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Discases have been known 1o occur
among fishes from times immemorial.
However, scientific quest to understand
the causes of discases among fishes, and
attempts to control them gained strength
only during the last two-thirds of 20" cen-
tury. Efforts to cure fish discases require
a somewhat different approach compared
to measures adopted to combat or deal
with discases among terrestrial animals.
The reasonis that live aquatic animals
live tn an entirely different environment.
Factars of the environment such as wa-
ter temperature, pH, dissolved gasces, and
others come into play in the state of pro-
liferation of discase causing organisms
and their influence in causing discase
among fishes,

Broadly stated, the incidence of dis-
r2zo iz tave different causes such as
nutritional disorders, genetic disorders,
physical injuries, co-existing organisms
{(agents) and negative effects due to non-
living entities such as critical intensitics
of abiotic environmental factors and natu-
ral or man-made pollutants, including poi-
sonous substances.

Whenever conducive environmental
limits are crossed and excessive alteration
in these limits take place physiological
and biochemical changes occur within
the fish, which are often beyond their
ability to survive. The fish are either killed
as a dircect result of the physical alter-
ation, or their systems are damaged to
the point where they become vulnerable
to other discases.

The most common diseascs of fishes
related to physical factors are associated
with osmotic pressure, environmental
temperature, hydrogen ion concentration
(pHiand dissolved atr. These factors are
often disregarded as causes of discases
in fishes. But when thesc factors move
beyond critical limits, the effects can be

as devastating to a fish population.

Osmotic pressure : The osmotic pres-
sure of pure water exerts a force on living
cells equal to one atmosphere. When a
living cell s in a quality water environ-
ment, there is a higher osmotic pressure
side the cell than outside. The semi-
permeable celt membrane may allow some
substances within the cell to diffusc out,
but the greatest effect is in respect of
diffusion of water into the cell to equal-
ize osmotic pressures. The result is a
flooding of the cell, often until it brusts.

Subjecting the fish to exiernal osmotic
pressures which may happen to be lower
than the osmotic pressure of the entire
fish tends to diftusc out substances from
within its bodyv cells.

The quality of a water in which fishes
live in nature or the water in which they
are placed to live must have such an os-
motic pressure that enables the mainte-
nance of a relatively narrow range of os-
motic pressure in the cell structure of the
fishes 50 as to maintain the cellular water
and salt there in a manner that would pre-
vent cells from collapsing. Another im-
portant factor relating to osmotic pres-
sure and fish survival involves ova. Eggs
released by female freshwater fishes are
flaccid and must absorb water (water
hardening). LCggs of freshwater fishes
subjected to water with a relatively high
salinity cannot absorb water against the
relatively high osmotic pressure within
the egg and therefore die from the effect.

Diagnosis of adverse cffects of os-
motic pressure on fishes is difficult.
Freshwater fishes subjected to high sa-
linity concentrations becom: lethargic,
scek the shore arcas of ine pond or may
even attempt to leave the water. Analy-
sis of water for total dissolved solids,
salinity ctc., may indicate ranges toler-

ated by the fish species involved.

Temperature : Each fish species has
an inherent temperature range within
which it cap survive, grow and reproduce.
Natural water which supports fish life
generally has a range of temperature simi-
lar to requirements of the fish species liv-
ing there. Changes in environmental tem-
peratures beyond the normal survival
range of fishes may causc thermal trauma.
Disorders in fishes arising from thermal
trauma include cffects on the cardio-vas-
cular system, the ncrvous system,
changes in colloidal statc of proteins and
reduction or cessation of enzymatic ac-
tivities. Thermal trauma may result in
permanent impairment of body functions
or health.

The tolerance of fish to changes in
temperature is variable. [t depends not
only on the environment in which they
have been living but also on the rapidity
of the change. The duration of tempcra-
ture extremes prevailing in their environ-
ment is also important. During embry-
onic development, marked temperature
fluctuations from the optimem could lead
to abnormalitics (malformations of the
fins, gill covers and scales, anomalics in
the vertebral column etc ).

The process of thermal adaptation is
largely an enzyme - mediated mechanism.
Adaptation to cold condition is mani-
fested in the biosynthesis of new vari-
ants of enzyme proteins, glycogen and
fats, which are better suited for catalysis
at low temperatures. Monrtality due to
lethal conditions of heat and cold i1s re-
lated to the inactivation of the enzymes.

The visible effects associated with
insufficient adaptation are various. Very
high temperatures affect the fish, espe-
cially when the oxygen concentrations

are inadequate. Under such conditions, @D
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fishes often refuse to accept feed and
may be casily prascto intestinal inflam-
mation. If the adaptive capacity is
strained, death ocewrs, often in conjunc-
tion with convulsve movements, dark
colouration and spread out gills.

Cold shocks teimg about disturbances
in fish cquilibrive damage to the skin,
cdema., and haciehvsis. Sudden drop of
emperature maylad to low temperature
rigor and after fow hours. to death. duc
to paralysis of the respiratory centres:

Diagnosis of germal trauma in fishes
is difficult. 1t mustbe made primarily on
records of watergmperature to which the
fishes have beensubjected.

Importance of Oxygen (Stress
duc to oxyeem deficiency and
excess carbon dioxide)

Oxygen: Oxygeadeficiency oceurs due
to various detemorating phenomena
caused by the dhemical and biological
activities. The ability to fully utibise the
oxygen supplicd by the blood depends
an its concentramon in the water. Under
favourable concﬁms:cwrinids can fully
utilize about 6872 of the oxygen supply
but only 20 - 3¥% under unfavourable
circumstances. Asudden fallin the oxy-
gen content always acts as a siress. Ac-
climatization tasome cxtent can occur
when there is agradual decreasc.

During condstions of unfavoutauic
oxygen supply fish shows signs of : a)
More or less imereased intensity of res-
piratior:, b) Coasiderably enhanced ab-
sorption of oxsgen from water, ¢) More
or less highly disturbed functioning of
organs, d) Comsiderable reduction in
food intake, ¢)Decline in weight, and f)
More or less peor state of health.

Furthermare, when there is a defi-
ciency of oxygem, the functioning of the
defence mechmism suffers and it is no
longer maintaimed at the optimum level.
The possibility of parasitc infection in-
creases, espeaally since these mostly
reside in the bady cavity and are there-
fore adapted to an environment poor in
oxygen. Alsothe number of erythrocytes
rises at first amd drops thereafter. The

content of plasma proteins and the abil-
ity to form antibodics also decreascs.

When oxygen content becomes criti-
cally low, fish might display a behaviour
referred to as ‘floating”. They rise to the
upper water layers and break the surface
with their heads. with the mouth gasp-
ing. Permanent deformity of the buccal
region may result due to frequent float-
ing. a result of overstretching and hy-
pertrophy of the maxitlary skin folds as-
sociated with spasmodic gasping.

Carbon-dioxide: Carbon-dioxide can
act as a limiting factor during transport
and in maintaining fish in closed systems
with recycled freshwater for intensive fish
production. The sensitivity of different
species of fish to a rise in the CO, con-
tent is variable. 11 however. the fish arc
active, what happens will be that, as the
CQ, concentration increases, the meta-
holic rate declines. 1.c., Oxygen consump-
ton goces down. Since CO, decreases
the affinity of blood for oxyécn and re-
duces its O, carrying capacity, an m-
creased CO; content of water raises the
asphyxiation threshold of the fish.

Gas-bubble Disease

Abnormally high oxygen content may
be detrimental to fish health. It is sus-
pected of causing “bubble discase™.
(Mixing of atmospheric air and water un-
der pressure inCreascs solubility of all
gases. Sudden reledse of pressure on the
water - gas mixture allows the gases 1o
gradually escape back to the atmosphere
until the pressure and gas solubility arc
cqualized. Fish living in water during the
period of dissolved gas pressurc equal-
ization may develop gas bubble diseasc.)

A sudden reduction of the gas pres-
sure in water is generally the cause of
gas-bubblc discase. This situation origi-
nates not only as a result of supersatura-
tion of oxygen but also of nitrogen in the
water and the subscquent decrease in the
pressurc. Since the blood of the fish is
still at higher pressnre because it is nearly
saturated with gas, supersaturation oc-
curs when there is a rapid drop in the gas
pressure in water. If the gas tension in
the blood of the fish “: significantly

higher than in the water, there follows
the escape of gas in the form of bubbles.
The chemical composition of the gas
bubbles formed largely rescmbles that of
atmospheric air.

The most important physiological ef-
fect of the gas bubble discasc is that the
fish attacked by this discase constantly
keep moving restlessly on the surface of
the water. Bubbles of air form around the
mouth margins. on and the fin bases and
in the walls of the alimentary canal. A -
fected fry swim i the head-down posi-
tion. In scvere cases the skin may peel.
causing hacmorrhages. (If numcrous
bubbles have appeared. fish rapidly be-
comes apathetic and die when the blood
vessels are blocked by the gas bubbles
(gas emboly).

Nitrogen content above 139% air
saturation produces another form of gas
bubble discase. Dissolved nitrogen 15
absorbed during normal respiration and.
upon reaching a critical blood fevel. be-
comes dissociated and forms bubbles.
the presence of which can be fatal. Gas
bubbles form within the tissues and mn
the orbits. The eveballs protrude. some-
times giving the first indication of bubble
discasc.

Another form of bubble discase re-
sults from the accumulation of gas
bubbles in the intestine. Excessive ap-
plication of unfermented fertilizers leads
to gas bubblc formation in the water. In
the nearly anacrobic watcr at the pond
bottom, these fertilizers undergo partial
decomposition and release small bubbles
of acetylenc and sulphur dioxide. Fish
try to ingest the bubbles mistaking them
for small planktonic organisms. A com-
paratively large gas bubble forms in the
intestine and upsets equilibrium, forcing
the fish to the surface of the pond and
preventing normal swimming movements.
The way to prevent this type of bubbl¢
discase is to avoid use of unfernmentec
fertilizers. When fish begin to show
signs of the discase, addition of fresh
water is the best control. Gas-bubble dis
ease can also be prevented by avoiding
sudden difference of gas tension. On
must proceed very carefully when sup
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plying pure oxygeam fish transport. The
fishes should be inmediately transferred
afler reaching the destination, to water
with the gas presswe a'ways remaining
more or less unifonm.

White spet discase

White spot disease (Not to be con-
fused with White Spot Syndrome Virus
that infects shrimps) is also known as
yolk coagulation dsease and has so far
been observed exclusively in salmonids
and particularly embryvos of the cyed
stage and in larvae with yolk sacs.

The external signs of the discase are
the appearance of small white spots in the
volk sacs. Thev are coagulated proteins.
This is due to abnormal physiological pro-
cesses cauxed by various unfavourable
environmental conditions (possibly the
temperature and oxyeen concentration
have arole o play) {Steffens, 1964). The
control of this discase is possible by pro-
viding optimum physico-chemical con-
ditions during rcarmng.

Stress due to variations in pli
values (Acidosis and Alkalosis)

Most tish speaes find neatral or
shightly alkaline water (pl 6.5 - 8) to be the
optimum for hiving. Marked shifis to the
acid (pH < 0.0) or atkafine range (pH > 8.5)
bring about severe cffects, mostly irrevers-
iblc and leading to death if long acting.

Acidosis: The reasons for water being
or becomuny acidic can be because of natu-
ral causes. but this can also be brought
about by the envirenmental pollution.
Fishes in water witha low pH may show
signs of acidaemia; a brown coating on
the gills caused by coagulative necrosis
of the living tissues {produced by dena-
turation of protein by acid). A copious
quantity of mucus isproduced. Second-
ary infections are common (fungal attack.
scvere attack by Cestia and other skin
pa'rasitcs). As the discase progresses.
the skin assumes a muddy appearance
and <heds favers of thick mucus, occa-
stonaily reddening, especially on the ab-
domen. To avoid this disease, correct
pH levels must be mamntained.

Alkalosis: Redness. “cating awav™ of

the gills and fraying of the fins are the
symptoms of alkalosis i.e., disease
caused by excessive alkalinity. Scverely
damaged fishes die.

Yolk Sac Dropsy

Yolk sac Dropsy. also designated the
blue sac discase, is widespread among
the salmonid larvac. This distase is typi-
cal for trout and salmon, but also occurs
among hatchlings of other freshwater
species of fish, who have arelatively large
volk sac. i

The causes of yolk sac dropsy can
be diverse, but in most cases, they com-
prise environmental stress. Dicterich
(1938). ascribed the principal causes to
the progeny of weak and late spawners.
There is also a view that volk sac dropsy
could occur mainly as a result of the ac-
cumulation of the products of metabao-
hism in the hatchery waters. The longer
the eggs remain under unfavourable con-
ditions of higher concentrations of am-
monia and urca, the morc frequent is the
incidence of the discase. This is often
obscrved particularly after cggs are
packed in small containers.

The external sign of the discasc is a
marked distension of the yolk sac due to
the content of bluish fluid between the
yolk, gut and the liver on one hand and
the membrane of the yolk sac on the other.
The initial signs of volk sac dropsy can
appcear even at the ime of hatching. The
accumulation of fluid can first be ob-
served in the region of the heart and at
the posterior tip of the yolk sac. The
inttial sign becomes clear, in most cases,
on the fourth day after hatching. The
affected larvae are generally restless. The
yolk sac 1s gencrally less transparent than
that of normal larvae.

The control of yolk sac dropsy must
be oriented towards preventing its initial
cause. Care should be taken mainly about
clecanliness. pH value shouid not rise
beyond 7.5. If the water is repcatedly
utilized in a closed recirculation system
during hatching, .1lters must be intro-
duced, in which the products of metabo-
lism, dissolved in water are oxidised and

hence are rendered harmless.

Effect and Damage due to
Electricity

Electrical fishing has become an es-
tablished component of the fishing gear
operation in the industry in several coun-
tries. Devices for clectrical fishing with
which it is possible to kill fish quickly
and painlessly, have aroused much in-
terest, especially since it is known that,
assoicated with this, there is an improve-
ment in the storage of catch and mainte-
nance ot fish quality. The electric current
when employed for short period of action,
leads neither to killing nor permanent dam-
age to fish or fish larvac. tf the fish come
into direct contact with the trapping elec-
trodes for a long time. severe damage can
occur. There is appearance of dark stripes
running verucally over the body caused
by blood clot spots under the skin, which
arise from the rupture of blood vessels as
aresultof cramped bedy movements. The
cramps can give risce to vertebral injuries,
displacements of vertebra and ruptures.
Sometimes, m aquaria, when water is ¢lec-
trically heated. such defects can occur.

Stress due to light and
Radioactivity

Some species of fish (salmonids) are
very sensitive to light during the devel-
opment of the cggs and larvae. The
longer and more intensive the light, the
higher the damages and lpsses. Tae
cmbryos during the developing phase
before the eyed stage are most sensitive,
Premature hatching of salmon eggs under
the acuon of light results in increased
mortality of eggs and larvace, retardation
of ‘evelopment, severe liver damage. and
malformations of the vertcbral column.
The larvac easily become exhausted
(Leitritz, 1947). Young fish exposed 1o
bright sunlight, may show symptoms of
sunburn, loss ¢f cauilibrium, necrotic
spots behind head and dorsal fins as well
as darkening.

Under certati conditions fish are ex-
posed to the danger of radioactive irra-
diation as a result of radioactive atmo-
spheric precipitation or from radioactive
contamination of waters caused by

G
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atomic power stations. The effects of
irradiations are - low hatching rate, de-
layed and anomalous body development
of fry, partial or complete sterility of fish
and increased mortality.

Poisoning

Modecrn civilization is capable of
bringing about the most complex kinds
of environmental changes. The releasc
of substances. forcign to nature, has in-
creased greatly during the on-going in-
dustrial age. Various substances enters
ing the waters may produce alterations
in survivability of aquatic organismis re-
siding within such polluted environment,
because many are highly toxic. Thus,
fishes are in the unenviable position of
being withina constantly changing cco-
system which may at somc time either
alter their physiology or biochemistry or
induce changes in their bodics resulting
in increased susceptibility to other dis-
case causing agents.

Poisons are substances with special
mechanisms of action which have harm-
£.1 ~ffacse ap Qrganisms, cven in small
quantities. Somc actas medicines in small
doses but become poisonous in larger
quantitics. Fora poisonous substance.
concentration, duration of action, possi-
bility of excretion by the fish, nature and
condition of the fish arc important. The
poisonous action can be irreparable. The
abiiity tu recover depends on the con-
centration of the poison and its duration
of action. The poisons infiltrate cither
through the gills, skin, injuries or the ali-
mentary canal. Nature of action of the
poison on the body may be -

1. Local effects (corrosive poisons and
superficial effects of ions and salts.
Eg., acids, alkalis)

2. Resorptive effects (Symptoms of ail-
ments after the poison is absorbed in
the blood).

Types of poisons : a) Blood poisons,
which modify blood pigments and inter-
fere with oxygen exchange. Viz. hydro-
cyanic acid; b)
primarily acton the nervous system and
cause cramps viz.. NH,, DDT or
herbicides;hnd ¢) Cardiac poisons,

Nerve poisons, which

which act on the functioning of heart
viz., Alkaloids ctc.

The following symptoms can be ob-
served during the course of fish poison-
ing : 1) Changes in position. (Lecaning
sideward, lying laterally, upside down
position): i) Abnormal movements (Re-
maining or lying still, whirling, increased
or decreased respiratory frequency): iii)
Effects on nervous system (Narcosis,

cramps. over or under sensitivity 1o

touch.): and 1v) Body changes.
[Discolouralion of the skin, fins, gills, sc-
cretion of slime, changes in blood
(hacmolysis) secondary parasite attack.]

Gill Necrosis (GN)

GN is a non-contagious ailment
caused by cnvironmental stress. [U1s
brought about by an anti-ion toxication
(self poisoning) of intoxication due to
Anmonia, as a result of increased pH val-
ues or unionised ammonia concentra-
tions of the water.

Heavy Metal Poisoning

The visible effects of poisoning by
metal ions in fishis characterised by rest-
lessness, increased or markedly de-
creased frequency of opercular beatings.
secretion of shme, reduced sensitivity 1o
stimulation, cxhaustion, lateral disposi-
tion, and dcath due t0 asphyxiation. 1f
lateral disposition has set in, it.is gener-
ally no longer possible for fish to recover
even if it is transferred to freshwater
(Liobmann, 1960). The toxicity of the salts
of heavy metals to fish is intensifiecd by a
drop in the oxygen content of water.

Zinc ions are fairly to highly poison-
ous {0 aquatic organisms. Zinc impairs the
growth and survival rate. Fish culturists
must be wamed against using galavanized
transport containers with no protective
coating, as zinc may leach out in quanti-
ties, iethal to sensitive fish fry in them.

High concentrations of iron salts can
be deadly to fishin low pH values. When
fish or their eggs are keptin such watcr, a
thick layer of brown ferric oxide can form
on the gills or on the surface of the eggs.
Thereby, the absorption of oxygen is
suppressed and at the same time, irita-

tion, reddening and superficial corrosion
of the epithelium, may be caused espe-
cially due to the fact that secondary iron
bacteria colonize (Leptothrix spp.). This
can be prevented by liming and aerating
the water.
Algae

Algal colonies can form surface or
hair like matted filaments suspended in
water. An overabundance of algae might
resultin clogging of gills and scrious res-
piration difficultics, and may lead to dis-
tress and cven death, However, more im-
portantand apparently more common are
“algal toxicosis’ and ‘disturbance of the
oxygen content’, both resulting from the
metabolic products produccd by massive
algal blooms.

Conclusion

The environment of fish is virtually
synonymous with water. Everything that
effects water has a profound impact o
the fish, determining its general well be-
ing and existence. If the water quality is
altered beyond acceptable limits, itmay
predispose or actually cause fish mortal-
ity. So,anall round cffort has to be made
by fish culturists 10 maintain a healthy
aquatic environment for ensuring ad-
cquate health conditions for the cultured
fish species.
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