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Control of Fish Diseases

ABSTRACT - Severity of outbreaks of communicable diseases of fishes is
influenced by environmental conditions. Therefore, beneficial results of
chemotherapy depend on the specific action of drugs and the maintenance of
conditions favorable to the treated fishes. This paper deals mainly with the
therapeutic control of fish diseases.

'Reference to trade names does not imply en­
dorsement by the National Marine Fisheries Ser­
vice, NOAA.
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by the age of fishes and water tempera­
ture (Halver, 1972). Therefore, it is
often difficult to prepare a diet with just
a single concentration of the drug.

Drugs Commonly Used

Drugs which are poorly soluble in
water but easily absorbed from the
lumen of the intestines are preferable.
In case of intestinal parasites, drugs are
selected which act in the gut. Many of
the drugs used in control of diseases of
fishes are the same ones used for hu­
mans and domestic animals. Recently,
Japanese and German manufacturers
released nitrofurans for fishes. They are
soluble in water and can be used as
baths or mixed with feeds. The
Japanese drug is ni-furpirinol
(Furanace 1 ) (Anonymous, n.d.;
Amend and Ross, 1970). The German
product is nifurprazine which is sold in
Germany as Carofur (Duefel, 1970;
Shiraki et aI., 1970) and is also licensed
for production in Japan as Aivet. These
nitrofurans are excellent in systematic
infections caused by Aeromonas punc­
tata and related forms, and by Vibrio
anguillarum , and for columnaris dis­
ease, gill disease, and others. They are
added to water in concentrations from
0.05 to I ppm depending on the dura­
tion of treatment. These drugs can be
used orally with feed. They are quickly
eliminated from the tissues leaving no
detectable residues within 2 days.
Among the older nitrofurans, furazoli­
done (Furoxone) is effective in oral
administration. Among antibiotics
most often used are oxytetracycline
(Terramycin), chloramphenicol (Chlor­
omyceti n), and chlortetracycline
(Aureomycin) (Herman, 1970). The
latter is used chiefly as a bath for
aquarium fishes.

Among the most often used sul­
fonamides are sulfamerazine, sul­
famethazine, and sulfisoxazole (Her­
man, 1970). Only sulfamerazine and
Terramycin are now cleared by the
Food and Drug Administration (FDA)
for control of certain diseases of fishes.

H + P + S2 = D

where: H = species and strain of the
host, its age, and inher­
ited susceptibility to any
particular disease;

P = the agent causing the
disease with all its var­
iability;

S = stress of the environ­
ment; and

D = the disease which results
if the components on the
left side of the equation
are in proper qualitative
and quantitative rela­
tionship.

In this equation, the square of S is used
because the stress caused by the envi­
ronment increases in geometrical pro­
gression when the conditions are ap­
proaching the limits of tolerance by the
host.

Administration of Drugs

Drugs are administered to fishes in a
number of ways (Herman, 1970) (Table
I). In external parasitic infestations,
drugs can be added to water for differ­
ent lengths of time. Some antibiotics
are injected intraperitoneally. For oral
administration, drugs may be mixed
with feed. This method is complicated
by the fact that the rate of feeding is
cal culated as a percentage of fish
weight. This percentage varies with dif­
ferent fishes and is strongly influenced

presented by the use of sets and subsets
(Kemeny et aI., 1957) as is done in
regard to fishes by Snieszko (1973,
1974) and Wedemeyer (1974), and in
regard to dental caries by Sherp ( 1971).
It can also be presented in the form of an
algebraic equation:

It is generally accepted that all out­
breaks of a communicable disease are
the result of interaction between the
host, the pathogen, and the environ­
ment. This is particularly true in regard
to fishes, which are coldblooded and
utilize oxygen dissolved in water. The
environment of the open sea is very
stable, but in the inland waters and in
fish farms extreme water temperatures,
low dissolved oxygen contents, pre­
sence of fish catabolic products, and
general pollution often produce stresses
which contribute to outbreaks of infec­
tious diseases. According to Seleye
(1955), Pasteur, who established the
role of microbial pathogens in diseases,
allegedly said, "Le microbe n'est rien,
Ie terrain est tout" (the microbe is noth­
ing; the environment is everything).

TREATMENT AND CONTROL
OF FISH DISEASES

RELATIONSHIP OF HOST,
PATHOGEN,AND
ENVIRONMENT

The practical fish culturist expects
the fish disease specialist to provide
ironclad remedies which will work
under all circumstances (Snieszko,
1975; Fryer, 1978). This is not possible
because a drug is just a crutch which is
used to help the host survive the infec­
tion until the pathogen is subdued and
the environment improved. The out­
come of treatment depends on the sus­
ceptibility of the host to any particular
disease, the species, number and viru­
lence of the pathogen, and the degree
and duration of stress caused by im­
proper environment (Endo et aI.,
1973). (See also section on Selected
References. )

This relationship can be graphically
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Table 1.-Chemlcals used most frequently for control of Infectious diseases of fishes.

Chemical agent

Acetic acid. glacial

Acinitrazole
(2-Acetamido-5-nitrothiazole)

Acriflavine
(Trypaflavine)

Alvet
(soluble powder contains 6.6% Nifur­
prazine HCI (same as Carofur))

Aureomycin
Betadine

(Iodophor containing 1.0% of iodine)
Bithionol

(2.2'-Thiobis) (4.&-dichlorophenol)
(a French product also known as
Cog/a)

Brilli ant green
(same as Malachite green G sUlfate)

Bromex
(Dibfom, Naled; a peslicide)

Buffodine

Butyl tin oxide
(di-n-butyl tin oxide)

Calcium cyanamide

Calcium oxide
(quicklime)

Carbarsone oxide

Carofur
(a product containing 6.66% of
N~urprazine HC!.

Chloramine-I

Chloramphenicol
(Chloromycetin)

Chlorophos
Chlortetracycline

(Aureomycin)

Ciodrin
(Shell Petroleum product; a pesticide
similar to Dipterex, Dylox, Masoten).

Cogla
(D'N Cogla)

Concurat
(2,3,5,6 tetrahydro-6-phenylimidazo)
(2, l-b) thiazolhydrochloride)

Copper sullate
(Bfue stone)
CuSO, anhydrous
CuSO, 5H,o crystalline

Cutrine
(chelated copper compound)

Cyzine
(Enheptin-A)

Detrapan
(in use in France)

Devermin

Diibutylin dilaurate
(Butynorate, Tinostat)

Dimaton
Dimetridazole
Dipterex
Diquat

(patented herbicide, Ortho Co. con­
tains 35.3% of active compound)

Dylox
(Dipterex, Neguvon, Chlorophos, Tri·
chlorlon, Foschlor, Masolen)

Enheptin
(2-Amino-5-nitrothiazole)
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Method of administration

Dilute in water:
1:500 for 30-60 seconds (dip)
1:2,000 (500 ppm) as balh tor 30 minutes

Used for Hexamitiasis in Norway. 40 mglkg
feed for 4 days

5-10 ppm added to water from several hours
10 several days

See Nifurprazine

See Chlortetracycline
See lodophors

Orally 0.2 glkg of fish or 2% in lood. Feed
for 2-3 days. For Acanthocephala and oral
prophylaxis against Saprolegnia.

See Malachite green

O. t 2 ppm added to (pond) water for indef­
initetime.

See lodophors
Buffodine is a neutral formulation of an
iodophor giving nearly neutral solutions
in water.

25 mglkg body weight per day with food for
3 days.

Distributed on the bol1om and banks 01
drained but wet ponds at a rate of 200
g/m'.

Distributed on the bol1om and banks of
drained but wet ponds at a rate of 200
glm'.

Mixed with food at a rale of 0.2%. Feed
for 3 days.

See Nifurprazine

In water with pH 7.5-8.0, 18-20 ppm. Change
50% of water once each week if water
temperature 10'C or below. AI 25·C,
one treatment for 2-3 days.

1. Orally with food 50-75 mglkg body weight
per day for 5- 10 days.

2. Single intraperitoneal injection soluble
form 10·30 mgikg.

3. Added 10 water 10-50 ppm for indefinite
time as needed.

See Dylox
10-20 ppm in water. In eel diseases in

Japan it is added to feed at a rate of
10-20 mg/kg of tood.

For control of Lemea in Japanese eel
culture.

See Bithionol

Broad spectrum anthelminthic

Fo< a 1 minute dip: t :2,000 (500 ppm); in
hard water add 1 ml glacial acetic acid
lIiter.

0.25-2 ppm to ponds. Quantity depends on
hardness of water. Hard water requires
more.

Aquatic herbicide as copper sulphate but
not affected by hardness 01 water, and
somewhat less toxic to fish.

20 ppm in feed tor 3 days for Hexamita

Systemic antifungal drug, for fish after
spawning; 0.25 mllkg intramuscularly used
twice every 48 hours

0.1 glkg of fish orally w~h food for con­
trol of Cestoda.

250 mglkg of fish orally or 0.3% in food

See Suifamonomethoxine
0.15% mixed with food for 3 days
See Dylox
1-2 ppm of Diquat cation, or 8.4 ppm as

purchased added to water. Treatment for
30-60 minutes. Activity much reduced in
turbid water.

0.25 ppm to water in aquaria and 0.25-1.0
ppm in ponds for indefinite period

0.2"10 in food for 3 days lor Hexamita

Chemical agenl

Formalin
(37% by weight of formaldehyde in
water. Usually contains 12·15%
methanol)

Formalin with
Malachite green

Fosfomicina
(a Spanish antibiotic; C,H,o,P)

Furanace (P-7138)
(Ni-lurpirinol); (6·hydroxymelhyl-2­
pyridine)

Furazolidone
(Furoxone N.F. 180 N.F. 180 Hess &
Clark commerical products contain
furazolidone mixed with inert mater­
ials)

Furoxone
Furpyridinol

(produc! containing t 0% Furanace)
Hyamine

(Rohm & Hass Co., quaternary ammon­
ium germicide available as crystals
or as 50'% solution)

Iodine

lodophors
(Betadine. Wescodyne. Bridine, etc.)

Kamala

Kanamycin
(antibiotic also traded as Cantrex,
Kamycin, Resistomycin)

Malachite green

Malachite green with Formalin
Masoten
Mefarol

(probably similar to Hyamine)
Methylene blue
Metronidazole

(l-beta (hydroxyethyl)-2-methyl-5-ni­
troimidazole)

Nalidixic acid
(l-ethyl-l ,4-dihydro-7-methyl-4-oxo­
1,B-naphthyridine-3-carboxytic acid)
NegGram; Wintomylon.

Neguvon
Ni-furpirinol
Nifurprazine (HB-115)

(Nitrofuran, unstable in prolonged
exposure to sunlight. 1-(5 nitro-2-furyl)
-2-(6-amino-3·pyridazyl) ethylene·
hydrochloride) (Carofur and Aive!
are water soluble formulations.)

Nitrofurazone
(5-nitro-2-furaldehyde semicarbazone)

Oxolinic acid
(1-ethyl-l, dihydro-6. 7-methyl·
enedioxy-4-oxo-3-quinoline
carboxylic acid)

Oxytetracycline
(Terramycin)

Ozone

Potassium permanganate
KMnO,

Potentiated suifonamide
(Sulladimethoxine potentiated with
ormetoprim)

Method of administration

1:500 for t5-minule dip. 1:4,000·1:6,000
for 1 hour. 15-19 ppm to pond or aquarium
water for indefinite period.

In formulations of Formalin with malachite
green, Formalin is used at 15 to 25 ppm
and malachite green at 0.05 to 0.1 ppm.
For selleral hours in aquaria and for in­
definite period in ponds.

For Aeromanas infections in fishes

Used as bath but may be added to food. As
bath: t ppm for 5-10 minutes; 0.05·0.1
ppm may be added lor indefinite period
to water. Orally for Ireatment: 2-4 mgl kg
fish per day for 3- 5 days. Orally for
prophylaxis: 0.4-0.8 mgl fish per day
as long as needed.

On the basis of pure drug activity; 25-75
mglkg body weight per day up to 20 days
orally with food.

See Furazolidone
Added to water 0.3-10 ppm, as is, for 30­

60 minutes. Also see Furanace.
1.0-2.0 ppm (on basis of too"lo product) in

water far 1 hour.

In form of a Lugal solution or iodine for
control of gorter and possibly corynebac­
terial kidney disease.

Different commercially available iodophors
contain different concentration of io­
dine. To be used on a basis of pure io­
dine present in the product. Use 50-200
ppm iodine (usually 100 ppm) for disin·
fection of eggs for 10-15 minutes. Toxic
to hatched fish. Probably also assist in
control of some virus fish diseases.

Mixed with diet at a rate 01 2%. Feed to
starved fish for 3 days.

50 mglkg of fish or 25-100 mglkg of food.
Feed lor a week.

1:15,000 in water as a dip for 10-30 sec­
onds, 1-5 ppm in waler for 1 hour; 00.5 to
2.00 ppm in ponds or aquaria for indefinite
time.

See Formalin
See Dylox
1-2 ppm in water for 1 hour. Toxic in very

soft water: less effective in hard water.
1.0·3,0 ppm in water for 3-5 days.
4 mg/liter of water for 3·4 days for con·

trol of protozoan ectoparasites in orna·
mental fishes.

Similar in action to oxolinic acid. One
tablet per 50 to 100 liters of water for
treatment of 3-4 days duration. Infec­
tions with gram-negative bacteria.

See Dylox
See Furanace (P-7t38)
As balh: for indefinite period 0.01-0.1 ppm.

In food: 10 mglkg of food. Feeding for 3-6
days at a time.

See Furazolidone, Furoxone

For control of Aeromonas infections. Orally
3 mgikg fish once daily for 5 days. As
bath; 1 ppm for 24 hours for coIumnaris
disease,

50-75 mglkg body Weight per day for 10 days
with food. (Law requires that it must be
discontinued for 21 days before fish are
killed for human consumption.)

Is being investigated as remedy for exter­
nal infection and for decontamination
of water.

1: 1,000 (1,000 ppm) for a 10-40 second dip.
10 ppm up to 30 minutes, 3-5 ppm added
to aquarium or pond water for indefinite
time.

For control ollurunculosis and other sys­
temalic infections. Used w~h feed 50 mg
Ikg fish per day.

Table 1 continued on next page.



Chemical agent Method of administration

Teble 1 continued.

Chemical agent Method of administration

Povidone-Iodi ne
(PVP-l)

Quinine hydrochloride or Quinine
sulfate

Roccal
(Sold as 10·50% solution of Benzal­
konium chloride. Quaternary ammonia
germicide-also see Hyamine)

Sodium chloride
(lable salf. iodized or nOI)

Sulladimethoxine sodium
(in Japan available as 10% powder)

Sulfamerazine

See lodophors

10·15 ppm in waler for indefinite time

1-2 ppm ,n water lor 1 hour. Toxic in soft
water: less effective and less toxic in
hard water.

1·3% in water for 30 minutes 10 2 hours
only lor freshwater lishes.

100-200 mg calculaled as pure drug per
kilogram of food

200 mglkg body weight per day with food

Sulfamerazine (con!.)

Sulfamonomethoxine
(trade name Dimeton: water soluble)

Sulfisoxazole
(Gantrisin)

Terramycin
Tetrafinol

Tin oxide, di·n-butyl
Wescodyne

(Iodophor containing 1.6% of iodine)

for 14 days. (Law requires that treatment
must be slopped tor 21 days before fishes
are killed for human consumption.)

With feed as is at a rafe of 100·200 mglkg
of feed. Use as needed.

200 mglkg body weight per day with food

See Oxytetracycline
For control of intestinal hefminths: used

with feed.
See Butyl lin oxide
Use as explained under lodophors

Chemoprophylaxis
With fishes, drugs are used for pre­

vention (chemoprophylaxis) and treat­
ment (chemotherapy). Chemopro­
phylaxis is very effective, particularly
if applied when an outbreak of a par­
ticular disease is anticipated. Outbreaks
of diseases in fish farms are greatly af­
fected by environmental stress, and
chemoprophylaxis is very effective
provided the stress factor is removed
before the treatment ends.

In some chronic diseases, such as
corynebacterial kidney disease, timely
use of chemoprophylaxis with sul­
fonamides may prevent, or reduce, los­
ses very significantly. In endemic
areas, fish should receive sulfa­
methazine or sulfamerazine with feed at
a rate of about 4 g/IOO kg fish per day.
This treatment may be repeated daily,
given several days in a week, or re­
peated periodically. Usually, such
treatment is continued for months
(Herman, 1970).

The danger of chemotherapy is in
developing strains of bacteria which are
resistant or contain the transferable re­
sistance factor "R". Microorganisms
isolated from imported ornamental
fishes often contain a wide spectrum of
transferable resistance factors (Grat­
zek, 1978). There is indirect evidence
showing that these fish were treated
with various drugs.

Prophylaxis is now applied for re­
moval of pathogens which may be pre­
sent on the surface of fish eggs. Various
chemicals were used for this purpose,
but recently these have been replaced by
iodophors, complexes of iodine and or­
ganic chemicals. Eyed eggs are usually
treated with iodophors by immersion
for 15 minutes in water buffered to
about pH 7.0-8.0 and containing about
100 ppm of elemental iodine present in
the iodophor. It has been shown that
iodophors are not only effective in con-
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trol of external bacteria, but also in viral
contamination (Amend and Pietsch,
1972; Nelson, 1974a).

Prophylaxis is very important in pro­
tecting incubating fish eggs from the
fungus Saprolegnia. One of the most
reliable and most widely used methods
of control is the exposure of eggs (at I­
to several-day intervals) to a bath con­
taining 2-5 ppm of malachite green
(Nelson, 1974b).

Parasite Control

There is a wide selection oftherapeu­
tic agents for the control of external and
intestinal parasites of fishes (Hoffman
and Meyer, 1974). However, there are
no treatments for systemic parasites.
The intradermal parasites such as
Ichthyophthirius and Cryptocaryon are
very bothersome. Only their free­
swimming stage is amenable to drugs.
It is difficult to reach the disease­
causing stage of these parasites which
are buried in the skin. Observations in­
cidental to research on potentiated sul­
fonamides (Bullock et aI., 1974;
McCarthy et aI., 1974) have shown that
the potentiator ormetoprim accumu­
lates in the skin of fishes. It would be
interesting to find out if it has any effect
on the intradermal form of these para­
sites.

Early Diagnosis Important
in Treatment

Chemotherapy and other treatment
methods have recently been reviewed
by Herman (1970) and Hoffman and
Meyer (1974). Therefore, I will make
only general comments here. To be ef­
fective, chemotherapy must be prompt
and directed toward the specific patho­
gen. Therefore, correct diagnosis is of
utmost importance. When diagnosis
must be delayed for a day or two, it is
desirable to make a tentative diagnosis
immediately and start treatment be-

cause any delay may increase losses
considerably. The selection of the drug
may have to be modified when the final
diagnosis is made and the drug's sus­
ceptibility to the pathogen is deter­
mined.

Effectiveness of Chemotherapy

In the evaluation of the effectiveness
of chemotherapy, counts of mortalities
are important. One must remember that
reduction of mortalities may not be real
but only apparent by additive counting
of losses. Whenever possible, mor­
talities should be expressed as mor­
talities per day ,or per period, and based
on the number of fish surviving at the
start of each period. This calculation is
only possible if a fairly accurate
number of fish is known before the dis­
ease breaks out and if accurate daily
counts of losses are made.

COST OF DISEASE CONTROL
OF PRIME IMPORTANCE

Realistically speaking, the monetary
value of losses caused by diseases is
limited. Therefore, the cost of disease
control cannot exceed the value of lost
fishes. It is well to keep this in mind
when developing methods for control
of fish diseases.

ACKNOWLEDGMENTS

The assistance of G. L. Hoffman and
Florence T. Wright is gratefully
acknowledged in the preparation of the
list of references.

SELECTED REFERENCES l

Amlacher, E. 1970. Textbook of fish diseases
(translated and updated by D. A. Conroy and
R. L. Herman). T.F.H. Pub!., Inc., Neptune
City, N.J., 302 p.

Anderson, D. P. 1974. Fish immunology. In S.

I Published since 1964 (list compiled January
1976). The assistance of G. L. Hoffman and
Florence T. Wright is gratefully acknowledged.

67



LITERATURE CITED

Sarig, S. 1971. The prevention and treatment of
diseases of warm water fishes under subtropical
conditions with emphasis on intenSIve fish
farming. In S. F. Snieszko and H. R. Axelrod
(editors), Diseases of fishes. Book 3. T.F.H.
Publ., Inc., Neptune City, N.J. 172 p.

Schubert, G. 1974. Cure and recognize aquarium
fish diseases. T.F.H. Pub!., Inc., Neptune
City, N.1. 128 p.

Sindermann, C.J. 1966. Diseases of marine
fishes. Repr. 1970 by T.F.H. Pub!., Inc., Nep­
tune City, N.J. 89 p.

Sindermann, C. J. 1970. Principal diseases of
marine fish and shellfish. Acad. Press, New
York. 369 p.

Sindermann, C. J. (editor). 1974. Diagnosis and
control of mariculture diseases in the United
States. Tech. Ser. 2. Natl. Oceanic Atmos.
Admin., U.S. Dep. Commer. 306 p.

Snieszko, S. F. (editor). 1970. A symposium on
diseases of fishes and shellfishes. Am. Fish.
Soc., Wash., D.C., Pub!. 5. 526 p.

Snieszko, S. F., R. F. Nigrelli, and K. Wolf.
1965. Viral diseases of poikilothermic vene­
brates. Ann. N.Y. Acad. Sci., N.Y. 680 p.

Vittoz, R. (chairman and editor). 1966. Second
symposium of the O.I.E. permanent commis­
sion for the study of diseases of fish. Off. Int.
Epizoot. Bull. 65(5-6):565-830 and 65(7­
8):987-1230 indexes p. 979-981,1435,1437.
Paris.

Vittoz, R. (chairman and editor). 1968. Third
symposium of the 0.1. E. commission for the
study of diseases in fish. Off. Int. Epizoot.
Bull. 69(7-8):969-1171 and 69(9-10):
1347-/755.

Wolf, K. 1966. The fish viruses. III Advances in
virus research. 12:36-10 I. Acad. Press. New
York.

Wood, J.W. 1968. Diseases of Pacific salmon,
their prevention and treatment. Hatchery divi­
sion, Wash. Dep. Fish .. Olympia.

F. Snieszko and H. R. Axelrod (editors), Dis­
eases of fishes. Book 4. T.F.H. PubI. , Inc.,
Neptune City, N.J. 239 p.

Bauer, O. N., V. A. Musselius, and Yu. A.
Strelkov. 1969. Diseases of pond fishes. Engl.
transl. 1973, U.S. Dep. Inter., Natl. Sci.
Found., Wash. D.C. 220 p.

Bullock, G. L. 1971. Identification of fish patho­
genic bacteria. In S. F. Snieszko and H. R.
Axelrod (editors), Diseases of fishes. Book
2B. T.F. H. Pub!., Inc., Neptune City, N.1. 41
p.

Bullock, G. L., D. A. Conroy, and S. F.
Snieszko. 1971. Bacterial diseases of fishes. In
S. F. Snieszko and H. R. Axelrod (editors),
Diseases of Fishes. Book 2A. T.F.H. Publ.,
Inc., Neptune City, N.J. 151 p.

Dill, W.A. (editor). 1973. Symposium on the
major communicable fish diseases in Europe
and their control. EIFAC Tech. Pap. 17,
Suppl. 2., Food Agric. Organ .. Rome. 255 p.

Dogiel, V. A., K. K. Petrushevski, and Yu_ I.
Polyanski (editors). 1966. Osnovnye problemy
parasitologii ryb (Parasitology of fishes.)
Leningrad Izd Leningradskogo Univ., 363 p.
TranI. repr. 1970 by T.F.H. Publ., Inc., Nep­
nine City, N.J., 384 p.

van Dujin, C. 1973. Diseases of fishes. Third ed.
Charles Thomas. Springfield, III. 372 p.

Elkan, E., and H. Reichenbach-Klinke. 1974.
Color atlas of the diseases of fishes, amphi­
bians and reptiles. Marsha Landolt (editor).
T.F.H. Pub!., Inc., Neptune City, N.J. 256 p.

Furukawa, A., and W. N. Shaw (Chairmen).
1975. Proceedings of the third U.S.-Japan
meeting on aquaculture at Tokyo, Japan, Oc­
tober 15-16,1974. Spec. Publ. Fish. Agency,
Jpn. Gov. and Jpn. Sea Reg. Fish. Res. Lab.,
124 p. [symposium deals with diseases of fishes
and shellfishes.]

Goldstein, R. 1971. Diseases of aquarium fishes.
T.F.H. Publ., Inc., Neptune City, N.J. 126 p.

Halver, J. E. 1972. Fish nutrition. Acad. Press,
New York, 713 p. [chapters on nutritional dis­
eases by S. F. Snieszko and L. M. Ashley.]

Hoffman, G. L. 1967. Parasites of North Ameri­
can freshwater fishes. Univ. Calif. Press, Ber­
keley. 486 p.

Hoffman, G. L., and F. P. Meyer. 1974. Para­
sites of freshwater fishes. T.F.H. Publ., Inc.,
Neptune City, N.J. 224 p.

Kabata, Z. 1970. Crustacea as enemies of fishes.
III S. F. Snieszko and H. R. Axelrod (editors),
Diseases of fishes. Book I. T. F. H. Publ., Inc.,
Neptune City, N.J. 171 p.

Kingsford, E. 1975. Treatment of exotic marine
fish diseases. Pet ref. Ser. I. Palmetto Publ.
Co., SI. Petersburg, Fla. 92 p.

Mawdesley-Thomas, L. E. (editor). 1972. Dis­
eases of fish. Symp. Zool. Soc. Lond., No. 30.
Acad. Press, Lond., New York, 380 p.

Reichenbach-Klinke, H., and E. Elkan. 1965.
The principal diseases of lower vertebrates.
Book I. Diseases of fishes. Acad. Press, Lond.
Repr. by T.F.H. Publ., Inc., Neptune City,
N.J. 600 p.

Reichenbach-Klinke, H. H., and M. Landolt.
1973. Reichenbach-Klinke's fish pathology.
T.F.H. Publ., Inc., Neptune City. N.J. 512 p.

Ribelin, W. E., and G. Migaki (editors). 1975.
The pathology of fishes. Univ. Wis. Press,
Madison. 1004 p.

Roberts, R. F., and C. J. Shepherd. 1975. Hand­
book of trout and salmon diseases. Fishing
News (Books) Ltd., West Byfleet, Surrey,
Engl. 168 p.

68

fects by whole body autobacteriography. Bull.
Jpn. Soc. Sci. Fish. 39(2); 173-177.

Fryer. J. L.. J. S. Rohovec, and R. L. Garrison.
1978. Immunization of salmonids for control
of vibriosis. In Novotny, A. 1., M. M. Sigel,
and S. Waterman (editors), Health, disease,
and disease prevention in cultured aquatic ani­
mals. Mar. Fish. Rev. 40(3):20-23.

Gratzek, J. B., E. B. Schotts, and J. L. Blue.
1978. Ornamental Fish: Diseases and prob­
lems.ln Novotny, A. 1. M. M. Sigel, and S.
Waterman (editors), Health, disease, and dis­
ease prevention in cultured aquatic animals.
Mar. Fish. Rev. 40(3):58-60.

Halver,1. E. (editor). 1972. Fish nutrition. Acad.
Press, New York. 713 p.

Herman, R. L. 1970. Prevention and control of
fish diseases in hatcheries. In S. F. Snieszko
(editor). A symposium on diseases of fishes
and shellfishes. p. 3-15. Am. Fish. Soc. Spec.
Publ. 5.

Hoffman. G. L., and F. P. Meyer. 1974. Para­
sites of freshwater fishes: A review of their
control and treatment. T. F.H. Publ., Inc.,
Neptune. N.1. 224 p.

Kemeny, J. G., J. L. Snell, and G. L. Thompson.
1957. Introduction to finite mathematics.
Prentice-Hall, Inc., Englewood Cliffs, N.J.
372 p.

McCarthy, D. H., J. P. Stevenson, and A.W.
Salsbury. 1974. Combined in vitro activity of
trimethoprim and sulphonamides on fish­
pathogenic bacteria. Aquaculture 3( 1):87-91.

Nelson. N. C. 1974a. A review of the literature
on the use of Betadine in fisheries. Natl.
Techn. Inf. Serv., Springfield, Va., NTIS No.
PB-235 443/AS. 48 p.

1974b. A review of literature on the
use of malachite green in fisheries. Natl. Tech.
Inf. Servo Springfield, Va. NTIS No. PB-235
450/AS, 79 p.

Seleye, H. 1955. Stress and disease. Science
(Wash., D.C.) 122:625-631.

Sherp, H. W. 1971. Dental caries: prospects for
prevention. Science (Wash., D.C.)
173: 1199-1205.

Amend, D. F., and J. P. Pietsh. 1972. Virucidal Shiraki, K., F. Miyamoto, T. Sato, I. Sonezaki,
activity of two iodophors to salmonid viruses. and K. Sano. 1970. Studies on a new chemo-
1. Fish. Res. Board Can. 19:61-65. therapeutic agent nifurprazine (HB-115)

Amend, D. F., and A. J. Ross. 1970. Experimen- against infectious diseases. Part I. Fish Patho!.
tal control of columnaris disease with a new (Jpn.) 4:130-137.
nitrofuran drug P-7138. Prog. Fish-Cult. Snieszko. S. F. 1973. Recent advances in scien-
32( I): 19-25. (ific knowledge and development pertaining to

Anonymous. undated. Furanace. A new chemo- diseases of fishes. In C. A. Brandly and C. E.
therapeutic agent for fish diseases. Dainnippon Cornelius (editors), Advances in veterinary
Pharm. Co., Ltd. Osaka. 57 p. science and comparative medicine. Volume

Bullock, G. L., H. M. Stuckey, D. Collis, R. L. 17, p. 291-314. Acad. Press, New York.
Herman, and G. Maestrone. 1974. In vitro and . 1974. The effect of environmental
ill vivo efficacy of a potentiated sulfonamide in stress on outbreaks of infectious diseases of
control of furunculosis in salmonids. J. Fish. fishes. J. Fish BioI. 6(2):197-208.
Res. Board Can. 31 :75-82. . 1975. A comprehensive list of the

Deufel, J. 1970. Carofur ein neues chemo- most important dieseases of fishes and the
therapeutikum gegen furunkulose der salmoni- drugs and chemicals used for their control.
den. Fischwirt 20( 10):243-244. Trop. Fish Hobbyist 24(4); 14-15, 19-20, 22,

Endo, T., M. Sakuma, H. Tanada, K. Ogishima, 24,27-28,32,34.
T. Hara, S. Ohshima, and Y. Sato. 1973. Ap- Wedemeyer, G. A. 1974. Stress as a predisposing
plication of oxolinic acid as a chemo- factor in fish diseases. U.S. Oep. Int., Fish
therapeutic agent against infectious diseases in Wildl. Serv., Div. Coop. Res. Wash., D.C.
fishes. II. Explanation of chemotherapeutic ef- FDL-38, 8 p.

MFR Paper 1301. From Marine Fisheries Review, Vol. 40, No.3, March 1978.
Copies of this paper, in limited numbers, are available from 0822, User Ser­
vices Branch, Environmental Science Information Center, NOAA, Rockville,
MO 20852. Copies of Marine Fisheries Review are available from the Superin­
tendent of Documents, U.S. Government Printing Office, Washington, DC
20402 for $1.10 each.

Marine Fisheries Review


