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INTRODUCTION

The ability of certain saprolegniaceous fungi to attack fish and

other aquatic or amphibious animals has been reported frequently by

various investigators during the last century. In man cases the

death of the host has been attributed to the fungal invader. To a

large extent, previous investigations concerning mycoses of fish have

been of a taxonomic nature dealing with host range studies and devoted

mainly to the description and biology of the fungus involved (Tiffney,

1959b). Investigations conducted in this laboratory have been con-

cerned primarily with fungus infections of fresh-water hatchery spe-

cies (Scott and O'Bier, 1962). Few investigations of this nature

have been devoted to tropical fish as a group. Frequent reports from

tropical fish growers implicating certain aquatic fungi with the death

of tropical fish suggested the need for additional information. The

term tropical fggh, as used here, refers to those speciss considered

as such by Axelrod and Vbrderwinkler (1957). This includes both trop-

ical and sub-tropical popular aquarium species.

Two main approaches were taken in this research. The first phase

was concerned primarily with host range studies and associated inves-

tigations. Fungi were isolated from infected fish and specific iden-

tifications, when possible, were made. Infection studies using

parasitic isolates and selected fish species were carried out under

controlled laboratory conditions in order to determine degrees of

pathogenicity and host specificity. The second phase of this study
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involved determinations made to establish the hxngicidal effect of

certain chemicals ;L_I1_ vitro. Also of importance were studies to deter-

mine the tolerance of selected speciee of fish to the lowest effective

concentrations (minimum lethal dose) of the chemicals tested.
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LITERATURE REVIEW

Host Range Studies and Associated Investigations

The first significant studies ef fish mycoses were carried out by

Tiffney (1959a) who demonstrated the ability of Saproleggia parasitica

Coker to parasitize a wide range of fish and amphibious species. His

experiments also revealed varying degrees of resistance to fungal infec-

tion among the different hosts. Experimentally wounded fish appeared

to be more susceptible to infection than those not weunded. In addi-

tion, Tiffney (1959b) isolated members of gghlyg and Dictgchus from

various living fish, amhibians, and reptiles in nature. This sug-

gested that members of the Saprolegniaceae other than Saproleggla are

capable of attacking aquatic animals.

More recently Vishniac and Nigrelli (1957) conducted laboratory

experiments which demonstrated the ability of known saprophytic species

of the Saprolegniaceae to infect the Mexican platyfish, Xiphophorous

maculatus. The results of these investigations suggest strongly that

any member ef the Saprolegniaceae may function as a weund parasite cf

fish. In addition, they contributed significant histological studies

which showed physical disruption of the host tissue due to hyphal

penetration.

Other notewerthy werk is that of Scott and O'Bier (1962). These

investigators collected sixty-four isolates of aquatic fungi from fish

and fish eggs frem fourteen states. Five fungal species not previously

reported as naturally occurring pathogens were collected, while six
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saprolegniaoeous species were isolated from fish eggs for the first

time. In this same work, infection studies similar to those conducted

by Vishniac and Nigrelli established five species as wound parasites

on Xiphophorous maculatus. Also of importance was the pertinent

discussion by these authors of the confusing and uncertain taxonomy

of certain species of Saprolegnia mentioned throughout the literature.

It was pointed out that a comprehensive systematic treatment of the

genus Saproleggga is needed.

Chemical Control Studies

For the last 50 years fish hatchery operators, aquaria enthusiasts,

and interested biologists have been greatly concerned with finding an

effective control for myootic infections of fish. Numerous chemicals

have been tested as possible fungicides with varying degrees of success.

Foster and Woodbury in 1956 reported that dipping fungus-infected

species of trout in a 1:10,000 solution of malachite green for 5 to 5

minutes was effective in ridding the host of the infection.

In a more extensive investigation, 0'Donnell (1941) tested

malachite green on 18 species of popular sport fish. He reported that

a dip treatment in a 1:15,000 malachite green solution for 10-50

seconds had very definite fungicidal and therapeutic effects. He also

conducted toxicity tests from which he derived the previously mentioned

recommended dipping time. However, it should be pointed out that very

little taxonomic information concerning the fungi involved was given

in this report. He briefly states that the fungi incurred were
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members of the family Saprolegniaceae; the most common species

encountered being Saproleggla garasitica Coker. Also, it is unclear

as to whether or not all of the "infected” fish treated had macro— or

microscopically observable fungal infections.

Potassium permanganate, another much tested compound, was found

to be ineffective on diseased trout in a 1:10,000 solution by Foster

and Woodbury (1956). However, Estes (1957) conducted long (24 hours)

exposure treatments on infected goldfish and reported that potassium

permanganate was a very effective fungicide at concentrations of 2.0

ppm. and 5.0 ppm. He also pointed out the effectiveness of this com-

pound in short (60 minutes) exposure experiments at a concentration of

8.0 ppm. Again, the taxonomy of the fungi and the extent of the infec-

tion was somewhat vague. In addition, to the above mentioned werks,

Hoshina and Ookubo (1956) reported that a 1:10,000 solution of potas—

sium permanganate was lethal to cultured Saproleggga parasitica Coker.

Copper sulfate is also mentioned in the literature as a compound

tested for its fungicidal abilities. Foster and Woodbury (1956)

reported that it was toxic to the fish at a 1:2,000 concentration and

ineffective against the fungus at a 1:1,000 concentration. 0'Donnel1

(1947) stated that copper sulfate was an effective fungicide, but the

effective concentration changed with the varying calcium content of

different waters. This was verified by Burrows in 1949.

Rankin (1952, 1955) introduced a new group of compounds as possible

fungicides. He reported that Phenoxetol (B-phenoxyethylalcohol) was

effective in curing fungus infections on varieties of goldfish at a
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concentration of 0.017. Propylene-phenoxetol was also effective at

0.014, while Para-chloro-phenoxetol was reported effective at 0.oos”.

Rankin also conducted toxicity tests using his recomended concentra—

tions; but as he suggested, his investigations were not extensive

enough to yield conclusive results. Mbreover, the pathogenic organ-

ism was referred to only es white fungus with taxonomic dsscriptions

completely lacking.

Various other compounds such as table salt, methylene blue, etc.,

have been used in attempts to control fungus diseases of fish. However,

these compounds are too nuerous and their methods of application too

complicated to mention here.
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MATERIALS AND METHOIS

Host gggge Studies

Fungus—infected fish were obtained from two main sources:

(l) tropical fish hatcheries located in Florida and California; and

(2) local aquaria. The method for receiving collections from the above

mentioned hatcheries was the one employed by Scott and 0'Bier (1962).

Fungi were isolated from both living and dead hosts. Small bits of

myeelium were rinsed thoroughly in distilled water and placed in

Petri dishes containing 40-50 ml. of chmically defined SPS medium,

(Table 1) Scott, g3_gl. (1965). The glass ring technique, as reported

by Raper (1956), was used to obtain unifungal, bacteria-free cultures.

Stock cultures were maintained on 5.0% potato dextrose agar slants

refrigerated at approximately 8°C.

The identifications of the fungi incurred were made according to

Sparrow (1960) and Johnson (1956a). The species of fish received

were previously identified by the sender. Authorities for verifieation

of fish identifications were Axelrod and Vorderwinkler (1957) and

my (1961).

Infection Studies

In order to demonstrate the pathogenicity of the isolates obtained,

controlled infection investigations were conducted in the laboratory.

A representative strain of each of the three fungal genera isolated

(Sagroleggga sp., Agglgg amerioana, Qythggg sp.; Table 2) was tested
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for its pathogenic effects on the five selected species of tropical

fish (Table 2). The techniques utilized in these investigations were

generally similar to those used by Tiffney (1939a), Vishniac and

Nigrelli (1957), and Scott and 0'Bier (1962). All infection studies

were conducted at room temperature (25-50°C.). The ethod emloyed

is listed below.

Preparation of infection dishes

Covered Pyrex baking dishes,
5”

x 9
l/2”

x 5 1/2”, were partially

wrapped in aluinum foil and sterilized in a hot-air oven at l75°C. for

two hours. Filtered, sterile stream water (1,250 ml. per dish) was

added aseptically to each of two dishes per experiment. A vibrator

pump was used for aeration of the water throughout each experiment.

Four fungus—inoculated blocks and four uninoculated blocks of SPS

mediu (1 sq. cm. each) were placed at opposite ends of each infection

dish. After two days fish food was added and the experimental fish

were introduced to the dishes.

Preparation of experimental fish

Two to three days prior to exposure to the fungus, the test fish

were dipped in a solution of malachite green (1:15,000 dilution) for

15 seconds (0‘Donnell, 1941) and then placed in a clean aquariu.

Boiled hemp seed halves (Cannabis sativa) were placed in the aquariu

to test for possible fungal contamination. After the period of seg-

regation, four or five experimentally injured fish, each a different

species, and two uninjured species were placed in each dish.
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The following step-wise procedure was used for experimentally

wounding the fish:

l. The fish was anesthetized in a solution of Tricaine-methano-

sulfonate (HB—222). The concentration used was 8 ml. of 0.5¢

M·222 per 500 ml. of sterile water. The required time for

anesthetization ranged from 5 to 8 minutes depending on the

species and individuals involved.

2. The unconscious specimen was placed on a paraffin block and

observed under a dissecting microscope. Injury was inflicted

by scraping scales from the left side of the front area of

the caudal peduncle and also by clipping the caudal fin.

5. The fish was then revived by placing it in fresh, sterile

water before being introduced into the infection dish.

Observations

Developments in the infection dishes were observed and recorded

periodicelly each day for a total of 18 days. If death resulted, the

fish was immediately removed from the dish and examined. If infection

occurred, the fungus growing on the experimental fish was identified

and compared with the original inoculum.

lg Vitro Chgglcal Control Studies

Certain chamicals, potentially valuable as fungicides, were

tested lg glggg for their inhibitory effects cn pathogenic species

of aquatic fungi. Pertinent information concerning the chsmicals

tested is given in Table 4.
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Sterile, deep Petri dishes (9 cm. in diameter and 2 cm. in

depch) were filled with 25-50 ml. of SPS medium. Fungus·inoculated

blocks of (0.5 sq. cm. each) were cut from pure cultures growing on

SPS medium and centrally placed in each dish (one block per dish).

Various concentratiens of the cheical being tested were pipetted

aseptically in 10 ml. Volumes per dish. Three replicates of each

concentration were tested. In order to establish a control measure

for this type of experimentation, 10 ml. of filtered, aterile stream

water was added to each of three fungus-inoculated dishes (per con-

centration of chemical tested). The three fungal strains used in the

infection studies were also used in these tests. Growth was determined

by placing a millimeter scale on the bottom of the Petri dish and

measuring increases in colon diameter. Heasurements were made in the

horizontal plane along two perpendicular axee (ex. 40 mm. x 59 mm,).

Measurements were recorded at 24, 48, and 72 hour intervals.

Tolerance Tests

In order to test the toxicity of the chemicals found to have a

definite fungicidal effect, fish were placed in battery jars contain-

ing serated solutions of various concentrations. The concentration

was considered lethal when the fish ceased to be active and appeared

unconscious. The time of this occurrence was recorded, and the fish

was placed in fresh water.
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The test fish for these experiments were Lebistes reticulatus

and Helostoma temmineld., one each per concentration. These species

were chosen because of their availability, size difference, and taxon-

omic differences.
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RESULTS

Host Range Studies

A total of 19 isolates representing three fungal genera (§gpgg·

lgggggb Fig. l; Achlya, Fig. 2; Qythium, Fig. 5) were obtained from

various infected tropical fish (Table 2). Due to difficulty in indus-

ing sexual fruiting in the fungal isolates, it was possible to identify

only two isolates to speoies. Both of these infectious agents were

found to be Agglxg americana. Eleven different host species of fish

were identified.

gggection studies

Infection studies conducted under controlled laboratory conditions

demonstrated the pathogenic and parasitic abilities of the three iso-

lates. Sagrolegggg and Agglyg appear to be the most lethal of the

fungi tested, while gythium is the least vigorous of the three.

Aghlgg americana showed no specificity in attacking members of

the five species of fish used (Table 5). Hyphae of the parasite could

be observed macroscopically (Fig. 4) growing from the injured areas

of the experimentally wounded specimens within 7—lO hours after placing

the fish in the infection dishes, while death occurred in all injured

hosts within 24 hours. Two of the eight unwounded fish developed

mycoses and death followed.

The test isolate of Sagroleggga also showed no host specificity

in causing infections in each of the five different fish species

(Table 6). Again, mycelia were observed at the injured areas of the
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previously wounded fish within 7-10 hours after innoculation. All

wounded fish died within 29 hours after being exposed to the pathogen.
l

Infection and death occurred in two control fish, while a third died

of unknown causes. The isolate of Qyjhium, less vigorous than the

two genera previously discussed, infected only 15 of the 18 wounded

fish supplied (Table 7). Pythium infected at least two mmbers of

each of the five different species, thus discounting a specific pre-

ference for any particular species. It should be pointed out that

Pythium myoelia could not always be observed macroscopically before

death as with Aghlyg and Saproleggga. Death occurred no earlier than

three days in the specimens infected with gythium. All control fish

employed in the Pythium tests remained uninfected and living through-

out the test periods.

As derived by observing the times of infection and death, dif-

ferences in resistance to infection between the five test ¤pecies of

fish were not appreciable.

Cheical Control Studies and Tolerance Tests

Phenoxetol

As shown in Table 8, the effective fungicidal concentration of

Phenoxetol is between 0.25% and 0.50% for all three organisms tested.

The lack of growth increase of Sagroleggga sp. after the first day

was due to heavy bacterial contamination. However, it is felt that

the growth pattern was developed at the 24 hour measurement and there-

fore this data is still valid. As compared with the control, the
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coneentrations of 0.10% and 0.01% had little or no inhibitory effect;

while 0.25% Phenoxetol retarded growth.

Tolerance tests with Phenoxetol (Table 14) showed that all concen-

trations greater than 0.25% were highly toxic to both test species of

. fish in under two minutes. The toxic effects then decreased gradually

in relation to time with a decrease in concentration. At 0.02% both

fish survived although appearing very sluggish, while at 0.01% no toxic

effects were evident.

Propylenegpheggxetol

Propylene-phenoxetol effectively stopped growth of Sagroleggga sp.

at concentrations greater than 0.60% and less than 0.76% (Table 9).

Growth of g. americana and Qythium were completely inhibited at con-

centrations between 0.25% and 0.60% (Table 9). As with most of the

other chemicals tested, Saproleggga appeared to be the most vigorous

of the three fungal genera tested.

Concentrationa of Prophylene-phenoxetol of 0.25% and above proved

to be highly toxic to all test fish within one minute (Table 15).

Tolerance in the fish increased gradually with a decrease in concen-

tration with 0.01% being the highest possible concentration at which

survivel appeared certain.

Qhlorogphenoxetol

Ch1oro—phenoxetol, in concentrations between 0.04% and 0.20%,

prohibited growth in each of the three fungi tested (Table 10).

Toxicity tests showed (Table 16) that a 0.04% concentration was highly
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toxic to the test fish within 50 seconds and therefore additional

experiments to establish narrower limits of effective fungicidal

concentrations were felt unnecessary. Also, tests using concentra—

ticns as low as 0.006% proved toxic to the fish within 40 minutes.

gipagig M

No growth occurred in dishes containing either Sagroleggga,

A. americana, or Qythium which were flooded with Nipagin M concentra·

tions of 0.10% (Table ll). Saproleggia grew more vigorously in 0.06%

Nipagin M than either A, americana or Qyjhium (very scanty growth).

In testing for tolerance, it was found that the guppies were

rendered unconscious in less than one minute by 0.1% and 0.06% con-

centrations of Nipagin M (Table 17). The kissing gouramis, however,

withstood the effects of these concentrations eight to ten times as

long as the guppies. Further tests showed no ill effects suffered by

either fish in a 0.009%·solution.

Potassiu germanganate

Growth of both Sagrolegggg sp. and A, americana occurred in cul-
V

tures containing 0.25% potassium permanganate, while no growth was

observed in those dishes containing 0.50% solutions. In Qytgggg sp.,

however, growth was suppressed completely at a concentration of

0.10% (Table 12).

As shown in Table 18, all concentrations of potassium permangan—

ate tested were found to be toxic to the test fish.
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Malacggte gggen

Malachite green proved highly effective as a hmgieide in

concentrations ranging from 0.0066% (66 ppm.) to 0.0002% (2 ppm.)

(Table 15). Again, however, no concentration of solution tested was

found to be suitable for sustained fish culturing (Table 19). How-

ever, it is possible that a concentration lower than those tested

would be suitable.
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DISCUSSION AND CONCLUSIONS

Host range studies in this work differed from those conducted by

other workers in that isolations of fungal pathogens were made only

from infected tropical fish species. Tiffney (1959a) conducted a more

general study in isolating fungi from three main groups of vertebrates

(fish, reptiles, and amphibians). Also, the work done by Scott and

O'Bier (1962) was of wider scope in that these investigators made

collections from fish eggs and fish of various groups (including sev-

eral species of tropical fish). As stated previously, reports of

fungal epidemics in tropical fish hatcheries =upported the need of

a mre specific type of investigation.

The three genera of fungi (Saproleggga, Agglyg and Qythium)

isolated by this worker are among those commonly reported in the liter-

ature as fish pathogens. The difficulty experienced here of inducing

sexual fruiting in order to make specific identifications is a common

problem shared by mycologists working with various groups of fungi.

Little is known about the physiology of the formation of reproductive

structures in fungi, and it is certainly an area where additional work

is needed.

In addition to the isolation and identification of naturally

occurring pathogens, it was considered desirable and necessary to

test relative degrees of pathogenicity and host specificity of repre-

sentative fungal isolates under controlled laboratory conditions.

Experiments of this type have been carried out by Vishniac and Nigrelli

(1957) and by Scott and O'Bier (1962).
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The results of this type of test (Tables 5-7) concur generally

with those of the above.workers in that the fungal pathogens appear

to function primarily as wound parasites. In this work Q1? of the

experimentally wounded fish tested became infected and died, while

only 17* of the unwounded test species developed mycoses. Mreover,

in two of the four unwounded fish which became infected, the fungus

was first observed growing from a particular area on the body of the

fish. This suggests that these two fish sustained an accidental

injury during the experiment, thus becoming more vulnerable to fungus

infection. It is of further interest that the strains of Saproleggga

sp. and Agglyg ggericana employed were more vigorous pathogens than

the Qgtggg tested. This is supported by Scott and O'Bier who reported

negative results in laboratory innoculation tests using isolates of

Pythium. Although infection with Qythium was accomplished in these

experhuents, its status as a relatively highly infectious fish parasite

is doubtful. However, Saprolegg;a and Agglyg proved to be highly

pathogenic agents under laboratory conditions.

Vishniac and Nigrelli as well as Scott and O'Bier used the Mexican

platyfish, Xiphophorous maculatus, as the test fish for innoculation

studies. This investigation, however, compared and contrasted the

pathogenic effects of three fungal strains on five selected species of

tropical fish (Table 5). No patterns of host specificity could be

established, thus demonstrating the versatility of the fungi tested.

Also, the differences in resistance to fungal invasion among the

different fish species was not constant.
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It appears conclusive, in regard to the work of Tiffney, Vlshniac

and Nigrelli, Scott and 0'Bier, this author and others, that certain

saprolegniaceous fungi are primary wound invaders and lethal pathogens

of various fish species. However, little is known about the actual

host-parasite relationships once the fungus infects the fish.

Histological investigations and other studies which may reveal the

intimate details of the fungus infection are of essence.

The problem cf controlling and preventing fungus infection has

been of paraount interest to fish culturists for many years. Various

workers have demonstrated the fungicidal ability of a number of diver-

sified chsicals. Most of these remedies have been applied in the

form of dips for various lengths of time. Rankin (1952, 1955) using

Phenoxetol cmpounds reported the ability of goldfish and swordtails

to survive indefinitely in fungicidal concentrations of these compounds.

This would be a more desirable and effective preventive method.

General criticisms which can be made regarding the work of Rankin (1952),

0'Donne1l (1941), Estes (1957) and others are that information concern-

ing taxonomic descriptions of the fungi involved, type of infection

and extensiveness of infection is vague, if not completely lacking.

Without this pertinent information, it is difficult to oonclude the

actual fungicidal ability of the chemicals tested. The writer was

primarily concernsd with the effect of certain chemicals (Table 4)

on pathogenic isolates grown gg ggtggg that is, a test of the

fungicidal abilities of the test chemicals on a fungus growing on a

substrate (SPS agar) suitable for abundant and healthy growth.
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Although these results cannot be compared directly with those derived

from dip treatments, etc., they are valuable in establishing the value

of a potential fungicide.

A11 chmicals tested showed positive fungicidal effects in very-

ing concentrations (Tables 8-15). Malachite green, Nipagin M, and

Chloro-phenoxetol were effective in cdmparatively lower concentrations.

Concentrations of Phenoxetol, Propylene-phenoxetol, and Nipagin M

(Tables 14, 15, 17) below the minimm lethal dose were determined in

which the test fish could survive. Experiments using two injured and

one uninjured species revealed, however, that the fungus (Saproleggga in

this case) was lethal to the fish at these concentrations. This dis-

agrees with Rankin (1955) who reported that Phenoxetol and Propylene-

phenoxetol cured fungus infections of goldfish at 0.01* concentrations.

The most effective of the chemicals tested was malachite green.

0'Donne11 (1941) reported positive curing and therapeutic results by

dipping infected trout in 1:15,000 solution (0.0066*) of malachite

green for 10-50 seconds. These tests showed that this chemical was

an effective fungicide gg ggtgg at concentrations as low as 2 ppm.

(Table 15). Also, the test fish were able to retain consciousness for

as long as two to three hours in the lowest effective concentration.

It should be noted that the solutions of malachite green lose their

effectiveness in 2-5 days after mixture.

Although no effective concentration which would allow sustained

fish eulturing was found, the chemicals tested proved to have definite

fungicidel abilities and should not be discounted for possible use as



28

fish fungicides in the future. Possible methods of application (too

extensive for this work) are: (l) the usage of sustained dip treat-

mente (in relation to the known limit of tolerance) at various concen-

trations (especially malachite green), (2) the developent of resist-

ance in the fish by first placing it in a suitable concentration and

then increasing the concentration slowly until the minimum lethal

concentration is reached.

It is believed by the writer that tests similar to these using

the above mentioned and other chemical compounds will possibly be of

value in the control and prevention of fish mycoses.

1
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SUMMARY

Collections of Saprolegniaceous fung:}. were made from diseased

tropigal fish. Nineteen strains, representing three hmgal genera

(Saprolegg, and Qgghium), were isolated from ll fish species.

Due to difficulty in inducing sexual fruiting, only two strains were

identified to_ species; both of these being A. americana.

Laboratory infection studies revealed the ability of strains of

each different hmgus to infect five selected trepical fish species.

Sagrolegxéa sp. and g. americana proved to be more vigorous and lethal

pathogens than gghium sp. No indications of host epecificity were

evident.

All chemicals tested (Table 4) showed definite fungicidal

abilities. No effective fungicidal concentration of the chanicals

tested would permit sustained fish culturing. Malachite green was

the most effective fungicide tested, being Functional in concentrations

as low as 2 ppm.
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TABLE 1**
The Ingredients of SPS Agar

1. Chelation agent:

Ethylenediaminetetraacetic acid 0.5 grams/liter

2. Buffer for pH 7.0:

KZHPO4 0.17 "

KHZPO4 0.14
“

5. Inorganic nutrients:

MgC12 . 6H20 1.0 “

CaC12 . 6H20 0.02
”

MC12 . 4H20 0.06
”

ZnC12 0.04
”

FeCl5 . 6H20 0.0015
”

4. Organic Nutrients:

D L Methionine 0.05
”

Glucose 5.0 *
Sodium glutamate (mono) 2.0

”

5. Dissolve the ingredients of steps 1, 2, 5 and 4 in 971 ml. pre-

distilled ion-exchanged water and adjust the pH of the solution

to 7.0 with KOH pellets.

6. Agar (Difco Bacto—agar). 20.0 grame/liter

Add to the above solution.

7. Autoclave the medium at 15 lbs. for 50 minutes.

aNote: taken from Scott et al. (1965).
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TABLE 14

Toxicity Effects of Phenoxetol on Tue Selected
Fish Species in Relation to Time

Concentration (%) Guppy Kissing Gourami

1.00 8 sec. 25 sec.
.75 15 sec. 45 seo.

.50 19 sec. 1 min. 25 sec.

.25 27 sec. 1 min. 50 sec.

.10 l min. 15 sec. 5 min. 10 sec.

.06 4 min. 45 sec. 6 min. 20 sec.

.05 4 hrs. 20 min. 2 hrs. 25 min.

.02 Sluggish, but lives Sluggish, but lives

.01 Nbn·tcxic Non—toxic

TABLE 15

Toxicity Effects of Propylene-Phenoxetol on Twe Selected
Fish Species in Relation tc Time

Concentration (%) Guppy Kissing Gourami

1.00 15 sec. 22 sec.

.75 25 sec. 59 sec.

.50 50 sec. 46 sec.

.25 55 sec. 52 sec.

.08 5 min. 27 sec. 7 min. 20 sec.

.04 15 hrs. 20 min. 11 hrs. 50 min.

.02 Sluggish, but lives Sluggish, but lives

.01 Non-toxic Non—toxic
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TABLE 16

Toxicity Effects of Chloro—Phenoxetol on Two Selected
Fish Species in Relation to Time

Concentration (C?) Guppy Kissing Gouxami

.04 20 sec. 50 sec.

.02 1 min. 50 sec. 1 min. 50 sec.

.008 9 min. 16 sec. 10 min. 26 sec.

,005 56 min. 25 min. 45 sec.

8No non-toxic concentration found.

TABLE 17

Toxicity Effects of Nipagin M on Two Selected
Fish Species in Relation to Time

Concentration
(‘?) Guppy Kissing Gourami

.1 55 sec. 4 min. 50 sec.

.06 50 sec. 9 min. 40 sec.

.01 1 hr. 15 min. 1 hr. 59 min.

.009 Non-toxic Non—toxic
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TABLE 18

Toxicity Effects of Potassium Permanganate on Two Selected
Fish Species in Relation to Time

Concentration (") Guppy Kissing Gourami

.5 2 min. 5 sec. l min. 40 sec.

.25 ll min. 15 sec. 10 min. 25 sec.

.002 10 hours 9 hrs. 50 min.

alle non-toxic concentration found.

TABLE 19

Toucity Effects of Malachite Green on Two Selected
Fish Species in Relation to Time

Concentration (FT?) (mppy Kissing Gourami

.0066 10 min. 16 min.

.0040 22 min. 55 min.

.0020 24 min. 58 min.

.0010 52 min. 48 min.

.0005 2 hrs. 10 min. 1 hr. 5 min.

.0002 5 hrs. 50 min. 2 hrs. 14 min.

8No non-toxic concentration found.
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This investigation was concerned with the aquatic fungi infect-

ing tropieal fish. The research was divided into two main phasesz

(1) host range studies and associated investigations; and (2) studies

to determine the fungicidal effects of certain chemicals gg ggtgg.

Nineteen strains, representing three fungal genera (Saproleggga,

ggglgg, and Pyghium), were isolated from ll fish species. Two strains

were identified specifically as ggglyg americana.

Laboratory infection studies revealed the ability of each isolate

to infect the following selected fish species:

Mexican Platyfish — Xiphophorous maculatus

Swordtail — Xiphophorous helleri

Guppy - Lebistes reticulatus

Black Molly - Mollieggsia latipinna

Kissing Gourami — Helestoma temminchi

Sagrolegggg sp. and égglyg americana proved to be more vigorous

and lethal pathogens than Qythggg sp. No indications of host specificity

were evident.

Six chemicals (Phenoxetal, Propylene-phenoxetol, P-chloro-

phenexetol, Nipagin H, Malachite green, and Potassium permanganate)

were tested. Each compound exhibited fungicidal activity. Malachite

green was found to be the most effective fungicide tested, being func-

tional in concentrations as low as 2 pp. Sustained fish culturing

could not be carried out in the minimu fungicidal concentrations of

the various test chmicals.




