time
of disease outbreak must be part of the diag-
nostic process (Schnurrenberger 1983a). Facts
pertinent to establishing an accurate diagno-
sis are as follows: had there been a recent

oxygen depletion or any other water quality
problem noted, any color change in the water,
had heavy rains occurred recently, did mortal-
ity occur suddenly or increase gradually, were
other fish recently introduced, and what are
current water quality characteristics? Answers
to these questions will influence type of man-
agement procedures or treatments to be used.

At the time of disease outbreak, it is im-
perative that a complete disease examination
(necropsy) be performed to determine if a sin-
gle species of bacterium, parasite, or virus is
involved or if multiple pathogens are present.
It is emphasized that even after a pathogen is
found, necropsy must be completed or other
contributing pathogens may go undetected.
Different disease organisms, requiring differ-
ent treatments, can produce very similar clin-
ical signs. Therefore, an incomplete necropsy
may result in a premature and incorrect di-
agnosis and improper treatment. The key to
treating multiple infections is to first identify
and treat the primary disease-causing agent
and then deal with lesser disease agents.

Don’t just cure, prevent

A health maintenance program should be in
place when an aquaculture facility begins pro-
duction, and health management issues should
be addressed on a daily basis, not just when
disease outbreaks occur. When disease does
occur, managers often expect an immediate
diagnosis and treatment prescription from a
fish disease specialist. This can put pressure
on a diagnostician to recommend a treatment
that will correct the immediate problem with-
out addressing long-range problems. Often a
chemical can be added to water and/or an
antibiotic incorporated into feed, which will
result in a positive response and cessation of
mortality. However, the effect of these treat-
ments may be temporary and disease may re-
occur unless a commitment is made to seek
and eliminate all predisposing disease factors.
Even though a fish farmer is more likely to
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accept chronic disease losses because they are
not dramatic and occur over an extended pe-
riod of time, these losses can be minimized
through proper health maintenance. If a suba-
cute disease occurs and large numbers of fish
die in a few days, the farmer will be more in-
clined to implement preventive steps.

While preventive health maintenance is im-
portant in controlling fish diseases, it is not
a “cure all.” Some fish diseases are less pre-
ventable through environmental management
than are others and some have no known
prevention or treatment. No health mainte-
nance program is perfect, but one that empha-
sizes biosecurity and disease prevention is well
worth the effort economically, productively,
and for the pure satisfaction of knowing that
the best possible aquaculture techniques are
being used.

Law of limiting factors

The law of limiting factors plays an important
role in our ecology as well as in health manage-
ment of fish. Schnurrenberger (1983b) com-
pared this law to the concept that a “chain is
no stronger than its weakest link.” Also, each
major link consists of its own set of limiting
factors and a weak spot within a subset of
factors can cause failure in the overall chain.
If one considers the fish production cycle a
chain, with one end being spawning adults and
the other harvestable-size fish, many potential
weak links exist, any of which could be con-
sidered a limiting factor. Components present
in a given body of water or water supply make
it either suitable or unsuitable to support a
healthy fish population. Volume of water, tem-
perature, pH, and other parameters must all be
compatible with the fish species being cultured.
If adequate water is available but its tempera-
ture is not suitable, temperature then becomes
a weak link and water becomes a limiting fac-
tor in the production cycle.

Food quantity and quality is often a lim-
iting factor in unmanaged fish ponds. With

fertilization, the base of the food chain in
these ponds can be extended to support an
increased standing crop, but if culture pro-
cedures become too intensive, other limiting
factors may become involved. As a stand-
ing crop increases, supplemental feeding is re-
quired so that food will not again become a
limiting factor. Supplemental feeding will in-
crease the organic water load, and pond fertil-
ity will increase as a result of uneaten feed and
the accumulation of metabolic wastes (feces,
urine, ammonia, etc.). Decomposition of dead
plants and uneaten feed remove oxygen from
the water, and this oxygen loss may become
a limiting factor. Accumulation of ammonia,
nitrite, and CO; may also become limiting
factors.

The law of limiting factors becomes acute as
a fish culture system becomes more intensive.
As fish density increases more feed is required;
more water is necessary to remove, dilute, and
neutralize metabolic wastes; more efficient
supplemental aeration is required; and fish
stressors become more critical. At what point
these limiting factors become detrimental
to effective production must be determined
and appropriate corrective measures taken.
A limiting factor does not always have to be
biological. It can be financial or dependant on
a manager’s ability to properly and effectively
operate a facility.

Each fish species has its own set of factors
that are necessary for survival, growth, and
reproduction. Factors for fish survival lie be-
tween minimum requirements and maximum
tolerances. Consideration must also be given
to the synergistic effect one limiting factor has
on another and how altering one factor to im-
prove health may illuminate a previously un-
recognized factor.

Staying on top of the operation

Many people go into aquaculture without fully
understanding what is required to initiate and
maintain a successful operation. Fish farming,
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especially of warm-water species, is possibly
the most demanding of all agricultural enter-
prises during certain seasons of the year. Dur-
ing critical periods in the production cycle, a
24-hour schedule must be maintained to stay
on top of the operation. It is as important in
aquaculture for a fish farmer to routinely ob-
serve and evaluate his culture procedures and
facility as it is for cattle or swine farmers to
inspect herds daily.

Although casual scrutiny of ponds, tanks,
or raceways can be helpful in detecting possi-
ble health changes, specific aspects must also
be considered. Operational procedures should
be observed in such detail that any departure
from good health management is immediately
detected. The most obvious indicator of de-
teriorating fish health is a change (reduction)
in feeding behavior, which can be affected
by adverse environmental conditions and/or
by infectious disease. If on a given day, fish
are eating actively and the next day there is a
noticeable reduction in feed consumption, the
cause should be investigated. Water quality
should be checked to determine DO, nitrite,
or CO; concentrations and a sample of fish
should be examined for presence of infectious
or parasitic disease. Some fish, channel catfish
for example, normally reduce feed consump-
tion in autumn and throughout the winter as
water temperatures drop, but when this hap-
pens at other times of the year, it may indicate a
health problem.

Color changes in the water may indicate a
potential water quality problem. When a pond
turns from green (indicating a viable phyto-
plankton bloom) to dingy brown or suddenly
clarifies, it could indicate algae are dying, or
a pond “turn over” (good upper water mixes
with unoxygenated deep water) is occurring
and oxygen depletion is likely to ensue. If the
cause can be detected and corrected while oc-
curring, stress on fish can be minimized.

DO concentrations in ponds should be mea-
sured on a daily and nightly basis during crit-
ical periods, either by an individual or au-
tomatic DO recording device. Computerized

oxygen monitoring systems will register oxy-
gen concentrations 24 hours a day and auto-
matically turn on aeration when needed. Mon-
itoring oxygen concentration is particularly
critical in heavily stocked ponds that are re-
ceiving large amounts of feed. If over a pe-
riod of days and nights a downward trend
in oxygen concentration becomes evident, the
DO may be ready to “crash” as a result of
pond respiration and nightly aeration should
be initiated. Also, when fish swim erratically
or lethargically just beneath the surface, gasp
(pipe) at the surface, or move into shallow wa-
ter, one should look for causes for this ab-
normal behavior, which could be attributed to
poor water quality, toxicants, infectious dis-
ease, or parasitic infestation. When fish sur-
face, aeration should be initiated or freshwater
added as soon as possible because a delay may
cause fish to become so stressed they will not
move to the aerated water.

“Staying on top” can prevent catastrophes
from occurring in a fish population, but it re-
quires diligence and regularly scheduled vis-
its to the entire culture facility. During critical
times, if several days or nights are allowed to
pass without checking water quality, high fish
losses can occur in a very short period of time.
Also, sublethal stressful conditions may lead
to infectious disease.

Early diagnosis

An early, accurate diagnosis when disease oc-
curs is important in maintaining healthy fish;
therefore, it is imperative that an aquacultur-
ist know what is normal. It is important to be
able to recognize clinical signs of disease and
to have affected fish examined as soon as pos-
sible. It is also important to be able to distin-
guish signs of oxygen depletion and chemical
toxicants from those of infectious disease.
Few specific infectious fish diseases can be
diagnosed solely upon clinical signs; therefore,
whenever possible fish should be examined by
a competent fish pathologist. In most cases,
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only a few fish die during early stages of a dis-
ease outbreak followed by a gradual increase
in the daily mortality rate. When the first sick
or dead fish appear, suitable specimens con-
sisting of moribund fish showing clinical signs
typifying the condition should be examined.

Although an early and accurate diagnosis is
important in nearly all infectious fish diseases
it is absolutely crucial in bacterial infections
when use of medicated feed is indicated or in
parasitic infections requiring drug treatment. If
infection progresses to a degree that fish are no
longer feeding, oral treatment with antibiotics
is no longer an option. In any disease situation,
the earlier the diagnosis the sooner corrective
measures or treatment can begin, thus reducing
losses.

A dynamic team effort

A dynamic fish health maintenance program
must be flexible and coordinated, not a mix-
ture of unrelated, unchanging procedures.
While objectives and principles for fish health
maintenance programs can follow a general
outline, each facility needs to design and im-
plement a health plan that best meets its needs.

There are three principal times when an
animal food resource producer is ready to
discuss the establishment of a health mainte-
nance program (Hudson 1983): (1) when ex-
periencing a disease crisis, (2) when starting
a new unit, and (3) when considering expan-
sion with borrowed capital. The broad scope
of basic knowledge and technology that ap-
plies to health maintenance of aquatic animals
is usually beyond the expertise of any one indi-
vidual. Therefore input from a variety of spe-
cialists is often indicated. In most geographical
areas, State Cooperative Extension Services, or
state, federal or university laboratories have
qualified fishery specialists available to assist
farm managers in developing a good health
maintenance program that meets their specific
needs.

Keeping current

Health management decisions should be based
on the most current and accurate information
available. Shell (1993) quoted an old folk say-
ing “It’s not what I don’t know that hurts me.
It’s what [ know that’s not true that hurts me.”
In the past 40 years, major advances in aqua-
culture have been made in breeding, genet-
ics, nutrition, disease identification, treatment,
and processing. However, during this time, few
new drugs or chemicals have been developed to
aid in disease treatment and/or prevention. Be-
cause of constraints imposed by the U.S. Food
and Drug Administration, there has actually
been a reduction in number of drugs that can
be used on food fish in the United States; a
trend throughout many regions of the world.
The reduction in approved chemotherapeutics
is in part due to technological advances that
have been made in identifying hazardous char-
acteristics of drugs previously thought to be
safe and their potential negative effects on ef-
ficacy for human medicine. It is, therefore, im-
perative that a producer stay current on which
drugs and chemicals are approved for use on
food fish.

A fish farmer can stay current in aqua-
culture management techniques by being ac-
tive in professional or trade organizations on
a local, regional, state, national, and inter-
national level and by reading literature pub-
lished by these organizations. Extension fish-
ery specialists and agricultural agents can pro-
vide pamphlets, brochures, and newsletters
with accurate, up-to-date information. If mod-
ern fishery managers are to maximize pro-
duction facilities, they must keep pace with
technological advances being made in the

field.

Maintaining a clean environment

Everyone recognizes the fact that an accumu-
lation of trash, excrement, decaying animals,
etc. in a terrestrial environment is associated
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with unhealthy conditions. Why should we
expect it to be different in the aquatic envi-
ronment? Clearly it is not! Generally, when
visiting private and governmental aquaculture
facilities around the world, it is often possi-
ble to visually identify facilities that have the
most disease problems based on appearance.
This is not to say that a “spit and polish”
facility will never have disease problems, but
they tend to have fewer and less severe disease
outbreaks. Water is an excellent medium for
transmitting disease-producing agents; there-
fore, sick or dead fish should be removed to
reduce pathogen reservoirs. For example, in
E. ictaluri-infected catfish ponds, areas where
dead fish were allowed to accumulate had sig-
nificantly higher pathogen concentrations in
the water than where carcasses had not accu-
mulated (Earlix 1995). Maintaining clean ar-
eas around ponds and controlling vegetation
at water’s edge will not allow sick or dead fish
to go unnoticed. If dead fish are allowed to re-
main in a culture unit, there is also the possibil-
ity that scavengers will carry infected carcasses
to other ponds, thus spreading the disease. Ac-
cumulation of feces, uneaten feed, and other
organic detritus is a major problem in ponds,
raceways, and recirculating systems and con-
tributes significantly to water quality degrada-
tion and can serve as a substrate for facultative
pathogens. Removal of excreta and bottom de-
tritus from the culture unit will help improve
and maintain water quality. These problems
can be avoided and/or corrected by improv-
ing feed quality, regular cleaning and periodic
draining, drying, and when necessary disin-
fection of holding facilities. Removal of accu-
mulated sediment is accelerated by drying the
pond bottom, adding lime to the surface and
tilling (Boyd and Pippopinyo 1994). Increas-
ing soil pH to 7.5-8.0 with calcium hydroxide
or calcium carbonate will enhance pond respi-
ration and reduce pond sediment.

Cleaning and disinfection of seines, nets,
buckets, tanks, and other equipment will re-
duce transmission of many pathogens. Main-
taining a clean aquaculture facility will pay

dividends by providing a safer work place, re-
duced disease incidence, increased production,
and generally healthier fish, all of which trans-
lates into more efficient production.

High-risk concept

Aquaculture is a high-risk endeavor because
of its dynamic relationship to environmen-
tal change. Since some aspects of fish culture
present higher risk factors than others, man-
agement efforts should concentrate on areas
that include production and financial losses,
namely disease, growth rate, feed quality and
conversion, water quality, and product mar-
ketability. Water quality is a major factor in
rearing healthy fish and if not suitable, fish will
not feed or grow well regardless of feed qual-
ity, and potential for disease becomes more
prevalent. Consequently, major emphasis must
be placed on water quality in any aquaculture
health maintenance program.

Infectious disease can also be classified as a
major risk factor, but risks will differ from
farm to farm depending on water type and
quality, species and strain of fish being reared,
general management practices, etc. Disease
problems also change from year to year. The
aquaculturist should be aware of high-risk fac-
tors, practice preventive health maintenance
that addresses these areas, and at the same
time not lose sight of lesser risk factors and
their potential for causing problems.

Record keeping and
cost analysis

Well-organized records are basic to a success-
ful aquaculture business. In addition to pro-
duction records that include stocking and feed-
ing rates, feed conversion, and harvest totals,
each fish production facility should maintain
a set of health records that include mortal-
ity patterns and dates, infectious disease inci-
dences and treatments, and treatment results.
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Figure 1.7 The relationship of environmental conditions, biological factors, and management practices in aquaculture

that influence health and infectious diseases of fish.

Size, water volume, and water quality charac-
teristics of each production unit should also be
included in health records. After several grow-
ing seasons, a manager may be able to ascer-
tain from these records if a certain disease is
likely to occur and what conditions predispose
fish to a specific disease. This information can
help prevent disease outbreaks by timely pro-
phylactic treatments or other remedial actions.
Detail and extent of record keeping may vary
with size and intensity of an operation; how-
ever, records should be kept by every facility
regardless of size.

Accurate records are important when eval-
uating health maintenance procedures or a
biosecurity program because without records,
an economic feasibility and cost-effective eval-
uation is impossible. When considering the
economic feasibility of a procedure cost, ef-
ficacy and benefits are considered and the
most cost-effective (not necessarily the cheap-
est) procedure selected. Having to deal with
greater pressure from imported fish products,
domestic aquaculture must consider all aspects
of the operation to maximize efficiency pro-
duction and profit.

When initiating fish health management
practices, a long range, cost-effective analysis

should be made. Initial financial outlay may
be high, but over a period of time, good health
management will pay for itself in reduced mor-
tality and optimal growth. A cost/benefit ratio
should be calculated for each health manage-
ment procedure and benefits must outweigh
cost except under unusual circumstances.

Fish health status

Health of fish depends on the interrelationship
of six major components of the fish and the en-
vironment in which they live (Figure 1.7). The
fish health matrix resembles a spider web in
which if one satellite factor (host, husbandry,
environment, etc.) is disrupted or diverge from
the optimum, each of the other factors are also
affected, thus impacting the health status of
the fish. These components are such that one
cannot be discussed without considering its re-
lationship with or effect on each of the other
components because of their interaction and
their collective influence on fish health status.
Overall physiological status of the fish host is
determined by the husbandry practice, envi-
ronmental quality, the fish’s nutritional well
being and the pathogen, all of which influence
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the natural resistance and acquired immunity
of the host. It is common knowledge that fish
stressed by one of these factors are more sus-
ceptible to infection.

Maintaining good health of the fish is the
primary concern because it is necessary for sur-
vival and good growth. Disease susceptibility
depends on the culture species because all fish
species are not equally susceptible to a specific
pathogen and strains within a fish species may
vary in their susceptibility. Age of the fish is
important because many high impact diseases
(i.e., channel catfish virus, infectious pancre-
atic necrosis virus of trout, and the parasite
Ichthyophthirius multifiliis) affect juvenile fish
more severely than older and adult fish.

Husbandry practices depend on the fish
species being cultured. Stocking density of ju-
venile and grow out fish will vary because
some species are more conducive to higher den-
sity than others; some species (salmonids) are
adaptable to raceway culture but others (chan-
nel catfish) perform better in ponds. Generally,
fish stocked at higher density are more prone
to serious infectious disease than fish stocked
at low or moderate density. Therefore higher
stocking density requires more intense man-
agement. When and how fish are handled is
an important consideration in disease suscep-
tibility because the protective mucus layer that
covers the skin serves as a barrier to ubiqui-
tous invasive pathogens and if it is disturbed
by improper handling, the fish becomes more
susceptible to these pathogens. Also, moving
fish when water temperatures are at the upper
level of their tolerance is often stressful.

The environment may be the most criti-
cal component of the fish health matrix be-
cause environmental quality influences the
fish’s physiological well being, species cul-
tured, feeding regimes, rate of growth, and
ability to maintain natural and acquired resis-
tance and immunity. Major environmental fac-
tors are temperature, organic load in the water,
alkalinity and hardness, nitrite level, pH, oxy-
gen and CO;, concentration as well as other
water quality parameters. Tolerance of these

various factors is dependent on the host and in
many cases the husbandry practices.

Nutrition is vital to health management, but
feed quality and amount fed is related to hus-
bandry practices. Good growth and maximum
disease resistance is also dictated by the species
of fish cultured. Some cultured species (i.e.,
salmonids and channel catfish) require com-
plete manufactured feeds that contain com-
plete vitamin packs, essential amino acids,
and high protein content because they do not
receive nutrients from their culture environ-
ment. In contrast, other species (i.e., tilapia
or carp) feed extensively on water micro- and
macroflora from which they receive essential
nutrients. Quantity and quality of feed as well
as feeding schedules are dictated by the fish
species and age/size of the fish. The type of en-
vironment, whether it is a static water pond
or flowing raceway, must be considered in the
type of feeding program.

The type of pathogen is dependent on all
previously discussed factors in the fish health
status matrix. Within a specific pathogen, there
may be virulent or avirulent strains. While
many pathogens are not host specific, oth-
ers are either host specific or fish group (i.e.,
salmonids, ictalurids, etc.) specific. Whether or
not a particular pathogen is present in an en-
vironment may depend on whether it is an ob-
ligate or nonobligate (facultative) pathogen.
All fish viruses are obligate pathogens, while
bacteria and parasites may be either obligate
or nonobligate pathogens. Whether or not a
pathogen causes an overt disease is often dic-
tated by the host, husbandry practice, envi-
ronmental quality, nutritional status, and the
physiological status of the fish.
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