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Abstract

The most recent advancement in control of external orgsnisms
causing fieh disease 1s the pond-treatment method, It is on improve-
ment over the hand-dipping method becanse fish sre not killed by
handling, fewer men are needed to carry it out, snd the pond itself
is treated along with the fish, All external parasites are con-
trolled by a treatment with formalin (diluted to 1 to 4000) for an
exposure of one hour, except Jchthyophthirius zultifilide, parasitic
copepods and Saprolespis asp. L. mm:mn can be controlled by
holding affected fish in swiftly running water for saveral weeks or

by chemical treatment of the water for the duration of the 1life cycle
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of the parasite. Free-swimming larvae of the copepod Salmincela
edwardsil caon be killed by chemicals added to the water; because of
the long period of time required for the parasitels life cycle,
treatment would hardly be feasible at large hatcheries. Sgprolegnip
sp. (fungus) can be killed readsly by dipping fish in o 1 to 15,000
solution of mélachite green—{oxalate—erystals;, 2inc—free)—for 10 %o
30 seconds, or pond treating for 45 minutes with a dilution of 1 to
180,000, Zgegs ¢an be kept fungus-free by semi-weekly treatments with
e 1 to 200,000 solution of malachite green.

There are comparatively few internal parasites that canse mortsl-
ities smong fish., Qectomitus sslmonig, an intestinal protogoan, may
cause high losses dbut csn be controlled by adding 0.2 percent calomel
or carbarsone to the food for.foqr days. Carbarscne is safer to use
since it is not toxic to fish. Adult tapeworms of the genus Proteoccep-
halus can be purged from fish by feeding for one week food containing
1} to 2 percent kamala. Fish can be protected from the eye fluke
(metacercaria of Diplostomum flexicaudum) by killing all snails in the
ponds and preventing entrance of infective cercariase with the supply
water. Miller attempted to control infestation of whitefish by larvae
of the tapeworm E:Lagngnhgzggvgzanggg in certain Conadian lgkes. No
feasible method has been developed, and research on the problem is

still in progress.




Introduction

The control of parasitic fish diseases is of prime importance
if we agre to successfully engege in raising fish. The search for
nore effective methods and drugs to combat righ parasites ig, as it
is in human medicine, a never-ending task. The purpose of this peper
is to bring togo'ther advancements made since about 1940 in the use of
new drugs and the methods of spplication. With one exception, the
discussion will be confined to the control of parasites found in fish
haichorien. since control of fish parssites in nature is, with present

knowledge, seldom posaible or feasible,

Methods

The érea,tment of fish for external parasites is ascomplished in
two ways, hand dipping and pond trestment. In the former method, fish
are taken from the trough or pond snd dipped, a few at a time, in o
solution of the chemical prescribed for the psrasite present, snd them
returned to the trough or pond. There are many disadventsges to this
method. Many man~hours are required to complete the treatment, weak
fish are killed because of handling, azid. since it is not always possi-
ble to sterilize the pond itself, fish are often returned to infested
waters,

The most recent development is that of pond treaiment, where chemi-
cals are applied to the entire pond containing infested fish., In thls
method, fish are not killed by handling, one or two men can do the Job,

and the pond 1tself is treated along with the fieh. In coldwater-fish



-l

culture, Kingsbury and Embody (1932) spplied chemicals directly to
the supply water of ponds, and Fish and Burrows (1939) reported
guccess with recirculation of chemicsls through ponds. Although
these methods had definite advantages over the hand-dipping method,
they were not generally used. One objection is that disinfectsnte

do not penetrate the sediment in dirt ponds and may be neutrslized by
the orgasnic matter present,

Fish (1944; 1947) described a method of prolon,géd treatment in
a pond or trough, in which the weight of water is determined snd the
ammint of phemical necessary for the desired dilution is added %o the
water. Common practice is to hold the water at a level below normal
with inlet and outlet closed; less chemical is required and the treat-
ed water can be flughed more quickly after treatment. Very little
lahor is involved in the preparation and asdminigtration of this kind
of & treatment and, because of its simplicity, it is well adapted to
prophylactic treatments. Unforfunately, however, it is not possible
to use the pond ireatment in ponds where inflow and ocutflow of water
cznnot be effectively shmt off,

Application of the treatment is made vby spraying grestly diluted
solutions of the chemicals onto the surface of trough or pond. Vater
sprinkling cans are sgtisfactory for treatment of fish in troughs but
are not suitable for large ponds., In Michigan, we have used $0 advent-
age a small power sprayer mounted on wheels, The outfit consists of g
20 gallon tank, a gasoline motor and a coil of hose. This unit is
economical in that it is also used for other purposss, such as spraying

weed killing compounds and certain paints,
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Ectoparasites
Most of the parssites that cause mortality among hatchery fish
attack the fish externslly. A 1list of those parasites commonly found

is a8 follows:

Protogoa:
Cogtia necatriz mshmhmm maltifiliss
Irichodina sp. Bpiatylia sp.

Ghilodon gyprini Seyphidig tholiformis

Trematodas
Syrodactylus sp.

With the exception of . mul®ifiliis, 5. gdwardasii, and Sapro-
legnis sp., sll of these parasites can be ersdicated by a pond treat-
ment with formalin, used at a dilution of 1:4000 for an exposure of
one hour (Fish and Burrows, 1939; Fish 1940a, 1940V, 1947). Fish (1947)
recommended that the guantity of formalin needed for the treatment de
diluted about one hundred times and sprayed over the surface of the
entire pond to prevent formstion of "hot spots” toxic to the fish,

The formalin should de sprayed intc the pond within o period of fifteen
minutes. since formalin is colorless, a small amount of oxalate cry-
‘sta.ls of malachite green is commonly added to the formalin in treat-
ments given in Michigsn, to serve as a "tracer” and show asreas of high‘

or low concentrations., L. B, Wolf (private comminication) uses
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e 1:1,000 dilution of formalin for 20 minutes in a trough treatment,
but reported that a considerabls loss of fish was oxperiohced vwhen
this dilution wae used on rainbdow trout fingerlings. Fischthal (1949)
described Epistylus on brook trout and recommended a 13- $o 2-minute dip
in s solution of salt (3 percent) and malachite greem (1:15,000) to
~ ersdicate the parasite. In Michigen, we have used the formalin pond-
treatment to successfully coatrol this protogoen.

Ishshyophthiriug mulsifiliis cannot be eradicated dy one treat-
nent because of its more complex life history. 8ince the stage on the
fish is imbedded in the flesh and cannot be reached dy chemicals,
econtrol methods must bde aimed at killing the free-swimming young,.

The easiest and least expensive control measure is to hold the fish in
swiftly running water until 21l encysted forms have left the fish, The
water current carries away the young, or infective, stage before it can
infest another fish, However, when it is not possible to do this,
chemiecal control must be used.

Fish (1947) recommended daily pond treatments with formalin
(1:5000 for one hour) for seven to fourteen days. Butcher (1947) found
that daily pond trestments with salt solution of gpproximately twe
per cent dilution for the duration of the full period of the parasitie
stage were effective. Wolf (1938) reported the parasitic stage %o last
from four to five weeke at a temperature of 52°1‘. Butcher (1941; 1947)
found a% the Ballarat fish hatchery in Victorie, Australis, thet the
life cycle of the parasiﬁ waa from fourteen to sixteen days at water
$emperatures ranging from 60° to 62°F. According to these studies, a
temperature variation of 8° to 10° 7. alters the length of the life
cycle by about three weeks., Since Wolf and Butcher have shown that the
length of the parasitic stage is dependent upon water temperature, the

length of the treatment should be judged accordingly.
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Schaeperclaus (1941) recommends s prolonged treatment with
quinine to eliminate Johthyophthirius. The chloride, sulfate or
¥Chinin-Weil* may de used. He uses a dilution of 1:50,000 for the
length of time necessary to effect control (from three to 20 days).
He mlso used quinine in the same dilution to control Costis, Chilo-
donells end Cyclochaeta. At 15° C. he found that these three species
were killed in 26, 18, and six hours, respectively.

Ho effective method suitable for large hatcheries has yet been
proposed for the eradication of the copepod Salmincols edwardsii, in-
festing the gills of drook trout. Its tough, chitinous hide and its
habit of bdurying its head in the flesh of the host protect the adult
from @micd treatments., The free-swimming larvas are vulnersble to
chemical control, but since the adult remains on the fish for at least
two months, chemical control would have to be in effect for at least
sixty dsys. Zxposure to strong salt solutions, and to formalin in g
dilution of 1:6000 for one hour will kill free-swimming larvas. Un-
doubtedly, other chemlicals could be found that would be as effective.
However, in most instances it would hardly be feasidle to carry out
- guch a program for six$y days in s hatchery as large as the average
gtate fish hatchery. 1In states where there are a mumber of trous
hatcheries, the problem could be solved by raising brook trout only in
those stations free of the parasite, and other species of trout at
stations having a contaminated water supply. However, the cost of
transporting the fish to streams widely scattered over the state might

be prohibitive.
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In England, Hindle (1949) effectively controlled jrgulus on
carp in squaria by an exposure of two or three days to a 1:10,000,000
dilution of “gommexsne® (gamms isomer of hexa-shloro-eyclo-hexane)
called lindane in the United States. Since this chemical is insolusble
in water 1% must be dlssolved in alochol before it s mixed with the
water to be treated. Hindle used o oixe pergent alcoholic solution as
s stock solution. He poimbed out that with fow exceptions, this trest-
ment had been applied only to carp aﬁ_d that other species of fish may
be less tolerant to the chemical. _

The common species of fungus on fish is Sgprolesnia parasities.
Other species of weter mold may ocaasioﬁally’appear.‘ tut they need not
be listed here since the same control measuree apply to all species.
In the past, solutions of common selt, copper sulphate, potassium per-
. manganate, and possidbly others, were used as control measures, dut none
gave completely satisfactory results and some were dengerous %o use.
Foster and Woodbury (1936) ﬂut used malachite green as a fungicide.
Their experiments, however, involved only a special "lot" of trout.
Although there are warnings in the literature that only the gzinc-free
salts should be used, L. E. Wolf (private communication) reported that
he hed alweys used the double zinc salt on fish snd had uniformiy good
results, Wolf pointed out that it should be used with cantion since
(_ureet experimentsl comparisons have not been made. |

O'Donnel (1941) successfully eliminsted fungus from eighteen species
of fish (including trout) by dipping them for 10 to 30 seconds in a
1 to 15,000 solutien of malachite green. In Michigen, the chemical is

often used as a pond treatment, btut the methods vary, according to the



9=

facilities at the different atations., The flush method is used at
one locstion. Here, water in the pond 1s lowered to a minimum depth,
and o strong solution of mglachite is introduced gt the hsad and
allowed to progresa through the pond in g dense eloud. The $restment
lasts gbout half an hour, At most stations, a regular pond treatment
with a dilution of 1;180,000 for an exposure of 45 minutes is used,
Where some other external parasite, such as Gyrodactylug, is also
present, both malachite green and formalin are used in one treatment.

Ssprolegnip attacks both fish and fish eggs. In t$rout hatcheries,
many man-hours ars necessary in picking dead eggs from hatching trpye
to prevent the development of fungus, unless prophylactic measures
are used. Burrows (1949) tested malachite green, formalinm, roceal,
and hysmine 1622 =nd concluded thst malachite green 111 a dilution of
1:200,000 for an exposure of one hour was best for preventing develop-
ment of fungus. Cost of the trestment was lower znd the eggs had a
wider tolerance to it.

Endoperasites

There are comparstively few internal parasites of fish that may
cause mortalities gnd indicate control measures. Several that might
warrant discussion here are as follows:

Protozoas

Qetomitus splmonis

Cestoda:
Eroteocephalus sp.

Trematoda:
Diplostomum flexicaudum

Octomitus gplmonis is a protozoan parasite that occurs in the in-

teatines of trout and sslmon, Serious mortslities at hatcheries among
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fingerling trout up to three or four inches long have resulted from
infestations by Octomitus, Davis (1946) reviewed the symptomology,
1life history, pathology and control measures., Only the control
meesures will be discussed here. Tunison and McCey (1933) success-
fully controlled Qctomitus by adding 0.2 percent calomel (mercurous
chloride) to the food for several dsys. Although calomel may be toxic
to fish under certain ciwumtaheea. the chemicsl has been used common-
1y in this country for treatment of Dgtomitus. Another chemical, car-
barsone, was found by Fish and McKernen (1940) snd Nelson (1941) to be
| Just as effective as celomel for eoﬁtral of Octomitus, and not toxic
to fish. Treatment is made by thoroughly mixing 0.2 percent of car-
barsone into food to be fed for four consecutive days. We have been
using earbarsone suecessfully in Michigan for both therspeutic and
.pz"cphylantie treatments. Prophylaxis is now used on rainbow and brook
trout fingerlings at several hptcheries where Octomitus gppeared oceca-
aiénaily among fish in the troughs and every year when they were trans-
ferred to outside ponds., Losses from Qotomitus have been eliminated
by four-day treatments each weelk for two weeks before the fish are
moved from the troughs, and for one week after they are transferred

to the ponds,

Davis (1948) suggests that there is evidence that immune races of
trout might be developed. The breeding of trout immune to various
dissases is a control measure that has not been fully explored, This
phase of disease control will be discussed dy Dr. L. B, Wolf in

snother psper on the program.



Although tspeworms rarely canse mortalities of fish at
hatcheries, the stocking of infested fizh is undesirsble Decause of
the possibility of introducing the parasite into waters where it does
not oceur and the 'peui'bility’of ma;.ntaining or sngmenting an esta-
blished infestation. Adult tapeworms in the intestine of fish can be
removed by the addition of kamala to the diet. McEernan (1940) found
three-inch $rout heavily infested with an undescribed species of
Proteocephalus. He Shproughly mixed kamala with the food at the rate
of one and one-half to two percent by weight, and after one week cn
thie diet the trout were free of the infestation. He suggested that
the treabtment be continued for another week to insure complete elimina-
tion of the worms. This treatment can be used to free brood stock

large- and smallmouth bass of the adult Py bloplitis,

ascording to S, ¥, Snieszke (private commmication). On his sugges-
tion, Mr, Albert Fowerll, superintendent, S8%ate of Marylsnd fish hateh-
eries, treated largemouth bass with Ksmals which was introduced into

the gtomach of the fish in eapsules., A dose of about 180 to 220 milli-
grams of Kamala per pound of fish was given for three successive days.
The results were excellent and great masses of tapasworms were eliminated
from the fish.

The larvee (metacercerias) of several species of strigeid irems-
todes infest the eyes of fish, ocsusing permenent blindness. Falmer
(1939) first reported the infestation cecurring in hatcheries. Van
Haitsma (1930) traced the life history of the eye fluke, Diplostomum
flexicaudum, and Ferguson and Hayford (1941) deseribed the 1life history
and control of this eye fluke at Hackettstown, New Jersey. Briefly, the
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adult of Diplostomum flexicgudum lives in the intestine of gulls;
eggs pass into water; eggs hatch and miracidia infest snails of the
genus Lymnea; cercariase leave the snail and burrcw into fish, localiz-
ing in the erystalline lena of the eye; gull eats fish, and the adult
worm deveiops in intestines of the bird. Infestations of this worm
may cause high mortslities (starvation) among small fingeriing trout,
although haﬁohery trout from six to nine inches long, blinded by the
digease, remain healthy when fed a diet that sinks to the bottom of
the pond where they can find 1%, presumably by scent, Fish can be
protected from the eye-fluke by elimination of snails from the pond,
thus dresking a link in the 1life cycle.

The control of parasites of fish in lakes and atreams is not
feasible in most ceses. However, an interesting study of the control
of a fish parasite in nature was initiated in Alberta, Canads, by
R. B. Miller (1945). In certain lakes in Cansda, the plerocercoid of
the tapeworm Trigenophorus grassus infests ciscoces snd whitefish so
heavily that the fish cannot be marketed. The parasite, thersfors, is
of considerable economic importance to the fishing industry. . grassus
lives as an gdult in the intestines of northern pike (Esgox lugine).
The first intermediste host is the copepod, Qycleps dbic idatus, snd
the second intermediate host a variety of selmonoid fishes, particulerly
the coregonids, Control methods were directed towards dbresking the
1ife cycle of the parasite. An unsuccessful attempt was made to kill
free-~swimming larvge (coracidia) by acidifying a lske (Miller and
Vatkins, 1946). Partiasl control was obtained by drastic reduction of

the tullibee population (Miller, 1948) in Lesser Slave Lake, Alberts,
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éaalia. but thorp is no assurance that the cure will be lasting |

or that it weunld be éﬁmm in other ims, In s@wé Lake,
Alberta, GM;. Mﬂ_.ler (1930) succeeded 1n rtd.uei.ng the 1!12;!5&%193
in iall_ibu by 39 percent when he raa}ui:d ‘he pmlatien of northern
plke. He aoncluded that the method was not feasible becmise of the
ability of northern pike to rey@ula,ta dapleted arees very rapidly
and beeanss 4;! the high cost of the wpratién., Control of the shory-
lived, ﬁog—a_wimhg‘ tapevorm 1arma is now being studied in the
labatory by Miller (1952), who mm that it is ovident thet o lm
prié&_of ressarch will de necessary %o conquer the problem. |
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