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Investigations in Fish Control are reports on the results 

of work at the Bureau's Fish Control Laboratories at 

La Crosse, Wis., and Warm Springs, Ga. The two reports 

presented here are the first of several reports that are 

planned on work now under way. 
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Laboratories and methods for screening fish-control chemicals 

By Robert E. Lennon, Fishery Research Biologist 

and Charles R, Walker, Chemist 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wis. 

Abstract.--This report describes the physical and technical facilities 

and the procedures of the Fish Control Laboratories at La Crosse, Wis., 

and Warm Springs, Ga. The laboratories emphasize screening of chemi- 

cals to find a variety of fishery management tools. Preliminary Screening 

ascertains whether a chemical in three concentrations has a desirable 

biological activity on eight species of fish in reconstituted water at 12° 

and 170 C, Delineative Screening ascertains effective concentrations 

(EC100) on eight species in reconstituted water (the method for which is 

described) at 120, 17°, 22°, and 27°. Intensive Screening of promising 

fish-control agents ascertains effects on 24 species of fish and on other 

aquatic organisms, at different temperatures and in waters of various 

qualities, in the laboratory and in the field. 

Fish Control Laboratories were established 

by the Bureau of Sport Fisheries and Wildlife 

at La Crosse, Wis., in 1959 and at Warm 

Springs, Ga., in 1963. The mission of the Lab- 

oratories is the development of means for 

efficient manipulation of fresh-water fish. 

In particular, safe and economical controls-- 

chemical, biological, electrical, or mechani- 

cal--are sought for undesirable populations in 

standing and flowing waters. The objectives 

are sufficiently broad to encompass investi- 

gation and development of any new tools that 

may be useful in fishery management, fish 

culture, or fishery research, 

At La Crosse, the buildings of the National 

Fish Hatchery were remodeled and expanded 

in 1960-62 to provide a large research facility 

(figs. 1 and 2), The subsidiary Laboratory at 

Warm Springs is new construction on the 

grounds of the National Fish Hatchery (fig. 3). 

Their locations offer contrasting advantages 

to be exploited through close coordination in 

the research on fish control; 

La Crosse Warm Springs 

Southern fishes. 

Warm climate. 

Warm water, 

Soft water. 

Northern fishes. 

Cold climate. 

Cold water. 

Hard water, 

In equipping and staffing the laboratories, 

early recognition was given to the potentials of 

chemical control agents. The bioassay (wet), 

chemistry, and physiology laboratories are 

concerned with general and selective toxicants, 

attractants, repellants, anesthetics, sterilants, 

spawning inducers, osmoregulators, marking 

dyes, medications for diseases, and sedatives 

and decontaminants for fish distribution. Em- 

phasis is on finding selective toxicants for 

longnose and shortnose gars, gizzard shad, 

goldfish, carp, squawfishes, white sucker, black 

bullhead, rock bass, green sunfish, pumpkin- 

seed, yellow perch, and freshwater drum. 

Ample justification for research on selective 

piscicides is contained in fishery literature, 



aa 

133 

Figure 1,--The Fish Control Laboratory at La Crosse, Wis, 

Figure 2,--The fish holding house at La Crosse, Wis, 



Figure 3,--The Fish Control Laboratory (foreground) and wet laboratory holding house at Warm Springs, Ga, 
Construction and grading were incomplete when the photograph was taken, 

LesVeaux (1959) listed 30 States that need con- 

trol of certain troublesome fishes. Among the 

qualities desired in selective toxicants are 

specificity to certain life stages or to certain 

fish, low cost, ease and safety of application, 

rapid degradation to nontoxic residues, harm- 

lessness to warm-blooded animals, and effec- 

tiveness at low temperatures, Applegate et al. 

(1961) reported on an effective and selective 

sea lamprey larvicide, Loosanoff, MacKenzie, 

and Shearer (1960) showed the possibilities of 

controlling certain shellfish predators with 

chemicals in marine environments. These and 

other studies stimulated interest in investiga- 

tions to find selective toxicants for various 

fresh-water fish. The American Fisheries So- 

ciety, for example, resolved at its 88th annual 

meeting in 1958 to recommend, to the Secre- 

tary of the Interior, an expansion of research 

in fish control. Congress in the same year 

made the first appropriation for establishment 

of the Fish Control Laboratory at La Crosse. 

FACILITIES 

Bioassay laboratories 

At La Crosse and Warm Springs there are 

wet laboratories for large-scale screening of 

chemicals against fish. Fiberglass or alumi- 

num troughs serve as water baths for bioassay 

vessels, and fiberglass or concrete tanks hold 

selected fish for experiments (figs. 4 and 5), 

Ground water is used for the water baths and 

fish holding, and temperatures are adjusted 

by means of thermostatically controlled im- 

mersion heaters or refrigeration units. 

Deionized water of at least 1 million ohms 

resistivity is reconstituted according to a 

formula developed at the Bureau's Fish- 

Pesticide Research Laboratory and is em- 

ployed as a test medium in the bioassay 

vessels. The following chemicals are added 

per liter of deionized water: 30 mg. of calcium 

sulfate, 30 mg. of magnesium sulfate, 48 mg. 

of sodium bicarbonate, and 3 mg. of potassium 

chloride. : 

Glass vessels are preferred for bioassays 

in the laboratory. Most of the screening is 

done in economical 1-gallon pickle jars which 

are used once and discarded. Five-gallon water 

buckets of glass are employed in advanced 

screening. They are reused after thorough de- 

contamination and washing which include sev- 

eral steps: 

a. Rinse jar with tap water. 
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Figure 4,--View of wet laboratory at La Crosse showing batteries of bioassay vessels in concrete, aluminum, and 

fiberglass tanks, 

b, Add 6.3 grams of activated charcoal 

(1 gram/3 liters), fill jar with deion- 

ized water, and let stand over night. 

c, Empty and rinse; wash with strong 

detergent in hot tap water and rinse 

thoroughly. 

d. Sponge entire jar with 10- to 14-per- 

cent hydrochloric acid and rinse twice 

with deionized water, 

Whenever residual contamination is detected 

or suspected, the jar is discarded, All dis- 

carded bioassay glassware is smashed to pre- 

vent further use, 

All test solutions are discarded into a floor 

drain which continually carries at least 300 

g.p.m. of waste water from the fish holding 

tanks. The dilution has been found to be more 

than sufficient to eliminate hazards. 

All fish used in the bioassays are disposed 

of in gas-fired incinerators of complete-com- 

bustion type. 

Other laboratory facilities 

Each Fish Control Laboratory has chem- 

istry, biochemistry, and physiology labora- 

tories as adjuncts to the bioassay facilities. 

Chemicals for testing are received in the 

chemistry laboratories, stored in fire- and 

explosion-resistant vaults, and prepared in 

proper solutions and dilutions for bioassay. 

Compounds showing promise as fish-control 

agents are investigated in the biochemistry 

laboratories to evolve methods for applica- 

tion, effective and economical formulations, 

possibilities for potentiation, means for mini- 

mizing side effects and hazards, and techniques 

for detoxification. In the final stages of de- 

velopment, a control agent is studied in the 



Figure 5,--View of a wet laboratory at Warm Springs showing a battery of bioassay vessels in a fiberglass tank, 

physiology laboratories to define its mode of 

action on fishes and other organisms, any 

chronic effects, the fate of residues in live 

animals, and the risks, if any, to consumers 

of treated fish. 

Fish-holding facilities 

Large quantities of fish are required for 

the chemical screening programs, At La 

Crosse, for example, 498,000 fish of 34 

species were used in 1963. Most are obtained 

from Federal, State, or private hatcheries 

and rearing stations; it is more satisfactory 

to arrange small, frequent deliveries than 

attempt to maintain large quantities on hand 

for long periods in usable, disease-free con- 

dition, A holding house and outside pools are 

provided at each Laboratory for the main- 

tenance, feeding, sorting, and grading of the 
experimental fish (fig. 3 and 6). 

Outdoor bioassay pools 

An intermediate step between laboratory 

testing and field trials of promising fish- 

control agents is essential to detect and 

evaluate some of the physical or chemical 

factors that influence the performance of 

a candidate agent in natural waters, Race- 

ways and portable plastic pools are located 

at each Laboratory for this purpose. 



Figure 6,--Interior view of fish holding house at La Crosse, 

Inexpensive vinyl wading pools, 9 and 10 

feet in diameter, 2.5 feet deep, and about 

1,000 gallons in capacity, are set up as de- 

scribed by Lawrence and Blackburn (1962) in 

outdoor testing areas (figs. 7 and 8), Bottom 

soils of various types, pond or ground waters, 

aquatic plants, invertebrates, fish, and am- 

phibians are used in them as needed during 

chemical trials. Contaminated vinyl liners 

are economically replaced. The pools at La 

Crosse are employed only during the warm 

season, but those at Warm Springs are in 

operation all year, 

Ten- and 20-foot concrete raceways are 

used for extraordinary tests in running or 

standing water, Disposable vinyl liners are 

used when necessary to avoid harmful con- 

tamination of the raceways. 

METHODS 

The static bioassay is the first approach 

in screening chemicals for control agents. 

Constant-flow bioassays are reserved for 

advanced stages of testing. 

Bliss (1957) defined a bioassay as a deter- 

mination of the potency of a physical, chemi- 

cal, or biological agent by means of a bio- 

logical indicator, Noting its development 

during the past 20 or 30 years by scientists 

from many and diverse fields, he listed 

principles which characterize the modern 

bioassay: (1) Potency is a property of the 

drug, not of the response; (2) potency is 

relative, not absolute; (3) the assayed 

potency of an unknown is only an estimate 

of its true value; and (4) both the reliability 



Figure 8,--Vinyl bioassay pools at Warm Springs, 
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and efficiency of an assay are linked insep- 

arably with its design. Observance of these 

principles overcomes some major disad- 

vantages of the bioassay as a research tool. 

Fish have long been employed as biological 

indicators in bioassays of water pollutants, 

insecticides, herbicides, detergents, and 

other substances, The standards recom- 

mended by Doudoroff et al. (1951), Henderson 

and Tarzwell (1957), and Henderson (1960) 

for such tests have been widely accepted and 

applied, although difficulties in comparing 

studies have arisen because of the many 

kinds of fish involved. Douglas and Irwin 

(1962) pointed out that the results of inde- 

pendent bioassays often cannot be related 

because the comparative resistance of the 

many test fishes has not been established. 

They noted that certain species have been 

more useful in toxicity bioassays than others, 

and they emphasized the need for knowledge 

about the reactions of different species of 

fish when exposed to a particular toxicant. 

The large body of literature on methods 

and results of bioassays with fish has been 

helpful in defining the screening programs of 

the Fish Control Laboratories, In general, 

the practical methods proposed by the inves- 

tigators cited above are followed but with 

some modifications since we seek more in 

biological activities than acute toxicity only. 

Test chemicals 

The test chemicals are selected by staff 

chemists and biologists and are contributed by 

industry. Preference is given to compounds 

that have demonstrated biological activity or 

are suspected of possessing a useful activity 

against fish, It is also desirable to have as 

much information as possible before screen- 

ing on the nature and porperties of each 

chemical, its shelf life and stability, its 

solubility, and its potential hazards to inves- 

tigators, Security is respected, and precau- 

tions are taken with compounds and test data 

to protect the rights of contributors. 

The chemicals obtained for screening are 

arbitrarily classified as follows in order to 

facilitate scheduling of tests, observation of 

responses, and reporting of results; 

1, Natural organic products; 

a. Animal extracts (steroids, proteins, 

etc.): 

b. Plant extracts (rotenoids, alkaloids, 

phenols, etc.), 
c. Fermentation products (antibiotics, 

eter 

2. Synthetic organic products; 

a. Halogenated hydrocarbons. 

b. Nitrogen-bearing hydrocarbons 

(salicylanilides, carbamates, 

triazines, etc.), 

c. Phosphorus-bearing hydrocarbons. 

d, Sulfur-bearing hydrocarbons 

(mercapto, thioates, thiozines, 

etc.): 

e. Miscellaneous compounds and com- 

binations, 

3. Inorganic products, 

The progress of a chemical through testing 

and development is depicted in figure 9, A 

compound is introduced into Preliminary 

Screening to detect whether it has activity 

against fish. If it has, it is advanced into 

Delineative Screening, where the effective 

concentrations are defined and the possible 

usefulness of the substance is declared, If 

results are favorable, the candidate is re- 

ferred to Intensive Screening, where it is fully 

evaluated in the laboratory and in the field as 

a fishery tool. Compounds which fail to meet 

requirements at any stage of screening are 

shelved or discarded immediately. 

Test fishes 

It is of utmost importance that the validity 

and comparability of the bioassays be assured 

by using only fish of selected species, of 

certain sizes, and in good condition as bio- 

logical indicators. The criteria are defined 
and strictly observed for each stage of screen- 

ing. Therefore, the rate of progress of a 

chemical through screening and development 

depends largely on the availability of the pre- 

scribed fishes. 



Time and 

Chemical 

PRELIMINARY SCREENING 6 to 12 mo. 

| 10 grams 

rejection 

DELINEATIVE SCREENING 6 to |2 mo. 

| 5O grams 

RENEE TION ECig9 evaluation 

rejection Consultation with supplier 

rejection 

INTENSIVE SCREENING 12 to 24mo. 

| kilogram 

Laboratory Physiology Outdoor pools Field testing 

rejection rejection rejection 

FINAL EVALUATION 

rejection acceptance 

Figure 9,-~Schematic on the progress of chemicals through screening, 
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TABLE 1.--Time required by certain fish held at 12° C. to empty the 

digestive tracts after food is withheld 

) ; Number of Seo Voiding 

Species in Roan pound time (hours) 

Rainbow trout..ceccscssesecs 90 2,000 36 

Wee eeeeescseesses 

River shiner...+cccess 
White sucker...+.s++- ouee 

Green sunfish....+-e++eseesees 45 355 60 
Pumpkinseed...seseeesseeeere 45 177 84, 
Bluegill. ...sesscssccccevaes 60 368 84 
Longear sunfish...-++.seesss 45 465 72 

Lots of hatchery fish are requested for 

delivery at least 2 weeks prior to use in bio- 

assays. They are placed in the care of fish 

culturists, and everything possible is done to 

minimize stresses, During the first 10 days 

they are fed, prophylactically or therapeu- 

tically treated as necessary, and observed 

to evaluate them as test animals. Lots in 

which the mortalities exceed 10 percent 

within the period are not moved into the 

bioassay program, 

The fish for experiments are carefully 

graded to desired and uniform size and trans- 

ferred into the wet laboratories or outside 

pools 3 or 4 days before use. Food is withheld 

for as long as 96 hours before screening, 

depending on the life stage and species of 

fish. Generally, young fish and certain spe- 

cies require less time to empty the intestinal 

tract than others (table 1), The fish spend at 

least 24 hours in water similar to the test 

medium before being introduced into the 

bioassay vessels, 

A help in maintaining comparable results 

in bioassays is use of a recognized reference 

toxicant against a sample of fish from each 

test lot. We employ para-, para '-DDT 

(1,1, 1-trichloro-2, 2-bis(p-chlorophenyl) 

ethane), and the test is made coincidentally 

with the introduction of a lot of fish into the 

screening program; the test is repeated 

biweekly if the lot remains on hand. The 

sensitivity (EC50) of the sample is deter- 

mined for comparison with regression curves 

established for the species from experience 

or literature. Although costly, the test pro- 

vides the only measure of relative sensitivity 

of fish used in the bioassays. 

The value of reference tests was demon- 

strated during shakedown trials of facilities 

10 

and methods at La Crosse, For example, gold- 

fish from Missouri and Wisconsin had such 

widely divergent sensitivities that they 

bracketed those of other species. Also, the 

sensitivities within a lot of fish differ signifi- 

cantly if some specimens are exposed to pre- 

sumably harmless electric shocks like those 

experienced in electrofishing. Moreover, the 

stress of disease, malnutrition, temperature 

change, or altered water quality may influence 

sensitivity to a toxicant. Holding time is 

another factor, and we observed that the 

sensitivities changed greatly in a lot of gold- 

fish which was retained for 2 months. Saila 

(1953) emphasized the significance of this 

and showed that the resistance of his mosquito- 

fish to rotenone decreased in rough proportion 

to the length of time they were held. 

Responses of test fish 

We recognize that the observer may be the 

greatest source of error in bioassays with fish, 

The criteria of response are arbitrary and 

subject to individual interpretation. Moreover, 

they are complicated at the Fish Control Lab- 

oratories because effects in addition to and 

more subtle than acute toxicity are sought. To 

achieve individual and mutual consistency, the 

observers are trained to use definite criteria 

of response, 

Chemicals may have either short-term or 

long-term effects on fishes. Those of short 

term are typically identified with the following: 

1, Acute toxicity: 

a. Selective toxicant. 

b. General toxicant. 

2. Movement: 

a, Attractant. 

b.. Repellant. 

3. Facilitating capture, handling, or 

transport; 

a. Anesthetic. 

b. Sedative. 

c. Osmoregulator. 

4. Marking live fish: 

a. Immersion stain. 

b. Internal stain. 



5. Therapy or prevention of disease; 

a. Bactericide. 

b. Parasiticide. 

c. Fungicide. 

d. Prophylactic. 

e. Antiseptic. 

The long-term activities of potential con- 

trol chemicals may be difficult to detect and 

evaluate. They are associated with-- 

1. Control of reproduction: 

a. Hormonal spawning inducer, 

b. Hormonal spawning inhibitor, 

c. Sterilant. 

2. Control of growth and development; 

a, Growth stimulant. 

b. Growth inhibitor. 

The criteria employed to evaluate the re- 

sponses of fish are rather refined, and are 

applicable to short-term responses, They are 

used as necessary at each observation period 

to identify fully the reactions of the fish. 

They are-- 

General behaviour: 

1, No observable difference from control. 

2. Quiescent. 

3. Excitable, 

4, Irritated, 

5. Surfacing. 

6, Sounding. 

7. Twitching. 

8. Motionless; 

a, Tetany. 

b. Flaccidity. 

9. Swimming: 

a. Erratic; convulsive. 

b. Gyrating; skittering. 
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c. Inverted. 

d. On side. 

e. Against tank sides on bottom. 

Integument: 

1, Pigmentation: 

a. No observable change, 

b. Light discoloration, 

c. Dark discoloration, 

d. Varidiscoloration, 

2, External mucosa: 

a. No observable change. 

b. Shedding; patchy. 

c. Copious exudate. 

d. Coagulation. 

3. Hemorrhagic. 

Respiration: 

1, Respiratory rate: 

a. No observable change. 

b. Rapid. 

c. Slow. 
d. Irregular. 

e, Ceased, 

2. Gulping air. 

3. Structures, organs: 

No observable change. 

Mouth gaping. 

Hemorrhage in gills. 

Irritative response. 

Copious mucus in gills. 

e Ss ie 

PAP 

Alimentary responses: 

1. No observable change. 

2. Egurgitating mucus or other material. 

3. Defecating mucus or other material. 

Nervous responses; 

1. No observable change. 



2. Sensitivity to stimuli: 

Positive Negative 

a. Exterior movement.. 

De eel Gay eaceeennsecereaan en 

C. (SOUNG : ciscasseeceeteuds 

dy ROUGH icc acesecesweatmeese 

e)) Electric probersd.e.c 

Moribundity: 

1, No motion. 

2. No respiration. 

3. Distended operculum. 

4, Opaque eyes. 

5. Death. 

Recovery: 

1. Complete, 

2. Incomplete. 

Additional and more definitive observations 

are made of fish at the in-test, recovery, or 

postmortem stages in the biochemistry and 

physiology laboratories. Their objectives 

may be, for example, the modes of action and 

side effects of control agents. 

Screening 

Preliminary Screening.--Preliminary 

Screening is designed to detect whether a 

selected chemical at 0.1, 1, and 10 p.p.m, 

has a biological activity (see list of criteria 

above) against eight species of fish within 48 

hours, It is a static bioassay in 1-gallon jars 

containing 2,5 liters of pre-aerated, reconsti- 

tuted water. No artificial aerating is done 

during the test. The temperatures of water 
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baths are 12° C, at La Crosse and 17° C. 

Warm Springs. 

at 

The fish include the following species; 

La Crosse Warm Springs 

Rainbow trout, 

Goldfish, 

White sucker, 

Yellow perch, 

Carp, 

Black bullhead. 

Green sunfish. 

Bluegill, 

Goldfish from the same gene pool and from 

the same source are employed for occasional 

toxicity checks between the two laboratories, 

At least 10 fish of each species are used 

with each concentration of chemical and as 

controls, They weigh between half a gram and 

2 grams each, but the weight range of the fish 

in each test does not exceed 15 percent. They 

are distributed at one species per jar about 

16 hours before the bioassay at a loading of 

1 gram or less of fish per liter of test medium 

Thus, there may be but one or two fish per 

jar, and up to 10 jars may be needed for each 

concentration of chemical, 

A stock solution of a test compound is pre- 

pared within an hour of the bioassay. The 

solvents preferred are water, acetone, and 

ethanol, in that order. Because of their toxi- 

city to fish, precautions are taken that the 

concentrations of acetone and ethanol do not 

exceed 4 parts per thousand in the bioassay 

media, Furthermore, whenever these solvents 

are used, equal volumes of them are applied 

in control vessels. Thus the volume in con- 

trols is equal to the highest volume used in a 

dosage series. Small aliquots of a stock solu- 

tion are thoroughly mixed into bioassay media 

to avoid improper dilution or stratification, 

The responses of the fish in bioassays and 

controls are observed routinely at 0.75, 1.5, 3, 

6, 24, and 48 hours, but so far as possible they 

are recorded on the first day and thereafter 

as often as the nature of a candidate compound 

warrants, 

If a compound has a desirable activity against 

the fish, it is held for further screenings, which 

are discussed briefly below. 



Delineative Screening.--The effective con- 

centrations (EC100) of a chemical against 

fish are determined in Delineative Screening. 

The vessels may be jars or troughs for static 

or flowing water trials, The water, aeration, 

species and size of fish, duration of tests, and 

controls are the same as in Preliminary 

Screening. A compound is first bioassayed at 

12° C, to define concentrations which evoke 
all-or-none responses from the fish, The 

approach to these concentrations may be 

direct by bracketing and interpolation, or it 

may be indirect by probit analysis, whichever 

is the shorter. The EC100, if seemingly 

practical, is confirmed by seven replicate 

trials. 

A chemical which yields favorable results 

at 12° C, is retested at 17°, 22°, and 27° to 
evaluate the effects of temperature on the 

effective concentrations, At 22° and 279, rain- 

bow trout are omitted from the bioassays, 

and the loading rates for other species are 

half a gram or less per liter of test medium. 

If a compound succeeds in these trials, its 

potential as a fish-control agent is estimated, 

Information is sought on its possible applica- 

tion; on the source and manufacturing costs; 

on possible hazards, conflicts, or limitations 

in use; and on the size of the market. Only if 

it continues to appear promising is the chemi- 

cal promoted into the more elaborate and 

expensive Intensive Screening. 

Intensive Screening.--Intensive Screening 

is directed toward development of a promising 

chemical as a fish-control agent and the defi- 

nition of its advantages and limitations. These 

are broad objectives, and some subdivision 

of approaches is in order. 

A. Stages: The advanced tests of a com- 

pound are accomplished in the wet labora- 

tories, in outside pools, and finally in the 

field. They may include static or flowing 

water bioassays with durations of 24, 48, and 

96 hours or longer, The vessels may include 

1-gallon jars with 2.5 liters of test medium, 

S-gallon jars with 15 liters of medium, and 

fibergalss troughs of 4-, 8-, and 16-foot 

lengths, The outdoor pools include 1,000- 

gallon vinyl units and 10- and 20-foot concrete 
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raceways, Proportioning pumps are used in 

the flowing bioassays to achieve consistent 

concentrations of chemical, 

The initial trials of a compound in the 

field are conducted in waters closed to public 

use, These waters are found, for example, on 

the grounds of Federal and State fish hatcher- 

ies, on wildlife refuges, or on military reser- 

vations, Trials are manned or immediately 

supervised by the Laboratory staff. Subsequent 

experiments in the field may be accomplished 

by selected cooperators in State and Federal 

agencies, 

B, Varieties of fish: Sixteen species in 

addition to those included in Preliminary and 

Delineative Screening are employed, They are; 

1, Brook trout. 

2. Northern pike. 

3. Fathead minnow. 

4, Brook stickleback. 

5. Pumpkinseed. 

6. Longear sunfish. 

7. Smallmouth bass. 

8. Walleye. 

9, Gizzard shad. 

10. Golden shiner. 

11. Bigmouth buffalo. 

12, Brown bullhead. 

13. Channel catfish. 

14, Redear sunfish. 

15, Largemouth bass. 

16. White crappie. 

Other species may be used on occasion in 

advanced tests. 

C, Life stages; Various life stages of 

fish, from egg to mature adult, may be involved 

in the more advanced bioassays to detect the 

presence, absence, or variation of response to 

a promising chemical, It may be a great ad- 

vantage or disadvantage if a potential control 

agent is selective for one life stage and not 

for another. 

D. Other organisms; The effects of a 

potential chemical tool on other aquatic life 

must be assessed at least minimally in the 

laboratory before it is tested in the field. Some 

forms such as water fleas, snails, and plants 



are cultured for this purpose. Others, such as 

freshwater scuds, damselfly and mayfly 

nymphs, and tadpoles, are collected in the 

field. Static bioassays in glass jars are con- 

ducted with chemical concentrations and ex- 

perimental conditions similar to those of the 

fish assays. 

E. Temperature; The influences of 

water temperature on the biological activity 

of a candidate chemical are defined for all 

species and different life stages from bio- 

assays under ice and at 29, 79, 1290, 170, 220, 

and 27° C, It is especially desirable to de- 

velop compounds that may be applied effec- 

tively during cold seasons when recreational 

use of public waters is low. 

F, Water quality: It is recognized that 

water quality may exert tremendous influence 

on the activity of an introduced chemical. Ac- 

cordingly, the effectiveness of a candidate 

control is observed in hard and soft waters, 

in alkaline and acid waters, and in waters of 

low and high organic content, in the labora- 

tory and field. Initially, the formula for re- 

constituting deionized water is altered to de- 

tect trends. 

G, Formulations: Formulation is often 

the key to an effective biological activity or 

efficient application of a compound, Density 

and solubility, for example, may be extremely 

important factors in a fish-control agent. Vari- 

ous formulations with carriers, wetting agents, 

dispersing agents, potentiators, or inhibitors 

may be prepared or acquired for testing. 

Combinations of biologically active chemicals 

are tested to ascertain their potentials as 

multiple controls for fish and aquatic weeds, 

fish and parasites, or fish and amphibians, 

Moreover, the practicality of a control 

agent might depend on or be enhanced by an 

applicator's ability to modify or arrest its 

activity efficiently at a given point. Hence, 

the Intensive Screening includes experiments 

with possible deactivators, detoxifiers, or 

decontaminants for potential controls. 

Unsatisfactory results or hazardous 

side effects, and new information on manu- 

facturing, marketing, or competitive control 
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chemicals may contribute at any point in In- 

tensive Screening to the abandonment of further 

trials and development. 

Recording and reporting results 

The results obtained with each chemical 

are analyzed soon after completion of the 

Preliminary, Delineative, and Intensive 

Screenings, They are furnished to the con- 

tributor of the chemical immediately. After 

screening, we evaluate the compound as a 

potential fishery management tool, to deter- 

mine patent positions, to refer it for studies 

of residues and chronic effects, and to inves- 

tigate requirements for clearance and labeling. 

For compounds with negative results the 

screening data are segregated according to 

the classes of chemicals involved and will be 

published as soon as the accumulation of data 

warrants. The results with chemicals which 

succeed as fish-control agents will be reported 

individually and addressed primarily to fish 

managers or fish culturists. Thus, we plan to 

define the range of effective concentrations for 

certain target fishes in waters of different 

temperatures, different types, and of various 

qualities. 

SUMMARY 

The Fish Control Laboratories at La Crosse, 

Wis., and Warm Springs, Ga., are equipped to 

find and develop chemicals which may be 

used as fishery management tools, Objectives 

of the research are general and selective toxi- 

cants, attractants, repellents, anesthetics, 

sterilants, spawning inducers, marking dyes, 

medications for diseases, and sedatives for 

fish distribution. The facilities include chem- 

istry, physiology, and wet laboratories; fish 

holding structures; and outdoor pools and race- 

ways. The program involves three stages of 

chemical screening. 

Preliminary Screening detects whether a 

selected chemical at 0.1, 1, and 10 p.p.m. has 

an activity in static bioassays on eight species 

of fish in reconstituted water at 12° and 

ERAGE 



Delineative Screening defines the effective 

concentrations (EC100) of a chemical in static 

or flowing bioassays on eight species of fish 

in reconstituted water at 129, 179, 22°, and 

27° «6C, 

Intensive Screening is reserved for chemi- 

cals which show great promise as fish-control 

agents. Effective concentrations are deter- 

mined in the laboratory, in outdoor pools, and 

in the field against 24 or more species of 

fish in various life stages from egg to adult, 

against selected aquatic organisms, and in 

waters of different temperatures and various 

qualities. The modes of action, side effects, 

chronic effects, and deactivators also are 

studied, as necessary. 

The results of screening are reported 

direct to contributors, They are also pub- 

lished by the Bureau. The effective concen- 

trations of fishery tools on target fishes under 

certain conditions are given. 
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Preliminary observations on the toxicity of antimycin A to fish and other aquatic animals 

By Charles R, Walker, Chemist 

Robert E, Lennon, Fishery Research Biologist 

and Bernard L, Berger, Chemist 

Bureau of Sport Fisheries and Wildlife 

Abstract,--Antimycin A, an antifungal antibiotic, has been suggested 

for use as a fish toxicant, Preliminary tests were made to evaluate its 

effects at concentrations of 0,01 to 120 p.p.b, on 24 species of fresh- 

water fish in the laboratory and 25 species in outdoor pools, Responses 

of a select group of other animals and aquatic plants are discussed, The 

antibiotic is a powerful fish toxicant, Carp and other rough fish were 

killed by small concentrations in short exposures at cool and warm tem- 

peratures, Longnose gar, bowfin, black bullheads, and yellow bullheads 

were relatively resistant to the quantities tested, Plankton, aquatic plants, 

bottom fauna, salamanders, tadpoles, and turtles were not harmed by 

pisicicidal concentrations, Antimycin A degrades rapidly in water, 

especially in the presence of free hydroxide, Detoxification occurred 

within 24 to 96 hours, Further studies are planned on the performance 

of antimycin A against various life stages of fish, on other aquatic ani- 

mals, and in waters of differing qualities and temperatures, The process 

of detoxification and the fate of residues deserve further attention, 

An objective of the Fish Control Labora- 

tories is the development of new fish toxicants 

that can be used safely and economically in 

the management of fish populations, Antimycin 

A exhibits properties desired in a candidate 

fish toxicant, It is lethal to certain target 

fishes in low concentration and on short ex- 

posure; it works in cool and warm water and 

in the presence of aquatic plants; it degrades 

rapidly in water and appears to leave no harm- 

ful residue. 

This report summarizes data obtained on 

antimycin A in the laboratory and small out- 

door pools and larger hatchery ponds. Devel- 

opment and efficacy of the compound as a 

fishery tool is to be further investigated. 

ANTIMYCIN 

Sources and uses 

Antimycin is an antifungal antibiotic isolated 

from the bacteria Streptomyces sp. and identi- 

fied by Dunshee, Leben, Keitt, and Strong 

(1949) at the University of Wisconsin, Follow- 

ing this discovery, at least seven species of 

Streptomyces were found to be producers of 

antimycin. Burger, Teitel, and Grunberg 

crystalized the antibiotic from two species of 

Streptomyces (Strong, 1956), Later at the 

University of Wisconsin, another culture pro- 

duced an antimycin-like product which showed 

promise as an antibiotic for plant pathogens 

(Lockwood et al., 1954), 



Harada and associates (Nakayama et al., 

1956) in Japan discovered an antimycin- 

producing culture of Streptomyces kitazawaensis 

which differed from the first culture at the 

University of Wisconsin, but both produce an 

antitumor substance (carzinomyceticus). Re- 

search at the University of Tokyo by Watanebe 

et al. (1957) on S. blastmyceticus yielded an 

antibiotic called blastmycin which consists 

largely of antimycin A3. Harada et al. (1959) 

devoted special attention to the antifungal 

property of blastmycin as a control for rice 

blast disease (Piricularia oryzae) in Japan. 

Derse and Strong (1963) related that anti- 

mycin is an antibiotic of unusual chemical 

structure which is toxic to yeasts, other fungi, 

insects, and mammals, but not to bacteria. 

They also reported that it is extremely toxic 

to goldfish at 1 p.p.b. On the basis of this 

observation, on the rapid degradation of the 

chemical, and its much lower toxicity to 

higher animals, they suggested that antimycin 

may be useful in fish management. 

Composition and structure 

The complex structure of antimycin was 

elucidated by Dunshee et al. (1949), Tener 

et al. (1953), Strong (1956) and Strong et al. 

(1960), van Tamelen et al, (1959 and 1961), 

and Dickie et al. (1963), It is illustrated in 

founre is 

Lockwood et al. (1954) described antimycin 

as a complex made up of several active frac- 

tions which they identified from paper 

chromatograms as Aj, Ag, Ag, and Ay accord- 

ing to increasing Rp values, Liu and Strong 

(1959) determined that one or more of these 

Rp values were represented in antimycin 

A-35, antimycin A-102, blastmycin, and 

virosin, and they investigated them, Further 

study by Dickie and his associates (1963) 

established that the fractions differ only in 

the alkyl side chain (R) in figure 1. The anti- 

mycin A; and A, fractions are probably iso- 

meric with R = n-hexyl, and calculations of 

the elemental composition indicate that the 

emperical formula is CogH4gN9Og. The Ag 
and Az isomers bear the n-butyl side chain, 

and the emperical formula is perhaps 

C96H36N209. The percentage composition 

of fractions or isomers is very important 

to the biological activity of the antimycin 

complex. 

Physical and chemical properties 

The fermentation extracts of antimycin are 

dark, tarry substances which upon further 

purification yield a fine crystalline material. 

This nitrogenous, phenolic complex is charac- 

terized by solubility in polar organic solvents 

including ethanol, acetone, and chloroform; 

slight solubility in nonpolar solvents including 

petroleum ether, benzene, and carbon tetra- 

chloride; and relative insolubility in water and 

5S-percent solutions of hydrochloric acid, 

sodium bicarbonate, and sodium carbonate 

(Keitt, Leben, and Strong, 1953), 

The infrared absorption spectrum of anti- 

mycin has been identified in isolates from 

several cultures, although the crystalline 

products appear to have different properties. 

These differences are attributed to the intri- 

cate composition of the antibiotic and the 

presence of impurities associated with sam- 

ples (Strong, 1956), For example, blastmycin 

has almost the duplicate IR spectrum of anti- 

mycin A-35 isolate, but the melting points are 

1669-1679 and 140.59-141.5° C, respectively. 
Blastmycin is composed primarily of the anti- 

mycin Ag fraction with a trace of Ay in con- 
trast to antimycin A-35, antimycin A-102, and 

virosin, which contain additional subcompounds 

A; and Ap» (Strong, 1956; Liu and Strong, 1959), 

Antimycin is susceptible to alkaline degra- 

dation as indicated in figure 1. Hydrolytic 

cleavage occurs at the lactone carbonyl sites 

on the cyclic diester and leads to the forma- 

tion of antimycic acid or blastmycic and the 

neutral fragment (van Tamelen et al., 1961; 

Liu et al., 1960; and Tener et al., 1953). The 
degradation is rapid in water, and detoxifica- 

tion of 10 p.p.b. is accomplished within 7 days 

according to Derse and Strong (1963); it is 

accelerated in the presence of light, high 

alkalinity, and warm temperatures, 

Biological activity 

Antimycin is a powerful and highly selective 

inhibitor of the electron transport in oxidative 



CH o f mi coat 
CONH = ioe aG CHACH(CH), 

i “ 
re) 

CH, \, R NHCHO 

Antimycin A, ; R= n-hexyl : CogHggn30, 

Antimycin A, , R= n-butyl : CogHsgNo0g 

COOH 

CONH —CH 
fe) te) CHs 

HCOH 
OH | 

CH NHCHO 3 R’ R 

Blastmycic acid Antimycin lactone 
CoH 4NoO5 CHO: 

14°"24~4 ° 

R =O0CCH,CH(C | COOH | i eee se 
R=N-CyHyg 

CONH—CH HCOOH : CreH 
Formic acid i624 

H COH R=00CCH,CH(CH,)> 
OH ! 

1 CH Be Cons 

Antimycic acid == peneD ponte 

CH Ag. [5 ee 
R=OH 

| / R=n-Celis 
«x —n-hexyl - 

ae. a Glycine + levulinic acid 
salicylic aci Cy, Hoo C, H.NO 11 2043 2S 2 C,H,NO, 

Rane 
actetic acid 

Ce5Hi9%% 

Figure 1.--Structure of antimycin and the assumed process of breakdown under alkaline conditions 
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phosphorylation systems (Strong, 1956), It 

retards the respiration of cells, and the selec- 

tive action.in the electron transport chain at 

the cytochrome b-(Coenzyme Q)-cytochrome 

c has made antimycin an indispensable reagent 

for enzyme studies, Its effects on the suc- 

cinic-oxidase system have been described 

as the "antimycin-A-blocked factor,'' Gottlieb 

and Ramachandran (1961) illustrated the site 

of action of antimycin and ascosin as follows; 

Substrate --> Pyridine nucleotide--> Flavoprotein--> 

_cytochrome b_ 
=== < = SSCA? ili 85 

“coenzyme Q~ 

cytochrome c--> cytochrome a--> oxygen 

Because of its extreme potency as an 

inhibitor of electron transport, Derse and 

Strong (1963) surmised that antimycin is 

absorbed into the gills and interferes with 

respiration in fishes, 

METHODS AND MATERIALS 

Crystalline antimycin A was supplied by the 

Wisconsin Alumni Research Foundatior from 

Kyowa Fermentation Company, Ltd., in Tokyo, 

Japan, This material was isolated from the 

culture of Streptomyces kitazawaensis and had 

the following fractions by weight: Aj, 40 per- 

cent; Ay, 20 percent; Az, 20 percent; and Ay, 

10 percent. Although the fraction Az amounts 

to only 20 percent, it accounts for about 60 

percent of the biological activity. 

Stock solutions were prepared with 100 mili- 

grams of crystalline antimycin A dissolved in 

1 liter of acetone. They were renewed with 

each series of bioassays, although tests in- 

dicated that solutions in acetone are relatively 

stable up to 24 days. Crystalline material 

stored at room temperature for 2 years also 

remained stable, 

Laboratory tests 

The methods and facilities employed for 

evaluation of potential fish-control agents were 

described by Lennon and Walker (1964), The 

bioassays of antimycin A were conducted in 

slightly alkaline and medium hard, reconsti- 

tuted water at 129, 179, and 22° C, Twenty- 
four species of fish, representing nine fami- 

lies, were included (table 1). They were 

supplied by national fish hatcheries, the Wis- 

consin Conservation Department, and Ozark 

Fisheries, Inc., and each lot was graded to 

a desired size before use. 

Aliquots of the stock solution of antimycin 

A were diluted and stirred into the 1- or 5- 

gallon bioassay vessels in the presence of 

fish. The responses of the fish to the toxicant 

were observed at 24, 48, 72, and 96 hours, 

Other animals included in bioassays were 

water fleas (Daphnia magna), crayfish (Cambarus 

sp.), damselfly nymphs (/schnura sp.), tiger 

salamander (Ambystoma tigrinum), and bullfrog 

tadpoles (Rana catesbiana). They were stocked 

in bioassay vessels as follow: 10 water fleas 

or 2 damselfly nymphs in each 16-ounce jar, 

1 crayfish or 2 bullfrog tadpoles in each 1- 

gallon jar, and 1 adult tiger salamander in 

each 5-gallon jar. 

Field tests 

Vinyl wading pools.--Only a few outdoor 

bioassays were made in 1962 and 1963 because 

only small quantities of toxicant were available. 

TABLE 1.--The 24 fishes used in laboratory tests of antimycin A 

= Size range 
Common name Technical name (grams) 

Gizzard shad...-e+e+eseeee Dorosoma cepedianum 12.0-15.0 
Rainbow trout.......-..+- Salmo gairdneri 1.0- 1.6 
Brown trout...-+seeeeeeee Salmo trutta 1.2- 1.4 

Northern pike......-..++-. Esox lucius 0.5- 0.6 

StonerOller....+ssesesees Campostoma anomalum 3.0- 4.0 
Goldfish... --ceccccvcscece Carassius auratus 1.5- 2.4 
CALPecccccenscccccvcccces Cyprinus carpio 0.6- 2.3 
Golden shiner...'...-..+-- Notemigonus crysoleucas 1.0- 2.2 

Fathead minnow..«........-. Pimephales promelas 0.9- 1.8 
White sucker...-ceesecsee Catostomus commersoni 1.3- 2.8 
Bigmouth buffalo......... Ictiobus cyprinellus 1.6- 2.5 
Black bullhead........... Ictalurus melas 0.7- 2.3 

Yellow bullhead........-. Ictalurus natalis 1.2- 2.2 
Channel catfish.......... Ictalurus punctatus 1.5-1.8 
Brook stickleback........ Eucalia inconstans 0.6- 1.0 
Green Sunfish...ecsssseee Lepomis cyanellus 0.8- 2.5 

Pumpkinseed...-+eseeeeeee Lepomis gibbosus 1.0- 2.3 
BIUe LIT... ccc eccceereces Lepomis macrochirus 1.2- 2.4 
Llongear sunfish.........- lepomis megalotis 1.0- 2.5 
Largemouth basS...++-+-«- Micropterus salmoides 1.8- 2.9 

White crappie..-.cesecees Pomoxis annularis 1.5- 3.0 
Towa darter...cecceceseee Etheostoma exile 0.6- 1.2 
Yellow perch....scccescee Perca flavescens 0.6- 3.0 
Walleye...cecescsccccuces Stizostedion vitreum 0.4- 0.8 



The test vessels were 1,000-gallon wading the course of tests according to standard 

pools similar to those described by Lawrence methods (American Public Health Association 

and Blackburn (1962), Some physical, chemi- et al., 1960), 

cal, and biological conditions characteristic 

of ponds were simulated or intrinsic, The Hatchery ponds.--The Wisconsin Conserva- 

physical aspects included bottom soils of sand tion Department provided two ponds for tests 

and loam, naturally varying temperatures, at the Delafield Warmwater Fisheries Re- 

turbidity, and natural light. The chemistry of search Station in September 1963, The sur- 

the well water in the pools was modified by face areas of ponds No, 2 and No. 5 are 0.47 

physical and biological factors, and 0.78 acre respectively (fig. 2), 

Of the 18 pools, 9 had 3 inches of sand on Pond No. 2 was stocked with 18 species of 

the bottom, and 9 had 3 inches of silt loam, fish at the rate of 240 pounds per acre, and 

After the pools were filled, the following were pond No. 5 with 19 species at 225 pounds per 

introduced: Sagittaria latifolia, Elodea canadensis, acre, 1 week before antimycin was applied. 

Myriophyllum heterophyllum, Potamogeton nodosus, Samples of water, plankton, and bottom fauna 
P. pectinatus, Spirogyra spp., and phytoplankton. were taken from each pond soon after the 

They were established, and the water chemis- fish were stocked and again just before the 

try was stabilized, during the 4- to 8-week ponds were drained (table 2), 

periods before fish were added. Fingerling 

and adult fish were stocked 1 to 2 weeks be- ™ ease agiaivon tant end emt trout at eclected yotex temperatures 40, 
fore applications of the toxicant. 24 and 96 hours F 

Concentrations (p-p-b.) and survival 
Number | Temper- 

Species At 96 hours The rate of detoxification of the antimycin 

was observed, and some of the killed fish were 

shipped to the Wisconsin Alumni Research 

Foundation for mammalian toxicity tests. 

Bottom fauna were sampled and quantitated. Tay a 

Data were obtained on water chemistry during 

POND NO. 2 

YY Chara 

* + Spirogyra 

°o Potamogeton 

CONTOUR ACRE-FEET CONTOUR ACRE - FEET 

O - I ft. 0.44 O -| ft. 0.68 

| — 2ft. 0.33 1-2 ft. 0.63 

VAP LE 0.01 2-3 ft. 0.42 

3+ ft. 0.17 
TOTAL 0.78 ——_— 

TOTAL 14.90 

Figure 2,--Sketch of ponds No, 2 and No, 5 at the Delafield Warmwater Fisheries Research Station, 

5 



Two formulations of antimycin A were pre- 

pared for application at 10 p.p.b. Pond No. 2 

received 9.72 grams of technical material in 

a carrier formulated by the S. B. Penick Com- 

pany to make up a total volume of 300 ml. 

Pond No. 5 received 23.37 grams of technical 

material dissolved in 300 ml. of acetone as a 

carrier, Each aliquot was mixed with 2 gal- 

lons of water and applied to a pond surface 

with a hand-powered garden sprayer. The 

applications were made from a rowboat in 

late afternoon, and frequent observations 

were made during the next 8 hours, Observa- 

tions and recovery of dead fish were made 

daily in the following 4 days. 

RESULTS OF LABORATORY STUDIES 

We found that antimycin A is toxic to the 

24 species of fish tested, The toxicity varies 

among species and is correlated with water 

temperature and time. Trends in sensitivity 

reflect taxonomic relationships of the fishes, 

and variations in susceptibility among indi- 

viduals was more pronounced in some species 

than others. The following remarks pertain 

principally to the concentrations which delin- 

eate the all-or-none survival ECp to ECyo9 

ranges, of fish at 24 or 96 hours in bioassays 

at 129, 17°, or 22° C, Data are shown graph- 
ically in figures 3 and 4, 

Among the 24 species, the group of fish 

most sensitive to antimycin A includes giz- 

zard shad, rainbow trout, brown trout, white 

sucker, Iowa darter, yellow perch, and wall- 

eye. All survived exposure to 0.08 p.p.b. for 

‘24 hours at 12° C; all perished at 0.8 p.p.b. 

The group intermediate in sensitivity in- 

cluded northern pike, stoneroller, carp, 

golden shiner, fathead minnow, bigmouth 

buffalo, brook stickleback, green sunfish, 

pumpkinseed, bluegill, longear sunfish, 

largemouth bass, and white crappie (fig. 5). 

Concentrations of 0,1 and 1.6 p.p.b. defined 

their all-or-none survival in 24 hours at 12° C, 

GIZZARD| SHAD -—— — — 7 ee 
RAINBOW TROUT — — -—~———___, 
BROWN TROUT — — - -~>——4 rad 

NORTHERN PIKE — — — — — — — — ——— 

STONEROLLER — — — — — - —— — i eT 

GOLDFISH) ck eae ge Deas ee 

ey ye ae gt ee ——— 
GOLDEN SHINER — — — — —--—— -- SSS 
FATHEAD MINNOW-— — — — — — —— SSS 
WHITE SUCKER — — — — —— —_ 
BIGMOUTH BUFFALO — — — — — — — — TS 
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ASIEN (UWL Sa SS 

CHANNEL CATFISH — — — 
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IOWA DARTER — — — -—- --- - —-————E 
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Figure 3,--The 24-hour responses of 24 fishes in the laboratory to antimycin A in p.p.b, The solid, plain, 
and cross hatched bars span the ranges between the EC, and ECy9q at 12°, 17°, and 22° C, 
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Figure 4,--The 96-hour responses of 16 fishes in the laboratory to antimycin A in p,p,b, The solid, plain, 

and crosshatched bars span the ranges between the ECp and ECyq9 at 12°, 17°, and 22° C, 

The more resistant group of fish was 

represented by goldfish, black bullhead, 

yellow bullhead, and channel catfish. The 

concentrations required for kills in 24 hours 

at 12° C were 20 p.p.b. for channel catfish, 
80 p.p.b. for yellow bullhead, 100 p.p.b. for 

goldfish, and 120 p.p.b. for black bullhead. 

Increases in water temperature or duration 

of exposure made significant differences in 

the toxicity of antimycin A to fish in the three 

groups. For example, the toxicity to goldfish 

was increased tenfold at the higher tempera- 

ture of 17° C, Among catfishes, the toxicity 

was enhanced about twofold at 179°, At the 
maximum temperature of 22°, the black and 
yellow bullheads were about 10 times as 

tolerant to antimycin A as goldfish, but 

channel catfish were only slightly more 

resistant. 

For more detailed discussion on the toxicity 

of antimycin A, the species are grouped 

according to their respective families, The 

families, in turn, are presented in order of 

their sensitivity to the toxicant. 

Trouts 

Rainbow trout and brown trout were ex- 

tremely sensitive to antimycin A (table 2), At 

12°, the rainbow trout succumbed to 0.6 p.p.b. 
in 24 hours and to 0.08 p.p.b. in 96 hours. At 

the same temperature, brown trout were killed 

by 0.4 p.p.b. in 24 hours and by 0.08 p.p.b. in 

96 hours, Both species tolerated concentra~ 

tions of 0,1 p.p.b. for 24 hours, In 96-hour 

tests, the rainbow trout survived 0.02 p.p.b. 

whereas brown trout withstood 0,06 p.p.b. 

Herrings 

At 12° C,, all gizzard shad died within 24 
hours upon exposure to 0.8 p.p.b. and within 

96 hours at 0.1 p.p.b. (table 3), They were 

especially sensitive to the toxicant at 22°: 
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Figure 5.--The order of sensitivity of 11 families of fish to antimycin A in the laboratory and field. 

concentrations of 0.04 p.p.b. caused complete died at 0.08 p.p.b. within 24 hours and at 

kills within 24 hours, and partial kills occured 0.06 p.p.b. within 96 hours. 

at 0.02 p.p.b. or more, It was noted that a 

narrow range of concentrations yielded all-or- | 

none survival, particularly at the higher tem- Pikes 2 

perature and longer exposure. 

The fry and fingerlings of northern pike 

were difficult to use in bioassays because of 

Perches cannibalism and rapid growth. Nevertheless, 

f they exhibited great susceptibility to anti- 
The Iowa darter, yellow perch, and walleye mycin A, Complete kills were obtained in 24 

were also very sensitive to antimycin A 

(table 4), All’specimens in 0.08) p/p:b> AGIOS cg, acres acc ey ee 
for 24 hours survived, but those in 0.66 p.p.b. 

died. The narrow range in concentrations 

which caused all-or-none survival was more 

apparent at 229 and 96-hour exposures. Yellow 

perch, for example, survived 0.02 p.p.b. for 

24 hours and 0.01 p.p.b. for 96 hours; they 

Concentrations (p.p.b.) and survival 



hours by 0.8 p.p.b. at 12°, 0.2 p.p.b. at 17°, 
and 0.1 p.p.b, at 22°, In contrast, all speci- 
mens survived 0.4 p.p.b. at 12°, 0.08 p.p.b. 
at 17°, and 0.06 p.p.b. at 22°, Greater toxicity 
was detected in 48-hour exposures, but the 

concentrations related to all-or-none survival 

were not defined. 

Suckers 

The white sucker and bigmouth buffalo 

differed in their sensitivities to the toxicant, 

and the former was among the most sus- 
ceptible fishes tested (table 5), Concentra- 

tions greater than 0.06 p.p.b. produced par- 

tial kills of white suckers at 12° in 96 hours, 
and 0,22 p.p.b. caused complete kills, Even 

greater sensitivity was observed at 22°, The 

bigmouth buffalo, on the other hand, required 

concentrations of antimycin A in excess of 

0.4 p.p.b. for complete kills in 96 hours at 12°, 

Sunfishes 

Green sunfish, pumpkinseed, bluegill, long- 

ear sunfish, largemouth bass, and white crappie 

were moderately sensitive to antimycin A 

TABLE 4.--Concentrations of antimycin A which caused all-or-none survival 

among Iowa daters, yellow perch, and walleye at selected water temper- 
atures in 24 and 96 hours 

Concentrations (p.p.b.) and survival 
Number | Temper- 

Iowa darters.... 

Yellow perch.... 

TABLE 5.--Concentrations of antimycin A which caused all-or-none survival 

among white sucker and bigmouth buffalo at selected temperatures in 24 
and 96 hours 

Concentrations (p.p.b.) and survival 

Species 

Number | Temper- 

of ature 
fish | (“C.) 

12 810 
36 17 

22 

White sucker.... 

Bigmouth buffalo 12 

(table 6), The concentrations required to cause 

complete kills of them at 12° ranged from 1 to 

6 p.p.b. in 24 hours and from 0,2 to 0.8 p.p.b. 

in 96 hours, At 22°, killing concentrations 

ranged from 0,2 to 0.8 p.p.b. in 24 hours and 

from 0,08 to 0,4 p.p.b, in 96 hours, 

The pumpkinseed and bluegill were the more 

sensitive of the six species, and they were 

followed in order of decreasing sensitivity by 

longear sunfish, largemouth bass, white crappie, 

and green sunfish. 

Sticklebacks 

Brook sticklebacks were moderately sensi- 

tive to antimycin A at 12°, Concentrations of 

5 p.p.b. killed all specimens within 24 hours, 

and partial kills occurred at concentrations 

greater than 0.5 p.p.b. The exposures beyond 

24 hours failed to give consistent results. The 

condition of the fish was suspect because of 

difficulty in maintaining them without feeding 

during the longer test periods. 

Minnows and carps 

Stoneroller, goldfish, carp, golden shiner, 

and fathead minnow responded over a wide 

range of concentrations in an interesting 

pattern of susceptibility. In contrast to other 

families, the minnows exhibited greater vari- 

ation in response between species as well as 

between individual speciments (table 7). 

TABLE 6.--Concentrations of antimycin A which caused all-or-none survival 
among green sunfish, pumpkinseed, bluegill, longear sunfish, largemouth 
bass, and white crappie at selected water temperatures in 24 and 96 hours 

Concentrations (p.p.b.) and survival 
Number | Temper- 

Species of ature 
fish | (°°¢) 

None 

Green sunfish.... 396 12 6.00 0.80 
See goa on 216 17 2-00 0.60 
DO cjncencciecee 30 22 0.80 0.40 

Pumpkinseed...... 480 12 2.00 0.20 
aiieie atetats tava 120 tify 1.00 0.10 

DeREeGecpogcn 180 22 0.20 0.08 

Bluegill......... 1,053 12 1.00 0.40 
DOwreteivin ele nic'v'e 360 v7. 0.60 0.10 
TY sisteidinia wcities 200 22 0.20 0.08 

Longear sunfish 240 12 0.20 2.00 0.40 
eb scdacosec 48 17 0.08 0.40 0.20 
DG sis.cisielvin visisin 48 22 0.08 0.40 0.20 

Largemouth bass.. 800 12 0.20 <6.00 0.80 

White crappie.... 180 12 0.60 >2.00 -- 



TABLE 7.--Concentrations of antimycin A which caused all-or-none survival 
among stoneroller, goldfish, carp, golden shiner, and fathead minnow at 
selected water temperatures in 24 and 96 hours 

Species 

boo lokoke) 

oo 

An outstanding highlight of the screening 

program was the discovery that carp are 

vulnerable to small concentrations of anti- 

mycin A, This prolific exotic is widely con- 

sidered a most undesirable species in game- 

fish waters and is difficult to control with 

existing means. 

At 12° all test carp were killed by 2 p.p.b. 
of antimycin in 24 hours and by 0.6 p.p.b. in 

96 hours; at 17° all were killed by 1 p.p.b. in 
24 hours and by 0.4 p.p.b. in 96 hours, Tem- 

peratures had less effect on toxicity to carpthan 

to most species. There were only slight dif- 

ferences due to temperature in 24-hour ex- 

posures and even less at 96 hours, All carp 

survived 0,08 p.p.b. 

The results on goldfish contrasted sharply 

with those on carp. In fact, the goldfish was 

the most tolerant of the minows tested against 

antimycin A, It required 100 p.p.b. for com- 
plete kills within 24 hours at 12°, but only 2 
p.p.b. were needed for kills within 96 hours. 
Higher temperatures contributed to greater 

toxicities, and all goldfish perished within 
96 hours when exposed to 1 p.p.b. at 17° and 
0.6 p.p.b. at 22°, 

Stonerollers were among the more sensi- 

tive minnows. Concentrations of toxicant as 

low as 1 p.p.b. killed all specimens within 

24 hours at 12°, but variations in suscepti- 

bility were observed; a concentration which 

killed on one occasion failed on the next. 

The golden shiner and fathead minnow were 

somewhat similar to the stoneroller in sen- 

sitivity, but all-or-none effects were delin- 

eated within a narrow range of concentrations. 

The golden shiners succumbed to 0.6 p.p.b. 
within 96 hours at 129, and survival was noted 

at 0.05 p.p.b. Fathead minnows died at 0.4 

p.p.b, and survived at 0.08 p.p.b. 

Fresh-water catfishes 

The catfishes were significantly less sen- 

sitive to antimycin A than other families 

(table 8), Channel catfish were more suscep- 

tible than bullheads, They survived 24-hour 

exposures at 12° to 2 p.p.b. but perished at 
20 p.p.b, All specimens died at 6 p.p.b. in 

96-hour tests at 22°, 

The black bullhead was the more tolerant 

to the toxicant, and the yellow bullhead was 

only slightly less so. Concentrations of 120 

and 100 p.p.b. respectively were required 

for complete kills in 24 hours at 12 . These 

concentrations are more than 100 times 

greater than those needed to kill fish of the 

most sensitive families. 

The bullheads were affected by somewhat 

smaller quantities of chemical at 17 . Never- 

theless, black bullheads tolerated 4 p.p.b. for 

24 hours at 22°, and all died at 40.p.p.b. 

TABLE 8.--Concentrations of antimycin A which caused all-or-none survival 
among black bullhead, yellow bullhead, and channel catfish at selected 
water temperatures in 24 hours and 96 hours 

Namber |) Temper= Concentrations (p.p.b.) and survival 

Species. 

Black bullhead... 
Do 

10 



Other animals 

Four hundred water fleas were used in 

trials with antimycin A, At 12° C., specimens 

survived 1 and 0.5 p.p.b., but died in 100 p.p.b. 

in 24 hours and in 10 p.p.b. in 48 hours, Their 

susceptibility increased with temperature, At 

22°, they survived 0.1 p.p.b., but died in 10 
p.p.b. in 24 hours and in 0.5 p.p.b. in 48 hours. 

There were no mortalities among 20 cray- 

fish exposed to 10 p.p.b. of toxicant at 12° for 

96 hours, 

Tests with 120 damselfly nymphs disclosed 

that the insects were relatively tolerant to 

antimycin A, At 12°, specimens survived 100 
and 50 p.p.b. for 24 and 48 hours respectively, 

and 1,000 and 500 p.p.b. were required to kill 

them in the same time periods. At 229, they 
survived 50 and 10 p.p.b., but died at 500 and 

100 p.p.b. in 24 and 48 hours, The observations 

were not continued to 96 hours because high 

mortalities began to occur among controls. 

Ninety-six tiger salamanders were exposed 

to antimycin A at 12°, Specimens survived 80 

p.p.b. for 96 hours, but were killed by 600 

p.p. b, 

Among the 40 bullfrog tadpoles tested for 

24 hours at 12°, the individuals exposed to 20 
p.p.b. of toxicant survived whereas those 

subjected to 40 p.p.b. perished, 

RESULTS OF FIELD STUDIES 

Tests in wading pools 

Results in 1962,--Some preliminary bio- 

assays were conducted in 18 pools in July and 

October, to determine the utility of the pools 

as bioassay vessels and to yield information 

on the performance of antimycin A outdoors, 

A shortage of toxicant limited the scope of the 

trials, and a scarcity of fish of desirable 

species, sizes, and condition affected their 

validity. A number of the species were wild 

fish which later proved to be unsatisfactory 

test animals because of variable sizes, heavy 

parasitism, and poor condition. 

The wading pools worked well as bioassay 

vessels, Fish, invertebrates, and plants did 

well in the test units and controls, There were 

some differences in the quantity of plankton 

and aquatic vegetation in the sand- and loam- 

bottom units because the latter were more fer- 

tile. The abundance of plants, we believe, con- 

tributed to increases in pH and alterations of 

alkalinity, and these in turn influenced the 

efficacy of antimycin A, 

Goldfish, golden shiner, black bullhead, blue- 

gill, largemouth bass, and yellow perch were 

exposed to 5 and 10 p.p.b, of toxicant in July. 

Most of them survived in the sand pools. The 

mortality was greater in the loam pools, es- 

pecially at 10 p.p.b., but in no instance did it 

reach 100 percent. The black bullheads ex- 

hibited high tolerance to the toxicant in all 

pools. 

Another series of tests was made in October 

with higher concentrations against rainbow 

trout, goldfish, golden shiner, bluntnose min- 

now, yellow bullhead, green sunfish, and yellow 

perch (table 9), The pH values in the pools at 

the time ranged from 7.5 to 9.9. Ninety to 100 

percent of the trout, golden shiner, bluntnose 

minnow, green sunfish, and perch, and 60 per- 

cent of the goldfish were killed by 20 p.p.b. 

over sand and loam bottoms, At 40 p.p.b., there 

was very low survival among the trout, gold- 

fish, and sunfish, but nearly complete survival 

of bullheads. 

There appeared to be rapid degradation and 

detoxification of antimycin in the pools within 

24 to 96 hours, depending on the initial con- 

centration and the pH. Small numbers of gold- 

fish, golden shiner, bluntnose minnow, blue- 

gill, and largemouth bass were stocked later 

in pools in which antimycin A had been present 

for 24 to 72 hours. No more than half of the 

golden shiners and bluegills perished within 

the following 2 days, 

Results in 1963.--The plants, plankton, and 

bottom fauna were permitted to develop in the 

pools for 2 months before toxicity trials. In 

July, acetone solutions of antimycin A were 

tested at 10, 20, 40, and 80 p.p.b. against eight 

species of fish of various sizes (tables 10, 11, 

12, and 13), Golden shiners, bluegills, large- 

mouth bass, and yellow perch were the more 



TABLE 9.--Toxicity of antimycin A at 20 and 40 p.p.b. on adult and fingerling fish in sand- and loam-bottom pools 

[Mortalities are cumulative by observation periods] 

Antimycin A at 20 p.p.b. +p.b. Species Type myc p-p Antimycin A at 40 p.p.b 

of of 2 fish Botih, wunitbar’ Number dead in (hours) Number dead in (hours) -- 

of fish 

Adults: 
Rainbow trout...... Ceres cvcscsce sand 

DOceeccerccccccccccsesscsvssses loam 

Yellow bullhead....cccecceceseees sand 
DOecercccccccccvccvescceseveses loam 

Green sunfish.....sesesccesee eeee sand 

DOwccevccces on ccceeccecre wewace loam 

Fingerlings: 
GOTAEUSH <6 < wie ease cinnccnvevers cio sand 

DOwsevcccvcccscvccsvecrccssceves loam 

Golden shiner....csececcscsececce sand 

DOvccccccscsccccccvsccsecessscce loam 

Bluntnose MinNOW...+eseseeeeeeeee sand 
DOeececcccccccccscccnccscescscs loam 

Yellow perch....... vieeccccanavene sand 

Doweceees cece ccc ecerceccceeces loam 

sensitive, and they were killed by 10 p.p.b. 

within 48 hours over sand and loam bottoms, 
BN SraEe Carp and green sunfish perished at 10 p.p.b. 

TABLE 10.--Numbers and sizes of fish exposed to antimycin A in wading pools 
in July 1963 

Susciee weight (grams) 

within 24 hours over loam bottoms and at 20 

p.p.b. in the same time over sand soil. Some 

lots of goldfish died at 20 p.p.b., but all suc- 

cumbed at 40 p.p.b. A concentration of 80 
Golden shiner.....scscecsceccacses 

ae ot ee 180 18.0 p.p.b. killed all fingerling and adult black 
Gréan-auutlenee ss ne dddtoviveea Bee 144 2.7 bullheads within 48 hours over sand bottom 

Bluegill... 270 0.8 but only one-half of them over loam. 
Dosecvaceccncccvecccrscvceeere 180 22.0 

Largemouth bass...+.+++- acta 4 1.5 The green sunfish and yellow perch ap- 

Yellow perch.....+++.+4+ setee enone 2.5 peared at the surface of pools within 2 hours 

TABLE 11.--Toxicity of antimycin A at 10 and 20 p.p.b. on adult and fingerling fish in sand- and loam-bottom wading pools 

[Mortalities are cumulative by observation period] 

Antimycin A at 10 p.p.b. Antimycin A at 20 p.p.b. 

rs) ies i == i se specie Nombess Number dead in (hours) Number Number dead in (hours) 

of fish of fish 

Adults: 
Black DULTHeAd SS csc ca cisiac vassal sand 20 fe) 

LO FOAC AID TOOODCUOOOUAROOOTOOAI A loam 20 3 

Bluegill..... ae ccieserecevceceore Sand 20 -- 
DO. ceccccccvcescccccccccsvcces loam 20 20 -- 

Fingerlings: 
Goldfish... ccccccceccnccsccecscnce Sand 20 6 -- 

DOs ia'e\cie.ciciciciviccieje cleisicieivie ele'eviaieis loam 20 rs 10 

Carpe etecccccccccccvcccccccccces sand 20 14 == 

DO ve cleisie(eecnisjncespieauesbisssicins loam 20 20 14 

GoldenySHineri cin /sislsls|sieinfeie vie elsiatets sand 14 14 -- 
DOs ewecccncccceevcvcssveccece loam 14 14 a= 

Black DULIDE Ades tslelelslsisielsielelalsieleieis sand ie} 
DO steiejajelelavelalsrelaie(e ofeyw/aiejele/stelslais oie loam te) 

Green sunfish...csecsscconccnucs sand -- 
DO. vcccccnccccvcccccccccccsccs loam a 

BL We PAA atsyoin\s elminie (o/s /n\u(arsiofatuinia’ninfe! sand ed 

DOnfemiviels ecccee ee eceesceereccce loam -- 

Largemouth baSS.......eseeesenes -- 

Yellow perch........ ee ececeecees 
DOs ccscccccccce eocceee eeeesces 



«Xa 

—— ae 

TABLE 12.--Toxicity of antimycin A at 40 and 80 p.p.b. on adult and fingerling fish in sand- and loam-bottom wading pools 

(Mortalities are cumlative by observation period] 

Species 

Terr Terre eee eee eee eee eee 

Yellow perch. . 

TABLE 13.--Average values of analyses made on water from sand- and loam- 
bottom wading pools before and after applications of antimycin A in 
July 1963 

Unit of 

iam 
Pattee ters % 25 27 

Resistivity........... at 20°c | 2803 2864 3037 3052 

Dissolved oxygen...... p-p-m.O5 8.7 9.1 9.7 9.7 

Carbon dioxide........ p-p-m.CO, 0.0 0.0 0.0 0.0 

Hydrogen ion.......... pH 8.8 9.1 8.8 9.2 

Total alkalinity...... p-p-m.CaC0, | 204.4 181.2 198.2 183.7 
(as phenolphthalein) | ........... (30-7)! | (Gates ( 14.6) | ( 14.3) 
(as methyl orange)..| ........... (193.7) | (169.7) | (183.6) | (169.4) 

Total hardness........ 211.8 176.0 210.6 182.0 

Calcium hardness...... 53.6 47.9 60.0 53.6 

Btruestectrtoris scsiclcles'e a sss 0.0 0.0 0.0 

Sulfate ion........... 25.8 18.3 abipy 

Total phosphorus...... 0.059 0.082 0.106 

Ammonia nitrogen...... 0.399 0.710 1.100 

Nitrite nitrogen...... 0.006 0.005 0.018 

secon -p-m. . - 0.154 

after exposure to the toxicant, and they ex- 

hibited a narcosislike condition. They showed 

little response to motion stimulus or handling 

with a dip net. Some of the larger bullheads 

behaved as if in distress and were subject to 

development of an unidentified funguslike 

condition on the body prior to death. 

Antimycin A at 80 p.p.b. 

Number Number dead in (hours) -- 

on eee A at 40 | Atinysin A at 40 ppb p-b. 

ae Number Number dead in | Number dead in (hours)-- | 

of fish of fish 

oa ee Se ee oe 
0 2 ss 
0 1 3 

0 0 — 

10) 19) 11 

13 

The trials in October included two formula- 

tions of antimycin. One was a solution in ace- 

tone, and the other an emulsifiable concen- 

trate, applied to pools at 1, 5, 10, and 100 

p.p.b, against 10 species of fish. The pH 

values at the time in all pools were about 10, 

and the antimycin A degraded so rapidly that 

most fish escaped toxic effects (table 14), The 

TABLE 14.--Average values of analyses made on water from sand- and loam- 

bottom wading pools before and after applications of antimycin A in 

October 1963 

2 loam 

aes en Arter 

Temperature...ssseeeee 6 15 

Resistivity.....-...-- at 20°C 3396 

Dissolved oxygen....-+. p-p.m.02 9.5 

Carbon dioxide........ p-p.m.COz 0.0 

Hydrogen ion..-....++. PH 9.8 

Total alkalinity...... p.p.m.Cacd; 121.0 
(as phenolphthalein) | ....-++.++. (34.0) 
(as methyl orange).. |] wscccceeesee (88.0) 

Total hardness.......- p.p.m.Caco. 154.0 

Calcium hardness...... p-p-m.CaC03 = . = 35.0 

Total iron....s++sses p-p.m.Fe~ 0.028 

Sulfate ion......000.- P-p-m-SO, 14.0 

Total phosphorus...... p-p-m.PO, 0.035 

Ammonia nitrogen...... p-p-m.NH3 0.550 

Nitrite nitrogen...... p-p-m.NO2 0.0 

Nitrate nitrogen...... 0.0 

Chloride ion.......... 13.6 



exceptions were those individuals exposed to 

100 p.p.b. It appeared that the acetone solu- 

tion of toxicant deteriorated sooner than the 

other preparation. 

Of the 10 species of fish, 7 species suc- 

cumbed totally to 100 p.p.b. of acetone- 

antimycin A, and 9 species to the emulsifiable 

formulation, within 24 hours over sand bot- 

toms; only carp, fathead minnow, bluegill, 

longear sunfish, and yellow perch died over 

loam bottoms, The black bullhead was the 

sole survivor of 100 p.p.b. over both bottom 

types. Neither preparation of toxicant caused 

100-percent kills of any species within 96 

hours at 5 or 10 p.p.b. 

In general, most of the susceptible fish 

showed signs of distress within a short time 

after exposure, and many came to the surface 

of the pools. The length of time which elapsed 

before death varied with the species and 

water temperature, and ranged from a few 

hours to several days. It is significant that all 

specimens which displayed symptoms of dis- 

tress eventually died. This suggests that the 

action of the toxicant on fish is irreversible, 

There were no grossly toxic effects by anti- 

mycin A on the plankton, bottom fauna, or 

aquatic plants during the course of the July 

and October trials, For example, in the four 

pools which received 20 p.p.b. of antimycin A 

in July, the average quantity of plankton was 

‘0.0036 cc./1. (range: 0.0020 to 0.0044) before 

treatment and 0.0040 cc./1. (range: 0.0033 to 
0.0061) at 20 days after treatment. The quan- 

tities in two control pools were 0.0047 and 

0.0089 cc./1. during pretreatment sampling 

and 0.0022 and 0.0044 cc, /1. during post- 

treatment sampling. 

Tests in hatchery ponds 

There appeared to be a more rapid re- 

sponse of fish to the antimycin A which was 

formulated with an emulsifiable concentrate 

than with acetone, With the former prepara- 

tion in pond No, 2, fish surfaced within 4 to 

6 hours after application, whereas in pond 

No. 5 there were no comparable effects for 

another 10 hours. By the end of the first full 

14 

day, we saw no Significant differences in the 

effects produced by the two formulations. 

Table 15 gives before and after water analyses 

for the two ponds, 

Northern pike were the first fish to exhibit 

distress, They surfaced and appeared to be in 

a state of narcosis which was followed by com- 

plete locomotor ataxia. The rainbow trout, 

white suckers, carp, walleye, and sunfishes 

followed in order with similar symptoms. The 

great majority of specimens were dead within 

48 hours (tables 16 and 17). It is noteworthy 

that goldfish--a species which was relatively 

TABLE 15.--Analyses of water from ponds No. 2 and No. 5 at Delafield 
Warmwater Fisheries Research Station before and after applications 
of antimycin A in September 1963 

mas ot, of [ Pond No. 2 Pond No. 5 

Before | After 

Temperature..........- ay 21 15 

Resistivity........++- at 20°C 2550 2600 

Dissolved oxygen...... p-p-m.0, 6.7 6.9 

Carbon dioxide........ p-p-m.CO, 3.4 0.0 

Hydrogen ion.........- pH 8.0 8.4 

Total alkalinity...... p-p-m.CaCO,| 210.0 202.0 
(as phenolphthalein) | ..........- ( 0.0) ( 0.0) 
(as methyl orange)..| .....-..+-- (210.0) (202.0) 

Total hardness........ p-p-m.CaC0,| 213.0 220.0 

Calcium hardness...... p-p-m.Cac0, 77.0 82.0 

Manganese......--+-++- p-p-m.Mn° 0.0 0.0 

Mayall TMs caccoachoda p-p-m.Fe® 0.00 0.05 

Sulfate ion..........- p-p-m.SO, 44.3 38.0 

Total phosphorus...... p-p-m. PO, 1.40 0.10 

Ammonia nitrogen...... p-p-m.NH, 0.20 0.19 

Nitrite nitrogen...... p-p-m.NO, 0.0 0.0 

Nitrate nitrogen...... p-p-m.NO, 0.07 0.50 

Chioride ion.......... p-p-m.CL 14.5 

TABLE 16.--Effects of 10 p.p.b. of antimycin A in emulsifiable concentrate 

on 18 species of fish in pond No. 2 

Number of fish dead at 
Total (Gomme )e= 

fish 
stocked 

Average 

length 

(inches) 

Average 

weight 

(grams) 

Species 

we oa ae 3 25.6 658 ie) 
eect sent ene 1 16.8 545 ie) 6) 

Rainbow trout..... 312 4.0 82 312 -- -- 
Northern pike..... uF 17.8 713 5 5 7 

GolGRSH se elelnlese/e) 740 2.4 -- -- 
Gen eteteteletetatstetaleratete 18 1553) 17 18 | -- -- 
White sucker...... 4 els 3 3) 3 4 

Black bullhead.... 600 3.8 lo) (0) lo) lo) 

Yellow bullhead... 4 8.3 0 te) ie} ie} 
Brown bullhead.... 1 4.2 lo) 0 to) ie} 
Rock bass......... 1 8.0 1 -- | -- == 
Green sunfish..... 3 3.8 (6) ie} 1 3 

Pumpkinseed....... 13 4.6 BB -- 
pkiey-siblS Soe saeaeo 27 6.1 22 27 
Black crappie..... "7 8.3 Das 7 
Largemouth bass... 4 15.4 =e == 

Hybrid sunfish.... 1,400 -- 
Op un Wee Ssccooond. 



TABLE 17.--Effects of 10 p.p.b. of antimycin A in acetone solution on 19 
Species of fish in pond No. 5 

Number of fish dead at 
Average | Average 

Species length 
(inches) 

Longnose gar...... 6 

Bowfin. ..esseeeees 8 
Rainbow trout..... 1 
Northern pike..... of 

Goldfish........+. 7 
Carp. nccccescccee 3 
White sucker...... 7 
Black bullhead.... 7 

Yellow bullhead... 7 
Brown bullhead 4 
Rock bas8......... 2 
Green sunfish..... 2 

Pumpkinseed....... 4.6 
6.4 
8.8 

12.8 
Black crappie..... 
Largemouth bass... 

Hybrid sunfish.... 
Walleye....ceccsee 
Drum eee eee weneee Pop aon 

tolerant to antimycin A in the laboratory--died 

in both ponds within 24 hours. 

The longnose gar, bowfin, black bullhead, 

yellow bullhead, and brown bullhead were the 

only species which were not affected greatly 

by the toxicant at 10 p.p.b. Seventy percent 

of them were recaptured alive when the ponds 

were drained after 20 days. 

The detoxification of antimycin A was moni- 

tored throughout the first 96 hours, It occurred 

within 72 hours after application, and fish 

placed in live cages after this time survived 

until the ponds were drained. 

Plankton was sampled in both ponds during 

the experimental period. In pond No, 2, the 

pretreatment quantity was 0.018 cc,/1 and the 
posttreatment quantity was 0.047 cc./1, Pond 

No. 5 had pretreatment and posttreatment 

quantities of 0.0035 and 0,039 cc. /1. None of 
the relatively minor changes was attributed 

to the toxicant. Also, there were no observable 

changes in the aquatic plants in the ponds. 

Pretreatment and posttreatment samples of 

bottom fauna were taken. We concluded that 

antimycin A was nontoxic to the 15 taxonomic 

groups which were represented in both ponds 

because there were no significant changes in 

species composition or numerical abundance 

(table 18), The midges were the more numer- 

ous in all samples, and they increased by 55 

to 65 percent during the experimental period. 

The nymphs of mayflies, dragonflies, and 

15 

TABLE 18.--Abundance of bottom fauna in ponds No. 2 and No. 5 before and 
after treatment with 10 p.p.b. of antimycin A 

[Each collection consisted of 16 one-square foot samples 

Average number per square foot 

Horsehair worm (Nematomorpha).... 
Aquatic earth- 

worm 
Leech 

5 

(Oligocheata) 
(Hirundinea)...... coc 

noo NFO Owo Scuds (Amphipoda)....... 4 

Mayflies (Ephemeroptera.... 9.0 145.3 6.5 
Damselflies (Zygoptera)....... a ey 2.0 7.8 
Dragonflies (Anisoptera)...... 0.0 0.7 0.5 
Waterbugs (Hemiptera)....... 0.0 Rial? 1 

Caddisflies (Trichoptera)..... 0.7 2.0 0.0 
Water beetles (Coleoptera)...... ey 18.0 355 

Mosquitoes (Culicidae)....... 0.0 0.0 0.0 
Midges (Tendipedidae).... 209.7 388.0 422.0 

Biting midges (Ceratopogonidae).. ats 0.0 1.0 
Soldierflies (Stratiomyiidae)... 0.3 0.0 0.0 
Snails (Gastropoda)....... 4.0 30.7 30.5 

TOt@l ocscececvecuas 8 

damselflies were also more abundant in the 

posttreatment samples. 

Care was taken to note any gross effects of 

the toxicant on frogs, salamanders, and tur- 

tles, but there were none, 

Discussion of field studies 

There was a lack of consistency in the per- 

formance of antimycin A in sand- and loam- 

bottom pools in July and October, 1962 and 

1963, and in the hatchery ponds. The cause, 

we believe, was the chemistry of the waters 

and particularly the presence of the hydroxyl 

ion. 

An alkaline shift occurred in the wading 

pools as the plant biomass increased. The 

relatively hard, well water which was used 

to fill the pools was gradually softened be- 

cause of the decrease in calcium, There was 

a shift from bicarbonate (methyl orange alka- 

linity) to free hydroxide (phenolphthalein 

alkalinity), The measure of the acid-base 

shift was pH which rose from 7.5 upward to 

10 or more, Diurnal fluctuations of several 

PH units are not uncommon in ponds, and the 

PH in wading pools ranged accordingly between 

morning and afternoon. 

The highest pH values were observed in 

late afternoon in the presence of abundant 

plants and sunshine, In this situation, the 



hydroxyl ions appear, and often they are not 

checked by buffering salts. Magnesium pre- 

vails as calcium ions are removed from 

solution, and the result is the sort of alka- 

line shift observed in softer waters, 

We assume that the relative success of the 

toxicity trials in hatchery ponds was due in 

large part to the fact that the water had high 

buffer capacity and little reserve alkalinity 

in the form of hydroxide. Thus, the antimycin 

A was not subject to immediate detoxification 

by action of free hydroxide, and the 10 p.p.b. 

were effective in killing fish. 

In contrast, the poorer results obtained in 

the wading pools reflected the greater con- 

centrations of free hydroxide present, In 

July 1963, the pools had approximately the 

same pH and total alkalinity as the hatchery 

ponds, but there was more free hydroxide 

present, Therefore, the degradation of the 

toxicant was more rapid, and 20 to 40 p.p.b. 

were needed to kill fish. 

The contrast was heightened by results in 

October 1963, The water was much softer and 

lower in buffer capacity, and there was even 

more free hydroxide present, The pH ranged 

up to 10, Under these conditions, there was 

almost immediate detoxification of the anti- 

mycin, and only partial fish kills were ob- 

tained at 100 p.p.b. 

CONCLUSIONS 

Antimycin A is a powerful toxicant to 

fresh-water fish. We observed the responses 

of many specimens to concentrations which 

ranged from 0.01 to 120 p.p.b. Among them, 

the carp--a most undesirable fish in many 

waters-=proved vulnerable to small concen- 

trations and short exposures at cool and warm 

temperatures, Other fishes which at times 

may be undesirable, such as goldfish, white 

suckers, green sunfish, and pumpkinseeds, 

were also killed. 

The sensitivities to antimycin A varied 

among species, and they were correlated with 

temperature and duration of exposure. The 

tests in the laboratory at 12°, 17°, and 22° Cc, > 

indicated that smaller quantities of toxicant or 

shorter exposures produced kills of fish in 

warmer waters, but the results at 12° were 

nonetheless satisfactory. 

There were three general degrees of sensi- 

tivity detected among the 24 species of fish in 

thé laboratory and a similar order among the 

25 species used in outdoor trials. Indicative 

of the extremes in response, gizzard shad 

perished at 0.04 p.p.b. of toxicant whereas 

black bullheads survived 100 p.p.b. There also 

appeared to be a tendency for sensitivities to 

follow family lines, but species in the nine 

families tested exhibited great variations in 

susceptibility. For example, fingerling carp 

in the laboratory died within 24 hours upon 

exposure to 0.6 p.p.b. at 12°, but up to 100 
p.p.b. were required for complete kills of 

goldfish, 

Observations in the laboratory and field 

demonstrated that antimycin A was less toxic 

to other animals, Water fleas were killed by 

100 p.p.b. in 24 hours at 12°, but their sus- 

ceptibility increased at warmer temperatures 

or longer exposures, Crayfish were not harmed 

by 10 p.p.b. over 96 hours, and damselfly 

nymphs survived 50 p.p.b. for 48 hours, Tiger 

salamanders survived 80 p.p.b. for 96 hours 

at 12°, and bullfrog tadpoles were unharmed 

by 20 p.p.b. for 24 hours, 

The plankton in wading pools and hatchery 

ponds was not significantly affected during 

experiments, and there was no gross evidence 

of toxicity to filamentous algae, and submersed 

and emergent plants. No deleterious effects 

were detected on the composition, numbers, 

and growth of bottom fauna in hatchery ponds, 

Antimycin A degraded rapidly in water, and 

detoxification was complete within 24 to 96 

hours under field conditions, The rate of 

molecular breakdown was accelerated sharply 

in the presence of free hydroxide, and this 

suggests a possibility for artificial detoxifi- 

cation. Bioassays with fish following the de- 

gradation of the toxicant revealed an absence 

of harmful residues in water. 

Further investigation on antimycin A as a 

fish toxicant is warranted in the laboratory 



and field, Studies are contemplated or in 

progress at the Fish Control Laboratories 

on its performance against various life 

stages of fish from egg to adult; against 

additional species; on minimum killing con- 

centrations and exposures; in waters of vari- 

ous chemistries; and at cold and warm tem- 

peratures, Appropriate formulations for 

standing and flowing waters are desirable. 

Further attention must also be given to the 

effects of the toxicant on other aquatic or- 

ganisms, The factors in water which con- 

tribute to degradation of the toxicant deserve 

study, and the nature and fate of residues 

require definition, Also--and depending on 

adequate supplies of toxicant--many, and more 

comprehensive, trials in the field are needed 

for full and fair evaluation of this material 

which has potential value in fishery manage- 

ment and research. 
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NOTE 

Toxaphene has never been registered for use asa piscicide. The Bureau 

of Sport Fisheries and Wildlife has discontinued management use of toxa- 

phene at least until completion of definitive studies on detoxification in 

relation to water quality, residual toxicities, and short-term effects of its 

use on aquatic organisms. These six papers on toxaphene and its effects 

are published as contributions to an understanding of the chemical and its 

use in fish management. 
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MINIMUM LETHAL LEVELS OF TOXAPHENE AS A 

PISCICIDE IN NORTH DAKOTA LAKES 

By Dale L, Henegar, Chief, Fish Management Division 

North Dakota Game and Fish Department 

Abstract,--To determine minimum levels of toxaphene lethal to fishes in 

prairie lakes and reservoirs, 16 North Dakota lakes, ranging from 6,3 to 

915 acres, were treated in 1959 and 1960 with concentrations of toxaphene 

ranging from 0,005 to 0.035 p.p.m, Physical and chemical studies were 

made of each area, hydrological maps were prepared, and test netting was 

carried out before and after treatment; application methods and equipment 

were according to North Dakota Game and Fish Department regulations, 

Mortality after treatment varied from incomplete, involving only young- 

of-the-year fish, to complete, A marked selective mortality pattern was 

noted; smaller fish succumbed at lower dosages; as the concentrations 

were increased, larger fish were killed, Duration of toxicity did not appear 

excessive--five of the Seven lakes in which mortality was complete were 

successfully restocked within 7 months after treatment, 

Toxaphene (chlorated camphene) has not 

been widely used as a piscicide for local field 

application because minimum lethal concen- 

trations in the field have not been determined, 

Considerable information has been gained from 

laboratory bioassay studies (Surber, 1948; 

Doudoroff et al,, 1953; Hooper and Grzenda, 

1957; Henderson et al,, 1959), but the concen- 

trations indicated by such studies are not 

necessarily correct for field use, Prevost 

(1960) pointed out that results of controlled 

laboratory experiments do not always yield 

dosages giving similar results in the field, 

where there are a number of variables, both 

known and unknown, over which the field worker 

has little or no control, 

Gebhards (1960) in his review lists 14 West- 

ern States and 6 Canadian Provinces that have 

used toxaphene in fish-control programs in 

various formulations at concentrations ranging 

This publication is based on a thesis submitted to the 

Graduate Faculty, Department of Agriculture, South 

Dakota State College of Agriculture and Mechanic Arts, 

in partial fulfillment of the requirements for the degree 

of Master of Science, June 1961, 

from a low of 0,003 parts per million (p.p.m.) 

to a high of 0,61 p.p.m, Inconsistencies were 

emphasized in the review by the side varia- 

tions in results, Fifteen of the reports said an 

average concentration of 0.185 p.p.m, failed to 

kill all fishes in treated areas, while 23 reports 

mention that an average concentration of 0,139 

p.p.m, caused complete mortality, Stringer and 

McMynn (1958) reported complete kills at from 

0.010 p.p.m. to 0.036 p.p.m. 

In North Dakota, mortality of fish was com- 

plete when toxaphene was applied at a concen- 

tration of 0.070 p.p.m., which was not consid- 

ered the minimum lethal level (Henegar, 1958), 

It was to determine the desirable minimum 

concentration for management use in North 

Dakota that this study was initiated. 

Sixteen lakes were chosen for treatment 

during 1959 and 1960, All were test netted to 

determine existing populations of fish both 

before and after treatment, Physical and chem- 

ical characteristics were studied to establish 

criteria, Application of the toxaphene followed 

procedures commonly used by the North Dakota 

Game and Fish Department, 



For lakes with physical and chemical char- 

acteristics of those in the Great Plains, rec- 

ommended concentrations range from 0,025 to 

0,030 p.p.m, as indicated in table 1, Concen- 

trations used on the project areas ranged from 

0,005 to 0,035 p.p.m, 

TABLE 1.--Recommended concentration of toxaphene for various types of lakes. 

(William Cooper & Nephews, Chicago, Ill., 1958] 

Concentration of 

toxaphene HENS ne 

25-30 DeDeDenseieee Unstratified, shallow, hard-water lakes of low 

transparency and high productivity. 

15-20 p.p.Deesanee Unstratified, soft-water lakes of moderate or high 
transparency. 

10-20 p.p.b...eeee Stratified lakes of moderate depth (mean depth less 

than 20 feet) and moderate to low transparency. 

7.5-10 p.p.b...... | Stratified lakes of great depth (mean depth greater 

than 20 feet), high transparency, and low produc- 
tivity. 

+ Qne report indicates that a concentration of 50-100 p-p-b. should be 
used in highly turbid waters containing suspended clay (Secchi disk reading 

less than 1 foot). 

I wish to express my appreciation to Marvin 

O, Allum, Assistant Professor of Zoology, for 

his suggestions, interest, and constructive 

criticism during this study, I also wish to thank 

Dr. Donald Progulske, Assistant Professor of 

Zoology, for his advice and suggestions on 

preparation of the manuscript, I am obliged to 

all the members of the Fishery Division of the 

North Dakota Game and Fish Department who 

generously contributed time and suggestions on 

the field work, 

CHARACTERISTICS OF TOXAPHENE 

Toxaphene is one of the group of toxicants 

known as cyclodione insecticides, which also 

includes aldrin, dieldrin, chlordane, heptachlor, 

endrin, and isodrin, Toxaphene is not as well 

characterized chemically as the others, and 

the precise nature of the compounds in the 

mixture of isomers is not known (Negherbon, 

1959), Most frequently encountered formula- 

tions are 10- to 20-percent dusts, 40-percent 

wettable powders, and emulsifiable concen- 

trates of 4, 6, and 8 pounds per gallon, 

The commercial product used in the study 

was Agricultural Cooper-Tox No, 6 (toxaphene 

emulsifiable concentrate) manufactured by 

4 

William Cooper & Nephews, Chicago, Ill, The 

formulation contained 6 pounds of technical 

' toxaphene per gallon, 

Toxaphene remains toxic for extended pe- 

riods of time following application as a pisci- 

cide, Ten Michigan lakes treated in 1949 and 

1950 detoxified in from 8 to 33 months, Other 

Michigan lakes detoxified in from 2 to 10 

months after being treated at a concentration 

of 0,010 p.p.m, (Hooper and Grzenda, 1957), 

Stringer and McMynn (1960) reported that 

several British Columbia lakes remained toxic 

for over 2 years after treatment, Application 

at 1,00 p.p.m, (2,7 lbs. per acre-foot) gave 

concentrations of from 0,40 to 0.50 p.p.m, 

toxaphene, 

Application rates do not appear to be im- 

portant to the duration of toxicity when applied 

within the median tolerance limits of fishes, 

Mayhew (1959) stated that the period of toxicity 

is more related to chemical and physical char- 

acteristics of treated lakes than to the concen- 

tration of toxaphene, 

The factors which influence detoxification 

are dilution, water temperature, water circu- 

lation, oxygen levels, turbidity, alkalinity, 

types of substrate, microorganisms, and ratio 

of water to bottom interface (Hemphill, 1954; 

Hooper and Grzenda, 1957; Rose, 1958; Hene- 

gar, 1958; Prevost, 1960), 

Detoxification takes place very slowly when 

ice cover is present and more rapidly when 

water temperatures are high and conditions 

are favorable for the growth of plankton and 

other microorganisms, 

METHOD OF APPLICATION 

‘Toxaphene has been applied in various ways, 

the method usually depending on the formula- 

tion, The wettable powder has been applied by 

aircraft and by placing it in burlap bags and 

then towing in the wake of an outboard motor 

(Henegar, 1953), The emulsifiable liquid has 

been applied by aircraft, but most commonly 

by distributing premixed solutions with powder 

sprayers mounted in boats, One method is the 

metering of desired amounts into the wake of a 



moving outboard-powered boat (Stringer and 

McMynn, 1960), but unless this is carefully 

controlled the toxaphene solution may settle to 

the bottom in a comparatively undiluted state, 

In this study, a pumping system used by the 

North Dakota Game and Fish Department was 

employed (fig, 1), It consists of a 55-gallon 

drum connected to a motor-driven centrifugal 

pump with two outlet pipes terminating in 

common garden-type nozzles extending behind 

the boat transom on each side, During use, the 

nozzles are in contact with the surface of the 

lake to minimize airborne spray from coming 

in contact with the boat operator, 

The toxaphene was premixed in the barrel at 

a maximum ratio of 1 gallon to 5 gallons of 

water so that a minimum of 55 gallons of liquid 

was available for spraying on each lake, During 

application the spray boat, powered by an 18- 

horsepower outboard motor, was operated at 

full throttle, This allowed for a maximum coyv- 

erage of 200 acres an hour, On smaller lakes 

adjustment of the nozzles reduced application 

time to as little as 30 minutes, 

The spray unit was left intact in the boat 

after each project, when the boat was loaded 

onto a boat trailer, This reduced the time nec- 

essary to ready equipment for each treatment, 

Figure 1,--Spray boat used in application of toxaphene on project lakes, 



Areas for treatment were determined from 

prepared hydrographic maps of each lake, 

Lakes over 100 acres in size were subsec- 

tioned, and each subsection was treated as a 

separate unit, 

CHARACTERISTICS OF THE LAKES 

For study I selected 16 lakes, varying in size 

from 6,3 to 915 acres, in widely scattered 

areas of North Dakota, Seven are impound- 

ments, and nine are natural, Maximum depths 

ranged from 8 to 26 feet, and volume from 79 

to 8,254 acre-feet (table 2), At the time of 

treatment, none of the lakes were chemically 

or thermally stratified, 

Water samples were taken from all lakes, 

and field analyses were made to determine 

chemical characteristics of the water (table 2), 

Concurrently, l1-gallon samples of water were 

forwarded to the North Dakota Health Depart- 

ment to check the accuracy of the field analy- 

ses, The variation in results between field and 

laboratory analyses was not Significant, 

With one exception, all the lakes had exten- 

sive growths of aquatic vegetation extending 

from shore outward to a depth of 8 feet, 

Potamogeton spp. and Myriophyllum spp, were 

particularly abundant, with Polygonum spp, and 

Sagittaria spp, prevailing less frequently, In all 

the lakes, primary bottom composition was silt, 

mud, clay, and organic material, Areas of sand, 

gravel, and rubble were of minor importance 

and were restricted to the natural lakes, 

TABLE 2.--Physical and chemical characteristics of project lakes 

Alkalinity 

yess Volume pH lies Hardness ieee 
depth Phenol- Methyl ia 

phthalein’ orange Oe 

Feet Acre-feet P.p.m. P.p.m. P.p.m. P.p.m. 

Odland Lake.....cscceeccesccse 712.9 8.2 120 180 171 414 

Brush Lake.... eae 160.2 23 1,526.7 8.5 40 460 476 290 

Long Lake.. 290.8 23 2,390.6 8.3 40 220 308 307 

Gums Lake..seceeceeeees 173.6 8 853.7 9.0 84 442 821 816 

North Lake Metigoshe........-- 670.8 22 7,588.5 8.8 20 210 205 317 
South Lake Metigoshe.........- 915.0 22 8,254.4 8.7 30 240 238 326 

Red Willow Lake...cssereeevece 129.9 26 1,272.8 8.0 24 178 239 364 

Frettum Lake... escecceescscree 95.2 22 511.7 8.3 54 496 444 281 

North Lake Tobiason........... 50.3 14 472.8 8.6 44 282 359 779 
Bowbells Mine Lake............ 6.3 21 78.9 9.9 to) 800 2,385 4,100 
Glen Ullin Reservoir.......... 12.3 18 144.4 8.0 60 420 136 418 
South Lake Tobiason..........+ 40.1 10 286.9 8.5 106 460 547 1,452 

Nieuwsma Lake 80.8 23 651.2 7-9 0 140 136 415 
Cat Coulee Lake. 8.0 17 87.4 8.8 30 130 170 328 

Wolf Butte Lake. 17.3 14 137.5 9.4 100 260 114 940 

18.5 14 162.9 8.0 20 80 51 306 

TEST NETTING 

Qualitative sampling of fish populations in all 

lakes was carried out before and after treat- 

ment (table 3), Three types of gear were used, 

gill nets, small-mesh seines, and small-mesh 

frame nets, 

The gill nets were experimental nylon nets, 

250 by 6 feet, composed of 50-foot sections of 

increasing mesh size: 3/4, 1, 1-1/4, 1-1/2, 

and 2 inches, Total netting effort for each lake 

varied according to size: a greater number of 

sets were made in larger lakes, The nets were 

fished in diurnal and nocturnal periods to lend 

validity to the results, Although this type of 

gear is subject to considerable error, esti- 

mates of fish populations may be made from 

6 

the data, During the project period all lakes 

were gill-netted a total of 2,304 hours, repre- 

senting 96 individual sets, 

Shoreline seining with a 100- by 6-foot, 

. 1/4-inch-mesh, nylon bag seine was done 

where vegetation was not too dense, Data 

so gathered were of limited value owing to 

TABLE 3.--Fishes in project lakes. 

Rainbow trout, Salmo gairdneri Richardson. 
Northern pike, Esox lucius Linnaeus. 
Carp, Cyprinus carpio Linnaeus. 
Golden shiner, Notemigonus crysoleucas (Mitchill). 
Bluntnose minnow, Pimephales notatus (Rafinesque ). 

White sucker, Catostomus commersoni (Lacepede). 
Black bullhead, Ictalurus melas (Rafinesque). 
Brown bullhead, Ictalurus nebulosus (LeSueur). 
Orangespotted sunfish, Lepomis humilis (Girard). 
Bluegill, Lepomis macrochirus Rafinesque. 
White crappie, Pomoxis annularis Rafinesque. 
Black crappie, Pomoxis nigromaculatus (leSueur). 
Yellow perch, Perca flavescens (Mitchill). 
Walleye, Stizostedion vitreum vitreum (Mitchill). 



inconsistent results, Altogether, 71 drags were RESULTS 

made in project lakes, representing a coverage 

of 35,500 square feet. ODLAND LAKE 

Odland Lake was treated on August 12, 1960, 

with toxaphene at a concentration of 0,005 p,p.m, 

No effects of the toxaphene were observed for 

10 hours following application; after this pe- 

riod, distressed young-of-the-year yellow 

perch and black bullheads were noted in the 

shallow bays and backwaters, Within 36 hours 

many of these small fishes were either lying 

dead on the bottom or washed ashore, Evident 

mortality ceased 48 hours after application, In 

the observation period only seven larger fish 

were noticeably affected, The small fish de- 

composed rapidly, and after 7 days evidence of 

their mortality disappeared, 

Small-mesh frame nets produced valid data 

On populations of fishes inhabiting the littoral 

zone, These nets were originally designed to 

sample young-of-the-year northern pike in 

heavily vegetated areas, The front frame of 

each net was 3 feet high and 4 feet wide (fig. 2); 

the net was 15 feet long and had round wooden 

hoops behind the front rectangular frame, The 

webbing was 1, 4-inch nylon dyed a dark brown, 

The single tunnel used the string type of con- 

struction rather than open orifice, and the net 

retained the trapped fishes very satisfactorily, 

The single, 50-foot lead from the front frame 

was of the same material as the body of the net, 

In use, the frame nets were placed at right 

angles to the shoreline, A net of this type can 

be placed in position by one man, and sets are 

made without using a boat, Representative : 
: 6 P the toxaphene was used, In this lake the net 

catches were made in all types of habitat, The : : : 
: frequencies did not show the true population 

frame nets were fished a total of 3,704 hours TABLE 4.--Concentrations of toxaphene applied and fish mortality in project 

. The lake was test-netted 48 days after treat- 

ment, Net frequencies (table 5) were not sig- 

nificantly changed from those arrived at before 

during the project period, ore 

Lake Patent Mortality 

Odland Lakes. esccsceccceccccnvcenss 0.005 Incomplete 
BES EAKE fe \cletuie)taletaielslate\staeinrujelaletn/ aie 0.010 Incomplete 
Tong Lake. .sccccccccccsievcscvecescs 0.010 Incomplete 
GUMMTIS HEA estat ote rele intaveinmievelslaieysiclataietaha's 0.010 Incomplete 
North Lake Metigoshe.....sccccorece 0.015 Incomplete 

South Lake Metigoshe......esceceone 0.015 Incomplete 

Red Willow Lake...... iocoopaecosaoge 0.015 Incomplete 
Frettum Lake....ssceccecceccscceces 0.020 Incomplete 
North Lake Tobiason................ 0.020 Incomplete 
Bowbells Mine Lake.........ssseeeee 0.625 Complete 
Glenn Ullin Reservoir.........-..-- 0.025 Complete 
South Lake Tobiason......... 0.025 Complete 
Nieuwsma Lake 0.025 Complete 

Cat Coulee Lake. 0.030 Complete 
Wolf Butte Lake. 0.030 Complete 
Jund Lake. sc ccasveccccevce 0.035 Complete 

TABLE 5.--Changes in test-netting frequencies following application of 
toxaphene in project lakes 

[Frequencies are computed as fish per hour per net both for frame and gill 

nets. Seining data not used] 

Frequency 

Concentration Reduction 
(p.p.m. ) Before After (Percent) 

treatment | treatment 

Odland Lake......sseeceeeee 0.005 6.91 6.94 None 
Brush Lake... 0.010 6.88 1.34 80.5 
Long Lake 0.010 10.38 1.59 84.6 

Gumms Lake. ...ccsessscccaes 0.010 34.46 7.96 76.9 

North Lake Metigoshe....... 0.015 8.46 1.07 87.3 
South Lake Metigoshe....... 0.015 6.46 1.11 83.2 

Red Willow Lake......-..-+. 0.015 10.20 2-50 75.4 

Frettum Lake.......eeeseees 0.020 6.36 -32 94.9 
North Tobiason Lake........ 0.020 12.91 233 97.4 
Bowbells Mine Lake......... 0.025 95 0.00 100.0 

Glen Ullin Reservoir....... 0.025 6.91 0.00 100.0 
South Lake Tobiason........ 0.025 7.29 0.00 100.0 
Nieuwsma Lake....sseeeeeeee 0.025 5.89 0.00 100.0 
Cat Coulee Lake.......++0-. 0.030 4.06 0.00 100.0 
Wolf Butte Lake....sseeeeee 0.030 15.08 0.00 100.0 

= 9 Jund Lake. cccccrcserevcrece 0.035 3.62 0.00 100.0 
Figure 2,--Small-mesh frame net used to sample fishes 

in the littoral zone, 



structure, Young-of-the-year fishes taken 

during pretreatment test netting (table 6) were 

absent from the data, Average sizes of larger 

fishes remained relatively stable, reflecting 

insignificant mortality, 

BRUSH LAKE 

Brush Lake was treated on October 5, 1959, 

with toxaphene at a concentration of 0.010 p,p.m. 

Application preceded lake freeze-up by only 2 

days. During the 2 days that observations could 

be made, no affected fish were found, The fol- 

lowing spring (157 days after treatment) thou- 

sands of partly decomposed yellow perch (2,1 

to 6,1 inches) were washed on shore, Seventeen 

walleyes (9,8 to 12.3 inches) and five northern 

pike (10.1 to 13.1 inches) were recorded, Fur- 

ther observations for 5 days after breakup did 

not reveal additional current mortality. 

Ninety-six hours of posttreatment test net- 

ting starting on April 22, 1960, disclosed only 

a partial mortality among the fishes, It was 

evident from the results (table 7) that although 

mortality was heavy among the young-of-the- 

year and older yellow perch (2,1 to 5.9 inches), 

little difference in the abundance of the larger 

fishes could be found, Total test netting fre- 

quency was reduced by 80.5 percent (table 5), 

On May 27, 1960, Brush Lake was stocked 

with 29,000 northern pike fingerlings (2,000/1b.), 

On June 26, 1960, it was stocked with 48,000 

walleye fingerlings (1,600/1b,) and on August 1, 

1960, with 200,000 bluntnose minnows (1,000/1b.), 

TABLE 6.--Qdland Lake test netting data before and after treatment with 
0.005 p.p.m. toxaphene 

[Combined data from all types of netting gear | 

Length (inches) 
Species Number 

Range Average 

Before treatment (134 hours): 
Bilaeks DU he Aceismielslatels\atel=|aieisislels|sialspe 418 4.0 - 11.6 5.8 

DO statsl aintetelvinistotetelelels[=tetefate(ofalsleiatersicints 405 young-of-year -- 
VETVOW MDeUCHletalstalelelolsieiel=(eisl=i=/elsieleisinlare 44 3.4 - 6.5 5.5 

GoldengShinesatelsislelstetele/slelsteletsicleia/eiale 27 5. = 625 6.1 
Nomithe mnt ke@isiajats(aletulalsfels)stalstaie(s slaldiein ily 16.0 - 28.3 21.7 
WHE MSM CKE T+ atelstmjateralelwlet={eteyel<tevelabalstetare 9 9.0 - 18.5 13.6 
\ Peis GreysRO Soe cas cacnooosanneosc] 3 7.5 - 8.5 8.0 
Orangespotted sunfish.............- 2 5.5 - 5.6 5.5 

After treatment (152 hours): 

BLAgk bw Head \a\aintel=inlatniele/nisle)s(einicintals 904 5.0 - 10.5 5.7 
DO ste] «isiaibjele(uisleisjejalsin(elsis/elain\jsyelalejuvajale 0 young-of-year -- 

Northern pike.... 59 15.0 - 29.0 21.8 
Yellow perch..... 48 3.5 - 12.5 5.8 
White crappie.... ale 19 5.5 - 9.0 7.3 
Golden! SHINE Ts clcieinjs)=/e\nlelaln cfulsieinlaiainle 17 6.0 - 7.1 6.5 
Orangespotted sunfish.........ss+s0. ual 5.5 - 6.0 5.6 
WHILE SUCK Ii ratarotalalatalfelelstsfetnintslelatsiatere i 16.7 UH oft 

ee 

‘mortality of these fishes. 

TABLE 7.--Brush Lake test netting data before and after treatment with 0.01) 
p-p.m. toxaphene 

[Combined data from all types of netting gear] 

hl Length (inches) 
Species Number 

Average 

+ 

Before treatment (144 hours): 
Yellow perchescesccsscesceccescese 908 2.6 - 13.7 

Donte o.vjeiviole eis\sivjcle ses ociew esis cicsiees 894 young-of -year 
Walleye..ecccees 49 9.7 - 17.7 

Northern pike... oe 32 10.3 - 27.2 
White BSUCKEr..ceccccscccscccccsece 4 10.1 - 10.5 

After treatment (96 hours): 
Yellow perchsecccccnccacssccscecees 57 6.0 - 12.8 

DOsccscscccens 6) young-of-year 
Northern pike... 56 17.6 - 30.2 
Walleye 39 15.8 - 18.1 
White sucker 7 10.8 - 11.1 i 

Additional test netting of the lake in Sep- 

tember proved good survival and growth of all 
stocked fishes. This test netting also substan- 

tiated results from the posttreatment Survey, 

LONG LAKE 

Long Lake was treated on July 17, 1960, wit 

toxaphene at a concentration of 0.010 p.p.m,. 

Mortality during the first 3 hours after appli- 

cation was light and was restricted to young- 

of-the-year yellow perch, At the end of 5 

hours, yearling and 2-year-old yellow perch 

were in distress. Twenty hours later yellow - 

perch up to 5,1 inches were either moribund 

or dead in all sections of the lake, At this tim 

distressed and dying young-of-the-year north- 

ern pike were found, Deaths continued until 72 

hours after treatment, when the last affected 

fish were observed, During the apparent perio 

of toxicity only two dead 10-inch walleyes and 

no northern pike larger than young-of-the-yea 

were observed, No dead white suckers could b 

located, 

On August 18, approximately 1 month after 

treatment, Long Lake was stocked with 160,00 

(360/1b,) bluntnose minnows, Periodic observa 

tions for 10 days after stocking indicated no 

During posttreatment test netting begun on 

October 25, the stocked minnows were fre- 

quently taken in the small-mesh frame nets, 

Yields of these small-mesh frame nets (table 8 

denoted that the toxaphene had either severely 

reduced or eliminated yellow perch less than 

5.5 inches in length, Partial reduction of 

young-of-the-year northern pike was evident, 



TABLE 8.--Long Lake test netting before and after treatment with 0.010 
p-p.m. toxaphene 

[Combined data from all types of netting gear] 

Length (inches) 

Species Number }- np 
Range Average 

= = oe fp +f a 

Before treatment (250 hours): | 
Mellow perch...wcconsccccceuescoes 1,240 2.6 - 6.8 | 3.8 

DOncesscesteccecsecvccsevceccces 1,017 young-of-year | -- 
RrerEHOON CORK ou 'sie u cle'e aivin-vin'e « wit’nin's 6 26.0: ~.3163) || 28.2 

Docsicweccscccmccvevsvecsccsncace 327 young-of-year - 

MUBIGTG ae vac cu nl Soe cuenieunesee meine 3 10.0 - 10.3 | 10.1 
| 

After treatment (250 hours): | | 
PRRPWETETClic wc cues snnsvecenccess 263 516 = 6.8) | 6.5 

Se ee erry 0 young-of-year | -- 

Northern pike... .cescscscececsnes 5 | 25.1 = 32.1 28.6 
DOw ce veescccnccscscccrscecesecce 114 young-of-year -- 

MIE eaduiewivelsc<Vesdvactvicecieavoe 3 10.3 - 10.6 | 10.4 
PD UECIEUSEERT cs oun nisin a.0's ¢'5.0 4.00 wisi 6:0 3 17.3 - 17.6 17 

j= L 

Total net frequency on all fishes was reduced 

by 84,6 percent (table 5), No measurable 

changes were found in the populations of adult 

northern pike, walleyes, or white suckers 

(table 8), 

GUMMS LAKE 

Gumms Lake was treated on August 8, 1959, 

with toxaphene at a concentration of 0,015 

p.p.m, At time of treatment the lake contained 

the largest yellow perch population of all proj- 

ect lakes (table 9), One hour after application, 

small affected yellow perch were seen over 

most of the surface of the lake, After 3 hours 

many yellow perch (2,4 to 6,6 inches) were 

either distressed or dead, This condition was 

maintained for 26 hours, after which the inci- 

dence started a rapid decline, The last mori- 

bund fish was located 71 hours after treatment, 

and by this time thousands of yellow perch 

lined the shore and were floating on the lake, 

During the period of mortality no yellow perch 

larger than 7 inches were seen, 

Test netting on September 14, 1958, revealed 

an incomplete kill. No yellow perch smaller 

than 5,5 inches were taken, but the abundance 

of larger yellow perch remained unchanged 

(table 9), Average size of fishes taken during 

this posttreatment netting increased from 5,3 

to 7.8 inches (table 9), Total net frequency 

indicated a gross reduction of 87,3 percent 

(table 5), 

Plans for additional test netting of this lake 

in 1960 were abandoned after winter-kill con- 

ditions during the winter of 1959-60, 

TABLE 9.--Gumms Lake test netting before and after treatment with 0.01( 

p-p.m. toxaphene 

[Combined data from all types of 

Length (inches 
Species Number 

Range A f 

Before treatment (28 hours): 

Yellow perch. sccsccccescesccccscce 964 3.1 - 10.2 5.3 

After treatment (28 hours): 
YElLow perch. ccecsoncascccscnvcccs 223 7.0 - 10,3 

NORTH LAKE METIGOSHE 

North Lake Metigoshe was treated on Sep- 

tember 13, 1960, with toxaphene at a concen- 

tration of 0,015 p.p.m, It was the second 

largest lake in the project and contained the 

most desirable fish population, Because of its 

size, it was treated in segments, and each was 

sprayed as a separate unit, Application was 

completed in 6 hours, 

Reaction of the fishes to the toxaphene was 

slow because of low water temperature of 43 

F,, but by the end of 14 hours following com- 

pletion of treatment surfacing of small fishes 

was noted, Young-of-the-year yellow perch 

and black bullheads were affected first, fol- 

lowed by larger perch (2.0 to 3.2 inches) and 

bullheads (2,2 to 5,8 inches) after 20 hours, 

Thirty-six hours later, numbers of dead and 

affected perch and bullheads were blown to 

the north shore by a strong southerly wind that 

prevailed for 10 hours, Frequency of distressed 

fishes was highest after 72 hours, after which 

there was a rapid decline, All activity had 

ceased at the end of 12 days, 

Observations of gross mortality after 96 

hours disclosed countless yellow perch ranging 

from young-of-the-year to 5.1 inches in length, 

181 northern pike (11.9 to 18,4 inches), and 17 
walleyes (14,2 to 15,2 inches), No mortality of 

white suckers was noted, Observers checking 

the bays and shallow water failed to find any 

living bullheads or yellow perch, 

Posttreatment netting was delayed to 3 days 

before freeze-up (October 24), Observations 

made on the lake during the period of toxicity 

were confirmed by the results of the test net- 

ting (table 10), The toxaphene had failed to kill 

all fishes in the lake (fig. 3), Yellow perch 



TABLE 10.--North Lake Metigoshe test netting data before and after treatment 
with 0.015 p.p.m. toxaphene 

{Combined data from all types of netting gear] 

length (inches) 
Species Number b 

Range Average 

Before treatment (322 hours): 
Yellow perch. .eccescceecssecessece 1,305 2.4 - 10.1 4.1 

DS HOUORDUGOOGDOUNDNOOODCOUOCOOOD 626 young-of-year -- 
Black bullhead....ceccsccereseeees 416 Ql) om idiesh 4.8 

DOs cicisinecinccsccncccceevcececccee 1,438 young-of-year -- 
Walleye. .ccsccccccccsccecssscesese 46 13.0 - 25.3 17.6 
Northern pike. ..cscccsccescecsescs 27 12.0 - 24.8 16.1 
BluntnoOS€ MinNOW.+e+eeeeveececeees 17 -- -- 
White Sucker... .ccccccccescuccsese 9 17.7 - 23.0 19.9 

After treatment (322 hours): 
Yellow perch. ..cccccscceceessecses 49 4.3 - 9.6 6.8 

TD aiala)s\araieiuts\e|s/e)sselsielefelsiels/vls(aialele]nla/a 0 young-of -year -- 
Black bullhead.......cccsesncscers 246 6.1 - 10.2 7.6 

TKO \fetalelaleiststetetatela{atatatatataln(a\ls(ainlstel=ls/e 0 young-of-year -- 
WALL YC. cccccscccreccccceasccnnces 39 19.1 - 26.2 22.8 
Northern pike...c.ecceceeccecsssece 3) 13.3 - 24.7 19.3 
White sucker. .ccccesccscsscesccses 8 17.6 - 24.0 19.8 

Figure 3,--Fish taken in gill net from North Lake 

Metigoshe after treatment with 0,015 p,p.m, toxaphene, 

from young-of-the-year to 4,0 inches and black 

bullheads from young-of-the-year to 5.8 inches 

were absent from the nets, The average sizes 

of yellow perch and black bullheads increased 

from 4,1 inches to 6,8 inches and 4,8 inches to 

7.6 inches respectively (table 10), Average 

sizes of northern pike, walleyes, and white 
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suckers stayed approximately the same, Re- 

duction in total test net frequency was 87,3 

percent (table 5), 

SOUTH LAKE METIGOSHE 

South Lake Metigoshe was treated on July 7, 

1960, with toxaphene at a concentration of 0,015 

p.p.m, It was the largest lake in the project and 

for convenience was divided into segments for 

treatment, Application of the toxaphene was 

completed in 7 hours, 

High water temperature (75° F,) at time of 

treatment caused the toxaphene to act rapidly 

on the fishes, One hour after starting applica- 

tion small yellow perch and black bullheads 

were surfacing. Frequency of distress in- 

creased rapidly, and at the end of 2 hours 

moribund and dead fishes were seen in treated 

areas (fig, 4), Rate of death increased in all 

parts of the lake for another 48 hours and then 

began a rapid decrease, Ninety-six hours later 

Figure 4,--Moribund and dead young-of-the-year yellow 

perch taken at South Lake Metigoshe 4 hours after 

treatment with 0,015 p.p.m. of toxaphene, 



major activity had stopped, Ten days later a 

discontinuation of activity was obvious, 

Five to 7 days after treatment, ''float-up" 

took place as thousands of decomposing fish 

floated into shore, This caused a public- 

relations problem of some magnitude with the 

491 cabin owners on the lake and emphasized 

the value of fall treatment, Mortality esti- 

mates made at the time were of questionable 

value because fishes were picked up and dis- 

posed of as soon as they came to shore, It 

seemed, however, that while many smaller 

fishes had succumbed, the larger fishes were 

unaffected, 

Posttreatment test netting (table 11) from 

September 17 to 20 proved the kill was incom- 

plete, Young-of-the-year yellow perch, black 

bullheads, and northern pike were severely 

reduced, The only area containing any of these 

fishes was close to the entrance from North 

Lake Metigoshe, It is probable that they mi- 

grated into the area from this entrance fol- 

lowing detoxification, 

Yellow perch (2,4 to 4.0 inches) and black 

bullheads (2,1 to 4,2 inches) were absent from 

the population samples taken after treatment, 

Frequencies and average sizes of the northern 

pike, walleyes, and white suckers in the post- 
treatment population were relatively the same 

as before treatment, Total test netting fre- 

quency was reduced by 83,2 percent (table 5), 

After the presence of walleyes and northern 

pike was established by the posttreatment net- 

TABLE 11.--South Lake Metigoshe test netting data before and after treatment 
with 0.015 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

T 

Length (inches) 

Species Number 
Range Average 

Before treatment (333 hours): 
EMEOW (DETCH s e:cciciesciccciss nc eeusis.ci0 2,984 2.4 - 9.5 4.0 

eter italien alata aw «in /sinistelel delels w.vje\e 2,024 young-of-year -- 
Brack buAMhead. ..ccceccanaccencers 737 Dalian Say 6.7 

Dileicecccincenccncccccoscacecesess 814 young-of-year -- 
Northern pike...cscccccccccvcvcees 18 10.7 - 21.7 18.1 

Peter mias wlvje wicleescs cise cassc ae siceeisis 142 young-of-year 6.1 

PLES ode ons beg gee Seer peemoonane 19 Tepra eed 18.3 
Bluntnose Minnow.......esseeceeees 2 == -- 

After treatment (290 hours): 
WENVIOW PETCH. ccc ccccccccncesecccces 104 4.1 - 9.4 9.3 

DOnisisisisicieipiac.vedicieclesecanccvicieces 17 young-of-year -- 
HEH CRM DUD PH CARS wai nisin ae wine o'u'sle'e's 520 4.2 - 9.6 Hee) 

DO mis isiefelnin'siels.eluinie|s.oc\s oases eciacieieie 26 young-of-year == 
Nortel PEKC aie. once a cine aie/bialaia'sci 19 14.1 - 22.3 20.1 

Seite aio teeinielw (aie a) ainiaiaiulelaju\cisia/ein.ao.© 28 young-of-year joa 
JBI SG oats es seeps Agsnesooce 22 12.1 - 24.2 18.6 

—$<——— 

ting, some sport fishing took place, A small 

number of both fishes were taken until fishing 

was halted by freeze-up, 

RED WILLOW LAKE 

Red Willow Lake was treated on July 17, 

1959, with toxaphene at a concentration of 

0.020 p.p.m, During application the water tem- 

perature was 72° F,, and action of the toxicant 

was rapid, Small yellow perch and black bull- 

heads surfaced 1 hour after spraying was begun, 

Surfacing movements became more rapid and 

then waned at the end of 72 hours, Many yellow 

perch (3,1 to 6,8 inches) and black bullheads 

(3,2 to 5.6 inches) were discovered in the vege- 

tation and along the shore, Observations also 

disclosed 73 dead northern pike (12,4 to 17,6 

inches) and only 2 dead white suckers (17,2 

inches), 

Test netting of the lake on October 13, 1959, 

(table 12) disclosed an incomplete kill of the 

fish population, The reduction of yellow perch 

was of consequence, but the black bullheads 

retained their original abundance, Average 

length of the yellow perch increased from 5,3 

to 6,9 inches, while the average length of the 

black bullheads increased only from 6,8 to 6,9 

inches, Frequencies of larger fishes failed to 

display a positive reduction, Total net fre- 

quency was lowered by 75.4 percent (table 5), 

FRETTUM LAKE 

Frettum Lake was treated on July 19, 1959, 

with toxaphene at a concentration of 0,020 

p.p.m, Pretreatment test netting of this lake 

TABLE 12.--Red Willow Lake test netting data before and after treatment with 
0.015 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

Length (inches) 

Species Number 
Range Average 

T j 
Before treatment (48 hours): } 

Yellow perch... ccccccccceccccscece 351 3.7 - 7.1 218) 

Black bullhead......sceccesccecese | 120 3.8 - 9.0 6.8 
Northern pike... cccccccersccccence | 12 | 13.0 - 27.5 19.9 
White isuckeresa Mt ba cducsarecess does 7 14.0- 18.5 | 17.4 

| 

After treatment (48 hours): } | 
VelWiow: peels galsieiesieieeaie olmta\ate/e mia a' | 5 ie Os6r— ane 6.9 
Black bullhead........ssssescseees fees 3.9822)" 6.9 
Northern, pik6te «3% clcis eeicencisceecies | 13 } 9.0 = 16.7 | 14.7 
Whibe SUCKCT<\c\clcrs'ccinle sels cisie slec'sla a | 2 14.9 - 15.0 14.9 

11 



revealed a dense population of yellow perch 

except for young-of-the-year, In only 3 hours 

after application, numerous fishes were either 

dead or distressed, After 96 hours further 

movement could not be found, This initial high 

mortality of the perch suggested the possibility 

of a complete kill, Posttreatment test netting 

on October 21, 1959, proved this assumption to 

be incorrect, Although smaller yellow perch 

(4,0 to 6,4 inches) were absent from the test 

nets, larger yellow perch were taken (table 13), 

The average length of the yellow perch in- 

creased from 5,3 to 7.3 inches, and percent 

reduction of total netting frequency was 94,9 

(table 5). 

TABLE 13.--Frettum Lake test netting data before and after treatment with 
0.020 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

arr ar f 

Length (inches) 
Species Number 

Average 

Before treatment (120 hours): 
VELVOW PCrehess cise ccc esiscisicic ce ces 429 4.1 - 14.0 5.3 

DOs sesncccccccscccessccccscccces 335 young-of-year -- 

After treatment (116 hours): 
WelVOW PCV CHsieivlalafels)sisie/sisisieiatels!sisielele 38 6.5 - 14.1 Thee) 

Dow ecccccccccnncccseccccecccesee (0) young-of -year -- 

NORTH LAKE TOBIASON 

North Lake Tobiason was treated on August 

6, 1959, with toxaphene at a concentration of 

0.020 p.p.m. Reaction of fishes to the toxaphene 

began 1 hour after spraying was started, and 

after 4 hours yellow perch and brown bullheads 

were surfacing over the entire lake, This ac- 

tivity gained in intensity for another 68 hours 

and then dwindled to nothing after 72 hours, 

When apparent toxicity ceased, examination of 

the dead fish revealed many dead yellow perch 

and brown bullheads but only five dead northern 

pike (19.2 to 20.5 inches), 

This lake was not test netted until 10 months 

after treatment (June 7, 1960), and results 
ascertained that only a partial kill had taken 

place. Brown bullheads were absent from the 

test nets. No yellow perch were taken in the 

samples, and the only fishes surviving were 

larger northern pike and white suckers (table 

14), The percent reduction in total net fre- 

quency was 97,4 (table 5), 
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TABLE 14.--North Lake Tobiason test netting data before and after treatment 
with 0.020 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

length (inches) 
Species 

Before treatment (48 hours): 
Yellow perch. cscesecssevasesccces 

Brown bullhead..ccsceseeceeseseecs 
Northern pike. .sccsccsccescesceses 
White BSUCKer..ccccccsscvccssensese 
White crapple..eccccccccccscsscess 

After treatment (48 hours): 
Yellow perch. cecccececvcccescccess 

White SuCKerssscovcevsccsscccececs 
Northern pike..cescccececcceeesccs 21.0 - 26.1 

BOWBELLS MINE LAKE 

Bowbells Mine Lake was treated on August 

28, 1959, with toxaphene at a concentration of 

0.025 p.p.m. The lake, which was the smallest 

of the series involved, manifested extremes in 

water chemistry (table 2), The origin of the 

lake is seepage of ground water into an aban- 

doned lignite-coal strip mine, The toxicant 

acted more slowly on the fishes than in any 

other project lake, and 6 hours elapsed before 

the first distressed yellow perch were visible, 

The frequency of kill increased gradually for 

96 hours after which it dropped off rapidly, and 

at the end of 10 days a cessation of activity was 

noted, 

Posttreatment test netting (table 15) was not 

carried out until May 9, 1960, at which time no 
fish were taken, The lake was then restocked 

on September 21, 1960, with 2,200 rainbow 

trout (2,8/1b,), Test netting in November 1960 
disclosed good survival and additional growth 
of the trout, 

GLEN ULLIN RESERVOIR 

Glen Ullin Reservoir was treated on July 23, 

1959, with toxaphene at a concentration of 

0.025 p.p.m, Fishes reacted rapidly to the 

toxicant, and within 4 hours after spraying was 

begun distressed fish were in evidence in all 

areas of the lake, After 17 hours, mortality of 

white crappie and yellow perch appeared com- 

plete. No carp or white suckers were observed 

until 14 hours after treatment, but all had 

apparently died after 35 hours, Continued ob- 

servations for 7 days disclosed no further 

mortality, Two days of posttreatment test 

netting on September 26, 1959, and May 17, 

1960, did not yield any live fish (table 16), The 



TABLE 15.--Bowbells Mine Lake test netting data before and after treatment TABLE 17.--South Lake Tobiason test netting before and after treatment with 
with 0.025 p.p.m. toxaphene 0.025 p.p.m. toxaphene 

[Combined data from all types of netting gear] [Combined data from all types of netting gear] 

= “3 —_ =e = SS = ees 

Length (inches) Length (inches) 
Species Number =/——— — Species Number } eS eecte es ba S* 

Range Average Range Average 

2 = a Soe tl ae 

Before treatment (24 hours): Before treatment (24 hours): 
Yellow perch. .cessccecsscnsnceces 17 5.1 - 8.3 7.2 Black Dullhead....cccecceeerecvees 172 5.5 - 6.9 6.2 

White sucker....cssseeeseceeeeeees 6 12.2 - 17.1 14.2 Northern pike.seccsscseccscsevvece 2 12.0 12.0 
Yellow perch. .sccscsccscnscrecess 1 6.2 6.2 

After treatment (48 hours): 
PETE CRRA areca ekeveusaseuvens -- -- ee After treatment (96 hours): r 

No fish taken..ceccsceeesscceseves -- 

TABLE 16.--Glen Ullin Reservoir test netting data before and after treatment 
with 0.025 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

Length (inches) 
Species Number 

Range Average 

Before treatment (24 hours): 
White Crappie. ccwescsccecccccenecs 160 3.1 - 5.0 4.5 
Yellow perch. ...e.sseeccesceccees 3 4.7 - 5.2 5.0 

RN e ee cictecccnincsisceneacce. 2 13.1. = 13.4 13.25 
White sucker..cccccencecccscccccce 1 13.0 13.0 

After treatment (48 hours): 
No fish taken...csccecceecrccccces -- -- -- 

lake was then restocked with 5,000 fingerling 

largemouth bass, 572 adult white crappies, 

90,000 bluntnose minnows, and 7,500 finger- 

ling bluegills. Subsequent test netting in No- 

vember 1960 indicated good survival and 

growth of these fishes. 

SOUTH LAKE TOBIASON 

South Lake Tobiason was treated on August 

7, 1959, with toxaphene at a concentration of 

0.025 p.p.m, Six hours after treatment, large 

numbers of distressed or dead black bullheads 

were found around the shore or floating on the 

surface, Forty-eight hours later no further 

mortality was apparent, 

Posttreatment test netting on October 9, 

1959, and April 12, 1960, failed to take any live 

fishes (table 17). 

NIEUWSMA LAKE 

Nieuwsma Lake had been treated in 1957 with 

emulsifiable rotenone at a concentration of 1,00 

p.Pp.m, The treatment was unsuccessful in kill- 

ing all of the black bullheads, Plantings of 

northern pike and bluegills in 1958 were of 

limited value, Retreatment of the lake with a 

concentration of 0,025 p,p.m, of toxaphene was 

carried out on June 7, 1960, Five hours after 

beginning the application, large numbers of 

black bullheads could be seen at the surface, 

Mortality continued for 120 hours and then 

dwindled until after 145 hours no further move- 

ment was observed, 

On October 2, 1960, posttreatment test net- 

ting failed to produce any live fish from the 

lake (table 18), 

CAT COULEE LAKE 

Cat Coulee Lake had been previously treated 

twice (1.00 p.p.m. and 2,00 p.p.m. of emulsi- 

fiable rotenone) to eradicate a population of 

black bullheads, Both applications were unsuc- 

cessful, On July 15, 1959, the lake was re- 

treated with toxaphene at a concentration of 

0.030 p.p.m, Within 5 hours of starting the 

application, distressed black bullheads were to 

be found in all areas of the lake, The few rain- 

bow trout in the lake succumbed quickly, and 

the last moribund bullhead was observed 96 

’ hours later, 

No fish were caught in test netting (table 19) 

on May 4, 1960, The lake was restocked on 

September 23, 1960, with 4,600 rainbow trout 

(600/1b.), 

WOLF BUTTE LAKE 

In 1957 Wolf Butte Lake was treated with 

1,00 p.p.m, of emulsifiable rotenone to remove 

a population of bullheads and green sunfish, 

The application was unsuccessful, Rainbow 

trout that had been stocked into the area after 

treatment furnished angling for one season, and 
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TABLE 18.--Nieuwsma Lake test netting before and after treatment with 0.025 

p-p-m. toxaphene 

[Combined data from all types of netting gear] 

=| 
length (inches) 

Species Number - —-— cen 
Range | Average 

+ 

Before treatment (48 hours): 
Black bullhead....cccccceccccecees 771 2.3 = 7.1 5.5 
Northern pike...cccccccscecesccers 12 11.1 - 16.3 14.8 

After treatment (72 hours): 
No fish taken...sccceeceecccsceces -- -- se 

TABLE 19.--Cat Coulee Lake test netting data before and after treatment 
with 0.030 p.p.m. toxaphene 

[Combined data from all types of netting gear] 

TABLE 20.--Wolf Butte lake test netting data before and after treatment 

with 0.030 p.p.m. toxaphene 

[Combined data from all types of nett bing gear] 

length (inches) 
Species Number - 

Range Average 

; oe Tae # i 
Before treatment (72 hours): 

GREEN BUTTE sar oip'din nipipie a'eio'b lela sip stn 1,003 1.8 - 5.3 4.0 

Black bullhead...cccccccccsvcccscce 68 4.2 - 8.1 y fp! 

Rainbow trout...scecseseceeseecees 18 10.2 - 15.2 13.1 : 

After treatment (72 hours): 

No fish taken. ..ccccccscccscvecers | -- 

TABLE 21.--Jund Lake test netting data before and after treatment with 0.035 
p-p-m. toxaphene 

Combined data from all types of netting gear i P' 

length (inches) 

Species Number 

length (inches) 
Species Number 

Range Average Range Average 

Before treatment (48 hours): Before treatment (48 hours): 
Black bullhead. .....ccccccascoesce 194 3.1 - 6.2 4.1 Black Diulthead ect clelelcclets cleicte cic atarets 163 | 3.1 - 5.9 4.8 

Rainbow trout...sseseeessceeeseres 5 9.0 - 12.3 9.7 Rainbow)-trowwt ciersteiclereveala eateleiotalatorerete 1 15.7 1557 

After treatment (48 hours): 
No fish taken....ccsccccccscrceees -- -< =e 

After treatment (48 hours): 
No fish taken.....-ceccssscccesces -- 

the green sunfish and bullheads quickly re- 

gained their original abundance, After this the 

trout fishing began a rapid decline, 

The lake was retreated on July 9, 1960, with 

toxaphene at a concentration of 0,030 p.p.m, 

The fish reacted slowly to the toxaphene, and it 

was not until 21 hours after treatment that any 

activity was noted, Surfacing of distressed and 

dying fishes continued for 7 days, and then no 

further activity was observed, 

Posttreatment test netting carried out on 

September 8, 1960, indicated all fish had suc- 

cumbed (table 20), 

JUND LAKE 

Jund Lake was treated on June 9, 1960, with 

toxaphene at a concentration of 0,035 p.p.m. 

Action of the toxicant was rapid, and within 2 

-hours many dead small bullheads were in evi- 

dence, Activity increased for 24 hours and then 

declined at a rapid rate, After 72 hours no ad- 

ditional mortality was found, 

On October 5, 1960, the lake was test netted, 

and negative results indicated complete mor- 

tality (table 21), 
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DISCUSSION AND CONCLUSIONS 

The mortality pattern following application 

of various concentrations of toxaphene was 

consistent, and a marked size selectivity was 

exhibited, As concentration rates were in- 

creased, the extent of mortality of larger 

fishes increased until the minimum lethal 

level (when all fishes succumbed) was reached, 

From results on the 16 project lakes it appears 

that the minimum lethal concentration for 

treatment of most North Dakota lakes is 0,025 

p.P.m, of toxaphene, Concentrations progres- 

sively less than this induce mortality only on 

progressively smaller fishes, 

The use of sublethal dosages of toxaphene 

for partial population removal is indicated, In 

_ all lakes treated below lethal concentrations, 

smaller fishes were removed leaving the : 
larger fishes relatively unharmed, In lakes 

without rough fish populations this removal of 

small, undesirable fishes could have beneficial 

effects on the resulting fishery, The need for 

further research along this line is pointed out, 

Present methods of applying toxaphene are 

satisfactory, for during the project period no 

difficulty was experienced, Observed mortality 

patterns indicate advantages to spending more 



than the minimum time necessary for appli- 

cation, This would be of greater importance if 

toxaphene were being used for partial popula- 

tion removal, More thorough distribution of the 

toxaphene would give more homogeneous im- 

mediate concentration, negating the problem of 

mortality among the desirable larger fishes 

from high initial unmixed concentrations, It is 

also conceivable that in larger lakes(500 acres 

or more), under conditions of rapid detoxifica- 

tion, the concentration of toxaphene could be 

lowered to less than the minimum lethal level 

before complete mixing, 

No marked correlation between water chem- 

istry and rate of reaction of fishes to toxaphene 

was noted, It did appear that in highly alkaline 

waters the toxicant acted somewhat slower, but 

inasmuch as all lakes were alkaline in nature 

this was not definite, Temperature was the fac- 

tor determining the rate of reaction; the lower 

the temperature of the water the slower the 

reaction of the fishes to the toxaphene, Results 

from Brush Lake prove that toxaphene will de- 

toxify even while the lake is under ice cover, 

Actual detoxification rates were not studied 

during the project period, It must be assumed 

that in lakes where kills were incomplete the 

initial concentration was below minimum lethal 

level or detoxification at these low dosages is 

more rapid than heretofore believed, 

Five of the seven lakes in which mortality 

was complete were restocked within 7 months 

of treatment, and good survival and growth has 

been noted among the stocked fishes, 

In all lakes, increase in transparency was 

evident following application of the toxaphene, 

This could have been related to the removal of 

fishes that kept materials in suspension, In 

some cases, however, it was more probable 

that the increase in transparency was due to 

limited flocculation caused by the toxaphene or 

its solvents, 

No ill effects were felt by personnel working 

with the toxaphene, It appears that if toxaphene 

is judiciously handled, there is little danger in 

its use, It was found advantageous, however, to 

direct the spray downward to reduce airborne 

spray which is irritating to the eyes, 

SUMMARY 

During the summers of 1959 and 1960, 16 

North Dakota lakes ranging from 6,3 to 915 

acres were treated with toxaphene to remove 

populations of fishes, Objective of the study 

was to determine the minimum lethal concen- 

tration of toxaphene necessary for lake eradi- 

cation projects, 

Concentrations of toxaphene used on the 

lakes varied from 0,005 p,p.m, to 0,035 p,p.m, 

Incomplete mortality of fishes resulted in lakes 

at concentrations less than 0,025 p,p.m, At 

concentrations of 0,025 p,p.m, to 0,035 p,p.m, 

complete mortality was indicated, subject to 

the validity of test netting results, 

Duration of toxicity of the toxaphene was not 

excessive, Five of the seven lakes in which 

kills were complete were successfully re- 

stocked within 7 months after treatment, 

Results indicate that the North Dakota Game 

and Fish Department can use toxaphene at con- 

centrations of 0,025 p.p.m, to 0.035 p.p.m, 

with reasonable assurance of killing all fishes 

in the treated lakes, 

All lakes displayed a definite mortality pat- 

tern; the small fishes were the first to die, and 

the largest fishes were last, At the lowest 

project dosage of 0,005 p.p.m. only young-of- 

the-year were affected, The use of toxaphene 

as a size selective piscicide is strongly sug- 

gested, 
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EFFECTS OF TOXAPHENE ON PLANKTON AND AQUATIC 

INVERTEBRATES IN NORTH DAKOTA LAKES 

By Robert G, Needham, Fishery Biologist 

Montana Department of Fish and Game 

Abstract.--Effects of low concentrations of toxaphene on plankton and 

larger invertebrates were studied in four North Dakota lakes (a fifth lake, 

untreated, was a control). Brachionus, Keratella, Trichocerca, Asplanchna, 

Polyarthra, Conochiloides, Daphnia, Ceriodaphnia, Bosmina, and Cyclops 

were dominant zooplankters; none exhibited marked reduction after treat- 

ment at 5 to 34 p.p.b. Most phytoplankter populations showed no obvious 

changes after treatment, except Aphanizomenon, which increased in all 

lakes. The posttreatment increase in South Lake Metigoshe was especially 

noticeable, since there was no increase in untreated North Lake Metigoshe. 

Several of the plant-inhabiting and bottom fauna decreased slightly after 

treatment, but this did not appeartobethe result of toxaphene treatment. 

Tolerance levels for several zooplankters and other aquatic invertebrates 

were observed in controlled experiments. Rotifera was the most tolerant 

group, followed in order by Cladocera and Copepoda. Among larger in- 

vertebrates, Hirudinea, Hydracarina, and Gastropoda were the most 

tolerant, followed in order by Trichoptera, Odonata, Hemiptera, 

Ephemeroptera, Amphipoda, and Coleoptera. 

Use of toxicants in fishery management has 

provided considerable information concerning 

the effects of various poisons on fish, Muchless 

is known of the effects on the fish-food orga- 

nisms--several workers have reported some 

such effects: Hooper and Grzenda, 1957, in 

Michigan; Hoffman and Olive, 1961, and Cush- 

ing and Olive, 1957, in Colorado; and Stringer 

and McMynn, 1958, in British Columbia. 

The object of this study was to determine the 

effects of toxaphene at low concentrations on 

the plankton and certain other aquatic orga- 

nisms under natural and controlled conditions, 

This was made possible by the rough-fish re- 

moval program in North Dakota, which various 

concentrations of toxaphene were used, Investi- 

This publication is based on a thesis submitted to the 

Graduate Faculty, Montana State College, in partial ful- 

fillment of the requirements for the degree of Master of 

Science in Fish and Wildlife Management, March 1962, 

gations were carried out in four lakes--a 

natural lake in the north-central part of the 

State and three impoundments in the southwest. 

A fifth lake, untreated, was a control. The study 

extended from June through September of both 

1960 and 1961. 

Dr. C, J. D. Brown directed the study; Dale 

L., Henegar, Chief of Fisheries, North Dakota 

Game and Fish Department, suggested the 

problem; I am indebted also to Dr. John C, 

Wright and Dr. G. W. Prescott for help in 

identifying plankton, to Dr. George F. Edmunds, 

Jr., for help in identifying aquatic insects, to 

Donald C. Warnick for help in field work, and 

to my wife Avis for help in analysing samples, 

Chemical analyses were made by the State 
Laboratories, The fish studies were by the 

North Dakota Fish and Game Department, which 

also provided financial aid under Dingell-John- 

son Projects F-2-R 7 and 9, The National Wild- 

life Federation granted a fellowship for the last 

year of the study. 



METHODS 

Surface water temperatures were obtained 

with a pocket thermometer, and depth tempera- 

tures with a reversing thermometer. Secchi 

disk readings were taken at all stations in con- 

junction with each collection series. 

The toxaphene used was an emulsified con- 

centrate containing 6 pounds of technical toxa- 

phene per gallon. Before application the toxa- . 

phene was diluted to 10 to 15 times with water 

to facilitate uniform distribution. It was applied 

to the water surface by spraying from a boat. 

Water samples were collected before and 

after toxaphene treatment in 1960, and once in 

1961. A summary of the physical and chemical 

data is presented in table 1. 

Plankton samples were secured with a pump 

at 1.5 and 7.5 feet at all stations. All samples 

were taken while the boat was moving in order 

to avoid resampling the same water. Each 

sample contained 40 gallons of water, and two 

samples constituted a collection. Each sample 

was concentrated to 200 cc. with a No. 20 silk 

plankton net. Plankton counts consisted in total 

enumeration of all organisms in 1 cc., with the 

exception of a few abundant phytoplankters, 

which were counted by the differential method, 

employing 20 to 80 fields within a l-cc. sample. 

Plant-inhabiting organisms were collected 

with a metal device that I designed. This had an 

opening of 1 square foot and a height of 30 

inches. Openings (4 by 6 inches) were cut on 

two sides to allow for drainage; these were 

covered by screen having 30 meshes per inch, 

A sliding plate was installed at the bottom to 

sever the plants near their roots. Samples were 

limited to water depths of 2 feet or less, since 

this device had to be operated manually, Ap- 

proximately 4,5 pounds (drained weight, 2-3 

minutes) of plants were taken per sample in 

1960, In 1961 this was reduced to approximately 

12 ounces, since analyses showed this to be ade- 
quate, The number of square feet of bottom 

covered in each sample varied from 8 to 16 in 

1960 and from 3 to 5 in 1961. 

Bottom organisms were taken with an Ekman 

dredge at depths ranging from 4 to 10 feet. 

Either 3 or 4 square feet were sampled at each 

station, Organisms from both plant and bottom 

samples were concentrated with a screen hav- 

ing 30 meshes per inch, 

Plant-inhabiting organisms and bottom fauna 

were sampled at the same stations, which were 

approximately 50 feet in diameter. These sta- 

tions had both abundant vegetation and open 

water. 

TABLE 1.--Physical and chemical data before and after toxaphene treatment for two lakes and three reservoirs in North Dakota. 

’ 
[All chemical data except pH are expressed as parts per million; bottom temperatures were taken at depths of 9-12 feet] 

ss 

Temperature (°F) Secchi |p otar Total Tota 
Sampling dates eee aes (Gan solids Henanee pH alkalinity Chlorides Sulfates Iron 

Wolfe Butte Reservoir (treated Aug. 8, 1960): 
ANGe 5, L96D- cccecccccccvccccccccccvccessessseses 71.4 68.2 4.9 904 114 9.4 408 none 280 1.5 

AUG~s 16, 1960... cccrecncccccccccccccccncscnsncees 68.6 68.2 4.2 1,025 114 9.1 463 none 348 1.1 

Sept s: '7) 21960 sseecaemutisics seis aaleinee oacisem cmisieletint 64.0 63.7 7.9 == os == = == == == 
AUG 9, L96Leweceenncsccccccsenccncseccsasesecece 71.0 70.0 4.3 678 84 9.2 336 trace 164 1.0 

atl : — 

Raleigh Reservoir (treated Aug. 4, 1960): 
AUgs 4, 1960... cecesccenseccssvecesss 721 70.5 3.2 266 184 8.4 153 none 86 1.0 

Aug 15, 1960.... 71.7 68.8 4.7 336 196 8.7 143 none 96 0.5 

Sept. 6, 1960... Ae 68.0 67.6 8.7 ae = = =e == 2s = 
BUGs 8, L961. cccccnccvccscveccccvccncassesesvese 71.0 68.2 11.0 380 180 9.8 200 28 143 0.5 

South Lake Metigoshe (treated July 17, 1960): 
July 14, 1960. .ccecccecececvcvevcvesescsevevevere 71.8 68.5 7.9 270 228 8.8 224 none 27 0.2 
JULY 21, 1960. ccccccccscccccccesvcvecaccccssesccs 72.0 68.4 8.4 279 222 8.5 214 none 53 0.3 

Ree Cheval CBee AA sR Speers: Me aac tangas Han tn 64.6 62.3 8.3 = ze oe as == = = 
Septagl 5 LOGON some amae aareleiaieriarnates times aieelnete 60.2 59.1 6-4 = ss = == or == == 
July 19, 1961. .cenccccccvvcccccccccccccccscccecce 68.5 66.8 10.0 299 208 9.4 216 28 44 0.8 a 4 

North Lake Metigoshe (untreated control): 
JULY 14, 1960. ccccccsccecccccccaccscccscevcescnce 71.8 66.8 8.5 281 232 8.6 224 none 33 0.9 

July 21, 1960. .ccceencececccnccncesccnscncesccece 72.3 68.0 8.8 282 226 8.2 214 none 53 0.2 

INGA Fag Wah gonaengdo soonoande saonaadeeaanoosue 64.9 61.9 6.4 == 5 == -- -- -- -- 

Odland Reservoir (treated Aug. 11, 1960): 
66.1 2.2 414 184 8.2 187 none 165 0. 
65.8 1.8 510 202 8.2 195 none 186 0.8 

64.0 3.1 -- -- -- -- == aS =2 
68.0 21 574 208 8.5 196 trace 259 0.5 



WOLF BUTTE RESERVOIR 

DESCRIPTION 

Wolf Butte Reservoir, in southwestern North 

Dakota, has a surface area of 24 acres and a 

maximum depth of 9 feet. It has no permanent 

inlet or outlet, and water is supplied mainly by 

runoff. The bottom is muck, No marked thermal 

stratification was present, The area surround- 

ing the reservoir is primarily rangeland. 

Aquatic vegetation was very abundant at all 

depths less than 4 feet. Potamogeton pectinatus, 

P. richardsoni, and Myriophyllum exalbescens, 
were the dominant plants. A heavy mat of fila- 
mentous algae (Rhizoclonium) accompanied 

these plants at the water surface. 

TREATMENT 

Fish.--Toxaphene was applied at 35 p.p.b. on 

August 8, 1960, in an attempt to eradicate the 

fish population, This impoundment was heavily 

populated with green sunfish (Lepomis cya- 

nellus) black bullheads (Ictalurus melas), and a 
few large rainbow trout (Salmo gairdneri). Many 

green sunfish and black bullheads were found 

dead and dying after treatment. The reservoir 

was test-netted 1 week after eradication and 

again the following spring. Two 125-foot ex- 

perimental gill nets were set for 24 hours, and 

no fish of any species were taken. The reser- 

voir was test-netted again in August of 1961, 

when one 125-foot gill net and one frame net 

were set for 24 hours, The nets contained ap- 

proximately 475 black bullheads and 83 trout. 

Many young-of-the-year green sunfish were 

also observed, A trapping program later in the 

fall revealed several adult green sunfish. 

Plankton.--Four collections of plankton were 

made at one station near the center of the 

reservoir. Collections were made 3 days before 

treatment, and after treatment at 8 days, 30 

days, and 366 days. The kinds and numbers of 

plankton are given for each collection in table 2, 

These are arranged in a phylogenetic order 

with the zooplankters first. 

Comparison in numbers per liter was made 

between pretreatment and posttreatment col- 
lections, Rotifers were represented by nine 

genera, Keratella and Asplanchna being the 

TABLE 2.--Number of plankters per liter in Wolf Butte Reservoir before and 
after toxaphene treatment at 35 parts per billion. 

[Treated Aug. 8, 1960] 

a a T eee 
After 

Before 
cos Aug. 5, 1960 i Ee E [ , 

Aug. 16, 1960 | Sept. 7, 1960 | Aug. 9, 1961 
+ See © —_ = —— 

Brachionus.... 1 “ -- 3 

Keratella..... 91 15 2 1 
LECONE.eseecee -- -- -- 1 
Trichocerca... 1 -- -- -- 

Chromogaster.. ul 2 1 | -- 
Asplanchna.... 73 106 -- -- 
Polyarthra.... 7 3 1 2 
Filinia....... 1 1 -- 1 
Hexarthra..... 3 21 3 -- 
Daphnia.....++ 244 18 129 28 
Simocephalus.. -- ee 1 ee 

Ceriodaphnia.. 4 9 18 -- 
Bosmina...+.++ 98 130 18 25 
Chydorus.....«. 1 —- = aad 
Diaptomis..... 6 -- -- 2 
CyclopS...-+..+. Ae 3 1 Lb 
Neuplii}...... 106 26 10 73 
Pandorina..... 3 ab) -- -- 
Oedogonium.... 3 4 -- -- 

Cladophora.... -- -- -- 2 tr 

Rhizocloniun. . 4 1 8 1 
Pediastrun.... 12 5 3 61 
Coelastrum.... ad -- -- 3 

Oocystis...... 1 3 -- -- 
Closteriopsis. 1 4 -- tr 
Tetraedon..... -- 1 -- -- 
Scenedesmus... 7 4 7 -- 
Mougeotia..... -- -- 1 -- 
Spirogyra..... 1 nh 52 -- 
Closterium... 1 al tr 
Cosmarium..... 4 1 2 -- 
Staurastrun.. 3 3 -- -- 
Desmidium..... 65 84 7 tr 
Botryococcus. -- 3 2 7 
Diatoma......- 2 1 1 2 
Navicula...... 2 6 -- -- 

Pinmlaria.... 1 — = == 
Pleurosigma... -- -- ab -- 

Cymbella...... ae tr -- -- 
Nitzschia..... aut 9 4 tr 
Camplyodiscus al -- -- -- 

Ceratium...... 5 2 -- 11 
Synechocystis. 90, 067 589,405 149, 306 82,563 
Polycystis.... 242 131 2 110 
Merismopedia.. -- -- al -- 

Coelosphariun. 50 28 1 -- 
Lyngbya.....e. 8 2 9 -= 
Anabaena...... 61 58 1 “= 
Aphanizomenon. Gs 277 33,157 54,716 138 
Nodularia..... -- 12 1 == 

+ Includes nauplii of both Diaptomus and Cyclops. 

2 Less than 1 per liter. 

most numerous, Keratella changed from 91 be- 

fore treatment to 15 at 1 week, 2 at 1 month, 

and only 1 at 1 year after treatment. Asplanchna 

increased from 73 before treatment to 106 at 1 

week after treatment, but none were present in 

collections at 1 month or 1 year after treat- 

ment, Other rotifers were too scarce for com- 

parisons, 

Cladocerans were the most abundant zoo- 

plankters, with Daphnia and Bosmina appearing 

in large numbers, Daphnia decreased from 244 

before treatment to 18 at 1 week, then increased 

to 129 at 1 month after treatment. Bosmina ex- 

hibited the reverse effect, and both were less 

abundant at 1 year after treatment. Copepoda 

were represented by Diaptomus, Cyclops, and 

undetermined nauplii. Six Diaptomus were taken 

before treatment, but none were found at 1 week 

or 1 month after treatment and only 2 at 1 year. 

5 



Cyclops decreased from 46 in the pretreatment 

collection to 3 at 1 week after treatment, but 

increased to 11 at 1 month, Nauplii decreased 

from 106 before treatment to 26 and 10 at 1 

week and 1 month after treatment. Cyclops and 

nauplii were relatively abundant the following 

year, 

There were 16 genera of Chlorophyta, 8 of 

Chrysophyta, and 1 of Pyrrophyta in the col- 

lections. None exhibited numerical changes 

- which could be attributed to toxaphene treat- 

ment, Eight genera of Cyanophyta were present, 

and these were the most numerous algae. 

Synechocystis and Aphanizomenon were the 

most abundant genera. Synechocystis increased 

from 90,067 before treatment to 589,405 at 1 

week after treatment, then decreased to 149,306 

at 1 month. Aphanizomenon increased from 

7,377 before treatment to 54,716 at 1 month 

after treatment. Polycystis, Coelospharium, 

and Anabaena decreased after treatment. Poly- 

cystis was abundant at 1 year, but Coelosphar- 

ium and Anabaena did not reappear 1 year after 

treatment, 

Most of the changes before and after treat- 

ment were small and could well be the result 

of normal fluctuations in the population or the 

result of sampling techniques. A few of these 

changes may have resulted from the toxaphene, 

but none were obvious. 

Plant-inhabiting organisms. --Aquatic-plant- 

inhabiting organisms were collected at two sta- 

tions on the same dates plankton was sampled. 

The numbers of organisms per pound of vege- 

tation for the four collections is presented in 

table 3. Nineteen genera were represented, but 

only seven were numerous. Gammarus varied 

throughout the study, but remained abundant. 

‘Callibaetis, Caenis, and Ischnura decreased at 

1 week and 1 month after treatment, but were 

more abundant at 1 year, Tendipes decreased 

from 44 before treatment to 9 at 1 week after 

treatment, while 48 were taken at 1 month and 

25 at 1 year after treatment. Gastropoda (Physa 

and Gyraulus) increased from 771 before treat- 

ment to 1,107 at 1 week, 1,366 at 1 month, and 

1,558 at 1 year after treatment. 

TABLE 3.--Number of plant-inhabiting organisms and bottom fauna in Wolf 
Butte Reservoir before and after toxaphene treatment at 35 parte per 
billion. 

[Plant-inhabiting organisms are expressed as the mumber per pound of plants 
and bottom fauna as the number per square foot of bottom. Treated Aug. 8, 
1960. tr = less than 1 per pound or per square foot] 

T 
Before aes After 

Organiem | AUS+ 5» 1969 | aye. a6, 1960 | Sept. 7, 1960| Aug. 9, 1962 

Plant | Bottom | Plant | Bottom | Plant | Bottom | Plant | Bottom 

Oligochseta... -- tr -- tr -- 3) 
Hirudinea....-. -- -- tr -- -- 
Amphipoda 

Gammarus...«. 63 6 172 tr 73 
Hydracarina: 
Hydachnidae.. 5 -- tr -- 2 

Ephemeroptera; 

Callibaetis.. 5 1 tr -- -- 
Caenis....... 6 3 1 tr -- 

Odonata: 

Sympetrum... tr -- tr tr -- 

Aeschna...... -- -- tr -- -- 
Ischnura....- 40 5 10 1 -- 

Hemiptera: 
PleGeccccccce -- -- tr -- -- 
Notonecta. ab -- -- == 3 
SIgara..++.-. 3 -- -- -- tr 

Coleoptera: 
Haliplus..... 2 -- tr -- -- 
Copelatus.... tr -- -- -- tr 
Hydroporus... -- -- -- -- if 

Trichoptera: 
Hydroptila... -- al -- tr -- 

Diptera: 
Tendipes..... 44 28 9 2 48 
Probezzia. tr 3 -- 2 -- 
ChrySopS...«+.- -- 1 -- al -- 

Gastropoda: 

PhYSA.+++eeee 123 2 325 af 156 
Gyraulus....- 648 tr 782 1 1,210 

Pelecypoda: 

Pisidium..... -- 3 -- 1 -- 

Numerical comparisons of the seven domi- 

nant genera revealed no marked changes before 

and after treatment. Reductions of Ephemerop- 

tera and Odonata in the first two posttreatment 

collections may be significant but could have 

resulted from an emergence. 

Bottom fauna,--These organisms were col- 

lected at the same stations as those used for 

plant-inhabiting organisms, Each collection 

consisted of 3 square feet of bottom. The num- 

ber of organisms per square foot of bottom is 

given for each collection (table 3), Thirteen 

genera were taken, but only Gammarus and 

Tendipes were abundant. Gammarus fluctuated — 

from 6 before treatment to less than 1 at 1 

week, 44 at 1 month, and less than 1 at 1 year 

after treatment. The large number at 1 month 

after treatment resulted from a collection that 

contained considerable vegetation. Tendipes de- 

creased from 28 before treatment to 12 and 9 at 

1 week and 1 month after treatment but in- 

creased to 25 at 1 year. A comparison of the 

number of bottom organisms before and after 

treatment revealed no marked changes. 



RALEIGH RESERVOIR 

DESCRIPTION 

Raleigh Reservoir, in southwestern North 

Dakota, has a surface area of 15 acres and a 

maximum depth of 18 feet. There are no perma- 

nent inlets or outlets, and the water is supplied 

mainly by runoff. The bottom is muck, covered 

by silt in some areas. No marked thermal 

stratification was present, The surrounding 

area is almost entirely rangeland, Aquatic 

vegetation was very abundant at all depths less 

than 3feet. Potamogeton pectinatus, P, richard- 

soni, Myriophyllum exalbescens, and Cerato- 

phyllum demersum were the dominant plants. 

Large amounts of filamentous algae (Rhizo- 

clonium) accompanied these plants in most 

areas, 

TREATMENT 

Toxaphene was applied at 25 p.p.b. on August 

4, 1960, in an attempt to remove the entire fish 

population. A complete kill was not achieved 

and a second treatment was made at 90 p.p.b. 

on September 26, 1960. 

Fish.--Before treatment, two 125-foot ex- 
perimental gill nets and four frame nets were 

set for 24 hours. The frame nets contained sev- 

eral thousand golden shiners (Notemigonus 

crysoleucas), approximately 5,000 green sun- 

fish, and 1,200 white crappies (Pomoxis annu- 

laris) and black crappies (Pomoxis nigromacu- 

latus), The two experimental gill nets captured 
13 white suckers (Catostomus commersoni), 

11 black bullheads, and a few golden shiners, 

green sunfish, and crappies. Large numbers of 

the four most numerous species were found 

dead and dying after treatment. The reservoir 

was netted again 1 week after the first treat- 

ment, but with only two experimental gill nets 

set for 24 hours, These contained 10 white 

suckers and 5 black bullheads. Test-netting was 

discontinued since drought had lowered water 

levels to a point where restocking was imprac- 

ticable. 

Plankton.--Four collections were made at 

one station near the center of the reservoir. 

Collections were made 1 day before the first 

treatment and at 11, 33, and 371 days after the 

first treatment; a second treatment was made 

53 days after the first, and the fourth collection 

was 318 days after this treatment. Quantities of 

plankters in pretreatment and posttreatment 

collections are shown in table 4, Rotifers were 

represented by 15 genera, but only Brachionus 

and Asplanchna were abundant. Brachionus de- 

creased from 114 before treatment to 108 at 11 

days and 15 at 33 days after treatment. As- 

planchna varied from 24 before treatment to 

194 at 11 days and 16 at 33 days after treat- 

ment, Only 3 Brachionus and 1 Asplanchna were 

TABLE 4.--Number of plankton per liter in Raleigh Reservoir before and after 
tregtment at 25 parts per billion. 

[Treated Aug. 4, and Sept. 26, 1960] 

After 
Before 

Gagan | ug. 12) 860 soe) cc 15, 1960 iL Sept. 6, 1960 | Aug. 10, 19612 

Brachioms... 114 108 15 3 
Keratella.... al) i 9 Af 

Platyias..... 2 tr 17 1 -- 
Lecane.-coeee tr 2 -- = 

Monostyla.... eT: 1 -- 5 
Trichocerca.. 5 -- -- tr 

Chromogaster. al 3 -- at 

Asplanchna... 24 194 16 1 
Polyarthra... 3 ab) 7 1 
Synchaeta.... 1 1 13 -- 

Filinia...... tr 1 -- tr 
Testudinella. 1 -- tr -- 

Trochosphaera tr -- 1 -- 
Hexarthra.... 2 -- -- = 
Conochiloides 3 aah == 45 

Daphnia.....-. 65 173 57 9 

Ceriodaphnia. 44 156 100 al 
Bosmina....++ 314 283 50 -- 
Chydorus..... 4 17 1 -- 
Diaptomus 10 1 1 -- 
Cyclops...... 120 9 41 8 
Nauplii?..... 190 85 19 7 
Elakothrix... =5 =2 a} 73 

Microspora... -- 1 3 =o 
Oedogonium... 9 3 ab -- 
Rhizocloniun. 7 5 3 i 
Golenkinia... -- 3 -- -- 

Pediastrum... 151 462 3 3 
Coelastrum... ee 594 -- -- 
Oocystis..... 69 75 2 -- 
Chodatella... 4 1 -- -- 
Closteriopsis 18 462 1 =e 
Tetraedon.... any 89 -- -- 
Scenedesmus. . 727 3,038 133 1 
Crucigenia... 17 264 4 -- 
Tetrastrum... -- 3 -- -- 

Mougeotia.... -- 1 al = 
Zygnema.....- 1 -- -- -- 

Spirogyra. . 2 4 19 107 
Closterium... -- -- 2 tr 
Cosmarium.... 20 4 5 1 
Staurastrum.. 4 9 -- -- 
Desmidium.... 925 1,189 4 -- 
Botryococcus. 5 8 7 -- 
Melosira..... 4 9 -- 2 
Diatoma...... 8 -- 3 1 
Synedra..-.-- 4 3 -- 3 

Navicula..... 6 al ab -- 

Pinnularia... 1 -- 3h -- 
Frustulia.... -- tr 1 -- 
Gyrosigma.... ae tr -- -- 
Pleurosigma.. tr -- -- aed 

Gomphonema... tr 1 == =e 
Cymbella..... 4 4 1 == 

Nitzschia.... 8 14 7 8 
Cymatopleura. 2 1 oe -- 
Camplyodiscus 2 -- -- -- 

Ceratium....- 24 rf 4 5 
Synechocystis 54,161 6,275 2,312 601,057 
Polycystis... 2,906 859 38 99 
Merismopedia. 9 7 1 -- 
Coelospharium 2 25 94 4 
Lyngbya.....- 10 1 8 1 
Anabaena..... 5 4 16 2 
Aphanizomenon 6 190 81,902 tr- 
Nodularia.... Pale “77 3,633 | 21 P| 3 

+ After the second treatment at 90 p.p.b. 
2 Less than 1 per liter. 
3 Ineludes nauplii of both Diaptomus and Cyclops. 



taken 371 days after treatment. All rotifers 

were very scarce at this time, and 6 of the 

original genera were not found, 

Cladocera was the most abundant zooplankter. 

Daphnia, Ceriodaphnia, and Bosmina were 

present in large numbers, Daphnia varied from 

65 before treatment to 173 at 11 days, 57 at 33 

days, and only 9 at 371 days after treatment. 

Ceriodaphnia increased from 44 before treat- 

ment to 156 at 11 days, then decreased to 100 

at 33 days, and only 1 was taken at 371 days 

after treatment, Bosmina decreased from 314 

before treatment to 283 at 11 days and 50 at 33 

days after treatment and disappeared by 371 

days. A few Chydorus were found in the pre- 

treatment and early posttreatment collections, 

but did not occur in the collection 371 days after 

treatment. Copepoda were represented by the 

young and adults of Diaptomus and Cyclops. 

Diaptomus changed from 10 before treatment to 

1 at 11 days and 1 at 33 days, but none at 371 

days after treatment, There were 120 Cyclops 

before treatment while collections after treat- 

ment showed 9 at 11 days, 41 at 33 days, and 8 

at 371 days. Nauplii decreased from 190 before 

treatment to 85 at 11 days, 19 at 33 days, and 7 

at 371 days after treatment. 

The Chlorophyta were represented by 21 

genera. Pediastrum, Coelastrum, Closteriopsis, 

Tetraedon, Scenedesmus, Crucigenia, and Des- 

midium were the most abundant. All of these 

increased in the collection 11 days after treat- 

ment but were greatly reduced at 33 days and 

371 days. Spirogyra was the most abundant of 

the Chlorophyta in the collection 371 days after 

treatment, but was scarce in the pretreatment 

and early posttreatment collections. The 

Chrysophyta contained 9 genera and the Pyrro- 

phyta 1, These were infrequently encountered, 

and no comparisons were made. The Cyanophyta 

were represented by 8 genera. Synechocystis, 

~ Polycystis, Coelospharium, Aphanizomenon, 

and Nodularia were the dominant organisms, 

Synechocystis and Polycystis decreased in the 

first two posttreatment collections but were 

abundant at 371 days after treatment. Coelo- 

spharium and Aphanizomenon increased after 

treatment but were scarce at 371 days after 

treatment. Nodularia varied from 77 before 

treatment to 3,663 at 11 days, 21 at 33 days, 

and 3 at 371 days after treatment. 

8 

Changes after the first treatment (25 p.p.b.) 

are probably the result of normal population 

fluctuations, At 371 days after treatment water 

levels had dropped approximately 6 feet, the 

water was clear, and aquatic vegetation had in- 

creased, The severe reduction in nearly all 

plankters at this time may have been due to the 

drop in water levels or the possible consequent 

increased toxaphene concentration. 

Plant-inhabiting organisms,--Collections 

were made at two Stations on the same dates 

plankton was collected. The number of orga- 

nisms per pound of vegetation is presented for 

each collection (table 5), Nineteen genera were | 

taken, but only eight were abundant. Gammarus 

increased from 31 before treatment to 313 at 11 

days, 569 at 33 days, and 334 at 371 days after 

treatment. Hydrachnidae decreased from 45 be- 

fore treatment to 27 at 11 days, 22 at 33 days, 

and 14 at 371 days after treatment, Callibaetis, 
Caenis, Ischnura, and Tendipes were markedly 

reduced in the first two posttreatment collec- 

tions, but all except Caenis were abundant at 

371 days after treatment. Sigara decreased . 

from 39 before treatment to less than 1 at 11 

days after treatment, and none were taken after 

TABLE 5.--Numbers of plant inhabiting organisms and bottom fauna in Raleigh 
Reservoir before and after toxaphene treatment at 25 parts per billion. 

[Plant inhabiting organisms are expressed as the mumber per pound of plants 
and bottom fauna as the number per square foot of bottom. Treated Aug. 4, 
and Sept. 26, 1960.] 

a 

Before pd 

Organism | AU8- 3» 1960 Sept. 6, 1960 | Aug. 10, 19612 
q 

Plant | Bottom | Plant | Bottom ~ 

Oligochaeta... -- 4 =: 8 ss 28 
Hirudinea..... 2 tr es wi ie poe = =a 
Amphipoda 
Gammarus..... 31 4 313 tr 569 zt 

Hydracarina: 
“ Hydrachnidae. 45 -- 27 -- 22 4 

Ephemeroptera: 
Callibaetis.. 66 1 9 tr tr -- 
Caenis....-- 185 6 10 tr 6 -- 

Odonata: 
Sympetrum. .. -- -- af -- tr as. 

ANAXs se eeeeee -- -- -- -- -- == 
Aeschna....-- tr -- tr -- -- os 

Ischnura..... 109 2 21 1 8 = & 
Hemiptera: 
Notonecta. 2 -- tr -- tr -- : 
Sigara....... 39 2 tr -- -- =o 
Coleoptera: 

Copelatus.... |  --| -- |) ee 2s at 
Hydroporus... 2 -- 7 -- 6 a 

Diptera: 
Chaoborus.... -- 1 -- -- -- a 

Tendipes..... 12 27 tr 2 1 71 : 
Probezzia.... tr -- tr -- -- == 
Chrysops....-. = = tr =< =e pes | 

Gastropoda 

PHYSA. cesses 5 -- als) -- 6 -- . 

Gyraulus..... 1,163 tr 1,695 4 398 = . 
Pelecypoda 
Pisidium..... -- tr -- 4 -- 

4 

1 after the second treatment at 90 p.p.b. 
2 Less than one per pound or square foot. 



this time. There were 1,163 Gyraulus before 

treatment, 1,695 at 11 days, 398 at 33 days, and 

38 at 371 days after treatment, 

Several changes were noted following treat- 

ment, some of which may be the result of the 

toxaphene, Reductions of Callibaetis, Caenis, 

Ischnura, and Tendipes may be significant; all 

but Caenis, however, were abundant 371 days 

after treatment. Stringer and McMynn (1958) 

reported that Ephemeroptera were killed at 30 

p.p.b, toxaphene, The disappearance of Sigara 

after treatment appears to be the result of the 

toxaphene since they exhibited low tolerance 

levels in the controlled experiments (table 11). 

The reduction of Gyraulus at 371 days after 

treatment may be related to lowered water 

levels, since other workers (Hooper and 
Grzenda, 1957; and Stringer and McMynn, 1958) 

found Gastropoda to be unaffected by toxaphene 

at 100 p.p.b. 

Bottom fauna.--Four collections were made 

at two stations on the same dates plant-in- 

habiting organisms were collected, The number 

per square foot of bottom is given for each col- 

lection (table 5), Eleven genera were taken, but 

most of these were too scarce for comparisons, 

Oligochaeta increased throughout the study from 

4 before treatment to 28 at 371 days after treat- 

ment. Cushing and Olive (1957) found an in- 

crease in Oligochaeta after treatment with 100 

p.p.b. toxaphene. Ephemeroptera decreased 

from 7 before treatment to less than 1 at 11 

days, and none were taken in succeeding col- 

lections. Tendipes decreased from 27 before 

treatment to 2 at 11 days and 6 at 33 days after 

treatment, then increased to 71 at 371 days 

after treatment. 

The reductions of Ephemeroptera and 

Tendipes may be significant. Stringer and 

McMynn (1958) reported that Ephemeroptera 

were killed at 30 p.p.b. of toxaphene, and Cush- 

ing and Olive found that a concentration of 100 

p.p.b. eliminated Tendipedidae. 

SOUTH LAKE METIGOSHE 

DESCRIPTION 

South Lake Metigoshe is a glacial lake in the 

Turtle Mountains in north central North Dakota. 

It has an area of 915 surface acres and an 

average depth of 9 feet. Water is supplied 

mainly by runoff. Water levels fluctuate slightly 

owing to releases from an upstream reservoir. 

The major bottom materials are peat and muck,. 

No marked thermal stratification was present. 

Trees border most of the shoreline, Aquatic 

vegetation was common and was exceptionally 

abundant in the bays, Scirpus sp, occupied sev- 

eral large areas near shore, Myriophyllum 

exalbescens and Ceratophyllum demersum were 

present at most depths less than 15 feet. Other 

dominant plants were Potamogeton natans, 

P, pectinatus, P. richardsoni, P. zosteriformis, 

Najas flexilis, Sagittaria latifolia, Eleocharis 
palustris, and Polygonum amphibium., 

TREATMENT 

Toxaphene was applied at 10 p.p.b. on July 17, 

1960, in an attempt to reduce the number of 

yellow perch (Perca flavescens) and black bull- 

heads, This was supplemented by 5 p.p.b. on 

July 19. 

Fish,--Several 250-foot experimental gill 
nets and frame nets (0,5-inch and 0, 25-inch 

mesh) were set at selected stations 1 week be- 

fore, 1 week after, and again 11 months after 

treatment; the netting efforts were 333, 290, 

and 120 hours, respectively. The fish taken are 

expressed as the number per 100 net-hours. 

Adult yellow perch were reduced from 900 be- 

fore treatment to 36 at 1 week and none at 11 

months after treatment. Young-of-the-year 

were reduced from 610 before treatment to 6 

at 1 week and none at 1 year after treatment. 

Young-of-the-year black bullheads decreased 

from 240 before treatment to 9 at 1 week and 

none at 11 months after treatment. Young-of- 

the-year northern pike (Exos lucius) decreased 
from 40 before treatment to 10 at 1 week and 

none at 11 months after treatment, Netting at 1 

week after treatment did not show a reduction 

in adult black bullhead, northern pike, and wall- 

eye (Stizostedion vitreum), but several were 

found dead along shore at this time. No walleye 

were taken at 11 months after treatment, and 

bullheads and northern pike were greatly re- 

duced, The paucity of all species taken at 11 

months after treatment may have been due to 

the residual effects of the toxaphene. 



Plankton,--Five collections were made at 

four stations on South Lake Metigoshe. These 

were made 2 days before treatment and at 4, 

40, 60, and 367 days after treatment. The pre- 

treatment and the first two posttreatment col- 

lections at South Lake Metigoshe are compared 

with those made at four stations on North Lake 

Metigoshe, which was sampled on the same 

dates. North Lake Metigoshe is adjacent to 

South Lake Metigoshe and is connected by a 

channel approximately 30 feet wide; it was not 

treated until later in the fall and could there- 

fore be used as a control. The number of 

plankton per liter for all collections in both 

lakes is given in table 6. 

TABLE 6.--Number of plankton per liter in South and North Lake Metigoshe before and after toxaphene treatment at 15 parts per billion 

[South Lake Metigoshe treated July 17, 1960] 

Before, BANE = 
: July 15, 1960 Organism July 21, 1960 Aug. 26, 1960 sept. 15, 1960, July 19, 1961, 

South North South North South North South South 
T 

BrachionusS..+++eseeee Ghendcdnagsacundocoanccosone4 -- 2 1 1 © ip =o ab -- 

Gia ETHIE Sopcacencenaondbanoceamadccuse Eas 35 28 48 22 a 25 1 12 
TRS CTI etotate fata ny oi ets Te Sete acto nle te eted settee ete fe fafetet +r -- -- -- il tr -- tr 
Monostyla......+sseee gonondgomoscdodsogenc a9 3 -- 2 -- 9 2 al, 2 

Mrtehoe emse aetebtetetelstetaletefelatelaledalctelstleietaleterstelelatelelteletetet=ts 234 ala 83 86 Shi 5 3 3 
Ascomorpha..... 1 3 5: 4 4 tr tr 1 
Chromogaster... 180 2 tr 2 3 -- tr al, 
Asplanchna..... 28 3) 24 6 aL 12 -- 20 
Polyarthra..... 4 27 35 34 42 32 28 16 
Synchaeta...... 17 il 19 3) 10 2 i tr 
Filinia........ 3} 3 25 2 7 2 2 3 
Testudinella... -- -- -- tr -- -- == tr 
Hexarthra...... ail 1 15 2 -- 1 == tr 
Conochiloides.. 182 14 160 34 al 10 -- tr 

Stephanoceros.. -- -- -- -- -- tr -- = 
Daphnia........ aL 9 1 2 9 5 16 41 
SimOcephalUsy <a. one ees le = sal 1 -- 2 =- 1 1 tr tr 
CerTodaphimialertetatetstetsbaleteratsterdstateists 37 99 67 37 40 18 7 al 
Bosmina........ 110 67 119 35 8 18 8 1 
Graptolebris... . Booodd -- -- -- -- 4 -- -- -- 
Chydorus...... : 500d 10 1 2 tr 20 3 19 5 
DiaptomuSs-.ccsscescseess aie vis sisleis sisi ciuiesicieisisiv ee o. it 12 tr 13 tr 5 -- 2 
Cyclops...... anbo 17 aly 4 Ay B 9 22 44 
Nauplii*.... o0000 29 83 17 76 28 37 alels 67 
PAaNGOPinas..sccescevscccecuane alo ieys)afelaiatnialals{a\a)aYalat= al tr 1 i 5 5 5 5 
Wolter con coocecapcan cooocecacd sonapoo7danagacAg[a tr tr 1 il 15 il at == 
APHOCYSTUS (csc cr vcr cence reecivicscesicsices sisns sovo000 -- -- -- -- -- -- -- tr 
Qedogonium............ Sonacccece og00a scan dengoa0eR -- 1 +r tr 3} == tr -- 
RAZ CMO etetelett te veehe tela tat-feletatelstetetel Vel -tetetatel<fet=letsieistst= tr tr tr tr —— == == == 
Pediastrum.......... nu ooocdngesosnoouoaDes 4 17 2 7 Hh 38 6 6 
Coelastrum.........- SUOOUOOUCOOOOUOOOHOOOOOUUOOUUD tr tr tr tr == ae 1 == 

Osos coocnsesssa aL 1 al iL 1 tr == 2 
Chodatella......... 9 == tr tr == a= == =< tr 

ClosteriopSiS.........+ ik 2 av 2 2 tr al 5 

Kirehneriella....... -- tr -- -- -- -- -- - 

Tetraedon.....+se+s- -- -- tr -- -- -- -- -- 

Scenedesmus......... tr 1 1 at it 2 tr 1 

Crucigendia. css. .c.6. tr tr 8 -- 1 -- 1 il 
Mougeotia........00. -- ta -- -- -- -- tr tr 
Spirogyra.......... O tr al tr == 1 -- tr tr 

Closterium......... : tr -- tr -- -- -- -- -- 
(Goamanitme teeters il tr Ei maa tr -- 3 it tr 
Staurastrum.... 15 16 a 8 60 23 106 67 
Desmidium...... 3 4 4 a 2 3 il 1 
Botryococcus... -- 1 -- 2 2 tr 2 2 
Dinobryon. .- 7 98 1 aLat -- tr -- -- 

Melosira. . all 73 5 40 568 1,040 462 3 
Diatoma........ 1 1 =— 1 == == 1 ak 
Fragilaria..... B00 144 235 71 45 871 50 yas 3,078 
SYMCGrA vs suse ewe es doncosne g500 42 51 60 13 304 62 581 6,803 
Asterionella.... iL i iL tz tr 1 ab tr 

Navicula.... 13 iL 22 1 25 29 3 6 
Pinnularia.. 4 1 16 il 5 8 1 ae 
Frustulia...... il -- aL -- 1 al -- -- 
Gyrosigma...... tr -- tr == -- at tr tr 

Pleurosigma.... ae tr -- -- aL tr or tr 

Gomphonema..... 2 9 9 6 39 9 61 61 
Cymbella....... 4 iL, 18 al! 10 2 1 al 
Nitzschia...... 2 2 19 4 f 3 3 12 

Cymatopleura... -- -- -- -- == tr aL == 

Camplyodiscus.. 2 tr 1 tr 3 al 1 tr 

Glenodinium..... tr 1 1 2 -- 1 = aS 
Ceratium. . 52 42 71 61 190 300 260 948 

Polycystis... 87 396 7 330 155 15057 218 462 
Merismopedia.......... -- -- -- tr =e = == al 

Coelospharium...--++eseeeseeees i 132 9 238 150 2,510 470 207 

PHOLMIUGHUMs «0c ejeiains vin wie’ sein ese nla 3} -- 4 -- 1 -- tr == 

Lyngbya....- epetedetete ta tetetetsbete te etetal et eketel=feledeteiet= (ist stetetstetatsys 13 24 21 27 2,312 2,932 81 39 

AMADACNA. +++ +++ +e eee eee settee . 7,794 3,540 1,982 i jenle) 130,515 4,716 127,470 1,222 

ApHandZomenoMs/a's\a'e\»\alele)nlels/n\= sia\nleinin/s|=\u/s}e\s)a)p/s wim)s/s)n)ele\ 2,642 So /7/s) 1,096 1, 836 69,617 4,742 98,018 53 

NOGUTAri1a. nice ca cen eres c aces necninnsesenivicnesiniaees . 3 2 14 4 6, 869 4 5,019 38) 

GLOCOLLICHA As casi vin vials (ejalelein «ive «le \s\u/s/uivinls e/elrl=is sie ujsle's 3 al 3 1 L 2 -- a at 

1 Represents less than one per liter. 
2 Includes nauplii of Diaptomus and Cyclops. 

10 



Rotifers were represented by 15 genera, 

Trichocerca and Conochiloides were the most 

abundant, Trichocerca decreased from 234 be- 

fore treatment to 31 at 40 days, 3 at 60 days, 

and 3 at 367 days after treatment, Conochiloides 

decreased from 182 before treatment to 160 at 
t days, 1 at 40 days, none at 60 days, and less 

‘han 1 at 367 days after treatment. Asplanchna 

decreased from 28 before treatment to 1 at 40 

days, none at 60 days, and 20 at 367 days after 

treatment. Hexarthra decreased from 11 be- 

fore treatment to none at 40 days, none at 60 

days, and less than 1 at 367 days after treat- 

ment. Keratella, Polyarthra, and Filinia re- 

mained almost constant, There were six genera 

of Cladocera; Daphnia, Ceriodaphnia, and 

Bosmina were the most abundant. Daphnia in- 

creased from 1 before treatment to 41 at 367 
days after treatment; Ceriodaphnia remained 

nearly constant, but was less abundant at 367 

days after treatment; Bosmina decreased from 

110 before treatment to 8 at 40 days and 1 at 

367 days after treatment. Copepoda was an 

abundant group, represented by Diaptomus, 

Cyclops, and their nauplii, which remained 

nearly constant during the study. 

There were 20 genera of Chlorophyta, 2 of 

Pyrrophyta, and 17 of Chrysophyta. Staurastrum, 

Ceratium, Melosira, Fragilaria, and Synedra 

were the dominant organisms in these groups. 

After treatment these increased at 40 days 

after treatment and, with the exception of 

Melosira, were more abundant at 367 days after 

treatment. Cyanophyta were the most abundant 

phytoplanters. Polycystis, Coelospharium, 

Lyngbya, Anabaena, Aphanizomenon, and 

Nodularia were abundant. Polycystis and 

Coelospharium increased slightly after treat- 

ment, whereas Anabaena, Lyngbya, Aphani- 

zomenon, and Nodularia exhibited large post- 

treatment increases (table 6), 

Comparisons of zooplankters before and after 

treatment revealed no marked changes. Post- 

treatment decreases in South Lake Metigoshe 

were not significant, because comparisons with 

untreated North Lake Metigoshe revealed simi- 

lar decreases in most instances during the 

same period. Most of the dominant phyto- 

plankters remained almost constant or in- 

creased following treatment. The large post- 

treatment increase exhibited by Anabaena, 

Aphanizomenon, and Nodularia may be the re- 

sult of treatment, since they did not increase 

significantly in North Lake Metigoshe. 

Plant-inhabiting organisms,--Four stations 

were established on South Lake Metigoshe and 

five collections were made at each of these. 

Collections were made 1 day before treatment, 

and at 5, 45, 59, and 367 days after treatment. 

The pretreatment and the first two posttreat- 

ment collections at South Lake Metigoshe are 

compared with three collections made at four 

stations on North Lake Metigoshe, which were 

not treated until later in the fall. The number of 

organisms per pound of plants is given for both 

South and North Lake Metigoshe (table 7, p. 12), 

There were 28 genera of organisms taken; 

Gammarus, Tendipes, Physa, and Gyraulus were 

the most abundant. A comparison of pretreat- 

ment and posttreatment collections revealed no 

marked changes in the number of any orga- 

“nism. 

Bottom fauna.--No pretreatment samples 

were obtained, but two posttreatment samples 

were taken, which consisted of 3 square feet 

each, Tendipes was the dominant organism, but 

a few Gammarus, Chaoborus, and Oligochaeta 

were also present. Nine Tendipes per square 

foot were taken at 60 days and 31 at 367 days 

after treatment. 

ODLAND RESERVOIR 

DESCRIPTION 

Odland Reservoir, in southwestern North 

Dakota, has a surface area of 100 acres and a 

maximum depth of 16 feet. There are no perma- 

nent inlets or outlets, and the water is supplied 

mainly by runoff, The major bottom material is 

muck, No marked thermal stratification was 

present, Aquatic vegetation was abundant in all 

shallow areas, Potamogeton pectinatus, 

P, richardsoni, Scirpus sp., Myriophyllum 

exalbescens, and Chara sp, were the dominant 

plants. 
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TABLE 7.--Number of plant-inhabiting organisms and bottom fauna in South and North Lake Metigoshe before and after toxaphene, treatment at 15 parts per billion. 

[Plant inhabiting organisms expressed as the number per pound of plants and bottom fauna as mumber per square foot of bottom. 
South Lake Metigoshe treated July 17, 1960] 

Before, 

Organism WEN aie Weley July 22, 1960 

South 

HITUGINGH. cere ceccen eee eeeccsecsessssasessssesees 1 

Amphipoda 
GAMMATUS. ccccecccecccccccccsccsscccesccssessesese 639 198 406 186 177 130 295 424 

Hydracarina: 
Hydrachnidae..cececececccccercccrscccssssesessees alt 4 2) 4 al 1 i a 

Ephemeroptera: 
CALLIibActiSe.ccescccvcccccccresesesesscsesssscess 2 tr -- tr -- 1 tr 6 

1 3 2 2 -- 2 -- -- 

tr -- -- -- -- -- -- -- 
tr tr -- tr -- -- -- 2 
-- -- -- -- -- tr -- 1 

tr tr tr ab tr 7) tr 2 

tr 1 tr tr tr 2 tr 7 
-- tr -- -- -- -- -- 3 

tr -- == == == == tr -- 

tr tr tr tr tr -- tr 6 

1 at -- 1 == tr -- tr 
1 1 tr 1 -- tr -- -- 

3 1 tr tr -- - -- tr 
tr tr tr tr -- tr -- -- 

2 2 al 3 tr 3 1 i 
1 2 tr 2 tr 2 tr 2 

=e tr == -- tr -> tr 2 
=e -- tr -- -- tr -- -- 

Diptera: 
CHAODOTUS see eereecececerscsvccscsesccssssassssecs tr == iL -- -- -- -- a 

TENdiPeS..ceeeeseecessccsccccsccccccrscessscsesecs 9 5 3 6 pie 3 2 a8 
PLODEZZIAs cccccccevccccccccsccccssccecesssessese tr a tr tr tr -- -- -- 

Gastropoda: 
24 28 21 27 31 19 29 66 
-- tr -- tr -- -- tr -- 
47 56 24 44 51 105 86 10 
-- tr tr -- tr -- tr -- 

Soe | rere 
+ Represents less than 1 per pound. 

TREATMENT 

Fish.--Toxaphene was applied at 5 p.p.b. on 

August 11, 1960, to reduce young-of-the-year 

black bullheads and yellow perch. Large num- 

bers of these fish and several young-of-the- 

year northern pike, white crappie, and orange- 

spotted sunfish (Lepomis humilis) were found 

dead along shore the day after treatment. Adults 

of these species were not significantly reduced 

by treatment, since only a few were found dead 

and large numbers were taken in posttreatment 

test nettings. 

Plankton.--Four collections were made at 

each of two stations. These were made 1 day 

before treatment, and at 7, 28, and 362 days 

after treatment. The kinds and number of 

plankters per liter are given for each collec- 

tion (table 8), There were 10 genera of Rotifera 

taken; Brachionus, Keratella, Polyarthra, and 

Conochiloides were the most abundant and re- 

mained nearly constant before and after treat- 

ment, Cladocera were the most abundant zoo- 

plankters with Daphnia, Ceriodaphnia, and 

12 

Bosmina being most common. There were 22 

Daphnia before treatment, 68 at 7 days, 40 at 

28 days and 3 at 362 days after treatment. 

Ceriodaphnia varied from 31 before treatment 

to 66 at 7 days, 37 at 28 days, and only 1 at 362 

days after treatment. Bosmina decreased from 

459 before treatment to 24 at 28 days and 66 at 

362 days after treatment. Copepoda were 

represented by adults and nauplii of Diaptomus 

and Cyclops. Cyclops decreased from 71 before 

treatment to 16 at 28 days after treatment, and 

nauplii decreased from 129 before treatment to 

36 at 28 days after treatment, but both were 

again abundant at 362 days after treatment, 

Fourteen genera of Chlorophyta, 12 of Chryso- 

phyta, 1 of Pyrrophyta, and 5 of Cyanophyta 

were found. Melosira, Ceratium, Polycystis, 

and Aphanizomenon were the dominant orga- 

nisms of these groups. These increased at 7 

days and 28 days after treatment. Approxi- 

mately the same numbers were found in post- 

treatment collections at 362 days as were found 

before treatment. Numerical comparisons of 

pretreatment and posttreatment collections 

showed no marked changes. 



TABLE 8.--Number of plankton per liter in Odland Reservoir before and after 
toxaphene treatment at 5 parts per billion. 

[Treated Aug. 11, 1960] 

ct 

BOGRPHPRPIRPREYD rb 

Poreobp 

+ Represents less than one per liter. 
2 Includes nauplii of both Diaptomus and Cyclops. 

Plant-inhabiting organisms.--Four collec- 

ions were made at two Stations on the same 

_ dates plankton were collected. The number of 
_ organisms per pound of plants is given for each 

collection (table 9), Nineteen genera were taken, 

with Gammarus, Hydrachnidae, Caenis, Isch- 

hura, Tendipes, Physa, Gyraulus, and Valvata 

_ being the most abundant. Caenis and Tendipes 

ecreased slightly after treatment, probably a 

ormal population fluctuation rather than a re- 

TABLE 9.--Number of plant-inhabiting organiems and bottom fauna in Odland 
Reservoir before and after toxaphene treatment at 5 parts per billion. 

[Plant-inhabiting organisms expressed as number per pound of plants and 
bottom fauna as number per square foot of bottom. Treated August 11, 1960] 

Before, 
After 

ae = teste eee 

Organism | 4¥8- 10, 1960 | 4.5. 18, 1960 | sept. 8, 1960 | Aug- 8, 1961 

Plant ] Bottom | Plant | Bottom | Plant | Bottom | Plant | Bottom 

Oligochaeta... -- oo 1 tr ae 
Hirudinea..... tr -- -- 1 == 

Amphipoda 
Gammarus..... 195 2 303 6 76 tr 

Hydracarina: 
Hydrachnidae. 53 -- -- 4 ins 17 nee 

Ephemeroptera: 
CaeniS...ses. 21 2 tr 5 -- lu tr 

Odonata; 
Sympetrum... n -- -- -- == =e = 

Aeschna...... tr tr -- -- «= 2 med 
Ischmura..... 5 1 tr 13 1 11 os 

Hemiptera: 
Notonecta..-. tr -- -- 2 -- = ated 
Sigara....... tr -- -- iit -- «= mes 

Trichoptera: 
Hydroptila... -- Ab -- -- we == == 
Psychomyia... tr -- -- AS 2S == - 
Phryganea... tr -- -- == == = - 

Coleoptera: 
Haliplus..... 6 -- -- 1 = tr = 

Hydroporus. +. tr -- -- 2 me <= == 

Diptera: 
Tendipes..... 37 18 8 2 14 8 
Probezzia.... -- -- -- = tr = tr 
Chrysops..... -= 

Gastropoda; 

+ Less than 1 per pound or square foot. 

Gyraulus, Valvata, and Pisidium were abundant, 

None of these exhibited marked numerical 

changes that could be attributed to toxaphene 

treatment. 

EXPERIMENTS 

Six Rotifera, two Cladocera, and two Copepoda 

were tested at six toxaphene concentrations 

ranging from 50 to 1,000 p.p.b., to determine 

their tolerance levels. All tests were conducted 

in battery jars, each containing 8 liters of fil- 

tered lake water taken at the site where the 

organisms were collected. The water had an 

average temperature of 68° F,, a dissolved 

oxygen content of 9.8 p.p.m., total alkalinity of 

341 p.p.m., and pH of 8.4. Before each experi- 

ment the jars were washed with steel-wool soap 

pads and rinsed, All organisms were collected 

by pumping lake water through a No, 20 plankton 

net and were then placed in the jars. The toxa- 

phene was diluted with water and applied to the 

water surface with moderate mixing, and after 

24 hours the plankters were removed by siphon- 

ing into a No. 20 plankton net and concentrated 

to 25 cc, All organisms in 2 cc. of this sample 

were counted. To avoid collecting the dead and 
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affected plankters the jars were tilted and 200 day intervals. This was done to determine 

cc. were left in the bottom after drainage. Three whether large amounts of toxaphene were 

trials were conducted at each concentration, and accumulating because of inadequate washing, 

the number of organisms counted was compared since these minnows were found to have low 

with untreated controls, which were maintained tolerance levels (Hooper and Grzenda, 1957), 

for all experiments (table 10). The lowest concentration used in the experi- 

ments was 10 p.p.b., which produced 100 per- 

Larger invertebrates were tested to deter- cent mortality among the test fish while all 

mine the concentration at which 100 percent experimental organisms survived, No fathead 

survived for 24 hours and 100 percent were minnows died in the washed tanks, and it was 

killed (table 11), These tests were carried out assumed that the procedure was adequate. 

in galvanized tanks, each containing 20 gallons 

of lake water at 71° F, The water used, toxa- RESULTS 

phene application, and cleaning method were the 

same as for zooplankters. In most cases 10 to Marked reductions of rotifers were first ob- 

20 organisms were used to calculate percent served at 500 p.p.b., cladocerans (Daphnia pulex 

survival and mortality. Controls were main- and Boxmina) at 250 p.p.b., and copepods at 100 

tained for 2 weeks, then discontinued, and sur- p.p.b. (table 10), All genera in each group ex- 

vival was assumed to be 100 percent, with the hibited similar tolerance levels. Four trials 

exception of Gammarus which showed 91 per- employing 10 organisms each were conducted 

cent survival. with Daphnia magna at six concentrations, No 

effects were obvious at 50 to 400 p.p.b., how- 

Fathead minnows (Pimephales promelas) ap- ever retarded movements were observed at 

proximately 1 inch in length were placed in all 1,000 p.p.b., and movements had nearly ceased 

containers after washing, for 48 hours at 10- at 1,500 p.p.b. Prevost (1960) reported a median 

TABLE 10.--Comparison in mumber of zooplankters per cc. in 25-cc. concentrates from treated and control jars. 

50 p-p.-b. 100 p-p-b. 250 p-p-b. 500 p.p-b. 750 p-p-b. 1,000 p.p.b. 
Organism and trial _— 

Control Treated Control Treated Control Treated Control Treated Control Treated Control Ese: 

1 i 5 4 5 6 ie} 2 1 0 2 1 
4 6 {0} ab 0 2 69 23 14 al 0 ie) 
7 4 7 2 ay 4 10 ie) 10 0) 2 ak 

4 5 5 5 5 2 le) (0) 4 1 0 0 
111 133 14 6 10 10 8 ie) 41 2 4 ae 

3 4 3 2 4 1 7 1 7 te) 20 1 

19 26 14 35 14 14 22 11 19 1 3 fe) 
6 5 4 3 22 8 17 9 6 il 4 ie} 
7 6 7 2 3) 10 12 3 12 1 2 ie} 

Keratella: 

Trial 1. (0) al 9 9 9 4 2 ie) 0 fe) 16 1 
Trial 2. ab it 35 at, 2 at 23 14 1 (6) 35 at 

Trial 3. 105 51 105 4l 1 al 12 3 12 a 18 2 

8 10 18 14 18 22 8 3 8 ie} 7 ie} 
12 7 14 13 8 9 98 48 12 10} 1 ie} 
abl 9 10 12 13 21 al fe) a 2 7 2 

122 136 296 252 296 278 144 102 122 10 80 6 
58 68 72 85 144 148 351 191 58 1 79 24 
27 24 27 18 281 363 94 88 88 23 84 aE 

24 21 10 8 10 3 11 7 24 1 6 0 

11 16 1 2 11 10 8 1 11 ie} Z 6) 
5 5 5 Ws 36 8 7 0 7 10} 28 ie) 

34 43 75 79 79 Bb 29 4 34 0) 37 8 
76 93 6 % 29 5 68 2 76 4 16 4 
19 27 19 17 69 33 88 4 88 4 202 8 

140 116 25 16 15 2 183 8 140 1 166 ie) 
23 27 23 9 183 5 21 (o) 33 e) 23 1 
52 36 52 3 50 2 122 ie) 122 ie) 32 ce) 

20 12 14 6 5 2 12 ie) 20 1 28 0 
4 6 5 6 12 1 58 3 4 ie} 14 0 

10 14 10 8 10 le) 27 1 27 le) 85 ie} 

53 49 63 40 63 15 46 1 53 2 48 ie} 
80 71 48 ent 46 26 89 12 80 2 80 ab 
50 58 50 46 59 29 73 19 73 7 152 9 

> Represents both Diaptomus and Cyclops. 
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TABLE 11.--Percent survival of several aquatic invertebrates after 24 hours' 
exposure to toxaphene concentrations 

eS and toxaphene concentration “if Percent alive 

Hirudinea (2 trials): 
PGi eter sen cue ener Sava caiwcliccuatessiececuyy 100 

Amphipoda: 
Gammarus (14 trials): 

Pp-p 
Hydracarina ra trials): 

1,000 pep.Deceeccccccccceccereensecrecteeerereseee 100 

emeroptera: 
Callibaetis (14 trials): 

Lb 
0 

100 

84 
40 

lo) 

100 

81 
33 

le) 

100 
721 
39 

0 

100 
60 
25 

(0) 
Trichoptera: 
Limephilus (12 trials) 

500 PePeDeveneccevcccvecccccssscscsessscsesssvecss 100 
550 PePeDeceeeccevecccrenccccsrccsssesssceessccnes 49 
600 PePeDeseeeecccesnccccccccssenscsssessseesssens 20 
650 Ee Da wnccscccccccccccccccccccsceccscccscence 10) 

es laa 

tolerance limit (TL,,) of 0.037 p.p.m. for 

cladocerans, and Hooper and Grzenda (1957) 

found Daphnia magna to have a TL, of 1.5 
p.p.m. at 55° F. 

Tolerance levels (100-percent survival) for 

the larger invertebrates are listed in decreas- 

ing order as follows; Hirudinea, Hydracarina, 

Gastropoda, Trichoptera, Odonata, Hemiptera, 

Ephemeroptera, Amphipoda, Coleoptera 

(table 11), Survival at concentrations between 

100-percent survival and 100-percent mor- 

tality showed an approximate straight-line 

relation (table 11), Genera within each group 

did not exhibit similar tolerance levels. This 

was evidenced among members of Odonata, 

Hemiptera, and Coleoptera, Lowered tempera- 

tures produced marked increases in tolerance 

levels. In Lestes tolerance increased approxi- 

mately 35 percent by lowering the temperature 

10 degrees. Hooper and Grzenda (1957) found 

mortality in fathead minnows increased approxi- 

mately threefold by raising the temperature 

from 50° F, to 75° F, Many of the findings are 
similar to those of Prevost (1960), however 

comparisons are difficult since he provided no 

temperature data. 

DISCUSSION 

Populations of plankton show many large 

variations throughout the year (Pennak, 1949; 

and Rawson, 1956), In the present study, the 

populations of organisms which could best 

illustrate posttreatment changes were not 

severely reduced, therefore no obvious effects 

could definitely be attributed to toxaphene treat- 

ment. Extensive fish removal can evidently be 

accomplished without seriously affecting the 

plankton, but large reductions in these orga- 

nisms occur at 100 p.p.b. (Wollitz, 1958; and 

Hoffman and Olive, 1961). However, they re- 

appear while the water is still toxic to fish 

(Tanner and Hayes, 1955), and begin repopu- 

lating before detoxification will permit fish 

survival, 

No marked reductions were observed among 

most of the larger invertegrates. Hooper and 

Fukano (1960) reported bottom fauna to be nearly 

as abundant in two Michigan lakes after treat- 

ment (10 p.p.b.) as before, but Stringer and 

McMynn (1958) found that Amphipoda was 

eliminated at 10 p.p.b. and Ephemeroptera at 

30 p.p.b. Severe reductions in many of these 

organisms may be expected at higher concen- 

trations. Odonata, Ephemeroptera, Tendipedidae, 

and Chaoborus, were eliminated with 100 p.p.b. 

toxaphene (Hooper and Grzenda, 1957; and 

Cushing and Olive, 1957), Unionidae, Sphaeridae, 

Gastropoda, Oligochaeta, and Hirudinea appear 

to be more resistant (Hooper and Grzenda, 

1957); and Stringer and McMynn, 1958), 

Field observations were supplemented by 

controlled experiments, since most organisms 

15 



tested were not reduced at concentrations used 

for fish removal, It should be recognized that 

lower tolerance levels probably exist under 

field conditions which involve longer exposure 

periods. 

SUMMARY 

Effects of different toxaphene concentrations 

on plankton and other aquatic invertebrates 

were studied under natural and controlled 

conditions, Five North Dakota lakes were in- 

cluded in the study, which extended from June 

through September of 1960 and 1961. Physical 

and chemical data are presented for each lake. 

Polyarthra, Keratella, Asplanchna, Cono- 

chiloides, Brachionus, Trichocera, Daphnia, 

Bosmina, Ceriodaphnia, and Cyclops were the 

dominant zooplankters. No marked reductions 

were observed after treatment with 5 to 35 

p.p.b., but a marked reduction of many plankters 

followed the second treatment (90 p.p.b.) in 

Raleigh Reservoir. The Cyanophyta were the 

most abundant phytoplankters in all lakes. 

Aphanizomenon increased in all lakes after 

treatment, but other phytoplankters exhibited 

no consistent changes. Chlorophyta, Chryso- 

phyta, and Pyrrophyta contributed little to 

phytoplankton abundance. 

The most abundant plant-inhabiting orga- 

nisms and bottom fauna exhibited no marked 

changes after treatment. Gammarus, Physa, 

Gyraulus remained almost constant, while 

Callibaetis, Caenis, Ischnura, and Tendipes 

decreased slightly but were again numerous 1 

year after treatment. 

Tests on several species of zooplankters 

showed Rotifera to be the most tolerant, fol- 

lowed by Cladocera and Copepoda. Reductions 

were in Rotifera at 500 p.p.b., in Cladocera at 

250 p.p.b., and in Copepoda at 100 p.p.b. Ex- 

periments with the larger invertegrates showed 

Hirudinea, Hydracarina, and Gastropoda to be 

the most resistant to toxaphene, followed in 

order by Trichoptera, Odonata, Hemiptera, 

Ephemeroptera, Amphipoda, and Coleoptera. 

Survival among the larger invertegrates at 

intermediate concentrations between 100-per- 

cent survival and 100-percent mortality re- 
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vealed an approximate straight-line relation. 

Genera within each group exhibited dissimilar 

tolerance levels. 
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GROWTH RATES OF YELLOW PERCH IN TWO 

NORTH DAKOTA LAKES AFTER POPULATION 

REDUCTION WITH TOXAPHENE 

By Donald C, Warnick, Fishery Biologist 

Abstract,--Growth rates of yellow perch that survived a toxaphene treat- 

ment in Brush and Long Lakes in North Dakota were calculated by the 

scale method for the 1960 and 1961 growing seasons, Brush Lake fish ex- 

hibited greatly increased growth rates for both growing seasons following 

the treatment, Increased growth rates were not evident for Long Lake fish 

until the 1961 growing season, At the end of the first full growing season 

after treatment the surviving yellow perch exceeded what may be consid- 

ered to be the minimum harvestable size of 7 inches, The approximate 

concentration of toxaphene for reducing the density of fish populations is 

believed to be 25 percent of the rate determined for fish eradication in 

most North Dakota waters, 

Waters overpopulated with desirable species 

generally produce few harvestable fish, be- 

cause of slow growth. Bennett (1962) stated 

that no fish of harvestable size were found in 

some waters thus affected; Eschmeyer (1936) 

made a similar observation concerning over- 

crowded populations of yellow perch (Perca 

flavescens), For lack of more efficient re- 

medial measures the use of piscicides has 

been recommended to reduce the numbers of 

the problem species, 

Relatively low concentrations of toxaphene 

(chlorinated camphene) in two North Dakota 

lakes substantially reduced the density of the 

yellow perch populations; the effect on other 

fish species was less obvious, The results re- 

ported (Henegar, 1965) were incidental to the 
determination of the minimum toxaphene con- 

centration necessary for fish control in that 

State, My study was started in 1960 to deter- 

mine the growth rates of the yellow perch sur- 

This publication is based on a thesis submitted to the 

Graduate Faculty, Department of Entomology-Zoology, 

South Dakota State College of Agriculture and Mechanic 

Arts, in partial fulfillment of the requirements for the 

degree of Master of Science, June 1963, 

viving in Brush and Long Lakes, and thus gain 

information concerning the suitability of toxa- 

phene for reducing the numbers of fish in 

overpopulated waters, The scale method was 

employed to calculate growth rates of Brush 

Lake fish for the 1960 and 1961 growing sea- 

sons, Posttreatment growth rates of Long Lake 

fish were determined for part of the 1960 

growing season and for all of the 1961 season, 

Several authors reporting on the use of 

rotenone to thin overcrowded populations or 

to restore balance among fish species consid- 

ered the results favorable. Beckman (1941) 

noted that the growth rates of fish surviving the 

treatment of half of Booth Lake, Mich,, were 

too great to be accounted for by normal vari- 

ation, Substantially increased harvests, appar- 

ently the results of accelerated growth rates 

of remaining fishes, were reported by Swingle, 

Prather, and Lawrence (1953) following treat- 

ment of some Alabama ponds, Hooper and 

Crance (1960) stated that the use of rotenone 

was an effective and economical way to restore 

balance in certain fish populations, The use of 

toxaphene was recommended by several authors 

including Hemphill (1954) who first used the 

chemical for fish eradication, 



Cost of fish eradication with toxaphene is 

approximately 15 percent of the cost with 

rotenone, With recommended concentrations 

and methods for thinning overcrowded fish 

populations with these chemicals, toxaphene is 

even more economical, Definite information 

about this use of the poison and the subsequent 

results is conspicuously absent, 

Unfavorable results from the early use of 

toxaphene for fish eradication were not uncom- 

mon and tended to delay the acceptance of the 

piscicide for use in fishery management (Pre- 

vost, 1960), Consequences of a serious nature 

were the failure of the poison to kill all fish; 

the extended toxicity of some treated waters; 

and the reduction or elimination of many 

aquatic organisms, Hooper and Grzenda (1955) 
first suggested that such results were due to 

confusion concerning lethal concentrations and 

the belief was substantiated by the accumula- 

tion of additional evidence (Stringer and 

McMynn, 1960), Increased proficiency in using 

the chemical for fish eradication led to its 

acceptance for that purpose as indicated by 

Gebhards' 1960 review of past and proposed 

use in western states, 

Toxaphene concentrations used for fish erad- 

ication reportedly reduce or eliminate many 

fish-food and food-chain species, some of which 

do not reappear in quantity for extended periods 

(Stringer and McMynn, 1958), Relatively little 

is known concerning the effects of the lesser 

toxaphene application rates recommended for 

reducing the density of overcrowded fish popu- 

lations, A paucity of fish-food organisms in 

the North Dakota lakes--even for a compara- 

tively short period after toxaphene applica- 

tion--would affect growth rates of the surviving 

fish as indicated by scale analysis, 

_ Iam obliged to Dale L, Henegar, Chief of 

Fisheries, North Dakota Game and Fish De- 

partment, who brought to my attention the 

opportunity for this investigation, and to the 

fishery personnel who assisted with the field 

work, I wish to thank Marvin O, Allum, Asso- 

ciate Professor of Zoology, for his counsel 

during the study, and the other faculty mem- 

bers and fellow graduate students of South 

Dakota State College for their interest and 

assistance, 
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THE STUDY LAKES 

The minimum concentration of toxaphene 

required for fish eradication is determined on 

the basis of the physical and chemical charac- 

teristics of the water for which treatment is 

proposed in addition to certain biological con- 

ditions, and this is assumed to be true with 

regard to application rates for reducing the 

density of fish in overpopulated waters, Some 

physical and chemical characteristics of Brush 

Lake and Long Lake are presented in table 1, 

The following history is pertinent to the study 

of the posttreatment growth rates and is based 

on material presented by Henegar in 1961 

(Henegar, 1966), 

Both lakes were treated with toxaphene to 

produce concentrations of approximately 0,010 

parts per million (p.p.m,) using an emulsifiable 

concentrate containing 6 pounds of the active 

ingredient per gallon, Brush Lake was treated 

on October 5, 1959, and Long Lake on July 17, 

1960, The method of application was that com- 

monly used by the North Dakota Game and Fish 

Department, and similar to that described by 

Stringer and McMynn (1958), 

Dilution of the waters by rainfall or by run- 

off was inconsequential after toxaphene treat- 

ment, because of unusual drought, Water levels 

receded somewhat during the course of the 

study, Rooted aquatic vegetation was along por- 

tions of the shoreline and in several small 

shallow areas of Long Lake at the time of 

treatment, but was nearly absent from Brush 

Lake because of the late-season treatment 

date. 

Apparently, all young-of-the-year yellow 

perch were eliminated from both lakes, 

TABLE 1.--Physical and chemical characteristics of the lakes 

Item Brush Lake Long Lake 

McLean County Bottineau County 

Central 
Location (North Dakota).....ceeceeees 
General area of State....eeseceececee 
Origin of lakes... scsceeeeee isfelainis) inte 
Bottom type. .ceeccesececscrcecscceces 

GUrface ACTES. occecccccnccccnccsasces 160 291 

North Central 

Glacial 

ACTE LOCC. cee weeeenseuscnsercessccees 

Maximum depth (feet)....seeeeeeseeeee 
Average depth (feet).....seeeeeeeeeee 9.5 8.2 

2 

Phenolphthalein alkalinity (p.p.m.)?. 40 40 
Methyl orange alkalinity (p.p.m. )?... 460 220 
Hardness (p.p.m. )* 
Total dissolved solids (p.p.m.)*..... 290 307 

+ Condition on date of application. 



Observations established deaths of some young- 

of-the-year northern pike (Esox lucius) in Long 

Lake, but posttreatment netting disclosed they 

were not eliminated, The effect of the poison on 

adult fish of several species in both lakes was 

less evident than the effect on yellow perch, the 

dominant species, 

Excluding the young-of-the-year, yellow 

perch density was reduced approximately 91 

percent in Brush Lake and 79 percent in Long 

Lake, The figures are derived from the results 

of test-netting just before and several months 

after poisoning, Netting results also indicated 

that a greater percentage of the smaller yellow 

perch (less than 140 millimeters) was elimi- 

nated than of the larger fish, Observation of 

Long Lake for several days after toxaphene 

application tended to substantiate the netting 

results, 

Populations of fathead minnows (Pimephales 

promelas) were established in the lakes after 

treatment, Brush Lake was stocked on May 27, 
1960, and Long Lake on August 18, 1960, Intro- 

duction of minnows after toxaphene treatment 

is a general practice of the North Dakota Game 

and Fish Department, 

AGE AND GROWTH 

Varied evidence has been presented in sup- 

port of the validity of the scale method for the 

determination of the age and growth of fishes 

(Lee, 1920; Van Oosten, 1929), Similar evidence 

indicates that the method is valid for determin- 

ing the age and growth rates of yellow perch, 

Joeris (1957) indicated that additional evidence 

on the validity of the annulus world accumulate 

from the further study of Green Bay (Lake 

Michigan) perch, Jobes, as early as 1934, as- 

sumed the validity of the method for yellow 

perch, The North Dakota study was based on 

the assumption that the method is valid, 

Scale samples of yellow perch from the study 

lakes were obtained from specimens netted be- 

fore and after the poisoning, from poisoned 

fish, and from winterkilled specimens, 

It was apparent during analysis of the scale 

samples from Long Lake, July 12-17, 1960, that 

distinction of age classes would be difficult, 

Determination of the age composition for this 

group was dependent on the identification of all 

annuli for each scale sample, For many samples 

it could not be established whether the 1960 

annulus had been formed, The samples from 

smaller fish (80-120 millimeters) generally 

evidenced annulus formation and some subse- 

quent growth, but the 1960 annulus was appar- 

ently unformed on some of the scales of larger 

fish, Because of relatively little scale growth 

the previous season, it could not be determined 

whether the annulus was recently formed and 

the later scale growth was of the 1960 growing 

season, or the annulus was unformed and the 

scale growth of the previous year was repre- 

sented, An error of 1 year would be introduced 

by the wrong choice, 

A similar difficulty was noted by Joeris 

(1957) during analysis of yellow perch scales, 

Beckman (1943) reported that the time of annu- 

lus formation may vary notably among species 

and within age groups of the same species, 

Annulus formation probably would have oc-~ 

curred before the July collection date with 

more favorable growth conditions, 

Even without this difficulty, determination of 

age classes would have been somewhat subjec- 

tive. Annuli were not distinct, and markings 

assumed to be false annuli were common, Con- 

sequently the age classes and specific growth 

rates of fish before treatment are not included, 

Posttreatment scale samples from both lakes 

were obtained after the interruption of growth 

for the 1961 season and before 1962 growth 

was begun, An annulus was assumed at the 

scale margin although none was evident, All 

discernible increase in scale growth of the 

Long Lake fish was included between the mar- 

gin and the annulus of the previous year, The 

scale growth of Long Lake fish during the 1960 

season after poisoning was not distinguishable 

from previous scale growth, Growth incre- 

ments for the 1961 growing season are pre- 
sented in table 2, Errors other than mechanical 

are unlikely because of the distinctive scale 

growth and the absence of false annuli during 

that period, 



TABLE 2.--Calculated growth increments of yellow perch from Long Lake for 
the 1961 growing season 

{In millimeters] 

Total length at capture | Calculated growth increment 
Number of 3 

tel [ Range Average Range Average 

103-132 115 -- -- 
-- 178 -- 82 

201-210 205 58-101 75 
-- 219 -- 59 

221-230 227 59-120 74 
231-240 235 45-116 75 
241-250 247 56-106 79 
251-260 253 75-116 83 
261-270 265 54-99 78 

1 young-of-the-year in 1961. 

Scale samples were not obtained from Brush 

Lake fish until 2 years after treatment, Accel- 

erated scale growth was obvious between the 

scale margin and annuli of the 2 previous 

years, The calculated growth rates for the 

corresponding periods are contained in table 3, 

As in the scales of Long Lake fish, growth 

before poisoning was obscured by the presence 

of numerous false annuli, 

When an annulus of the year previous to those 

located for the preparation of tables 2 and 3 

was obvious, as it was on some Scales, a direct 

comparison of scale growth before and after 

poisoning was made, On this basis the post- 

treatment growth during the first year was ap- 

proximately six times greater than for the 

previous year, 

Table 4 shows the relation of fish length to 

subsequent growth--both calculated, The fact 

that greater length increments were recorded 

for smaller fish lends validity to the scale 

method as applied here, 

A change in the size composition of Long 

Lake fish is evident in table 5, The numbers of 

fish in the last column represent a subsample 

of winterkilled specimens in addition to sev- 

_ eral obtained by qualitative test-netting, The 

numbers of fish in the other columns represent 

test-netting results at the times indicated, Ex- 

cluding the 17 young-of-the-year of 1961, the 

lengths of fish listed in the last column are 

approximately 75 to 100 millimeters greater 

than the lengths of fish listed in the previous 

column, Despite the time interval, only one 

growing season, 1961, is represented, The cal- 

culated average growth increment for the pe- 

riod was 82 millimeters, 
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TABLE 3.--Calculated growth increments of yellow perch from Brush Lake for 
the 1960 and 1961 growing seasons 

if In millimeters] 

Total length 
fish at capture 

Average 1960 
increment 

Average 1961 
increment 

Gusictdaleds ae biawisethisie’s 175-200 
Cotstera(stetsietstepte cieiele aie 201-225 

226-250 
251-275 
276-300 

1 Young-of-the-year in 1960. 

TABLE 4.--Relation of fish lengths to subsequent growth increments (both 
calculated) for yellow perch from Long Lake 

[In millimeters] 
— 

Number of Calculated length, Growth increment 1961 
fish ‘ip May 1961 Range 

103-132 103-132 115 
91-100 82-121 101 

101-110 101-119 110 
111-120 a = 
121-130 ws 55 
131-140 64-116 92 

15 141-150 61-104 85 
27 151-160 58-96 76 
PERS coat tea eE nee 161-170 59-101 76 
io eee soe. eee cae 171-180 67-89 75 
B.. 181-190 45-82 67 
1 191-200 = 66 

201-210 = 54 

+ Young-of-the-year in 1961; lengths are measured total lengths. 

TABLE 5.--Toxaphene-effected change in the yellow perch population of Long 
Lake based on measured total lengths of fish taken during the study 

Number of fish 

length range Betorct trenton After treatment 

(July 1960) October 1960 

1,010 
66-100 MM. ccccencccevcccccccs 527 
101-125 mm 312 
126-150 mm 198 
151-175 mm 196 
176-200 mm 7 

226-250 mm... 
251-275 mm 

ie) 
ie) 

17 
ie) 
ie) 
af 

12 
75 
19 

124 

x Young-of-the-year in 1961. 

DISCUSSION 

The yellow perch is a popular species in 

recreational fisheries, especially for winter 

fishing, but fish shorter than a total length of 

7 inches or approximately 175 millimeters are 

not often sought and removed by fishermen, If — 

this length is considered the minimum harvest- 
able size, the growth rates recorded for the 

yellow perch from the North Dakota lakes are 

significant with respect to the short time re- 

quired for the improvement of recreational 

fisheries, All yellow perch surviving similar | 

treatment rates could be expected to exceed the 
minimum desirable size during the subsequent ~ 

growing season, and young-of-the-year after 

only two growing seasons, 



Young-of-the-year yellow perch commonly 

reach harvestable size in three or more grow- 

ing seasons except in overpopulated waters 

where growth is restricted, Growth rates of 

surviving fish were exceptionally rapid during 

the growing season following treatment--1960 

for Brush Lake and 1961 for Long Lake--when 

compared with growth rates of yellow perch in 

other areas, Similar growth increments have 

not been recorded even for more southern lati- 

tudes with longer growing seasons (Carlander, 

1953), 

On the basis of this study, better recrea- 

tional fishing cah be provided at low cost in 

some lakes and small impoundments overpopu- 

lated with yellow perch, Improved angling was 

assumed in the North Dakota lakes since more 

fish of harvestable size were produced, but the 

determination of increased harvests would be 

conclusive, Comparable results might also be 

expected following the thinning of other com- 

monly overpopulated species inasmuch as my 

study was opportunistic, not a deliberate selec- 

tion of species, 

Low toxaphene concentrations in North 

Dakota lakes have been observed to eliminate 

small fish of many species including the bull- 

head (Ictalurus melas), reported by Kallman, 

Cope, and Navarre (1962) to be somewhat re- 
sistant to the toxicant, The policy in North 

Dakota of introducing minnows in waters after 

treatment with toxaphene is based on this ob- 

servation, 

An assumed absence of prey fish may ex- 

plain the continued slow growth of yellow perch 

in Long Lake during the 1960 growing season, 

after the mid-July application of toxaphene, 

The May 27, 1960, introduction of 180,000 

fathead minnows in Brush Lake evidently as- 

sured the presence of significant numbers for 

the same growing season and no unusual period 

of slow growth was apparent from scale analy- 

sis, The reduction or elimination of prey fish 

by the mid-July poisoning and the August 18, 

1960, stocking of 200,000 fathead minnows, 

leaves doubt whether significant numbers were 

present in Long Lake until the 1961 growing 

season when growth rates of yellow perch were 

greatly accelerated, A need for more conclu- 

Sive information concerning the relation of prey 

Species to growth rates is indicated, 

Assuming need for the introduction of prey 

species, a definite advantage is apparent for 

the fall treatment of waters since stocking can 

be accomplished early in the subsequent grow- 

ing season, Treatment in April or May is prob- 

ably more advantageous than during the 

growing season, but conditions then are not 

favorable for rapid detoxification, and stocking 

of prey species might have to be delayed, 

The toxaphene treatment rate which allowed 

the survival of yellow perch in the North Dakota 

lakes was approximately one-third of the de- 

termined rate for fish eradication in most 

waters of that State, A belief that the reductions 

were excessive can be temporized since the 

possibility that an optimum number of fish 

survived in either lake is unlikely, and greater 

growth rates could hardly be expected, Test- 

netting of both lakes and observation after a 

partial winterkill of Long Lake in 1962 sub- 

stantiates the belief, Concentrations approxi- 

mating 0,008 p.p.m, (one-fourth of the minimum 

lethal rate) probably would have allowed the 

survival of more fish without significantly re- 

ducing growth rate, 

On the basis of a recent report by Kallman, 

Cope, and Navarre (1962), the presence of 

relatively large quantities of vegetation at the 

time of treatment could affect the outcome, 

especially in consideration of the low toxaphene 

concentrations required for the thinning of fish 

populations, It was indicated that high concen- 

trations of toxaphene are accumulated by cer- 

tain vegetative species in a relatively short 

time, thus essentially removing the chemical 

from the water--at least temporarily--and the 

further disposition of the chemical was un- 

known, Therefore, more consistent results 

might be obtained, with regard to the degree 

of reduction, by treatment during the absence 

of most aquatic vegetation, 

The appropriate reduction for any population 

necessarily depends on a variety of conditions, 

some unknown, The difficulty of determining 

the magnitude of fish populations, particularly 

after treatment, seriously affects an evalua- 

tion of the results, Additional information con- 

cerning the use of toxaphene for reducing the 

density of fish populations is needed for its 

greatest usefulness, 



SUMMARY AND CONCLUSIONS 

Yellow perch populations in two North Dakota 

lakes were substantially reduced by low toxa- 

phene concentrations, Growth rates of surviv- 

ing fish were determined by the scale method 

for 2 years after treatment, Greatly increased 

growth rates were evident for both growing 

seasons following the fall treatment of Brush 

Lake, Increased growth rates were not evident 

for Long Lake fish after the July 17, 1960, 

treatment until the 1961 growing season, All 

yellow perch surviving the poisoning exceeded 

what may be considered to be the minimum 

harvestable size during the first full growing 

season after treatment, Comparable results 

can be expected from similar and perhaps 

lesser reductions with toxaphene, 

Further use of toxaphene is recommended 

for reducing the density of yellow perch popu- 

lations and thus improving certain recreational 

fisheries, Other species might be similarly | 

managed, Reduction or elimination of prey 

species was believed to explain the continued 

Slow growth of Long Lake fish for approxi- 

mately 2 months after toxaphene application, 

Fall treatment is apparently the most timely, 

especially with regard to assuring the presence 

of significant numbers of prey species during 

the growing season, Numerous conditions affect 

the concentration of toxaphene needed for fish 

eradication, and the approximate concentration 

for reducing the density of fish populations is 

believed to be 25 percent of that rate, 
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MORTALITY OF SOME SPECIES OF FISH TO TOXAPHENE 

AT THREE TEMPERATURES 

By Mahmoud Ahmed Mahdi, Fishery Biologist 

Abstract.--Lethal concentrations of toxaphene were determined for the 

stoneroller, golden shiner, goldfish, black bullhead, and bluntnose minnow in 

water at 53° F., 63° F., and 73° F.; rainbow trout were tested at 53° F, The 
TL, and LDso were obtained by graphic methods. For comparison a normit 
method was used with the bluntnose minnow data; all three methods gave 

similar results for the bluntnose minnow. In most experiments, concentra- 

tions of toxaphene needed to cause 50 percent mortality decreased as the 

temperature increased from 53° F, to 63° F, and to 73° F. The 96-hour TL,, 
values were below 0.1 p.p.m. of toxaphene in all species tested. Goldfish 

were the most tolerant, with the other species showing so similar a sensi- 

tivity that they could not be effectively ranked by these data. 

Toxaphene (chlorinated camphene) is used 

widely as an insecticide on farm crops and as a 

poison to control fish populations (Henderson et 

al., 1959; Fukano and Hooper, 1958), Toxaphene 

is highly toxic, especially to man, and is never 

recommended for household use (it can be ab-= 

sorbed through the skin), For mammals, toxa- 

phene is one of the more toxic of the chlori- 

nated hydrocarbon insecticides (Cohen et al., 

1960, p. 1552). Negherbon (1959) lists it as 

being more toxic to fish than DDT or rotenone. 

Toxaphene is nonvolatile, yellow to amber in 

color, and has an aromatic, pinelike smell. It 

is insoluble in water but soluble in organic sol- 

vents (Henderson et al., 1959). The emulsion 

used in this investigation was milky white. 

This study was an attempt to determine the 

concentrations of toxaphene that will kill certain 

species of fish. Three temperatures were used, 

to ascertain the role temperature plays in the 

toxicity of toxaphene. 

This publication is based on a thesis submitted to the 

Graduate Faculty, Iowa State University of Science and 

Technology, in partial fulfillment of the requirements 

for the degree of Master of Science, Studies were con- 

ducted under a grant made through the Sudanese Govern- 

ment by the Agency for International Development, 

I am indebted to Dr. Kenneth D, Carlander 

for his help in interpreting the data and in put- 

ting this work in its final form. I am obliged 

also to T. Hoage, Dr. V. Gooch, J. Reynolds, 

and C. Caillouet for their advice on interpreta- 

tion of the data, and to Charles Walker of the 

Fish Control Laboratory, La Crosse, Wis., wno 

supervised the experiments. 

METHODS 

These experiments were carried out at the 

Fish Control Laboratory of the Bureau of Sport 

Fisheries and Wildlife at La Crosse, Wis. The 

fish were provided by the Laboratory and from 

various sources, including hatcheries. The fol- 

lowing species were tested: 

Rainbow trout, Salmo gairdneri. 

Stoneroller, Campostoma anomalum. 

Goldfish, Carassius auratus. 

Golden shiner, Notemigonus crysoleucas. 

Bluntnose minnow, Pimephales notatus. 

. Black bullhead, Ictalurus melas. CSIC HE COS 

Before starting an experiment the fish were 

examined thoroughly to make sure that there 

were no signs of disease. They were left in 

a 



large holding tanks and fed regularly until 2 

days before the start of the experiment. To 

keep to a minimum waste products that might 

affect toxicity, they were not fed during the 

experiments. 

WATER 

Deionized water was reconstituted by adding 

a mixture of 0.45 grams of calcium sulphate, 

0.45 grams of manganous sulphate, 0.72 grams 

of sodium bicarbonate, and 0.03 grams of 

potassium chloride, giving 1.65 grams of a 

powdered mixture for every 15 liters of water. 

This reconstituted water has the following 

characteristics: 

10) CODEN nian emus. ieee Ta) 

Galion Gordes 5655606565600 LO D-D.10m, 

Motaltallkcalinityseey eeited enenem ene Oe O mele kiies 

Total handnesss ys. 2 6 os ate SO Depelilte 

(Gallerie MEWS 6 6666066 6 ZOO jOq0Qi0- 

MianganeSeructeners ater csi ceeten ©. O,Osp a Dalits 

QUOTES HON Ga 5 Go O06 MoS JOM. 

Chioridetionyeacwe) ace eee OS ON Demme 

Ammonia nitrogen......... OOO p.p.m. 

TOA TON 6 Giois6 0 6.0666 50 0 6 ~OSOO Doidsiaa. 

The reconstituted water was aerated for 24 

hours and was then transferred into glass jars 

of two sizes, large ones containing 15 liters of 

water and small ones of | gallon each. Each. 

sized jar was large enough to hold the required 

volume of water at a point somewhat below the 

rim. The large jars were placed in concrete 

tanks about 30 inches deep and 3 feet wide, 

where they were allowed to rest in the water. 

Eighteen jars were used in each experiment, 

including three for controls and three each for 

five different concentrations. Sometimes addi- 

tional jars were used to permit more than five 

concentrations in an experiment. The small 

_ jars were put in aluminum troughs 1 foot deep; 

four small jars were used for the control and 

15 for each concentration. 

Circulating water pumps were used to mix 

water in tanks and aluminum troughs to ensure 

an even temperature. Elevated temperatures 

were maintained with electric water heaters 

and thermostats. A small thermogrph recorded 

the temperature of the water, and these records 

indicated good temperature control. 

4 

TRANSFER OF FISH 

Hand nets that were used to take fish out of 

the tanks were kept in an antiseptic solution (38 

milliliters of Roccal to 25,000 milliliters of 

water) when not in use. The fish were trans-= 

ferred into a bucket of water mixed with 

acriflavine (concentration not critically deter- 

mined). Douglas and Irwin (1962) found that 

Terramycin and acriflavine in small amounts 
were successful in combating fin or tail rot. 

The fish were not overcrowded, but to ensure 

an abundance of oxygen, air was run into the 

bucket. During the transfer, any fish which fell — 

to the floor were not used in the experiment. 

After making sure that the water temperature 

in the jars was adjusted, the fish were weighed 

and placed in the jars to be acclimatized for 

another 24 hours. To ensure that the fish were 

not overcrowded, they were introduced accord= 

ing to the loading capacity of each species by 

weight, making sure that the weight of fish 

should not exceed the safe range. In the case of 

the lowest temperature used, 53° F., the safe 
range of the loading capacity of each jar for 

different species of fish had been determined 

by the staff of the Fish Control Laboratory. 

Experiments were run to determine the safe 

loading capacity at 73° F. of several species of 

fish (table 1). From these data it is clear that 

up to 2 grams of goldfish per liter of water can 

be used safely for a period of 96 hours. For the 

golden shiner and the stoneroller, up to 1 gram © 

of fish per liter of water can safely be used for 

96 hours. Two grams of golden shiner per liter 

of water can be used, but not for more than 72 

hours, whereas the same loading capacity is 

not advisable for the sonteroller even for the 

first 24 hours. 

The largemouth bass can stand up to 2 grams 

of fish per liter of water only for the first 24 

hours. If bass are to be used for more than 24 

hours, one-fourth gram of fish per liter of 

water could only be used for not more than 48 

hours. Otherwise less loading should be tried. 

No loading capacity tests were run at 63° F,, i 

but loading capacities exceeding those found at 

73° F, were not used. 



TABLE 1.--Percentage mortality of four species of fish, and dissolved oxygen in parts per million, at different loading capacities at 73° F, 

Fish and time 

INTRODUCTION OF TOXAPHENE 

0.25 gram of fish 

At a load per liter of water of-- 

—— 

Mish killed Oxygen 

Percent P.p.m. 

ie) -- 

0 3.5 
0 2.6 
0 2.8 

(e) == 
le) 5.3 
ie} 3.9 
0 3.5 

10) -- 

0 5.3 
25 4.1 
25 3.7 

OBSERVATIONS 

Toxaphene solution was prepared fresh from 

commercial stock each time it was to be intro- 

duced into the jars. The commercial stock was 

a solution of 4 pounds per gallon. Two milli- 

liters of the commercial stock were trans- 

ferred to a l-liter flask, and deionized water 

was added to make 1 liter of solution. When 1 

milliliter of this solution was added to 1 liter 

of water it gave approximately 1 part per mil- 

lion of the toxicant. The toxaphene concentra- 

tion was calculated according to this and intro- 

duced into the different jars as required. When 

very dilute solutions were required, the stock 

solution was further diluted by taking 100 

mililiters of it and adding 1 liter of deionized 

water, making a new stock solution (0.0001 

toxaphene) of which | milliliter in 1 liter of 

water gave 0.1 p.p.m. 

In the introduction of the toxicant, 1-milli- 

liter, 2-milliliter, and 5-milliliter pipettes 

were used. To avoid suction of the toxicant and 

to speed the introduction of the toxaphene into 

the jars, the stock solution was put in a long 

cylinder and the pipette filled by capillary 

action. When the level of the solution in the 

0.5 gram of fish 1.0 gram of fish 2.0 grams of fish 

Mish killed Oxygen | Fish killed Oxygen | Fish killed Oxygen 

Percent P.p.m. Percent P.p.m. Percent P.p.m. 

0 -- 0 -- 38 -- 
0 3.5 0 1.6 38 1.6 
te) 2.6 (0) 1.4 38 1.3 
0 2.7 0 1.5 50 1.3 

fe) -- 0 -- 0 == 

0 2.9 ie) 1.4 0 0.9 
ie} 1.7 0 1.0 0 0.8 
ie} 2.0 ie) 1.6 ie) 0.8 

0 -- 0 -- 0 -- 
0 3.8 0 1.9 7 1.6 
0 2.7 0 3.1 7 1.5 
ie) 3.1 te) 3.7 15 1.5 

te) -- 8 -- 4 -- 
33 4.3 31 2.2 22 0.9 
33 2.5 31 1.6 26 0.8 
33 2.5 31 2.0 26 1.3 

Observations were recorded each 24 hours 

after the toxaphene was introduced. Readings 

were taken for 96 hours, showing the number of 

dead fish in each jar. Oxygen was tested each 
day from the day of introduction of toxaphene 

to the last day of the experiment. Samples for 

oxygen determination were taken from the con- 

trols and not always from the same jar each 

day. This does not show exactly the oxygen 

situation in all the jars. There is a greater 

chance for more oxygen in the jars that lost 

larger numbers of fish (died and removed) than 

jars with most of the fish still alive. 

Unless a fish was completely dead, it was re- 

corded as alive. Some fish, bluntnose minnows 

for example, rested at the bottom of the con- 

tainer with their backs down and appeared to be 

dead. The fish in such cases were touched with 

cylinder went down, more was added from the 

original solution. A glass rod was used to en- 

sure mixing of the toxicant. The concentration 

of each jar was noted by marking with a wax 

pencil on the logs of wood supporting the big 

jars or on the aluminum tank near each small 

jar. 

ANALYSIS 

a glass rod; if they did not show signs of move- 

ment, they were recorded as dead. Dead fish 

were removed only once a day. Each day the 

dead fish were collected and burned. At the end 

of the experiment all treated fish, including 

those still alive, were disposed of in the same 

way. 

From the mortality observed, the TLm 

(median tolerance limit) values were obtained. 

The TLy is "the concentration of the tested 



material in a suitable diluent (experimental 

water) at which just 50 percent of the test 

animals are able to survive for a specified 

period of exposure"! (American Public Health 

Association, 1960, p. 458). 

On semilogarithmic paper, 3 cycles x 70 divi- 

sions, concentration of the toxicant was plotted 

against the mortality observed. Two points only 

were used, one point showing mortality above 

50 percent of the population and the other one 

below 50 percent. These two points were con- 

nected (see fig. 1). From this line the concen- 

tration which killed 50 percent of the population 

was obtained. In this example the 96-hour TL m 
for bluntnose minnows at 63° F. was found to be 

0.0088 p.p.m. In certain cases where the gap 

between the two points was big, for instance, 

goldfish at 639 F., the 72-hour TL,, values 
were obtained but were considered rough. 

Whenever there were sufficient data, the L 

LDsg (the median lethal dose) was evaluated by 

a graphic method (Wilcoxon and Litchfield, 

1949). The does were plotted against the per- 

cent mortality on logarithmic-probability paper 

No. 3228. Tests showing 0 percent or 100 per- 

cent mortality were omitted. A straight line 

was drawn through the points, particularly those 

BLUNTNOSE MINNOW AT 63°F, 
0.03 IN 96 HOURS 

0.0I- 

0.0088 

CONCENTRATION 
2 fo} (2) a 

TLm= 0.0088 

0.001 
10 20 30 37 40 

% MORTALITY 

50 53 60 

Figure 1,--The 96-hour TL,, for bluntnose minnows at 

63°F. 

showing just less and just more than 50 percent 

mortality (fig. 2). The expected mortality at 

each concentration is then read from the 

straight line and compared with the observed 

mortality (table 2), These authors stated that 

if the chi square of the line is,less than the 

value of chi square given in table 2 for 

degrees of freedom, the data are not signifi- 

cantly heterogeneous, that is, the line is a good 

fit. 

Since 0.0502 is less than 7.82, the line seems 

to be a good fit. From this line (fig. 2) the con- 

centration of the toxicant which kills 50 percent 

of the population was read and the LD<g was 

found to be 0.011 p.p.m. 

In cases where there were only two points 

(above and below 50 percent mortality), LDso 

values were determined but they could not be 

checked statistically as the number of degrees 

of freedom equals 0. 

BLUNTNOSE MINNOW AT 63° F, IN 96 HRS. 

5 95 

10 30 

20 80 

30 70 

40 60 

50 50 

60 40 , 
= 

W 70 30 5 

Z Z | 

< 80 20 & 

xe LD..=0.01I = 
90 ne lo x 

95 5 

98 2 

99 | 

0.0035 0005 0.0 0.05 0.09 
CONCENTRATION 

Figure 2,--The 96-hour LDsg for bluntnose minnows at 
63° F. 



TABLE 2.--Chi-square test of the 96-hour LDs, for bluntnose minnows at 63° F, 

P ercentage a Tiernan | Contribution to 
| chi square 

1 =e 

Toxaphene 
concentration 

3 0.0036 
WR, « oreisne 5 4 / 0.0060 
“hosters 3 0.0035 
ae 5 0.0100 

Bieadeca ss 2 0.0020 

Daaateseceae’s -- 0.0252 

For the bluntnose minnows a third method of 

analysis was also used, the minimum normit 

chi square method (Berkson, 1955), The LDsg 

is 0.0092 p.p.m. which is quite close to the TL», 
and graphic LDsg values. 

RESULTS 

The three methods of analyzing the data gave 

very similar results in most cases when applied 

to the bluntnose minnow (table 3), At 24 hours 

at 53° F. none of the concentrations gave over 

22 percent mortality, and therefore the TLm 

and LDsg values must be very approximate. At 

63° F, the mortality was spread over a wide 
range of concentrations with lower mortality 

sometimes appearing in higher concentrations. 

With such variation in the experimental data it 

can be expected that the estimates of the con- 

centration at which 50 percent die is subject to 

considerable variation. Yet the three methods 

give quite comparable estimates except for the 

48-hour period. At 73° F, the 48-hour TL,, and 
normit LD<g values do not agree very well. 

This results from the use of only two points in 

each case, and the two points used were not the 

same. 

The normit method was used only with the 

bluntnose minnow. In several situations with 

TABLE 3.--TL,, and LDs, values for bluntnose minnows at three temperatures. 

LDs50 
Temperature and time lL, -———-—_ 

Graphic Normit 
=a 

At 53° F: 
POUT si elelsieisielaisisipis'scinisiciviaciesiaciescciescce >4.0 -- 11.58 
EMMA Es iela/slolajslaisia'n n10,0\s1010 0\n\si0\u[b/ej0\e\e(o\e'eiaje 0 « 0.86 0.86 0.93 
WA MOUTH seis valdieivelvcesceccecscsacseccesccce 0.15 -- 0.118 
GUGM visislcisicisisiciaiciacienslovsisciecccccccceass 0.03 0.03 0.038 

At 63° F; 
P-AABMOUIT-S s\elela)s(0ie]ciu\xinie|oisjeleicivieuleiviejeieinecisieie eee 0.2 0.15 0.1849 
DMO otetelstsis ofeistsls\a alalsia!a|eie 3)e/0\s]sio\s\cleivieieie ole 0.035 0.088 0, 04609 
TA HOULB. ccccccovccsscvccscccescossseccece 0.014 0.016 0.01805 
MHILH etal aielalsis/eluivieiu/aie'slaioceie/eie's'alslelsleleioieieisis 0.0088 0.011 0.0092 

At 73° F. 
CAAUONT A sintetalaicle! o'aleieidialeyslein'e cieiciec'e 0 clelsisie siecle 0.015 0.016 0.0124 
PEMUCUT Hele eielale\sisis[sin's/0/a\s\a.c/s(c\e 2ie\e\els|o\nin\e\6 vleje's 0.0084 -- 0.0043 
2 OUT o0/e sew cccccniccscievesccccccecseces 0.0065 0.0088 0.0071 

other species the graphic LD<,g method could 

not be used because mortality rates both above 

and below S50 percent, but not 0 or 100 percent, 

were not available. In all other cases the TL», 

and LD so values were quite similar. 

Berkson (1950) used eight different methods 

for the estimation of the LDsg and found that all 
gave about the same results. Since the three 

methods used here gave close results in most 

cases, only the TL,, data are discussed 

table 4). 

CHANGE WITH TIME 

_It can be anticipated that fish can survive 

higher concentrations of a toxicant for short 

periods of time than they can for longer 

periods. As expected, in most of the tests 

(table 4) the TL,, values decreased with time; 

in some cases the TL,, remained constant, for 
instance the 72-hour and 96-hour TL» of the 

golden shiner at 73° F, and of the goldfish at 
53° F, and 63° F,, and the 48-hour, 72-hour, 
and 96-hour TL,, of the goldfish at 73° F, 
Henderson and Tarzwell (1957) stated that ex- 

perience with a variety of industrial effluents 

has shown major difference in 24- and 48-hour 

TL values, although there was little or no 

difference in the 48- and 96-hour values, except 

for an occasional effluent which produced fish 

mortality over the longer period. 

Pickering et al (1962) when examining the 

acute and chronic or accumulative toxicity of 

Delnav to fathead minnows, found that TL,, 

TABLE 4.--Median tolerance limits (TL,) to toxaphene for six species of fishes 
at three temperatures. 

Concentration in p.p.m. for-- 
Species and temperature aes 

24 nee. | 48 hrs. 72 hrs. 96 hrs. 

Rainbow trout: 

IRETSBO Beate getleldlciniaitetereiate sie wir 0.03 0.0145 0.0111 0.0084 
Stonerollers: 

AUSSI ietelaictetsiere efeloieicieten(sivia'e'e 0.062 0.027 0.027 0.014 
nao 0.028 0.0086 0.008 0.0066 

0.054 0.044 0.035 0.032 
0.009 0.0078 |<0.005 <0.005 

Goldfish: 
REISS CA Rvcirstavdeleeisuivs caste vurcsre 0.27 0.115 0.094 0.094 
REN COU mR amaine sienna aipenisiein econ 0.086 0.035 0.028 0.028 
AG O7a Cah ace or esiecine roe aslseeaeate 0.054 0.05 0.05 0.05 

Golden shiner: 

0.007 0.0062 <0.005 
0.0066 0.006 0.006 

0.86 0.15 0.03 
0.035 0.014 0.0088 
0.0084 0.0065 0.0063 

>0.048 0.034 0.025 
0.0043 0.0042 0.0027 
0.0042 0.003 0.0018 



values decreased (toxicity increased) rapidly 

for the first 5 days and less rapidly for the 

next 10 days. They did not notice any further 

decreases in TL pm values during the additional 

15 days of exposure. 

CHANGE WITH TEMPERATURE 

With increase in temperature the rate of 

metabolism is higher and the toxicant is ex- 

pected to be more effective. This was very 

clear in the case of the black bullhead and the 

bluntnose minnow which showed rapid decrease 

in TL,, with increase in temperature. The gold- 

fish showed rapid decrease in TL,, with in- 

crease in temperature from 53° F, to 63° F, 
At 73° F, the 24-hour TL,, went down and then 
kept constant at the 48-hour, 72-hour, and 96- 

hour TLm values higher than those at 63° F, 

The golden shiner and the sonteroller showed 

decrease in TL,, with change in temperature 

from 63° F. to 739 F, When temperature was 
changed from 53° F, to 63° F., the 24-hour TL,, 
of the golden shiner was higher at 63° F, than 

at 53° F, The 24-hour TL,, of the stoneroller 
at 53° F. was higher in one test when compared 

with the TL,, at 63° F. and lower in the other. 
Both experiments of stoneroller at 53° F, were 

lower in 48-hour, 72-hour, and 96-hour TL,,s 

than the equivalent TL,, at 63° F, These varia- 
tions in results indicate tests which should be 

repeated. 

SPECIES COMPARISONS 

Toxaphene was highly toxic to fish with 96- 

hour TL,, values below 0.1 p.p.m. in all the 

tested cases. Henderson et al. (1959) gave 

TLyms of four species of fish to toxaphene 

(table 5), Their results for the fathead minnow 

are very similar to ours for bluntnose minnows 

(table 4), The TL,, values for goldfish are 

somewhat different, but the TL ,, values for 

TABLE 5.--Median tolerance poate (Cia) ee eaeeenene at 77° F. for four 

[From Henderson et al., 1959, p. 27] 

TL, (p-p.m.) at-- 

48 hrs. 

Toxaphene, reference | 
Fish standard, 100-percent 

active in acetone, diluted in-- | 24 hrs. 96 hrs. 

0.0075 0.0075 
Dowseeee Hard Water. cccccccscnccccccscss -016 -0075 -0051 

Bluegills. Soft Waterscccccscccccccccccece «0075 - 0038 -0035 
Goldfish. . 00 edOsasccvccccceccceccrcece ao -0082 - 0068 «0056 
Guppies... 00 cedOsccccccccccccevcccscccces «042 = 024 -020 

goldfish at 73° F. (table 4) have already been 

questioned. When they used BHC insecticide at 

77° F, they found the 24-, 48-, and 96-hour 
TL ,, for the fathead to be 22, 16, 15 p.p.m. 

respectively and for the goldfish 26, 21, and 15 

p.p.m. 

When comparing the action of toxaphene in a 

period of 24 hours, the bluntnose minnow at 

53° F, seemed to be the most tolerant of all the 

tested species. These fish settle on their backs 

and remain in a half-dead state thus tolerating 

high doses of the toxicant. The goldfish ranked 

second, followed by the stoneroller, black bull- 

head, rainbow trout, and golden shiner. At 

63° F, the black bullhead was more sensitive 
than the golden shiner, whereas the others 

ranked the same as at 53° F, (no data on the 

rainbow trout). At 73° F. the goldfish showed 

higher TL,, than the bluntnose minnow, followed 
by the golden shiner, the black bullhead, and 

the stoneroller, 

In comparison of the 96-hour TL,, at 53° F., 
the goldfish was the most tolerant, followed by 

the bluntnose minnow, black bullhead, and 

stoneroller, with the rainbow trout as the most 

sensitive (no data on the golden shiner), At 

63° F, the stoneroller was the most tolerant, 
leaving the goldfish in the second rank, fol- 

lowed by the bluntnose minnow, black bullhead, 

and golden shiner. At 73° F. the goldfish ap- 
peared to be the most tolerant, followed by the 

bluntnose minnow, golden shiner, black bullhead, 

and stoneroller. 

In general, it seemed that the goldfish was 

the most tolerant of the tested fish to toxaphene, 

realizing that the bluntnose minnow at 53° F, 
showed higher TLy in the first 72 hours. 

This apparent high tolerance of the bluntnose 

minnow in the first 3 days was due to the fact 

that they remained on their backs, but still half 

alive, for some time after being affected. If the 

half-dead fish had been considered dead, the 

TL values would probably have been lower 

than those of the goldfish, which died quicker. 
The other species seem to be about equally 

sensitive to toxaphene and cannot be readily 

ranked. 



OXYGEN 

Aeration of the water was not consistent 

enough for the experiments to be comparable 

with respect to dissolved oxygen. Dissolved 

oxygen recorded at the beginning of the experi- 

ments (24 hours after the fish were put in the 

jars) varied from 5.9 to 8.0 p.p.m. at the 53° F., 
from 4.8 to 6.2 at 63° F., and from 3.2 to 6.0 
p.p.m. at 73° F, More consistent results might 

have been secured if all experiments had been 

started with dissolved oxygen near saturation. 

In four experiments (stoneroller at 73° F.,, 

bullhead at 73° F., and bluntnose minnow at 
53° F, and at 73° F,), the recorded dissolved 
oxygen increased at least 1 p.p.m. sometime 

during the experiment, a situation which is dif- 

ficult to explain. 

The dissolved oxygen was below 3 p.p.m. at 

the end of the first 24 hours in the goldfish 

experiments at 53° F. and 73° F., the two ex- 
periments with the highest loading capacity, 2 

grams per liter. It was also below this level 

for the stoneroller at 63° F, and for all 73° F. 
experiments except the bluntnose minnow. While 

minimal oxygen requirements of fish are sub- 

ject to many factors such as temperature and 

carbon dioxide content, the dissolved oxygen, if 

at the recorded values, was probably low 

enough to seriously affect the experimental 

fish. The Aquatic Life Advisory Committee of 

the Ohio River Valley Water Sanitation Com- 

mission states (1955, p. 327): 

The dissolved oxygen content of warm water fish 

habitats shall be not less than 5 p,p.m, during at 

least 16 hr, of any 24-hour, period, It may be less 

than 5 p.p.m, for a period not to exceed 8 hr, within 

any 24-hr, period, but at no time shall the oxygen 

content be less than 3 p,p,m, To sustain a coarse 

fish population the dissolved oxygen concentration 

may be less than 5 p,p,m, for a period of not more 

than 8 hr, out of any 24-hr, period, but at no time 

shall the concentration be below 2 p,p.m, 

Rounsefell and Everhart (1953) mentioned 

that the 5 p.p.m. oxygen tolerance limit is too 

high and listed minimum oxygen requirements 

as low as 0.38 p.p.m. for largemouth bass, 

0.2-0.3 p.p.m. for black bullhead, and below 

0.2 p.p.m. for golden shiner. 

e 

The fact that no fish died in the controls 

indicates that oxygen deficiency in itself was 

not a direct cause of mortality. 

SUMMARY 

Experiments were run at the Fish Control 

Laboratory, Bureau of Sport Fishery and Wild- 

life, La Crosse, Wis., in the summer of 1962, 

to determine the mortality of the stoneroller, 

golden shiner, goldfish, black bullhead, and 

bluntnose minnow to toxaphene in water at 

53° F., 63° F., and 73° F, A sixth species, 
rainbow trout, was tested at 53° F, only. 

At the start of testing, all fish were in good 

health and showed no disease or abnormalities; 

fish were not fed during the experiments. 

Deionized water was reconstituted to give a 

standard water with specified characteristics. 

Air was run in the reconstituted water for 24 

hours before the start of an experiment. A re- 

liable temperature control device was used to 

ensure constant temperature. Fish were intro- 

duced into jars to acclimatize for 24 hours be- 

fore treatment with various concentrations of 

toxaphene. Mortality of fish was recorded every 

24 hours for 4 days. Untreated controls were 

used in each experiment. 

TLm and LDsg were obtained by graphic 

methods to get the concentrations which will 

kill 50 percent of the population. A normit 

method was used with the bluntnose minnow data 

only for comparison. The three methods gave 

similar results. In most experiments, concen- 

trations of toxaphene needed to cause 50 per- 

cent mortality decreased as the length of ex- 

posure increased from 24 to 96 hours, and de- 

creased as temperature increased from 53° F. 

to 63° F, and to 73° F. Dissolved oxygen did 
not show consistent results and was below 3 

p.p.m. in several tests. At 96 hours the TL, 
values were below 0.1 p.p.m. of toxaphene in all 

species, indicating that fish are quite sensitive 

to toxaphene. 

In general, goldfish was the most tolerant of 

the species tested with the other species show- 

ing similar enough sensitivity that they cannot 

9 



be effectively ranked with these data. Bluntnose 

minnows remained half dead much longer than 

other species, and thus the TL values for the 

first 3 days at least may be somewhat high. 

Running experiments for longer periods of time 

is suggested. Narrower ranges of concentra- 

tions with several intermediate concentrations 

can be used in further tests now that the gen- 

eral range has been determined. 

REFERENCES 

American Public Health Association, American Water 

Works Association, and Water Pollution Control Fed- 

eration, 

1960, Standard methods for examination of water and 
waste water including bottom sediments and sludges, 

American Public Health Association, New York, 

Berkson, J. 

1950, Some observations with respect to the error of 

bioassay, Biometrics, vol, 6, p, 432-434, 

1955, Estimate of the integrated normal curve by 

minimum normit Chi-square with particular ref- 

erence to bio-assay, Journal of the American 

Statistical Association, vol, 50, p, 529-549, 

Cohen, J. M., L. J. Kamphake, A, E, Lemke, C, Hender- 

son, and R, L, Woodward, 

1960, Effect of fish poisons on water supplies, Part 

I, Removal of toxic materials, Journal of American 

Water Works Association, vol, 52, p, 1551-1566, 

Douglas, N, H,, and W, H, Irwin. 

1962, Evaluation and relative resistance of sixteen 

species of fish as test animals in toxicity bioassays 

of petroleum refinery effluents, Mimeographed, 

10 

Oklahoma State University, Department of Zoology, 

Contribution 351, 

Fukano, Kiyoshi G,, and Frank F, Hooper, 

1958, Toxaphene (chlorinated camphene) as a selec- 
tive fish poison, Progressive Fish Culturist, vol, 

20, p, 189-190, 

Henderson, C,, Q, H, Pickering, and C, H, Tarzwell, 

1959, Relative toxicity of ten chlorinated hydrocarbon | 
insecticides to four species of fish, Transactions of — 

the American Fisheries Society, vol, 88, No, 1, 

Pe. 23-32, ; 

Henderson, C,, and C, M, Tarzwell. 

1957, Bio-assays for control of industrial effluents, 

Sewage and Industrial Wastes, vol, 29, p. 1002-1017, 

Negherbon, William O, 

1959, Handbook of toxicology, Vol, 3, Insecticides, 

W. B, Saunders Co,, Philadelphia, 854 p, 

Ohio River Valley Water Sanitation Commission, Aquatic 

Life Advisory Committee, | 

1955, Aquatic life water quality criteria, first prog- 4 

ress report, Sewage and Industrial Wastes, vol, 27, 

pe 321-331, 

Pickering, Q, H., C, Henderson, and A, E, Lemke, 

1962, The toxicity of organic phosphorous insecticides 

to different species of war-water fishes, Transac- 

tions of the American Fisheries Society, vol, 91, 

p. 175-184, 

Rounsefell, G, A,, and W. H, Everhart, 
1953, Fishery science; its methods and applications, 

John Wiley and Sons, New York, 

Wilcoxon, F., and J, T. Litchfield, Jr. 

1949, A simplified method of evaluating dose-effect 

experiments, Journal of Pharmacology and Experi- 

mental Therapeutics, vol, 96, p, 99-113, 



INVESTIGATIONS IN FISH CONTROL 

7. Treatment of East Bay, Alger County, Michigan 

with Toxaphene for Control of Sea Lampreys 

By William E, Gaylord, Biological Field Station, Ludington, Mich, 

and Bernard R, Smith, Biological Field Station, Marquette, Mich, 

Bureau of Commercial Fisheries - 

U.S. DEPARTMENT OF THE INTERIOR 
Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 

Resource Publication 11 

Washington . January 1966 



CONTENTS 

Page 

ADSELACTS so) ove te) outa ls lolisiielie)/ a) eilelial ei) oles inital a aeeteiet (alate ie olin eee 3 

Study "ava s scl cwa wale eas o/s YaMe at s)s) ellen stots) store eet) oleh a et emnemen 3 

PEEEECALME IE SUMMEVIS ~ ue) s elie ts iia) alle tela ate) oii etel ales tala tel sueistteie tian 4 

Bioassays) WithstoxapWene Gls sie os cle we) sits! ol Seely tole Seite 5 

Application of chemicals <<, «2...» <. (\ 5) si eatacenenere tamale otateh tens leone 5 

immediate /emectsronthevtoxt Canter. temens ciel siicielictelhenaleleis ieeuetcuees 6 

POSLERCATMENEISUEVEYIS) \eepic, (ofa: cite oie enenleneriel ohemebiete tole uce cuenta memes us 6 

INGIGIEEINCES Sona oSb oot OOmOUd DOD Ooo Uo Oa OOo Asoc com 6 

FOREWORD 

Application of toxaphene to East Bay had the approval of the Michigan 

Department of Conservation and of local inhabitants who were advised on 

the project in public hearings. The Bureau of Commercial Fisheries and 

the Great Lakes Fishery Commission, after this single experiment, 

abandoned the use of toxaphene in the program for control of the sea 

lamprey. It is believed that certain of the observations in East Bay are 

of sufficient interest to warrant publication of this report. This study was 

part of a program conducted by the Bureau of Commercial Fisheries 

under contract with the Great Lakes Fishery Commission. 



TREATMENT OF EAST BAY, ALGER COUNTY, MICHIGAN, 

WITH TOXAPHENE FOR CONTROL OF SEA LAMPREYS 

By William E, Gaylord, Biological Field Station, Ludington, Mich. 

and Bernard R, Smith, Biological Field Station, Marquette, Mich. 

Bureau of Commercial Fisheries 

Abstract.--An experiment was conducted to determine whether toxaphene 

can be used to eradicate lake-dwelling sea lampreys and to determine its 

effect on fish populations. In East Bay, a 78-acre lake on the Sucker River, 

Alger County, Mich., an estimated concentration of 100 parts per billion 

was maintained for 14 days. The sea lamprey larvae were more resistant 

to toxaphene than were the fish, but a complete kill was indicated. One 

year after treatment, sea lampreys were absent from the lake, while the 

fish population had recovered. 

The Bureau of Commercial Fisheries’ pro- 

gram for control of the sea lamprey (Petro- 

myzon marinus) in the Great Lakes has pro- 

gressed rapidly with the development of lamprey 

larvicides (Applegate et al., 1961). Success of 

chemical control depends on treatment of all 

populations of ammocetes in the streams and 

lakes tributary to the Great Lakes. 

The selective lampricide now being used has 

proved successful in streams and rivers, but 

its relatively high cost prohibits use in the 

larger estuarine bodies and lakes in river sys- 

tems. In many of these a general toxicant can 

be used without permanent damage to fish popu- 

lations. Several chemicals are readily avail- 

able at nominal cost. 

Toxaphene (chlorinated camphene) has been 

used widely as an agricultural insecticide; it 

has been used to some extent as a fish toxicant, 

but no reference could be found to its effect on 

lampreys. Hooper and Grzenda (1957) stated 

that 0.05 p.p.m. of emulsified toxaphene is 

sufficient for fish eradication. They also dem- 

onstrated that the substrate influences the rate 

of detoxification of the material. Hooper and 

Fukano (1960) observed a slowdown in fish 

mortality with falling temperatures, particu- 

larly at values below 50° F, 

An experiment to test the feasibility of using 

a commercial formulation of toxaphene was 

planned for 1961. The site selected was East 

Bay, a small lake in the lower endof the Sucker 

River, 2 miles east of Grand Marais, Alger 

County, Mich. The Sucker River had been 

treated with selective larvicide in 1958 and 

1959. The toxaphene formulation used was 

Cooper=Tox No. 6 (toxaphene emulsifiable 

concentrate). 

STUDY AREA 

East Bay is a 78=acre lake formed by low, 

shifting sand dunes on the shore of Lake Supe- 

rior (fig. 1). The margin of the lake has a nar- 

row, shallow-water shelf beyond which water 

depth drops abruptly to 20-30 feet. The bottom 

is primarily sand; some limited areas have 

bottoms of soft mud and silt. The Sucker River 

flows into the southeast end of East Bay. The 

outlet is on the west side into West Bay, which 

is connected directly to Lake Superior. The 

inflow averages approximately 85 c.f.s., but it 

varied from 80 to 200 c.f.s. during the treat- 

ment period. 
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Figure 1,--Map of East Bay showing location of ammocete cages, limnological stations, and the application site in the 

Sucker River, 

East Bay was not stratified thermally in the 

fall of 1961. Water temperatures varied from a 

maximum of 49° F, to a minimum of 42° F.; the 

difference between the surface and the bottom 

was nil to 2.5° F, (table 1). 

Dissolved oxygen remained high (8.9 to 10.2 

p.p.m.) during the period of observation. The 

hydrogen-ion concentration varied from pH 7.5 

near the bottom to 9.5 near the surface. 

PRETREATMENT SURVEYS 

Pretreatment surveys with electric shockers 

had demonstrated the presence of sea lamprey 

ammocetes in large numbers in East Bay. The 

greatest concentrations were on the alluvial fan 

formed by the Sucker River. The size of the 

population was estimated at 96,000 individuals 

(Wagner and Stauffer, 1962), Ammocetes were 

found also in the connecting channel between 

4 

East and West Bays and in West Bay in the 

immediate area of the mouth of the channel. 

A riffle fyke net fished in the channel between 

East Bay and West Bay from March 15 to Octo- 

ber 24, 1961, captured 278 sea lampreys (9 

transformed individuals and 269 larvae) and 

220 American brook lamprey larvae. These 

data supported the view that a large population 

remained in the lake, although the Sucker River 

had been successfully treated with selective 

larvicide in 1959. 

TABLE 1.--Water temperatures (°r.) in East Bay, October-November 1961 

October 4, October 25, November 1, November 6, 
Depth at station-- at station-- at station-- at station-- 

1 2 1 2 1 2 

Surface.... 49.0 49.4 45.0 45.0 43.0 43.0 

10 feet.. | 48.2 48.8 -- -- = ao 

20 feet.. | 47.2 

30 feet.. | 46.5 47.0 -- ae <i =, 

Bottom+.... | 46.5 47.0 45.0 | 45.0 43.0 43.0 

1 39 feet at station 1, 34 feet at station 2. 



Tows, totaling 43 minutes trawling time, with 

an electric beam trawl at several stations in 

East Bay in August 1961 captured 52 sea lam- 

preys and 44 American brook lampreys,. Sep- 

tember 20-22, 151 minutes of trawling in West 

Bay yielded 16 sea lampreys and 14 brook lam- 

prey larvae. All were captured near the mouth 

of the channel connecting the two bays. 

The fish population was sampled immediately 

before the treatment by sets of gill nets at 7 

locations. Each set included four 125-foot nets 

with 25-foot sections of 1-1/2-, 2-, 2-1/2-, 3-, 

and 4-inch mesh (extended measure). The catch 

in 7 nights of fishing was 27 rainbow trout, 8 

northern pike, 41 white suckers, 47 yellow 

perch (all less than 6 inches long), and a few 

individuals of 6 other species, to bring the total 

to 141 fish (table 2). 

TABLE 2.--Number of fish, by species, taken from East Bay before and after 
poisoning with toxaphene 

oy 

Before treatment After treatment 
(October 5-11, 1961) (October 23-25, 1962) 

Species [ Number per Number 
Total Total Per 

1,000 feet 1,000 feet 
SUISSE of net aula "of net 

an E | di 
Rainbow trout: 

12 inches and over....... 24 6.9 4 2.7 
Less than 12 inches...... 3 0.9 34 22.7 

White sucker: 

9 inches and over........ 30 8.6 11 7.3 
Less than 9 inches....... 11 aoL 9 6.0 

Mortiiern pikes... .cscessecs 8 re! 2 1.3 

Round whitefish............ 6 UST 1 0.7 

NWELLOW DErChc.ciccccscnccncs 47 13.4 S 2.0 

EBLE VE ce cccccsccsccccccccs 1 0.3 fo) 0.0 

PEM EECclcivisisincieccietacescce 5 1.4 (0) 0.0 

BUEDOUerccwccccccccctcrcccs 2 0.6 fe) 0.0 

Bette EAS ilelsiaciaacnasc.cc.ces,e 3 0.9 io) 0.0 

Brook trout..cscccccccsceee 1 0.3 (e) 0.0 

Brown trout........... awieisie ie) 0.0 iu 0.7 

Suet iaisisinis/sliiciciisieeseecccscs le) 0.0 2 1.3 

Brown bullhead............. (eee {Ao es 1 0.7 
TOUAL Se ceccccccccscccce 141 40.3 68 45.3 

sec att 

BIOASSAYS WITH TOXAPHENE 

Bioassays were conducted, at the Bureau's 

Hammond Bay Biological Station, of various 

concentrations of toxaphene to test the effect of 

the material on lamprey larvae. The laboratory 

tests indicated that, to be killed in a reasonable 

time (15 to 20 days), ammocetes should be ex- 

posed to a concentration of at least 80 p.p.b. 

(table 3), Because lack of time prohibited more 

extensive study, a concentration of 100 p.p.b. 

was chosen for the treatment. 

TABLE 3.--Results of bioassays with toxaphene on lamprey ammocetes, 
October 1961 

(Temperature, 58°-66° F.] 

Size of test Concentration Exposure s . 
container of toxaphene time Mortality 

et : on } 

P.p.b. Days Percent 

200 gallons. wescsccvsesaucvcne 50 17 

20 Gallons. .ccsccccccccencness 40 19 1 

20 gallons...sseccevsesccceees 80 16 10 

20) gedlonsa cc cmshadads dishhens 120 9 40 

PD) ees) Cries 5 ute ais (o's aie; )n'o,etn'o aialaia 120 | 12 100 
— a _— — — - 

APPLICATION OF CHEMICALS 

The Sucker River was re-treated with the 

selective larvicide 3-trifluoromethyl-4-nitro- 

phenol (TFM), October 19-22, 1961, to prevent 

immediate recontamination of East Bay by 

young lampreys from upstream. 

Treatment of East Bay with toxaphene began 

on October 24, Eighty-five gallons of this toxi- 

cant, the amount needed to give a concentration 

of 100 p.p.b. through the entire volume, were 

distributed systematically over the surface of 

the lake, Simultaneously, toxaphene was added 

(by means of a portable fuel-pump feeder-- 

Anderson, 1962) into the river above East Bay 

at a rate to produce 100 p.p.b. in the water en- 

tering East Bay. This pump operated continu- 

ously for 14 days. 

Eleven days after the distribution of toxa- 

phene began, 5 more gallons were applied to 

the surface of a small backwater at the south- 

east end of the lake and to the shoreline on the 

east end of the lake. A few ammocetes had been 

observed swimming in those areas the previous 

day. 

Before treatment, 10 lamprey larvae were 

placed in each of 15 cages (11 cages in East 

Bay, 2 in the connecting channel to West Bay, 

and 2 in West Bay near the mouth of the chan- 

nel--fig. 1). The condition of these larvae and 

the number dead were recorded at intervals 

from October 22 until November 26, when cold 

weather forced termination of observation. 

Equipment was not available for quantitative 

determination of toxaphene during this experi- 

ment, Assuredly, it would have been advanta- 

geous to know the toxaphene concentration at 



different intervals after application. The work 

of others would seem to indicate that concen- 

trations reached may have been considerably 

less than those desired (Kallman, Cope, and 

Navarre, 1962). 

IMMEDIATE EFFECTS OF THE TOXICANT 

Small fish were observed surfacing and dying 

the day after treatment began. Mortality of fish 

increased daily, reached a peak during the third 

and fourth days, and ended shortly after. The 

area was kept under observation during the 

treatments, and estimates were recorded of the 

number and species of dead fish. These esti- 

mates were biased by recovery of fish by 

fishermen. Approximately 50 to 80 large rain- 

bow trout (more than 12 inches long) and 25 

northern pike were the only game fish of 

appreciable size observed. Yellow perch were 

killed in large numbers (3,000 to 4,000), but 

almost none were over 6 inches long. Several 

hundred white suckers, several thousand min- 

nows, and a few small rainbow trout, round 

whitefish, walleye, burbot, and rock bass were 

seen. 

The first dead larval lampreys were seen on 

the fourth day after treatment began. Their 

numbers were small in relation to the esti- 

mated size of the population. 

Ammocetes were slow to emerge from the 

mud in the bottom of the test cages. Only a few 

individuals in each container in East Bay had 

appeared by the end of 4 days. All specimens 

had emerged by the sixth day and approximately 

one-third were dead. Most of the remainder 

were near death. 

After emergence from the bottom, some 

larval lampreys swam aimlessly for a short 

time, but most lay contorted on the bottom and 

gave only an occasional twitch. They remained 

in this condition to the end of the daily obser- 

vations. Many lampreys gave indications of 

hemorrhage around the gills, sides, and anus. 

All ammocetes showed loss of pigmentation. 

Daily observations of the caged lampreys 

were continued for 14 days. During this period, 

6 cages were lost in storms. Of the original 90 

specimens in the remaining 9 cages, all in 4 

6 

cages were dead and 33 in 5 cages were alive 

at the end of 14 days. Observations were ter- 

minated at the end of 36 days of exposure. Two 

ammocetes were then still alive. 

POSTTREATMENT SURVEYS 

A riffle fyke net, fished in the connecting 

channel between East and West Bays after the 

treatment until November 30, captured no lam- 

prey ammocetes. It was reset in the same loca- 

tion March 15 and fished without interruption 

until November 26, 1962. During this period, 

only 1 American brook lamprey ammocete was 

taken. 

The electric beam trawl was dragged in East 

Bay in May and August 1962, for a total towing 

time of 113 minutes. No lampreys were taken. 

Trawling in West Bay near the mouth of the 

channel in 1962 yielded 7 ammocetes (5 sea 

lampreys and 2 American brook lampreys) in 

79 minutes. 

It is evident from these data that toxaphene 

brought about nearly complete eradication of 

ammocetes in East Bay. The two test animals 

that were still alive 36 days after treatment 

indicated that mortality may not have been 

complete, but it is probable that larvae not 

dead at the end of the treatment period had 

received a lethal dose and subsequently died. 

The fish population was sampled again 1 year 

after the experiment to determine the extent of 

recovery from the toxaphene. Nets fished 1 

night at each of three 1961 locations captured 

68 fish, including 4 rainbow trout over 12 

inches, 2 northern pike, and 20 white suckers 

(table 2), The population of yellow perch was 

sharply lower than a year earlier, but the num- 

ber of immature rainbow trout had increased. 
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EFFECTS OF TOXAPHENE ON FISHES AND BOTTOM FAUNA OF 

BIG KITO] CREEK, AFOGNAK ISLAND, ALASKA 

By William R, Meehan and William L, Sheridan 

Alaska Department of Fish and Game 

Abstract,--Big Kitoi Creek, on Afognak Island, Alaska, was treated with 

toxaphene in July 1961 to remove sculpins predaceous on pink salmon fry, 

Dispersion and penetration of toxaphene into the streambed were deter- 

mined, as well as time required for detoxification, The population of scul- 

pins in the creek before treatment was estimated at 30,000, of which 82 

percent were in the size range considered predaceous on pink salmon fry, 

Extent of predation was determined by examination of stomachs of 180 

sculpins, Considering the rate of predation, it was estimated that, of 

847,500 + 418,600 fry in the gravel 3 months before treatment, 12 percent 

may have been eaten by sculpins before the fry migrated to salt water, 

Bottom fauna decreased in numbers and weight after the toxaphene treat- 

ment; insects were completely eradicated; some other invertebrate 

groups were not completely eliminated, Posttreatment recruitment of bot- 

tom fauna began later in the summer; a year later the pretreatment levels 

of biomass had not yet been reached, Species composition of bottom fauna 

a year after treatment differed somewhat from that before treatment, 

Assuming that, if the creek had not been treated, 30,000 sculpins would 

have been present in the spring of 1962, then the treatment possibly saved 

approximately 135,000 pink salmon fry in 1962, 

Pink salmon (Oncorhynchus gorbuscha) and 

chum salmon (O, kKeta) deposit their eggs in the 

gravel of coastal streams in Alaska from July 

to October, Eggs incubate through the winter, 

and fry migrate into salt water the following 

spring, During downstream migration, fry of 

both species are from 26 to 36 millimeters 

long and are subject to predation bothinstreams 

and in estuaries, ; 

Since pink and chum salmon go to sea almost 

immediately after they emerge from stream- 

bed gravels, they usually are not dependent on 

a food supply while in fresh water, Coho salmon 

(O, kisutch), on the other hand, remain in fresh 

water for 1 or 2 years before going to sea; 

Present address of the authors: U,S, Forest Service, 

Box 1631, Juneau, Alaska, 

hence, the food supply may sometimes limit 

their survival. 

The coastrange sculpin (Cottus aleuticus) is 

one of the chief predators on salmon fry in 

fresh-water streams, Because there were large 

numbers of C, aleuticus as well as an annual 

run of several thousand pink salmon in Big 

Kitoi Creek, a study was carried out in 1961 

and 1962 to determine (1) the extent of preda- 

tion by sculpins on pink salmon fry, (2) the 

effects of toxaphene on the sculpins, and (3) the 

effects of toxaphene on the bottom fauna, 

If predation by sculpins was significant, 
eradication of the sculpin population would 

relieve downstream migrant pink salmon fry of 

this cause of mortality, If the bottom fauna was 

at the same time eradicated, and the rate of 



recovery was slow, production of resident fish 

such as coho salmon and trout would be limited, 

Predation by sculpins probably depends on 

the species of sculpin and availability of salmon 

fry, Bailey (1952) reported that food studies on 

Cottus bairdi by Ricker (1934), Koster (1937), 
and Dineen (1951) indicated that this species 

was not a serious game fish predator, Bailey's 

study of Cottus bairdi in Montana agreed with 

these findings, On the other hand, Robertson 

(1949) reported that sculpins (Species not men- 

tioned) exacted the greatest toll of sockeye 

salmon fry migrating from tributary streams 

into Port John Lake in British Columbia, One 

sculpin, 4-1/2 inches long, contained 38 fry, 

and the average was 13 fry per sculpin, Pritch- 

ard (1936) determined that the average con- 

sumption of salmon fry by sculpins inMcClinton 

Creek in British Columbia for 1931 and 1933 

respectively was 0.8 and 1.5 fry per sculpin. 

Hunter (1959) determined that in Hooknose 

Creek, Port John, British Columbia, C, aleuti- 

cus and C, asper fed almost exclusively on pink 

and chum salmon fry during downstream mi- 

gration, Hunter calculated that numbers of pink 

and chum fry consumed by sculpins alone (1948 

to 1957) ranged from 73,868 in 1950 to 276,833 

in 1948, Hikata and Nagasawa (1960) reported 

that of 442 C, nozawae stomachs examined in 

Memu Stream, Tokachi River system, 5,4 per- 

cent contained salmon fry, Patten (1962) re- 

ported on predation upon coho salmon fry by 

C, perplexus and C, rhotheus, Hence, where 

fresh-water Sculpins have access to salmon 

fry, they can be serious predators, In years 

when few pink salmon fry are produced in a 

Stream a greater proportion would be eaten, 

perhaps enough to keep a low spawning run de- 

pressed (Neave, 1953), 

STUDY AREA 

Big Kitoi Creek originates at the outlet of 

Big Kitoi Lake, a 356-acre lake on Afognak 

Island, Alaska (fig, 1), The creek flows approxi- 

mately 2,000 feet before it enters salt water; 

only the lower half of the stream is accessible 

to anadromous fishes, because two falls pre- 

vent passage, Average gradient of the stream 

below the falls is 2,3 percent, and the stream- 
bed consists of rocks up to 18 inches in diam- 
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Figure 1,--Location of study area, Afognak Island, 
Alaska, 

eter, At least 80 percent of the particles com- 

prising the streambed are larger than 3 

millimeters, The stream averages 20 feet in 

width and is from 1 to 3 feet deep during nor- 

mal water conditions, 

The stream was marked off in 100-foot sec- 

tions for sampling, with section I at the mouth 

and section 10 ending immediately below the 

first falls, Only 700 feet proved to beusable for 

the bottom fauna study (Sections 3 through 9), 

since the lower two Sections were saline and 

‘ section 10 was too swift, Section 3 was flooded 

at each high tide; tidal influences were also 

observed in section 4, and at extremely high 

tides in section 5, Above section 5, the stream 

narrowed and was swifter than in the lower 

sections, 

In addition to sculpins and pink salmon, 

other fishes in Big Kitoi Creek in vary- 

ing numbers and at intervals were Dolly 



Varden (Salvelinus malma), threespine stickle- 

back (Gasterosteus aculeatus), coho salmon, 

rainbow trout (Salmo gairdneri), and to a much 

lesser extent sockeye salmon (QO, nerka), 
crescent gunnel (Pholis laeta), and smelt 

(Osmeridae), 

METHODS 

FISH 

The population of sculpins in Big Kitoi Creek 

before poisoning was estimated in two ways; 

(1) By flushing random 4-square-foot areas 

with an air-water jet directed into the stream- 

bed (McNeil, 1960) and dislodging sculpins into 

a collecting net, and (2) by tag and recovery, In 

the latter case 255 sculpins were collected with 

a 110-volt a,c, electroshocker, tagged, and 

released back into the creek, 

To evaluate the seriousness of predation in 

Big Kitoi Creek, rate of digesting was first 

studied by placing 37 sculpins in a glass aquar- 

ium, starving them for 24 hours (Darnell and 

Meierotto, 1962), then furnishing them with an 

abundance of pink salmon fry for a short time, 

Stomachs from sculpins taken in the creek were 

examined, and condition of pink salmon fry 

compared with the laboratory specimens, 

Extent of predation was studied by collecting 

180 sculpins with an electroshocker on May 10, 

11, and 12, 1961, and examining stomachs, 

During this period, downstream pink salmon 

fry migration was at its peak, 

BOTTOM FAUNA 

Bottom organisms were sampled periodically 

before and after toxaphene treatment by means 

of a Surber square-foot bottom sampler, Three 

Samples were taken in each section once a 

month, The sampling sites were selected by 

use of a table of random numbers at the begin- 

ning of the study, and subsequent samples were 

taken adjacent to the initial sampling sites so 

that the same type of substrate was sampled 

each month in each section, These samples 

were preserved in formal-alcohol for future 

analysis, Preservative was composed of equal 

parts by volume of 70-percent ethyl alcohol and 

5-percent formalin, Each sample was then 

sorted, the organisms were identified, and the 

number in each group was recorded, Later, the 

total fauna of each square-foot sample was 

blotted for 1 minute and immediately weighed 

On an analytical balance, Shells of live mollusks 

were included in the weights; empty shells and 

cases of Trichoptera larvae were not included, 

Weights were recorded to the nearest milli- 

gram, These data were later transferred to 

punchcards for tabulation, 

APPLICATION OF TOXAPHENE 

The stream was treated with toxaphene (Agri- 

cultural Cooper-Tox No, 6) on July 5 and 6, 

1961, At this time all pink salmon fry had mi- 

grated to sea, and returning pink salmon adults 

had not yet entered the creek, 

Two 5-gallon cans of toxaphene were placed 

at the top of a 12-foot falls, immediately above 

Section 10, and were siphoned directly into the 

creek through a rubber tube and metered with 

an adjustable clamp, The rate of flow was de- 

termined by means of a graduated cylinder and 

stopwatch, Concentrations were calculated on 

the basis of amount of toxaphene mixed with 

known discharge (13.1 c.f.s.), Toxaphene was 

applied for 18.5 hours, with an average con- 

centration of 1,5 p.p.m, 

Immediately after treatment, all visible dead 

fish were counted in sections 3, 4, and 5, Some 

rocks were turned over and the streambed ex- 

amined, because many sculpins remained under 

rocks after they had died, 

Heavy concentrations of toxaphene caused 

water in the stream to turn a milky color, Al- 

though it appeared that thorough mixing was 

achieved, fluorescein dye was inserted at the 

treatment point to make mixing easier to ob- 

serve, Observations of dye showed complete 

mixing from the falls to tidewater, even in 

small pools and backwater eddies, 

To determine the extent of penetration of 

toxicant into streambed gravels, plastic 

standpipes were placed 7 or 8 inches deep at 

six cross-sectional stations, Vaux (1962) and 

Sheridan (1962) describe the interchange be- 

tween surface stream water and water in the 



gravel of the streambed, Based on these find- 

ings alone, we can assume penetration of toxi- 

cant into the gravel, In corroboration of the 

assumption, after dye was released upstream 

its presence was detected in samples of water 

withdrawn from the standpipes, Therefore, as 

assumed, diluted toxicant penetrated to a depth 

of at least 7 inches into the streambed, 

Toxicity of stream water was evaluated by 

placing live fish (sculpins and salmonids from 

a nearby stream) in small wire-screen minnow 

traps up and down the stream and observing 

effects at periodic intervals during and after 

treatment, 

RESULTS 

FISH 

Of the 255 sculpins tagged, 13 were recovered 

in a sample of 2,000 sculpins collected after 

poisoning, The population estimate by this 

method is then approximately 40,000 sculpins 

in the creek below the falls before poisoning. 

At approximately the same time 95-percent 

confidence limits for the population determined 

by hydraulic displacement were 37,957 + 9,265. 

We feel that, based on the above population 

estimates, 30,000 sculpins is a reasonable 

estimate of the total number of sculpins in the 

stream, Of these 30,000, 82 percent fall in the 

size range 5.0 cm, to 11.9 cm, (based on a 

sample of 597 sculpins measured after treat- 

ment). 

Sculpins maintained in the aquarium for de- 

termination of rate of digestion of pink salmon 

fry were reluctant to feed in captivity, but 

enough did eat so that when sacrificed at peri- 

odic intervals after feeding, condition of con- 

sumed fry could be determined, Seven hours 

after consumption, pink salmon fry were readily 

detectable as such, After 20 hours, fry were 

mostly a digested mass, almost unrecognizable 

as fish, This means that pink salmon fry 

(recognizable as such) found in sculpin stom- 

achs in the morning were most likely eaten the 

preceding night. 

Of 180 sculpins collected before poisoning, 

25 contained an average of 2,1 fry, or an overall 
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average of 0,14 fry per sculpin, The smallest 

sculpin (total length) which contained fry was 

2,7 cm, and the largest was 8,7 cm, We think 

that this example of consumption of a fry by a 

predator no larger than the prey was anisolated 

instance, Therefore, in the following calcula- 

tions of extent of predation, this one instance is 

disregarded, 

Using a method similar to that of Hunter 

(1959), we multiplied 30 days (duration of most 

intense pink salmon fry migration) x number of 

sculpins capable of consuming fry (24,600) x 

rate of predation (0,14) and found that 103,320 

pink salmon fry were possibly consumed by 

sculpins during the 1961 spring migration, Pre- 

viously we estimated 847,500 + 418,600 fry in 

the gravel in March; hence, 12 percent of the 

mean estimated number of pink salmon fry may 

have been eaten by sculpins, 

In addition to sculpins, other fish were ob- 

served dead as follows; Dolly Vardens, 43; 

rainbow trout, 3; coho fingerlings, 74; and 

gunnels, 6, 

BOTTOM FAUNA 

Bottom organisms decreased in number and 

weight after toxaphene treatment in July 1961 

(tables 1 and 2), Before treatment, the species 

composition of Big Kitoi Creek bottom fauna 

changed rapidly as the influence of salt water 

decreased, or as areas further upstream were 

considered, The various species of midges 

(Tendipedidae), for example, made up a much 

larger part of the bottom fauna upstream than 

in sections 3 and 4 where tidewater influences 

were pronounced, Conversely, the brackish- 

water-inhabiting forms such as the amphipods 

and isopods decreased in relative abundance 

TABLE 1.--Number and weight of organisms per square foot before and after 

poisoning 

Before poisoning LUNES IBSUSCEEE 

Z (Spring 1961) Sumer 1961 Spring 1962 
Section 

Weight Weight b Weight 
Number (grams ) Number (grams) Number (grams) 

SS SEOOOOUOn OOD 336.0 1.383 94.6 0.414 156.9 0.206 

Avicccvccccccces 115.5 0.310 50.0 0.069 62.3 0.082 
PSDOOMOOOOOUOUG 134.6 0.142 77.8 0.287 Siiar/ 0.057 

Becceccvecccees 71.5 0.167 45.6 0.045 108.3 0.187 
Teaveseccevecne -- =2 33.0 0.121 134.2 0.253 

Baccccccesveres -= -- -- -- 115.6 0.186 
Devevvccccccnse -- -- 7.8 0.016 66.2 0.345 

Mean..-eseeee 164.4 0.501 50.7 0.136 96.8 0.188 



TABLE 2.--Analysis of variance for difference in number and weight of 
organisms per square foot before and after treatment 

[July to September } 

a | = Mean : 

freedom squares oa Na 

Mean number of organisms 
per square foot: 

Between treatment...... 1 144,327 144,327 15.6"* 
Within treatment....... 60 554,134 9,236 

Total. .cccccscccesees 61 698,461 

Mean weight of organisms 

per square foot: 

Between treatment...... 1 8,783 8,783 48.0" 
Within treatment....... 58 10,614 0.183 

Total. ccccccccccceee 59 19,397 

“Significant at 1 percent level. 

with a similar transition to a completely fresh- 

water environment, Midges were the most im- 

portant group throughout the stream; the 

crustaceans (Amphipoda and Isopoda) were 

also relatively abundant, although primarily 

in the intertidal sections, 

Treatment of the stream with toxaphene had 

several effects on the bottom fauna, The insect 

groups succumbed completely and more rapidly 

than other invertebrates, such as clams and 

snails, which were the last groups to be affected 

and which were never completely eliminated, 

Although the July sampling showed a complete 

lack of live insects, the insects began to rein- 

vade the stream later in the summer, Emer- 

gence of adult insects contributed to this 

elimination of insects in the July sampling, 

as evidenced by a few shed larval cases and 

pupal skins; however, most of the insects were 

killed before emergence, Amphipods and iso- 

pods in the intertidal sections were eventually 

completely eradicated, although these two 

groups were still present in the July sampling, 

indicating that they were more resistant, The 

upstream sections became barren of bottom 

fauna before the lower and intertidal sections, 

DETOXIFICATION AND RECOVERY OF 

CREEK 

Fish,--Bioassay with coho and sockeye 
smolts, threespine stickleback, and sculpins 

showed that the stream became nontoxic after 

21 days, In addition, Dolly Vardens moved into 

the stream from salt water early in August and 

remained throughout the salmon spawning run, 

Final evidence that Big Kitoi Creek became 

free|from toxicant in a short time was the suc- 

cess of pink salmon spawning in the stream 

after treatment, Pinks deposited eggs from 

August 25 until early October, 1961; hence, 

spawning first occurred 50 days after treat- 

ment, Sampling of eggs in the streambed in 

November 1961 revealed a very high survival, 

and subsequent sampling of preemergent fry in 

March 1962 gave a mean estimate of 1,124,000 

fry, or 44 percent egg-to-fry survival, 

Bottom fauna,--When initial recruitment of 

organisms began later in the summer, the up- 

stream sections were the first to show an in- 

flux, This is probably due to the drifting in of 

organisms from the lake and stream above the 

falls area (Waters, 1961), The partially eradi- 

cated mollusk populations were the first to 

show a marked increase after treatment, and 

the insect groups were slowest to appear in 

quantity, One year later the pretreatment levels 

of biomass, in terms of weight and number of 

organisms per square foot of streambed, had 

not been reached, The species composition of 

the bottom fauna almost 1 year after treatment 

was somewhat different from that before treat- 

ment, The noninsect forms, including annelids, 

were the dominant forms throughout the study 

area, although the tendipedids were still the 

most numerous insect form, In the intertidal 

sections, annelid worms were abundant while 

the previously numerous amphipods and iso- 

pods were absent, The annelids were becoming 

reestablished in the most saline environment 

and were gradually expanding to the less saline 

areas, The mollusks (Gastropods, Pelecypoda), 

which were never completely eradicated, be- 

came established in greater magnitude after 

treatment but occupied the same general area 

as before treatment, 

DISCUSSION 

Results of treating Big Kitoi Creek with toxa- 

phene show that this was an economical (cost 

of toxaphene for Big Kitoi Creek was $28) and 

effective way to control predation on salmon 

fry in this stream, 

Although the method described in this report 

lends itself to eradication of undesirable fish in 

streams, it cannot be used where there are 



resident populations of trout and/or salmon 

which should be maintained, Both the desirable 

fish and their food supply would be eradicated, 

On the other hand, there are streams in Alaska 

which support only pink and chum salmon and 

these streams are ideal for treatment, For 

example Noerenberg (1960) reported that in 

Prince William Sound pink and chum salmon 

comprise 90 percent of the run, sockeye sal- 

mon 10 percent, Coho salmon are of little im- 

portance and no known spawning runs of chinook 

salmon (O, tshawytscha) or steelhead trout 

(Salmo gairdneri) exist, 

Assuming that 30,000 sculpins would have 

been present in Big Kitoi Creek in the spring 

of 1962 if treatment had not occurred, it is 

possible that 12 percent, or approximately 

135,000 pink salmon fry, were saved in 1962 by 

the treatment, 

SUMMARY 

Part of Big Kitoi Creek, on Afognak Island, 

Alaska, was treated with toxaphene to deter- 

mine (1) the extent of predation by sculpins on 

pink salmon fry in the stream, (2) the effects of 

toxaphene on the sculpins, and (3) the effects of 

toxaphene on the bottom fauna, 

The estimated population of sculpins before 

treatment was 30,000, Approximately 100,000 

pink salmon fry could have been taken by scul- 

pins in 1961, Treatment with toxaphene elimi- 

nated sculpins and other fishes in a 1,000-foot 

section of the stream, Sculpins were not ob- 

served up to 1 year later, 

Insects were eliminated, and populations of 

other invertebrate forms were greatly reduced, 

Recruitment of bottom organisms began shortly 

after treatment, but 1 year after treatment the 

pretreatment levels of bottom fauna biomass 

had not been reached, In general, the various 

groups of organisms were reestablished in the 

same areas they inhabited before treatment; in 

a few cases major groups have been replaced 

by different forms which were less well repre- 

sented before treatment, 

In this case we feel that the treatment of Big 

Kitoi Creek with toxaphene was an economical 

and effective means of reducing predation on 

pink salmon fry. 
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RELATION OF CHEMICAL STRUCTURE TO FISH TOXICITY 

IN NITROSALICYLANILIDES AND RELATED COMPOUNDS 

By Charles R. Walker, Chemist 

Fish Control Laboratory, La Crosse, Wis. 

Roland J. Starkey, Microbiologist 

Ben Venue Laboratories, Bedford, Ohio 

and Leif L. Marking, Chemist 

Fish Control Laboratory, La Crosse, Wis. 

ABSTRACT.=--Relations between chemical structures of salicylanilides 

and benzanilides and their toxicity to rainbow trout and goldfish were 

evaluated in standard, static bioassays. Single and multiple substitutions 

of alkyl-, nitro-, and halo- groups were tested. Substitution of hydroxy- 

at ortho (2) accompanied by nitro- at meta (3) or sub-meta (5) on the 

benzoic acid moiety are basic requirements for toxic activity against 

fish. Halogenation at para (4') markedly affects the selective toxicity of 

the compounds to either rainbow trout or goldfish. 

A search for potent piscicides is a primary 

function of the Fish Control Laboratory at La 

Crosse, Wis., and the Southeastern Fish Con-= 

trol Laboratory at Warm Springs, Ga. Candi- 

date compounds are bioassayed to determine 

their potentials as selective or general fish 

toxicants. Among the more toxic compounds 

studied to date is antimycin A (Walker, 

Lennon, and Berger, 1964). Strong (1958) 

described the capacity of antimycin A to in- 

hibit the electron-transport system in higher 

animals, and Derse and Strong (1963) sug- 

gested that the antibiotic may be useful as a 

toxicant highly selective to fish. Since anti- 

mycin A is a 3-formamidosalicylic lactone, 

interest was stimulated in the chemical and 

biological activities of N-substituted nitro- 

salicylates and formidosalicylates. Dickie 

et al. (1963) demonstrated that certain nitro- 

and formido-substitutions were significantly 

more active biologically than others. We 

elected toinvestigate certain salicylic acid de- 

rivatives to detect relations between chemical 

structure and biological activity against fish. 

Investigations with other test organisms have 

shown some relation between chemical struc- 

ture of salicylanilides and toxicity. Taborsky 

et al. (1959, 1962, 1963) described the impor- 
tance of specific substitutions to antimicrobial 

activity. Baichwal et al. (1960a) described fun- 

gicidal activities, and Schraufstatter (1962) 

demonstrated relations between structure and 

molluscicidal properties. Recently, Starkey and 

Howell (1965) pointed out the importance of 

molecular structure of salicylanilides to se- 

lective toxicity to the sea lamprey (Petromyzon 

marinus). 

The object of this study was to ascertain the 

structural requirements of compounds to pro- 

duce toxicity in two fishes. The compounds in- 

cluded certain substituted nitrosalicylanilides 

and benZanilides with consideration given to 

single and multiple substituents, and in par- 

ticular to the locus of the nitro and halogen 

groups. The fish were rainbow trout (Salmo 

gairdneri) and goldfish (Carassius 

auratus), 



METHODS AND MATERIALS 

The bioassay methods used were described 

by Lennon and Walker (1964) for the evalua- 

tion of fish control agents. All bioassays were 

conducted in reconstituted water at 12°C. The 

rainbow trout were acquired from the Man- 

chester, lowa, National Fish Hatchery and 

acclimated to the laboratory water supply. 

The mean LC, of p,p'-DDT for them was 

6.8 parts per billion, with a range from 1.9 to 
14.0 p.p.b. (table 1). The goldfish were ob- 

tained from the Lake Mills, Wis., National 

Fish Hatchery and weighed from 0.7 to 2.5 

grams. The mean LC,, of P,p’-DDT for them 

was 41.2 p.p.b., with a range from 27.0 to 

76.0 p.p.b. (table 1). 

TABLE 1.--Comparative sensitivities of different lots of fish to the 

reference standard p,p'-DDT expressed as the LC59 value in p.p.b. 

Average 
F = Date LCs50 

Species and lot weight . 
(qana) bioassayed (p.p.b. ) 

Rainbow trout: 
WO Di Galsperntatslatsfotelstoielstolatetetstotetate 0.92 Mar. 24, 1964 14.0 

Lot LJ ecccccccavcccscveveces 0.92 Apr. 10, 1964 4.6 
WOW WICopaosdooceacoduodsods4 0.20 May 21, 1965 1.9 

Mean LCsg.csecccsscccesscccdecrscsccensdecascccscecscace 6.8 

Goldfish: 
Mar. 4, 1964 76.0 

ee a ein © vin » v\ejvlelviaje s/ejejelale sje ely 5 se Mar. 31, 1964 27.0 

te ae eyeia\efatatatatetetstetatatetaVeretatey ste ae Apr. 3, 1964 32.0 
houecodoonoacnonedaane June 27, 1965 29.7 

Mean LCs o--eee ewe cccceccnccbecsccccccendescsecceccsccss {hs 41.2 

Toxicity of the compounds was determined 

at three concentrations (0.1, 1.0, and 10 parts 

per million) on rainbow trout and goldfish in 

2.5= or 15-liter glass containers. Ten fish 

were bioassayed at each concentration, and 

the effects of the chemicals upon the fish were 

recorded at 0.25, 0.5, 1, 3, 24, 48, 72, and 96 

hours. The data presented in this paper are 

confined to observations made at the end of 

3 and 48 hours, which appeared to be the crit- 

ical times for differentiating the gross acute 

toxic effects. 

Ben Venue Laboratories, Inc., Bedford, 

Ohio, furnished substituted salicylanilides and 

benzanilides for evaluation of relations be- 

tween structure and piscicidal activity (fig. 1 

and table 2). Substituted nitrosalicylanilides 

of the general formula depicted in figure 1 

have been documented (Taborsky et al., 1959; 

Taborsky and Starkey, 1963; and an unpublished 
manuscript "Some substituted salicylanilides" 
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SALICYLANILIDES 

Ro = OH accompanied by one or more 
of the following: 

R3 = NO, and/or Re = NO,,Cl, Br, or 
acetylamine 

Ro! —Re = NO,F, Cli,Br, I, oe 

C5Hs5, and/or phenylazo in 
one or more positions. 

BENZANILIDES 

Ro —Re = NO,,Cl, and/or OH with the 

following: 

Ro! — Rg: = NO,, Cl, Br, I, CH3,0CH3, 

and Co Hs in one or more 

positions. 

Figure 1, --General structure of substituted salicy 
anilides and benzanilides. 

by Roland J. Starkey). They can be arbitrarily 

divided into five groups based upon substituents 

in the aniline moiety: (1) halonitrosalicyl- 

anilides; (2) halonitrosalicylotoluidides; 

(3) nitrosalicyloxylidides; (4) nitrosalicyl- 

anisidides; and (5) a miscellaneous group in- 

cluding 4'-phenylazo-3-nitrosalicylanilide and 

2'-ethyl-3-nitrosalicylanilide. 

Salicylanilides are synthesized by the con- 

densation of salicylic acid or a derivative with 

aniline or a derivative thereof. This produces 

a biphenyl molecule with a CONH bridge and 

is characterized by the presence of an ortho 

phenolic hydroxyl group (OH) in the acid 

moiety. Benzanilides, also biphenyl in struc- 

ture with the CONH bridge but devoid of the 

hydroxyl group, are prepared in the same 

manner with a derivative of benzoic acid. 

3-nitrosalicylanilides, in addition to a 

hydroxyl group, possess a nitro (NO,) group 

at the 3 (meta) position of the acid moiety 



TABLE 2.--Compounds used in evaluating the relation of chemical structure to fish toxicity 

Compound Chemical name? Compound Chemical name* 

l. 3-nitrosalicylanilide 36. 2'-nitro-p-salicylanisidide 

2. 2'-iodo-3-nitrosalicylanilide 37. 2',3-dinitro-m-salicylanisidide 

3. 2'-ethyl-3-nitrosalicylanilide 38. 2'-chloro-3,4'-dinitrosalicylanilide 

4. 3'-chloro-3-nitrosalicylanilide 39. 3-nitrosalicylanilide 
5. 3'-bromo-3-nitrosalicylanilide 40. benzanilide 

an es . . 41. 3'-chloro-3-hydroxybenzanilide 
sy 3’-1odo-3-ni trosalicylanilide 42. 4'-chloro-3-hydroxybenzanilide 
7. 4'-chloro-3-nitrosalicylanilide 
“ P . 43. 2'-chloro-2-nitrobenzanilide 
8. 4'-bromo-3-nitrosalicylanilide : 

iE: = 44. 3'-chloro-2-nitrobenzanilide 

ae 4'-todo-3-nitrosalicylantlide 45 4'-chloro-2-nitrobenzanilide 
10. 4'-phenylazo-3-nitrosalicylanilide rs 

Py eye =a : 46. 4'-bromo-2-nitrobenzanilide 
EE 2'-chloro-5-ni trosalicylanilide 47. 3'-chloro-2-nitro-o-benzotoluidide 
12. 3'-fluoro-5-nitrosalicylanilide = 

; mi = 48. 3-nitrobenzanilide 
13. 4'-chloro-5-nitrosalicylanilide - 4 

' : 49. 2'-chloro-3-nitrobenzanilide 
Bat | g|) spetege: ies eee EG 50. | 3'-chloro-3-nitrobenzanilide 
15. 3'-chloro-5-acetamidosalicylanilide 4 = ; 

16. 2',4',6'-trichloro-3-nitrosalicylanilide a 2 Sgubengn ct Binzer eRe 
es ; 3 52. 2'-chloro-4-nitrobenzanilide 

17. 3',4'-dichloro-3-nitrosalicylanilide 
hee ‘ == 53. 3'-chloro-4-nitrobenzanilide 

18. 2',5'-dibromo-3-nitrosalicylanilide 54 Bisanionc entire badeantiide 
19. 4'-chloro-5-bromo-3-nitrosalicylanilide 55. Banieahennaitas 
20. 4',5-dibromo-3-nitrosalicylanilide 3 BP 

56. 3,5-dinitrobenzanilide 

21. 3-nitro-2',3'-salicyloxylidide 57. 2'-chloro-3, 5-dinitrobenzanilide 
22. 3-nitro-2',4'-salicyloxylidide 58. 3'-chloro-3,5-dinitrobenzanilide 
23. 3-nitro-2',5'-salicyloxylidide 59. 3'-bromo-3,5-dinitrobenzanilide 
24. 3-nitro-2',6'-salicyloxylidide 60. 4'-bromo-3,5-dinitrobenzanilide 
25. 3'-chloro-3-nitro-o-salicylotoluidide 

61. 4'-iodo-3,5-dinitrobenzanilide 
26. 4'-chloro-3-nitro-o-salicylotoluidide 62. 2'-fluoro-3, 5-dinitrobenzanilide 
27. 2'-chloro-3-nitro-p-salicylotoluidide 63. 3,5-dinitro-o-benzotoluidide 
28. 6'-chloro-3-nitro-o-salicylotoluidide 64. 3,5-dinitro-2',3'-benzoxylidide 
29. 3,5'-dinitro-o-salicylotoluidide 65. 3'-chloro-3,5-dinitro-p-benzotoluidide 
30. 2',3-dinitro-p-salicylotoluidide Ne 

> 66. 5'-chloro-3, 5-dinitro-o-benzotoluidide 
31. 4'-bromo-3-nitro-o-salicylotoluidide 67. 3'-chloro-3, 5-dinitro-o-benzotoluidide 
32. 5'-chloro-3-nitro-o-salicylanisidide 68. 3,3',5-trinitrobenzanilide 
33. 4'-chloro-2',5'-dimethoxy-3-nitrosalicylanilide 2',3,4',5-tetranitrobenzanilide 
34. 5'-methyl-o-salicylanisidide 5'-chloro-3,5-dinitro-o-benzanisidide 
35. 4'-nitro-o-salicylanisidide 2',5'-diethyl-3,5-dinitrobenzanilide 

2 A.C.S. or I.U.C. nomenclature 

(fig. 1 and table 2), 5-nitrosalicylanilides dif- 

fer with the locus of the nitro group being 

oriented to the five position. In several in- 

stances halogens have also been substituted 

at the 5 position to produce 5-chloro-3- 

nitrosalicylanilides or 5-bromo-3-nitrosal- 

icylanilides. Variations in these compounds 

have been achieved by introducing single 

(mono) or multiple (poly) substituents in the 

anilide portion of the molecule. Diversity was 

attained with isomers by changing the locus 

of one or all of the substituents. In one case 

(compound 15, table 2) the 5-substituted nitro 

group has been reduced to an acetamido group. 

RESULTS 

NITROSALICYLANILIDES 

Mono-substituted nitrosalicylanilides.-- 

This series, with the exception of 2'-ethyl-3- 

nitrosalicylanilides, 2’-chloro-5-nitrosal- 

icylanilide, and the 5-acetamido- derivative 

of 3'-chloro-5-nitrosalicylanilide (com- 

pounds 3, 11, 15, table 3), effected a com- 

plete kill of rainbow trout during a 48-hour 

test period at 1 p.p.m. Most of the substi- 

tuted 3-nitrosalicylanilides at this concen- 

tration were lethal within 3 hours. 3-nitro- 

salicylanilide per se (compound 1, table 3) 

did not share this property of producing death 

quickly. Substituted 5-nitrosalicylanilides did 

not kill fish quickly at less than 10 p.p.m. 

4'-phenylazo-3-nitrosalicylanilide and 4'- 

iodo-3-nitrosalicylanilide (compounds 9 and 

10, table 3) were the only mono-halonitrosal- 

icylanilides lethal to trout at 0.1 p.p.m. 

Seven of the mono-substituted nitrosalicyl- 

anilides (compounds 6-10 and 13-14, table 3) 

killed all rainbow trout and goldfish at 

10 p.p.m. Two of them, 4'-chloro-3-nitro- 

salicylanilide and 4'-~iodo-3-nitrosalicyl- 

anilide, were effective within 3 hours. 4'- 

chloro-3-nitrosalicylanilide was lethal to 

goldfish at 0.1 p.p.m. but not to rainbow trout 

during the 48-hour test. Seven others (Nos. l, 

2, 4, 5, 11, 12, and 15) were lethal to trout at 

1 p.p.m. but varied in toxicity to goldfish. 

The toxicity of mono-substituted nitrosal- 

icylanilides to goldfish increased as the locus 

of the substituent in the aniline moiety was 



TABLE 3.--Relation of chemical structure to piscicidal activity of mono-substituted nitrosalicylanilides to two species of fish at 12°C. 

Toxicity of the compound to-- 

As OH NO, -- = == -- Cl 
Be OH NO -- -- -- -- Br 
6. OH NO2 2 == =e == I 

7. OH NO, -- -- -- -- -- 
8. OH NOz -- == -- == -- 
9. OH NO> -- -- == == -- 

10. OH NOz -- -- -= == -- 

a OH -- -- NOp -- C1 = 
12 OH -- -- NO2 -- -- F 
13 OH -- -- NO -- -- -- 
14 OH -- -- NO -- -- -- 
15 OH -- == AcAm? -- == cl 

Pd 0) ) 
ss 0 0) 
— 0 (e) 

ps = 0) 10 210 2 10 
=< -- 0) fo) 10 126 
== cs 9 0) PTO 210 
as 2 10 10) 10 10 

ee ae 0) 1 
ae ead 0) () 
-- ze 0) 1 
oe oa ) i 
-- -- 1 0) 

+ 11 dead at 3 hours. 
2 Phenyl-azo. 

3 Acetamido. 

oriented from ortho (2') to para (4'). For ex- 

ample, although iodo-3-nitrosalicylanilides 

were evaluated at all three positions, only 

2'-iodo-3-nitrosalicylanilide was nontoxic to 

goldfish at 1 p.p.m. 3'-iodo- and 4'-iodo-3- 

nitrosalicylanilide are lethal to both species 

at this concentration, but 4'-iodo=-3-nitrosal- 

icylanilide was lethal to both species within 

3 hours. In addition the latter compound 

killed 9 out of 10 rainbow trout at 0.1 p.p.m., 

but the ortho (2') and meta (3") isomers were 

ineffective. Likewise, 3'=chloro=3-nitrosal- 

icylanilide required 48 hours to kill 6 out of 

10 goldfish and all of the rainbow trout at 

1 p.p.m. 4'=chloro-3-nitrosalicylanilide pro-=- 

duced total kills of both species within 3 hours. 

Further trials revealed that 4'-chloro-3- 

nitrosalicylanilide is far more toxic to gold- 

fish than to rainbow trout at 0.1 p.p.m. 

(tables 4 and 5). 

TABLE 4.--Relation of chemical structure of nitrosalicylanilides to selective piscicidal activity for rainbow trout and goldfish at 12°C. 

<__S? : " Kasi 
3 2 ; oe 

Toxicity of the compound to-- 

Doometen Locus of substituent on the structure Ros neOwn trenton Gabicn ee 

2 3 4 

10 OH NO2 -- 0 
19 OH NO2 -- 3 
20 OH NO2 -- 2 
9 OH NO2 —— le) 

31 OH NO == 2 +0 0} 
17 OH NO2 -- 1 = ite) at 
8 OH NOz2 aa 0 10 0 

6 OH NO2 -- ) 220 0) 

L. OH -- -- 0 1 

14. OH -- == 0 1 

33h OH NO -- 0) 1 
Te OH NO2 ~ ( 10 

+ 11 dead at 3 hours. 
2 C,<H,-N=N-(phenyl-azo). 



TABLE 5.--Qbligatory structural requirements for 4'-chloro-3-nitrosalicylanilide as a selective piscicidal agent for goldfish and rainbow trout 

ooo ooocoe 

2 All dead at 3 hours. 

Poly-substituted nitrosalicylanilides.-- some with two methyl groups (3'=nitrosal- 

Tests were made to determine whether tox- icyloxylidides), and others with halogenated- 

icity and selectivity could be enhanced with methoxy (CH ,O) derivatives (halo-3- 

poly-substituted derivatives of 3-nitrosal- nitrosalicylanisidides) (table 6). 

icylanilide. This series includes compounds 

with multiple substituents, some containing 3', 4'-dichloro-3-nitrosalicylanilide (com- 

a halogen and a methyl group (CH;) in the pound 17, tables 2, 4, and 6) killed all gold- 

aniline moiety (halo-3-nitrosalicylotoluidides), fish and rainbow trout at 1 p.p.m., but 9 out 

TABLE 6.--Relation of chemical structure to piscicidal activity of poly-substituted nitrosalicylanilides to two species of fish at 12°C. 

Toxicity of the compound to-- 

Locus 7 
Rainbow trout at-- Goldfish at-- a i ee ae 

, 3 0.1 = 

16 OH NO2 -- 10) 0 
17 OH NO2 = 1 i) 
18 OH NO2 = te) fC) 

19 OH NO2 -= 10 3 
20 OH NO2 -- 10 2 

21 OH NO2 -- 0) 2 
22 OH NOz -- 0 0) 
23 OH NO2 -- 0 0 
24 OH NO2 -- 10) 0 

25 OH NO2 -- 1 io) 
26 OH NO2 -- Oo ie) 

27 OH NO2 -- 1 1 

28 OH NOz -- 0) 0) 

29 OH NO2 -- 0) 0) 
30 OH NO2 -- 0) 0) 
31 OH NO2 -- 2 0) 

32 OH NO2 -- ) 0 
33 OH NOo == ie) 1 
34 OH NO2 == 9) 1 
35 OH NO2 -- 0) 1 

36 OH NOz -- ) ) 
37 OH NO2 == fe) 0) 
38 OH NO2 rare 0 2 

39 OH NO2 -- ie) ie} 

7/911 dead at 3 hours. 



of 10 of each species survived at 0.1 p.p.m. 

Compared with 4'-chloro-3-nitrosalicyl- 

anilide, this compound was less toxic to gold- 

fish but more toxic to rainbow trout. Also, 

2',4',6'-trichloro-3-nitrosalicylanilide (com- 

pound 16, table 6) was toxic to goldfish and 

rainbow trout at 10 p.p.m. but not at 1 p.p.m. 

It thus appears that the receptors of goldfish, 

sensitive to 4'-chloro-3-nitrosalicylanilide, 

cannot easily accommodate bulkier molecules 

irrespective of a common para (4") substit- 

uent. A similar observation on the sea lam-= 

prey was made by Starkey and Howell (1965). 

A change in locus of the nitro- group from 

meta (3) to sub-meta (5) on the salicylic acid 

moiety of para (4') halogenated anilides re- 

sulted in slightly more toxicity to goldfish 

than rainbow trout at 0.1 p.p.m. (compounds 13 

and 14, table 6). The toxicity of 5-nitrosalicyl- 

anilides to rainbow trout and goldfish was re- 

duced when the halogen was moved to the 

meta (3') position. The ortho (2") substitution 

was even less toxic. 

Among the poly-substituted 3=nitrosalicyl- 

anilides, 4',5-dibromo-3-nitrosalicylanilide 

and 4'=bromo-5-chloro-3-nitrosalicylanilide 

(compounds 19-20, tables 4 and 6) were lethal 

to rainbow trout at 0.1 p.p.m. but only slightly 

toxic to goldfish. At 1 p.p.m. both compounds 

were lethal to trout within 3 hours whereas 

goldfish succumbed later during the 48-hour 

test. 

The toxicity of 3=nitrosalicyloxylidides 

(compounds 21-24, table 6) to rainbow trout 

varies with the loci of the methyl (CH,) sub- 

stituents in the aniline moiety. Each com- 

pound in this series has an ortho (2') methyl 

group in common but differs with the 

“ring position of the second substituent either 

at the meta (3'), para (4'), sub-meta (5'), or 

sub-ortho (6') positions. The 2',3'- and 2',4'- 

isomers are completely lethal to rainbow trout 

at 1 p.p.m. In comparison, the 2',5'= and 

2',6'= isomers produce 90- and 10-percent 

mortality, respectively. None of the isomers 

was toxic to goldfish except at 10 p.p.m. A 

similar variation in the toxicity of 3-nitro- 

salicyloxylidides of the sea lamprey was re- 

ported by Starkey and Howell (1965). 
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Halo-3-nitrosalicylotoludides were tested to 

ascertain if the activity of 3-nitrosalicyl- 

oxylidides is significantly altered by sub- 

stituting a halogen, nitro, or methoxy group 

for a methyl group (table 7), 3-nitro-2,3- 

salicyloxylidide and 3-nitro-2,4-salicyl- 

oxylidide (compounds 21 and 22) were not 

toxic to goldfish at 1 p.p.m. Substitution of 

the meta (3') and para (4') with chlorine 

atoms, however, produced compounds (3'=} 

chloro-3-nitro-o-salicylotoluidide and 4'- 

chloro-3-nitro-o-salicylotoluidide, com- 
pounds 25 and 26) which were lethal at 

1 p.p.m. but not at 0. 1 p.p.m. Substitution of 

the ortho (2') methyl group with a nitro group, 

as in the case of 2',3-dinitro-p-salicylo- 

toluidide (compound 30, table 7), resulted in a 
compound which was nontoxic to goldfish at 

1 p.p.m. 

Other compounds in which one of the methyl 

groups was replaced by a methoxy group (3- 

nitrosalicylanisidides) were relatively non- 

toxic to goldfish at 1 p.p.m. The only excep- 

tion was 2',3-dinitro-p-salicylanisidide (com- 

pound 36) which killed 4 of 10 goldfish. Its 
isomer, 2',3-dinitro-5-salicylanisidide (com- 

pound 37), was nontoxic to goldfish at 

10 p.p.m. but killed all rainbow trout at 

1 p.p.m. Altering the loci of chloro and 

methyl groups, as in the case of 2'-chloro-3- 

nitro-6-salicylanisidide (compound 28) elim- 

inated toxicity to goldfish at 10 p.p.m. In no 

instance did the halo-3-nitrosalicylo- 

toludides, 3-nitrosalicyloxylidides, and 3- 

nitrosalicylanisidides exhibit selective tox= 

icity to goldfish over rainbow trout. Only one 

compound, a 2',5'=dimethoxy=3-nitrosalicyl- 

anilide, demonstrated a slight toxicity to gold- 

fish at 0. 1 p.p.m. and did not affect rainbow 

trout. 

BENZANILIDES 

Benzanilides in this series (table 8), dif- 

fering from salicylanilides by the absence of 

an ortho hydroxyl substituent, include benz- 

anilide (compound 40), meta (3) hydroxybenz- 

anilides (compounds 41-42), ortho (2) nitro- 

benzanilides (compounds 43-47), meta 
(3) nitrobenzanilides (compounds 48-51), para 

(4) nitrobenzanilides (compounds 52-54), para 



TABLE 7.--Relation of chemical structure to piscicidal activity of 3- -nitrosalicyloxylidides, 3-nitrosalicylanisidides, and 3-nitrosalicylotoluidides 
to two species of fish at 12°. 

locus of substituent on the structure ee 

0.1 1.0 10.0 0.1 1.0 

TABLE 8.--Relation of chemical structure to piscicidal activity of mono- and poly-substituted benzanilides to two species of fish at 12°C. 

ooo0oo0o0 COG0 COFCO FO OoOoOoOrFO FOO NRFRFO ON 

2 All dead at 3 hours. 

5 6 0 2! et 

6! s' 

Toxicity of the compound to-- 

Locus of substituent on the structure Goldfish at-- 

(0) (a) (0) (o) (¢) 
) (0) 0) ) 7 
0) fe) to) ) 2 

fe) 0) 0) 0) (a) 
(0) (0) ) 0) 6 
0) (0) (a) (0) 5 
) Co) 0 a 2 
) (0) ) (0) 0) 

) fo) (0) (0) 10 
0) ie) (o) (0) 1 
fo) 2 fe) te) 210 
0) ) 1 fe) 0) 

0) ) 0) Co) (a) 
fe) (o) 0) 0 0 
0) 0) (a) fe) 6 
(9) fo) Ce) 0 Co) 

(a) 0) 0) (0) fs) (0) 
0 0) 0) 0) 0) 0 
(0) (0) 7 fe) (a) ) 
(9) 4 0 0) (0) fe) 

0 0) fe) (a) (6) (a) 
Co) (a) fe) (0) Co) (0) 
0 io) 10 (0) (0) 10 

() te) 10 fo) 1 8 
(a) (a) 1 (0) (o) to) 
(0) ie) 2 (0) (0) (0) 
(0) fo) (0) (0) (0) 
0 0) (0) fe) () 

0) is) (s) (a) 0) 
(s) 0) (0) (0) fe) 
io) 0) fe) at ) 
(0) Ys, fo) (6) 1 

i All dead at 3 hours. 
2 Precipitation at 10 p.p.m. 
= Sounding. 



(4) chlorobenzanilides (compound 55), and 

3,5-dinitrobenzanilides (compounds 57-71). 

As in the substituted salicylanilides, the sub- 

stituents (mono or poly) are either halogen, 

methyl, or nitro groups on the anilide portion 

of the molecule (fig. 1, table 2). 

In general, the benzanilides are relatively 

nontoxic to rainbow trout and goldfish (tables 

5 and 8). Only three (compounds 48, 50, and 

62) were lethal to goldfish at 10 p.p.m. It 

appears that substituted benzanilides have 

minimal toxicity in comparison with salicyl- 

anilides. This is attributed to the lack of an 

ortho hydroxyl substituent. These findings 

agree with those of Baichwal et al. (1960a) 

and Starkey and Howell (1965). For example, 

3'-chloro=2-nitrobenzanilide and 4'-chloro- 

2-nitrobenzanilide (compounds 44 and 45, 

tables 5 and 8) were the most toxic to both 

species. The speed of activity was increased 

markedly by moving the nitro group to the 

meta (3) position in the acid moiety. Sub- 

stitution of the nitro group at the para (4) 

position produced compounds intermediate in 

toxicity. 

The 3,5-dinitrobenzanilides were relatively 

insoluble at 10 p.p.m. and were therefore 

difficult to bioassay. They were, with several 

exceptions, selective to rainbow trout at 

10 p.p.m. (table 5). Only two (compounds 62 

and 63) were significantly toxic to goldfish at 

this concentration. 3,3',5=-trinitrobenzani- 

lide was more toxic than 2',3,4',5-tetranitro- 

benzanilide (compounds 68 and 69) and may 

reflect the effects of saturation on both tox- 

icity and selectivity. 

Another group of benzanilides (compounds 

41, 44, 50, 53, and 58) possess a meta (3') 

chloro-substituent and vary only in the locus 

of a substituent in the acid moiety (table 8). 

Of them, compounds 44, 50, 53, and 58 are 

various substituted nitrobenzanilides and 

compound 41 is a substituted 3-hydroxybenz- 

anilide. None has the ortho hydroxyl substit- 

uent characteristic of salicylanilides. Com- 

pound 53 which has the nitro substituted in 

the para (4) position was nontoxic to both 

fishes. The other compounds (41, 44, 50, and 

58) were lethal to rainbow trout at 10 p.p.m., 

but only compound 50 was toxic at 1 p.p.m. 

10 

Compounds 41, 44, and 50 varied in their 

toxicity to goldfish, and only compound 50 

killed all specimens at 10 p.p.m. None was 

toxic to the species at 1 p.p.m. Compound 58 

was nontoxic at either concentration. 

2' ,6'=diethyl-3,5-dinitrobenzanilide (com- 

pound 71, table 8) was nontoxic to rainbow 

trout and goldfish but caused sounding reac- 

tion among the rainbows at 0.1 and 1 p.p.m. 

DISCUSSION 

Chemical structures which exhibit the 

greater toxicity to rainbow trout and goldfish 

were nitrosalicylanilides. We attribute this to 

the ortho (2) hydroxy substitution on the acid 

moiety. Baichwal et al. (1960a) and Starkey and 

Howell (1965) made similar findings with re- 

spect to fungi and sea lampreys respectively. 

In contrast, benzanilides which do not con- 

tain the hydroxy substitution in the ortho 

position are relatively nontoxic to the test 

fishes. 

The ortho (2) hydroxy substitution also 

appears to accelerate the biological activity 

of a compound, because the rainbow trout and 

goldfish often succumbed in tests within 3 

hours. 

The substitution of meta (3') nitro on the 

benzoic acid moiety of benzanilides produced 

greater toxicity to rainbow trout and goldfish 

than other nitro substitutions, A nitro substi- 

tution in the para (4) position had the least 

effect of any nitro substitution. 

Substitutions of halogens in the para (4*) 
position on the aniline moiety of salicylani- 

lides markedly increased toxicities to fish. 

They also increase the speed of toxic action. 

Furthermore, the size of halogen atom has a 

dramatic effect on selective activity between 

rainbow trout and goldfish. A para substitu- 

tion of iodine (atomic weight 127) is most 

toxic to rainbow trout, whereas bromine 

(atomic weight 80) is equally toxic to the two 

species. Chlorine (atomic weight 35) in the 

para position, however, is selectively toxic 

to goldfish. 



Of the halogen substitutions, those in the 

ortho (2') position on the aniline moiety of 

either benzanilides or salicylanilides had 

least effect. One noteworthy exception oc- 

curred when an additional substitution of a 

nitro was made in the para (4"') position. The 

result was greater toxicity to goldfish over 

rainbow trout. Similarly, the chloro substitu- 

tion in the para (4"') position in 4'-chloro-3- 

nitrosalicylanilide caused selective toxicity 

to goldfish. This particular change in the 

structural configuration strengthens the con- 

cept that selective toxicity occurs when the 

molecular geometry of a toxicant fits the 

receptor geometry of the fish. Baichwal et al. 

(1960b) investigated the fungicidal properties 

of salicylanilides and derivatives and indi- 

cated that activity may be attributed to inter- 

ference to an enzyme or enzyme system(s) by 

hydrogen bonding or chelation via the phenol 

(ortho (4') hydroxy-) and amidic oxygen 

atoms. Furthermore, according to Ariéns 

(1964), the introduction of an electron spend- 

ing group, such as the hydroxy (-OH) in the 

ortho or para position, increases the electron 

density in a conjugated system. Conversely, 

the nitro group decreases the electron density 

of this system. 

Our further substitution of a bromine in the 

sub-meta (5) position on the salicylic acid 

moiety of the para (4') halo-3-nitrosalicylani- 

lides gave even greater toxic action to fish in 

general. Baichwal et al. (1960a) noted a sim- 

ilar increase in toxicity by 5-chloro substitu- 

tions on fungicides. 

CONCLUSIONS 

The chemical structure of salicylanilides 

and benzanilides was related to toxicity and 

selectivity to rainbow trout and goldfish. 

Salicylanilides were more toxic than benzan- 

ilides to the fishes. The ortho (2) hydroxy 

substitution of salicylanilide accelerates bio- 

logical activity against fish. The meta (3) 

nitro substitution on the salicylanilides and 

benzanilides increases toxicity to fish. The 

para (4") halogen substitution on nitrosalicyl- 

anilides markedly increased toxicities to fish 

and enhanced the speed of toxic action. The 

size of the halogen atom substituted on 3- 

nitrosalicylanilide affected selective toxicity 

between rainbow trout and goldfish. The ortho 

(2') halogen substitution on 3-nitrosalicylani- 

lide became selectively toxic to goldfish by 

adding a para (4') nitro on the aniline moiety. 
The para (4") halogen substitution on 5-nitro- 

salicylanilides caused slight selective toxicity 

to goldfish, A para (4") chloro substitution on 
the 2',5'-dimethoxy-3-nitrosalicylanilide re- 

sulted in selective toxicity to goldfish. A 

bromine substituted in the sub-meta (5) posi- 

tion on para (4') halo-3-nitrosalicylanilides 

increased toxicity to fish. 

SUMMARY 

Relations between the chemical structures 

of salicylanilides and benzanilides and their 

toxicity to rainbow trout and goldfish were 

investigated. Single and multiple substitutions 

of alkyl, nitro, and halo groups on the sali- 

cylanilides and benZanilides were tested in 

standard, static bioassays with fingerling fish 

at the Fish Control Laboratory. 

The nitrosalicylanilides were more toxic to 

the fish than benzanilides, A hydroxy substitu- 

tion at ortho (2) appears to accelerate toxic 
action, The nitro substitution at meta (3) or 
sub-meta (5) on the benzoic acid moiety 

caused greater toxicity to the fish than other 

nitro substitutions, 

Halogens in the para (4') position on the 

aniline moiety of salicylanilides markedly in- 

creased toxicities to fish and accelerated 

toxic action. The size of the halogen atom was 

found to have a great effect on selective ac- 

tivity between the two fishes. Iodine in the 

para (4') position produced greater toxicity 

to rainbow trout, whereas chlorine in the 

same position brought about an increase in 

toxicity to goldfish. 

Halogens in the meta position were less 

toxic than para, and least toxic in the ortho 

position. An exception occurs when the chloro 

in the ortho (2') position was accompanied by 

a nitro in the para (4") position, The resulting 

compound was selectively toxic to goldfish. 

Halogenation in the sub-meta (5) position on 

the salicylic acid moiety produced even 

greater toxicity to both species, 

al 



The results of changes in structural config- 

uration of salicylanilides support the concept 

that general and selective toxicity occurs 

when molecular geometry of a toxicant con- 

forms to the receptor geometry of the fish. 
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EVALUATION OF p,p’-DDT AS A REFERENCE TOXICANT IN BIOASSAYS 

By Leif L, Marking, Chemist 

Fish Control Laboratory, La Crosse, Wis, 

ABSTRACT,--p,p'-DDT was tested as a reference standard toxicant 

against 19 species of freshwater fish, including 39 lots from 10 sources, 

In particular, the rapidity, nonselectivity, and consistency of its toxicity 

to fish were evaluated in 96-hour static bioassays, The chemical was 

rapidly and consistently toxic to lake trout, carp, green sunfish, bluegill, 

and yellow perch, It lacked either rapid or consistent toxicity to rainbow 

trout, brook trout, goldfish, fathead minnows, and longear sunfish in 96- 

hour tests, Thus, p,p'-DDT is of limited usefulness as a reference stand- 

ard toxicant in large bioassays with many species of fish, 

Necessity for standardization of facilities 

and techniques in bioassay, and reproducibility 

and comparability of results from test to test 

and investigation to investigation was recog- 

nized early in the fish control program, Others 

have also emphasized this necessity, Hart, 

Doudoroff, and Greenbank (1945) stated the 

need for a reference evaluation in bioassays 

to serve as a link between work of different 

investigators and to compare the relative 

toxicities of substances, Warren and Doudoroff 

(1958) observed that living organisms are 

highly variable and in order to obtain repro- 

ducible results in bioassays, uniformly toler- 

ant test organisms must be found, Cutting et al. 

(1959) pointed out the unique advantages of 

fish as indicator organisms, but noted the per- 

sistent difficulties in making needed compari- 

sons of bioassays because of the variety of 

fishes used, Cope (1961) suggested that it is 

essential to have some measure of the condi- 

tion of test fish which are used in bioassays, 

Douglas and Irwin (1962) stressed the fact that 

results of independent bioassays often cannot 

be related because the comparative resistance 

of many test fishes has not been established, 

They pointed out the need for knowledge on the 

reactions of different species of fish when ex- 

posed to a particular toxicant, 

Standardization of bioassay facilities and 

methods at the Fish Control Laboratories, 

La Crosse, Wis,, and Warm Springs, Ga., 

were reported by Lennon and Walker (1964), 

The reproducibility and comparability of re- 

sults in bioassays may be achieved best by 

employing a standardized test fish, but there 

is none at present, In lieu of a standard test 

fish, the potentials of p,p'-DDT as a standard 

reference chemical in bioassays were investi- 

gated, 

A standard reference chemical should have 

the following qualifications: 

1, A rapid, nonselective, and consistent 

toxicity to fish, 

2, Uncommon in nature, thus reducing 

risks of previous exposure among fish, 

3. A known mode of action on fish, 

The purpose of this study was to determine 

whether p,p'-DDT has the first qualification, 

Accordingly, we evaluated the toxicity of the 

chemical against 19 species of freshwater 

fish, including 39 separate lots of fish from 10 

different sources, 

METHODS AND MATERIALS 

The bioassays of p,p'-DDT [1,1,1-tri- 
chloro-2,2-bis (p-chlorophenyl) ethanol] at 

La Crosse and Warm Springs were Static tests 



in 5-gallon glass jars as described by Lennon 

and Walker (1964). Stock solutions of the rea- 

gent grade chemical were made in acetone, 

and aliquots were added directly to bioassay 

vessels. The quantity of acetone in bioassays 

never exceeded 1 ml. per 1. The 96-hour 

LC.) values (concentrations producing 50- 

percent mortality) were calculated accord- 

ing tothe method of Litchfield and Wilcoxon 

(1949). This method gives a 95=-percent con- 

fidence interval, the range in which 50 per- 

cent of the fish die 95 percent of the time. 

The species and sources of fish are listed 

in table 1. Most of the lots were received 

from National Fish Hatcheries, but one lot of 

brook trout was received from a Wisconsin 

State Hatchery and two species were collected 

at the Necedah National Wildlife Refuge in 

Wisconsin. A "lot''is a particular group of 

fish of a species received from a hatchery in 

a single shipment. 

TABLE 1.--Species and source of fish used in bioassays of p,p'-DDT 

Common name Technical name Source 

Rainbow trout...... Salmo gairdneri Manchester NFH, Ia. 

Brown trout........ Salmo trutta Manchester NFH, Ia. 
Brook trout........ Salvelinus fontinalis Lake Mills NFH, Wis. 
Brook trout.......- Salvelinus fontinalis St. Croix Falls SFH, Wis. 

Lake trout---+------ Salvelinus namaycush Jordan River NFH, Mich. 
Northern pike...... Esox lucius Yankton NFH, S.D. 

Goldfish........... Carassius auratus lake Mills NFH, Wis. 
Northern redbelly 

GHEE G coo cesoocs6 Chrosomus eos Necedah NWR, Wis. 

(CearPaietalsioleleials(alaletetai= Cyprinus carpio Lake Mills NFH, Wis. 

Fathead minnow..... Pimephales promelas Lake Mills NFH, Wis. 

Black bullhead..... Ictalurus melas Guttenberg NFH, Ia. 

Channel catfish.... | Ictalurus punctatus Fairport NFH, Ia. 

Brook stickleback. - 

Green sunfish. 
EBucalia inconstans 

Lepomis cyanellus 
Necedah NWR, Wis. 
lake Mills NFH, Wis. 

Pumpkinseed... Lepomis gibbosus Lake Mills NFH, Wis. 

Bluegill Lepomis macrochirus Lake Mills NFH, Wis. 

Bluegill....ssscee- Lepomis macrochirus 
Longear sunfish.... | Lepomis megalotis 

Largemouth bass.*... | Micropterus salmoides 

Yellow perch....... Perca flavescens i 

Fresh water drum... Aplodinotus grunniens 

Warm Springs NFH, Ga. 
Fairport NFH, Ia. 

Genoa NFH, Wis. 
Lake Mills NFH, Wis. 

Lake Mills NFH, Wis. 

repeated biweekly for as long as a lot re- 

mained on hand in usable condition. Subse- 

quent acquisitions of the same species were 

assigned different lot numbers even though 

they may have come from the same hatchery 

stock as a previous lot. 

Mortalities of the test fish were recorded 

throughout each 96-hour bioassay. Prelimi- 

nary investigations disclosed that p,p'-DDT 

produces similar effects on all species of 
fish, although there are slight variations in 

the behavior of different species. Reactions 

in catfishes, for instance, are less obvious 

than in trout. Generally, irritation and excita- 

tion are readily noticeable in the earlier 

stages of response. Swimming becomes er- 

ratic, upside down, on a side, with surfacing 

and colliding with walls of the container. The 

swimming is continuous until the final stages 

of response. Total loss of equilibrium, loss of 

reflex reactivity, and cessation of locomotion 

immediately precede death. Moribund fish 

often turn light in color, The operculums are 

usually distended and the spine is sometimes 

curved, indicating convulsive reactions at the 

time of death. 

RESULTS 

The toxicity of p,p'-DDT differed greatly 

among the 19 species of fish. The compound 

was consistently very toxic to some fishes but 

less and inconsistently so to others (table 2). 

The toxicity also varied among lots of a spe- 

cies, and details are given in tables 3 to 7. 

TABLE 2.--Order of toxicity of p,p'-DDT to various species of fish 

Upon delivery, the fish were maintained in 

a fish holding house and fed commercial pel- 

lets. The lengths and weights of representa- 

tive samples in each lot were measured rou= 

tinely. The fish at La Crosse and Warm 

Springs were held and tested at 12° and 17° 
C., respectively. Before testing, each lot was 

in quarantine for 10 days; food was withheld 

the last 3 days. If, after quarantine, a lot of 

fish was judged acceptable for bioassay, it 

was used in tests of p,p'=-DDT and candidate 

fish controls. The tests with P,p'-DDT were 

4 

Number Number 
ie 

Sueties of lots of tests 

Largemouth bass.. 1 0.8 
Yellow perch... 2 0.9 

Northern pike.. cee ak 1.7 
Green SUNFISH .si<e coc ccc ccclewimenis 3 4.5 

Pumpkinseed.....-scceccsccccccecs 2 5 4.5 
BlUuCZII1. wcccewecccccccvcrceveces 8 10 4.5 
ah SONIC HO aor OSU SoC OtCr a 4 6 8.2 
Longear ‘Sunfish. 2... 6 ccna cee om 1 2 8.7 

1 2 9.3 
EG 1 10.0 

Rainbow trout.. 4 8 10.7 
Brown trout aN a 10.9 

Brook trout. ..cecercesecccvesceces 2 4 11.5 

Channel catfish.....cecceccccccee E 2 17.5 
Black’ bulilheadss ..c5 ee ecccenwee if 4 25.8 
GOLMLGH. . wc cicninelecsiecvncecmeacen 4 7 58.7 

Brook stickleback....ssececeeeres ae 1 67.0 
Northern redbelly dace.......-.-- a L 68.0 



TABLE 3.--Toxicity of p,p'-DDT to trout and northern pike in 96 hours 

a) at 12°C, 

Average Date 95-percent con- 

fidence interval Species and lot weight tested 
(grams ) 

Rainbow trout: 

TRNGR Cu uecawcexnasae| Oso 3-24-64 
FY Ae eer es 0.9 4-10-64 

1.2 4-24-64 

1.6 5-15-64 
1.9 5-22-64 

2.5 6- 5-64 
3.1 6-19-64 

WEE T5900: siewin witin biemisiviow 0.5 2- 5-65 

Brown trout: Lot 26........ 4.0 6- 5-64 

Brook trout: 
EGG 1S. ecwccccccscccccs 4-10-64 

Doe cncccavcccrccccces 4-24-64 

DOs ccccecveccccccnces 5- 1-64 

DGG LOL seesiswvits sacvdes 2- 5-65 

Lake trout: 
UGG Posse cacwceveccescs 8-21-64 

Donivnwsiescccccenecaee 9-18-64 

Northern pike: Lot 34...... 5-30-64 

12.8-15.4 

+6 2.9- 7.4 
7.2 6.0- 8.7 

15.0 12.0-19.0 
17.0 14.4-20.1 
13.0 9.7-17.4 
12.0 10.7-13.4 
2.4 1.7- 3.3 

10.9 9.6-12.3 

7.2 5.2-10.1 
17.0 14.3-20.2 
20.0 11.9-33.6 
1.8 1.2- 2.4 

9.1 8.0-10.4 
9.5 8.5-10.6 

1.7 1.4- 2.0 

TABLE 4.--Toxicity of p,p'-DDT to cyprinids in 96 hours at alee PP 

Average 
: z Date LC59 95-percent con- 

Species and lot ences tested |(p.p.b.) | fidence interval 

Goldfish: 
2.5 3-4-64 76.0 27.0-213.0 

TOt 19. vecccccccceesove 2.4 3-31-64 27.0 15.0- 50.0 
DOsiccscccccccccccccce 2.4 4- 3-64 32.0 17.0- 61.0 

1.9 8-11-64 | 180.0 125.9-257.4 
0.8 11-13-64 40.0 22.8- 70.0 
0.7 11-27-64 35.0 25.9- 47.2 

DOccavesccccccccsccss 1.0 12-11-64 13.1- 33.6 

Northern redbelly dace: 

Lot 154... cceweesevesce 1.1 1- 8-65 

Carp: 
Won (24s ce Pace SSepee cor 2.2 9- 4-64 
TOt BB. ccccccscnsccercs 2.0 9-11-64 
DOs a:oiain cine aiciamaceecme 2.1. 9-25-64 
DO. occa vccccccscscccs 205 10- 9-64 

Lat WS. .ccccccccccencs 0.8 1- 8-65 
Lot 157. .cccsecvesecvee 0.6 1-22-65 

TABLE 5.--The toxicity of p,p'-DDT to catfishes and brook stickleback in 

96 hours at 12°C. 

Average 
weight 

(grams ) 

Date ecies and lot 
Sp tested 

Black bullhead: 
Woes WORM Ooo cee = Bho aa 

Channel catfish: 
Lephe 27 Cee BRACE 

Brook stickleback: 
Wel) WAT 6 Ae eee en 

95-percent con- 

fidence interval 

8.3-36.8 

10.3-29.8 

54.5-82.4 

TABLE 6.--Toxicity of p,p'-DDT to centrarchids in 96 hours at 12". 

1 194 Ti 
Date , Average ILs50 95-percent con- 

Species and lot weight tested | (p.p.b.) | fidence interval 
(grams) 

Green sunfish: 
Lot) 25s cwniecanes 06 os stein 0.7 5-22-64 2.8 2.3- 3.4 

Dos ccccnccescvcvncecs 1.0 6- 5-64 3.0 2.5- 3.6 

DOweccccentencccssres 1.4 6-20-64 3.9 3.1- 4.9 

Tot DW. cccccacesesnucce 1.1 10- 9-64 6.7 5.0- 9.0 

Donn caniccacccsstsacus 0.8 10-29-64 6.4 5.6- 7.3 

Doscncescneuvedessecns 0.7 11-20-64 4.4 3.6=- 5.4 

Lot 145...... eeeeeeenee 0.8 12-31-64 3.6 2.7- 4.8 

DO vie's etm aslejn'ere sie hin 'a'e 0.8 1-22-65 5.0 4.1- 6.1 

Pumpkinseed 
Lot LIB. ons bie lewcietece 1.4 10-29-64 WEP) 6.4- 8.8 

Doce veecvsveseceneves 1.4 11-13-64 6.7 5.7- 7.8 

Ob TAPS 6 ecn ole oe os 3 12-11-64 2.8 2.3- 3.4 

DOw cccvcccccccnsenver pac | 12-31-64 3.6 2.7- 4.8 

DO pica tiv vcaemeiew be sce Broa 1- 8-65 1.8 1.2- 2.6 

Bluegill: 
Tot Saisie nest aip’ae a seigies 0.6 4-24-64 4.3 220= eS. 

0.6 5- 8-64 Li? 1.3= 2.1 

LoL 9-18-64 3.0 2.3- 4.0 
3. 10-16-64 7.0 6.6- 7.4 

0.6 10-29-64 7.0 6.4- 7.7 
1.1 12- 4-64 3.6 2.6- 5.0 
0.8 1l- 5-65 oe 0.9- 1.6 
0.9 12- 3-64 4.6 3.7- 5.8 
iz 12-14-64 9.4 6.4-13.9 

1.0 12-28-64 2.8 1.9- 4.0 

1.0 11-20-64 4.9 4.0- 6.0 

1.0 12- 4-64 12.5 7.6-20.6 

Largemouth bass: Lot 57.... 0.5 7-17-64 0.8 0.7- 0.9 

{ha ve 

TABLE 7.--Toxicity of p,p'-DDT to yellow perch and freshwater drum in 

96 hours at 12°C. 

Species and lot 

Yellow perch; 
Tho IWR aa ee aS 

Freshwater drum: Lot 117... 

Bae Date L050 95-percent con- 
(emEMIS) tested |(p.p.b.)| fidence interval 

The p,p'-DDT was most toxic to large- 

mouth bass, yellow perch, and northern pike, 

in that order; mean LC,, values were 0.8, 

0.9, and 1 a7 p.p.b. The fish were small finger- 

lings, however, and they did not appear to 

hold up well in the 2 to 4 days of starvation 

during the test period. Had live food been 

available in quantity before and during the 

tests, the fish might have shown greater re- 

sistance to the toxicant. Furthermore, the 

holding and test temperature of 12° C. may 
have been below optimum for fingerlings of 

these species. 

The mean LC,, of the toxicant was 4.5 

p.p.b. for green sunfish, pumpkinseed, and 

bluegill (table 2). The toxicity ranged from 2.8 

to 6.7 p.p.b. for green sunfish, 1.8 to 7.5 p.p.b. 

for pumpkinseed, and 1.2 to 9.4 p.p.b. for 



bluegill, and the higher values for them oc- 

curred in October (table 6). Green sunfish in 

lot 25 doubled their average weight, 0.7 to 

1.4 g. in a month, and the LCsy increased 

from 2.8 to 3.9 p.p.b. In contrast, green sun- 

fish in lot 95 lost in average weight from 1.1 

to 0.7 g. and LC 5 from 6.7 to 4.4 p.p.b. The 

LC,, values for lots of the three species 

which merely maintained their average 

weights over 2-week to 1=-month periods var- 

ied up and down, but the trend was generally 

downward. 

The p,p'-DDT produced consistent results 

among bluegills tested at La Crosse and Warm 
Springs. The biweekly LC,, values for one lot 

of longear sunfish increased from 4.9 to 12.5 

p.p.b. Since the confidence intervals did not 

overlap, the difference was significant (table 6). 

The chemical was less toxic to carp than to 

most of the centrarchids but more toxic than 

to trouts (table 2). It was tested three times 

against carp in lot 83 which fed, grew farily 

rapidly, and became more resistant. 

The toxicity of the compound was inter- 

mediate to trouts (table 2), Of the four spe- 

cies, it was most toxic to lake trout and least 

to brook trout. The data suggest selectivity 

to some degree among these closely related 

species. Hatch (1957) related an interesting 

example of different responses among salm- 

onids to DDT. An aerial application of the in- 

secticide to a hatchery watershed was sub- 

lethal to rainbow and brook trout but killed all 

landlocked Atlantic salmon. His further ob- 

servations confirmed that the trouts could 

survive concentrations deadly to the salmon. 

The bioassays included four lots of rainbow 

trout, and the LC,, values for them were in- 

consistent. Generally, the larger fish were 

more resistant to the chemical. The mean 

LC,, for trout over 1.5 g. was approximately 

14, p.p.b. while the value dropped to 7 p.p.b. 

for fish less than this weight. 

The candidate chemical was less toxic to 

channel catfish and black bullhead (table 2). 

There was only one lot of channel catfish 

available, however, and the fish showed iden- 

tical tolerances in tests 2 weeks apart. The 
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LC,, for black bullhead declined from 42 to 

17 p.p.b. over a 7-week period (table 5). 

The p,p'-DDT was one-fifth as toxic to 
goldfish as to trouts, Moreover, the interlot 

and intralot differences in responses to the 

toxicant were great. The LC,, values for lots 

ranged from 21 to 180 p.p.b., and confidence 

intervals were extremely wide (table 4), 

These intervals do not overlap in all instances 

and suggest that the tolerance differs, 

The p,p'-DDT was least toxic to brook 

stickleback (table 5) and northern redbelly 

dace (table 4), and their resistances exceeded 

the mean tolerance of goldfish. The LC,, val- 

ues are six times as great as the mean for 

trouts (table 2). 

Tests of the toxicant against fathead min- 

nows presented unique problems. The results 

were neither rapid nor consistent. The toxi- 

city did not increase uniformly with increased 

concentrations up to 1,000 p.p.b. within 96 

hours. A reliable LC, could not be obtained 

in repeated trials. Furthermore, a marked 

abdominal distention occurredin exposed fish, 

It began at 24 hours and became more pro- 

nounced at 96 hours. Examination of the peri- 

toneal cavity revealed an enlarged air bladder. 

It is not known at present what relation this 

distention has to the toxicant. Henderson, 

Pickering, and Tarzwell (1959) noted the phe- 

nomenon among fathead minnows which had 

been exposed to chlorinated hydrocarbons. 

They indicated, however, that the LC,, of 

Pp,p'=DDT to fatheads was 32 p.p.b. in 24 

hours and 26 p.p.b. in 96 hours. We could not 
confirm their results. 

DISCUSSION 

The p,p'=DDT was rapidly and consistently 

toxic to lake trout, carp, channel catfish, 
green sunfish, bluegill and yellow perch, but 

not so to rainbow trout, brook trout, and black 

bullhead. Results were unsatisfactory with 

goldfish and fathead minnows in 96-hour bio- 

assays, The regression curves, plotted on loga- 

rithmic coordinates, in figure 1 illustrate the 

consistency of toxic responses in rainbow 

trout and goldfish. The calculated slope function 
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Figure 1, --Responses of rainbow trout (x) and goldfish (0) to p, p’ -DDT. 

for rainbow trout is 1.16 whereas that for 

goldfish is 6.02. 

The regression curve for rainbow trout 

(lot 16a) indicates toxicity at very low levels. 

The slope of the curve reveals a narrow mar- 

gin between survival and mortality. The con- 

fidence intervals are relatively narrow, thus 

indicating that toxicity is more accurately 

defined. 

The regression curve for goldfish (lot 1) 

contrasts sharply with that for rainbow trout. 

The curve is flat rather than steep, and it 

shows that increased concentrations in the 

survival and mortality range produce little 

effect within a 96-hour bioassay. The confi- 

dence intervals are wide, and the toxicity of 

p,p'-DDT to goldfish is not defined accurately. 

The results with p,p'-DDT further demon- 

strated that lots of fish within a single species 

may vary significantly in responses. The var- 

iations may be due to several factors. Cen- 

trarchids appeared to have seasonal cycles in 

relative resistance to the toxicant. Green sun- 

fish, pumpkinseed, and bluegill displayed 

higher tolerances in autumn (table 6). It was 

impossible, however, to evaluate total cyclic 

effects since the fish were not available for 

more than a few months of the year. Shell 

(1961) found systematic and seasonal varia- 

tions in blood components of smallmouth bass. 

He noted that most of the changes took place 

in August and suggested that changes in the 

anabolic-catabolic balance were responsible 

for the cyclic concentrations of the various 

blood components. This may explain why fish 

are at times more vulnerable to toxicants or 

other stresses. 



Holden (1962) determined that fish in poor 

condition or with a low reserve of fatty tissue 

are more sensitive to DDT, This was noti- 

ceable in some of our tests with pumpkinseed, 

bluegill, and yellow perch. In contrast, rela- 

tively healthy fish which were feeding and 

gaining in weight tended to become more re- 

sistant to the toxicant. Examples of increasing 

resistance were afforded by rainbow trout (lot 

17), brook trout (lot 18), goldfish (lot 19), 

carp (lot 83), and green sunfish (lot 25). 

Phillips, Livingston, and Dumas (1960) re- 

ported that starved brook trout have a ten- 

dency to increase in water content and de- 

crease in body fat and protein. Such changes 

in body chemistry may contribute to decreased 

resistances of the fish to the reference com- 

pound. 

The bioassays of p,p'-DDT showed that fish 

obtained from different sources display dif- 
ferent tolerances. Geographic location, water 

quality, pond fertilization, herbicide applica- 

tions, and feeding and handling during the 

rearing period probably influence the relative 

tolerance of specimens to a toxicant. Lots of 

brook trout from Lake Mills National Fish 

Hatchery and St. Croix Falls State Fish 

Hatchery varied considerably in resistance. 

On the other hand, the bluegills from Lake 

Mills and Warm Springs National Fish Hatch- 

eries reacted quite similarly. 

A good reference standard chemical should 

be sufficiently uncommon in nature that there 

is little risk that bioassay fishes have been 

exposed to it or its closely related compounds. 

The p,p'=DDT hardly meets this qualification, 

since bioassay fishes from various hatcheries 
may have been exposed previously to DDT, It 

is very widely used as a pesticide and resists 

decomposition. A hatchery in an agricultural 

watershed, for example, may very well be 
contaminated to some extent. Also, the natural 

or prepared diets of the fish are likely to 

contain small quantities of DDT. Such ex-= 

posures to the insecticide may have influenced 

the tolerances of fish in our tests. Many of 

the trials were unsuccessful because all spec- 

imens either lived or died at concentrations 

of p,p'-DDT which had previously resulted in 

partial kills. 
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Cope (1960) reported that trout and white- 

fish retained DDT in considerable quantities 

almost a year after an aerial application for 

spruce budworm in a western watershed, King 

(1962) found that guppies became more toler= 

ant to DDT in repeated exposures. Vinson, 

Boyd, and Ferguson (1963) observed that 

mosquitofish (Gambusia affinis) preexposed to 

DDT near treated cotton fields were consid- 

erably more tolerant than fish from untreated 

areas. Boyd and Ferguson (1964) observed 

that tolerance to DDT persisted through one 

to three generations of mosquitofish which 

were removed from an environment contam-= 

inated by the insecticide. 

CONCLUSIONS 

The p,p'=-DDT partially fulfilled the qualifi- 

cation that a reference standard toxicant be 

rapidly, nonselectively, and consistently toxic. 

It was rapidly and consistently toxic to lake 

trout, carp, channel catfish, green sunfish, 

bluegill, and yellow perch. It was sufficiently 

toxic to brown trout, northern pike, northern 

redbelly dace, black bullhead, brook stickle- 

back, largemouth bass, and freshwater drum, 

but there were not enough lots of each species 

to determine the consistence of toxicity. It 

lacked either rapid toxicity or consistent 

toxicity to rainbow trout, brook trout, gold- 

fish, fathead minnows, and longear sunfish in 

96-hour bioassays. The p,p'=-DDT exhibited 

a selective toxicity among the 19 fishes 
instead of the desired nonselectivity. For 

example, the mean LC,, for largemouth bass 

was 0.8 p.p.b. whereas the LCs for north- 

ern redbelly dace was 68 p.p.b. Moreover, a 

reliable LC,, for fathead minnows could not 

be obtained within a 96-hour bioassay. 

There were intraspecific as well as inter- 

specific differences in the sensitivity of fish 

to the toxicant. For example, the range of 

LCs values for four lots of goldfish was 21 

to 180 p.p.b. The p,p'-DDT was generally 

more toxic to small fish than large ones with- 
in a species. Thus, p,p'-DDT is limited in 

usefulness as a reference standard in large- 

scale bioassays with many species of fresh- 

water fish. The tests against 19 species dem- 

onstrate the continuing need for an adequate 



standard reference compound and/or a stand- 

ard reference fish. In spite of the limitations, 

it is useful in the selection, testing, and eval- 

uation of other candidate reference com- 

pounds. 

SUMMARY 

A standard reference compound is needed 

in the fish control program to facilitate re- 

producibility and comparisons in bioassays in 

which many species, sizes, conditions, and 

sources of fish, and many kinds and concen- 

trations of chemicals are involved. The 

p-p'-DDT was tested for rapid, nonselective, 

and consistent toxicity against 19 fishes, in- 

cluding different lots of the same species and 

repeated samples within lots. The trials were 

accomplished in static bioassays in the lab- 

oratory at 12° C. We established the LC,, of 
p,p'=-DDT for each lot of fish received from 

hatcheries or the field, but only after 10 days 

of quarantine in a fish-holding house. The tests 

were repeated biweekly for as long as a lot 

remained on hand in testworthy condition. 

The p,p'=-DDT was rapidly and consistently 

toxic in 96-hour bioassays to 6 of the 19 
species. It was sufficiently toxic to 8 others, 

but there were insufficient lots to evaluate 
consistency. It lacked either rapid toxicity or 

consistent toxicity to five species. The mean 

LC,, for largemouth bass was 0.8 p.p.b., and 

the mean for northern redbelly dace was 

68 p.p.b., thus it was more selective in its 

action than would be desirable. 

There were intraspecific as well as inter- 

specific differences in sensitivity among the 

fish to the toxicant. The chemical was more 

toxic to small fish than large ones within a 

species. 

Since the toxicity of p,p'-DDT varied in 

rapidity, selectivity, and consistency against 
19 species of freshwater fish, the compound 

is of limited usefulness as a standard ref- 

erence in large-scale bioassays. The results 

are helpful, however, in the selection, testing, 

and evaluation of other candidate reference 

compounds. 
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EVALUATION OF AN ELECTRONIC METHOD OF 
MEASURING HEMATOCRITS OF FISH 

By Richard A. Schoettger and Arnold M, Julin, Fishery Biologists 

Fish Control Laboratory, La Crosse, Wis. 

ABSTRACT.--Conductivity measurements of mammalian blood are con- 

sidered satisfactory estimates of hematocrit. The YSI Electronic Hemato- 

crit gives rapid and reproducible results with fish blood, and the readings 

can be corrected to microhematocrit values. In the low hematocrit range, 

however, readings do not change proportionately with microhematocrits; 

they are difficult to correct; but they may prove useful as a gross, rapid 

method for detecting anemia. Electrolyte and protein concentrations in 

fish blood influence the electronic hematorcrit; the relative size of 

erythrocytes may also. 

Hematological parameters are used fre- 

quently to estimate the physiological condition 

of fish. Among them, the hematocrit is one of 

the easier values to secure. Procedures, 

problems, and modifications associated with 

microhematocrit determinations in fish were 

discussed by Hesser (1960), Snieszko (1960), 

Larsen and Snieszko (1961), and Mairs and 

Kennedy (1962). 

The microhematocrit, or centrifuge, tech- 

nique is better suited to laboratory routine 

than to measurements of hematocrit in the 

field. Electric line power is needed for the 

centrifuge, and transportation of blood 

samples to the laboratory is time consuming. 
There is need for a method which comple- 

ments the centrifuge technique in the labora- 

tory and is convenient for studies in the field. 

An electrical device for relating the con- 

ductivity of mammalian blood to the hemato- 

crit was described by Okada and Schwan 

(1960). The pointed out that its validity is af- 

fected by changes in serum conductivity or 

the average size of erythrocytes. Kernen et al. 

(1961) investigated the reproducibility of re- 

sults obtained with the instrument on human 

blood and studied the effect of anticoagulants 

and blood protein levels on conductivity. 

Further tests were conducted by the Yellow 

Springs Instrument Company, which manu- 

factures a similar instrument called an Elec- 

tronic Hematocrit. 

Our investigation was designed to study the 

comparability of the YSI electronic and 

centrifuge methods for measuring hemato- 

crits in fish, the reproducibility of the elec- 

tronic hematocrits, and some physiological 

variables in the blood of fish which could in- 

fluence conductivity. 

METHODS AND MATERIALS 

Hematocrits were determined as described 

by Larsen and Snieszko (1961) for the 

centrifuge method and according to the manu- 

facturer's instructions for the electronic 

method. 

Briefly, the YSI Model 30 Electronic 

Hematocrit is portable, weighs 2.8 pounds, 

is powered by a 6-volt mercury cell, and is 

compensated for use at 50° to 105° F. A 
blood sample of at least 0.02 cc. is drawn 

and placed between two electrodes imbedded 



in a glass cell. The cell is placed between the 

circuit contacts, a button is pressed, and the 

hematocrit is read directly from the instru- 

ment. The reproducibility of readings is re- 

ported by the manufacturer to be 0.1 unit with 

a standard deviation of +0.3 unit. Anticoagu- 

lants other than heparin and abnormal levels 

of serum proteins in human blood influence 

conductivity. 

The operating principle of the electronic 

hematocrit is based on the insulating char- 

acteristics of the erythrocyte membrane 

which separates the conductive interior from 

the conductive serum outside the cell. The 

YSI instrument contains a bridge circuit. Two 

arms of the bridge consist of a precision, 

center-tapped transformer. The third is a 

thermistor-resistor which automatically 

compensates for ambient and glass cell 

temperatures. A fixed volume of blood within 

a glass cell constitutes the unknown fourth 

resistance. Unbalance of the bridge is a 

measure of the concentration of erythrocytes 

(manufacturer's specifications; and Okada 

and Schwan, 1960). 

Blood samples were collected from fish by 

cardiac puncture with a syringe or from 

severed caudal vessels directly into capillary 

tubes. The syringes, tubes, and scalpels were 

coated with heparin. 

The reproducibility of the two hematocrit 

methods was estimated by repeated measure= 

ments on relatively large samples of blood. 

The samples were secured from one each 

shovelnose sturgeon, spotted sucker, north- 

ern redhorse, brown bullhead, white bass, 

largemouth bass, and walleye. During the 

measurement of hematocrits a magnetic 

mixer was used to maintain uniform distribu- 

tion of red blood cells within a sample, as 

described by Snieszko (1963). 

Tests of the comparability of the hemato- 

crit methods were conducted with fingerling 

and larger-size fish including: rainbow trout, 

brown trout, brook trout, lake trout, and 

goldfish. Two capillary tubes were filled 

from each specimen, One was spun in an In- 

ternational Microcapillary Centrifuge, Model 

MB, and the hematocrit determined with a 

plastic reader. The second sample was utilized 

for electrical measurements. 

The effects of sodium chloride and protein 

concentrations on electronic hematocrits of 

rainbow trout and carp were determined in an 

experimental design similar to that of Kernen 

et al. (1961) except that the tests were con- 

ducted with salines containing 0.65-, 0.75-, 

0.85-, and 1.0-percent sodium chloride. Ac- 

cording to Wolf (1963) this range of salines 

has been used in physiological studies of fish. 

Powdered bovine albumin was added to the 

salines to obtain protein levels of 1 to 9 grams 

per 100 cc. This albumin was selected be- 

cause it was used by Kernen et al, (1961), The 

erythrocytes were separated from heparinized 

blood by centrifuging at 850 r.p.m. for 15 

minutes. The cells were washed twice in the 

appropriate saline at 20° C. and resuspended 

in various protein-saline solutions to give 

approximate hematocrits of 25 to 30 percent. 

A third saline rinse occasionally resulted in 

hemolysis of the erythrocytes in the final re- 

suspension. Wolf (1959) found that red cells of 

salmonids coagulated in various sodium 

chloride solutions which did not contain anti- 

coagulant. In our tests, residual heparin 

probably served a similar function. Ionic 

coagulants such as the oxalates alter the 

conductivity of samples (Kernen et al., 

1961). 

Throughout the tests, capillary tubes were 

examined for clotting and hemolysis. The 

electronic cells were checked for clots. It 

was essential to conduct electrical measure- 

ments rapidly to minimize the effect of 

erythrocyte sedimentation within the glass 

cell. 

The trout and goldfish were obtained from 

State and National fish hatcheries. The other 

species were collected in the Mississippi 

River. They were maintained in flowing well 

water at the Fish Control Laboratory for at 

least 2 months before use. 



RESULTS AND DISCUSSION 

REPRODUCIBILITY OF HEMATOCRITS 

The tests with seven species of fish to 

evaluate the relative reproducibility of the 

two hematocrit methods indicated that the 

centrifuge technique was somewhat superior 

(table 1). The standard deviations, for ex- 

ample, were smaller except in the case of the 

hematocrits. Statistical tests showed that the 

differences between the means of the two 

methods were significant at the 0.01 level. 

The electronic hematocrit can be corrected 

to compare with centrifuge value by using 

the regressions in figure l or correcting 

with mean differences between the methods 

(table 2), The second readings in the table will 

be discussed later. 

TABLE 1.--Comparative reproducibility of electronic and centrifuge hematocrits 

Hematocrit 

Electronic 

14.0-17.0 Shovelnose sturgeon.. 

Spotted sucker....... 12 20.0 17.0-23.0 1.4 

Northern redhorse.... 20 31.0 28.5-32.5 1.2 

Brown bullhead....... l2 16.0 14.0-18.0 0.9 

White bass........... 12 14.0 12.0-18.0 1.5 

Largemouth bass...... 12.0-16.0 1.4 

25.0-29.0 Walleye..ccsecceacees 

shovelnose sturgeon. In contrast, the elec- 

tronic hematocrits were consistently low and 

standard deviations were greater. Statistical 

tests for each species of fish demonstrated a 

significant difference between the results of 

the two hematocrit methods at the 0.01 level. 

COMPARABILITY OF HEMATOCRITS 

The electronic hematocrit was considered 

sufficiently reproducible. The differences 

between the means of the two methods sug- 

gested a need to correct electronic readings 

for individual and species variation. The 

regressions of electronic hematocrit on 

centrifuge hematocrit were determined for 

five species (fig. 1). The mean centrifuge 

values for the various species were as fol- 

lows: rainbow trout, 40.4; brown trout, 33.0; 

brook trout, 37.1; lake trout, 35.7; and gold- 

fish, 42.8. The mean electronic hematocrits, 

depending on species, were generally 20 to 60 

percent lower than the means of the centrifuge 

Standard 

deviation 

Centrifuge 

minus 
| electronic 

Centrifuge 

Standard 

deviation 

Number of 

hematocrits 
Mean Range 

22.0 20.5-23.0 1.0 6.5 

32.0-34.0 0.7 13.5 

31.0-34.5 0.7 2.0 

21.0-22.5 0.5 6.0 

30.0-32.5 0.7 17.0 

24.0-27.0 1.0 11.5 

39.0-41.5 0.7 12.0 

The regression technique is preferable be- 

cause differences between hematocrit methods 

vary with the magnitude of the hematocrit. 

For example, an electronic hematocrit of 10 

for rainbow trout corresponds to a centrifuge 

value of 25 and a reading of 30 to 49.5 when 

corrected by the regression. Using the mean 

difference as a correction, these values would 

be 27.5 and 47.5. 

The regressions and the differences be- 

tween means for rainbow and brown trout are 

similar (fig. 1, table 2), The 95-percent con- 

fidence intervals indicate that the same 

factor could be used to correct the electronic 

hematocrits of either salmonid. Separate cor- 

rections are required for other species, 

The standard deviations of the differences 

between electronic and centrifuge hemato- 

crits indicate a considerable variation about 

their means (table 2), Since the electronic 

hematocrit is relatively reproducible, and the 

measurements were made on the same 
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Figure 1,--Plot of electronic hematocrit against centrifuge hematocrit, Straight-line 

regression equations were computed for the data, S,E,I, and S.E.M, correspond to 

standard errors of individual and mean estimates respectively, 

TABLE 2.--Mean differences between hematocrit methods for five species of fish 

Mean 

A Number difference; 95-percent 
Species crank of centrifuge TERRES of Paar a cae Couronne 

reading Tea aUNeHentS eae ifferences eviation rror SivSaeTi 

electronic 

Rainbow trout: 

BLES, LEAGUIP inte cle\sinie.e,« alelw dinlslelaie)slalaluiw\e/alsla/w 27 17.4 9-26 5.0 
DECONGs FEAL GP ic1a)alnlein/s[niain(alale/ala/elnia)=)n)slelai=\sielel= 17 10.0 4-17 3.4 

Brown trout: 

BInS6, PEAMENE Shere viele leiwiclula\cle e/eie|e cleieieiv/albiciele 22 17.3 9-24 4.0 
SECOND) TEACLNEs:«:isis in cleie n\n \=)=isiej=\c(e\els\p/sleinielein\oe 22 8.3 2-15 3.7 

Brook trout: 

RUCS be PE AG OP ete lelatelelnieialst=/astalstatalelatalsfetoteletatiaters 23 14.3 5-19 3.3 
Saeovatdlrdershle Aor Goonagdo vAaeedacdone so8s 23 6.3 1-12 eval 

Lake trout: 
Bimsit, Meat ipeete oiaialataatetstale ela claiisinte si oiataialaretatela 55 21.4 12-31 4.6 
Second reading - 55 10.9 3-17 3.2 

Goldfish: 
Bir eC agape ate lwtetu lets» (etaleVelsn/afalelaleteleleleiateYerote ce 30 3.4 

DSCONT MPCAGANP igs lavelaleleleletelaialaleisisisieieleipieleteteteiera 19 2.6 

1 11 centrifuge nematocrits exceeded electronic readings except for three values in this group. The range extended from four units above to five units 

below the centrifuge hematocrit. 



samples, the standard deviations suggest 

variations in sample conductivity due to 

factors other than percentage of cells. For 

this reason, the corrected electronic hemato- 

crit should only be considered an estimate of 

the centrifuge hematocrit. 

The extrapolations of regressions in figure 1 

converge toward a common intercept as the 

hematocrit decreases. Unfortunately, anemic 

fish were unavailable to test the extrapolations, 

but plasma dilutions of rainbow erythrocytes 

were used to simulate anemia. The measure- 

ments of simulated samples were comparable 

to the predicted values at centrifuge hemato- 

crits above 25; between 10 and 25, the readings 

ranged from 4 to 6and increased with hemato- 

crits less than10. Thus thecorrection of elec- 

tronic hematocrits of anemic fish may give 

misleading estimates of the centrifuge hemato- 

crit. Readings of 4 to 6, however, might be 

used as gross, but rapid, indicators of anemia. 

Though severe anemia may give higher elec- 

tronic values, the condition is usually detected 

by visual examination of the blood. 

The conductivities of solutions containing 

0.45- to 1.20-percent sodium chloride were 

tested on the YSI Electronic Hematocrit. A 

plot of the readings against the salt concentra- 

tions formed a curve similar to that shown 

in figure 1 for plasma dilutions of red blood 

cells. Salines of 0.60 to 0.75 percent sodium 

chloride gave electronic readins of 5 to 6, 

The similarity of the two curves suggests that 

the number of erythrocytes in blood affect 

the electronic hematocrit like changes in the 

electrolyte concentration. The electronic 

hematocrit of the plasma used to dilute the 

erythrocytes corresponded to that for a 0.86- 

percent solution of salt. A 0.86-percent saline 

has a freezing point similar to that for the 

bloods of most freshwater teleosts (Black, 

1957). The data indicate that electronic 

measurements of plasma, or serum, might be 

used to estimate the electrolyte levels in fish 

blood. 

Changes in the conductivity of a blood 

sample were observed upon re-reading. The 

value rose shortly after the first reading, in- 

creased to a peak, and then declined. The 

rate of change varied with individuals and 

groups of fish. The apex was usually attained 

in 3 to 7 minutes and occasionally approxi- 

mated the value obtained by the centrifuge 

method. An examination of blood within the 

glass cell indicated that the change in con- 

ductivity may be related to sedimentation 

and an unequal distribution of erythrocytes 

between the electrodes. This factor may be 
significant when measurements are delayed 

or when several samples are collected before 

reading. 

Limited studies were conducted on the pos- 

sibility of using the second electronic read- 

ing to estimate hematocrit. The mean dif- 

ferences between hematocrit methods, using 

the second reading, are shown in table 2. A 

correction factor for the second reading, like 

the first, is needed to estimate hematocrit. 

The factors are considerably smaller and 

have lower standard deviations, and standard 

errors. The second reading is time consum- 

ing and requires the use of heparinized blood. 

We found that blood could be drawn directly 

into the glass cell, without heparinization, 

and the first reading made within approxi- 

mately 30 seconds. The blood began to clot 

shortly afterward, and a second reading was 

not usually possible. The alternative for 

using the second electronic reading is the 

preliminary collection of blood in heparinized 

capillary tubes; however, the technique de- 

tracts from the ease and speed of the elec= 

tronic hematocrit. 

Although the electronic determination of 

hematocrit is relatively rapid, time is lost in 

cleaning the glass cells. Several rinses in 

distilled water and drying with acetone were 

usually adequate. If blood dried or clotted in 

the cell, it was difficult to remove. If it re- 

mained, it changed sample volumes. 

EFFECTS OF SALINE AND PROTEIN ON 

ELECTRONIC HEMATOCRIT 

Experiments were conducted with rainbow 

trout and carp to determine whether variations 

in the electrolyte and protein concentration of 

fish blood influence electronic hematocrit 

(table 3 and fig. 2). The electronic hematocrit 

was inversely proportional to the concentration 
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TABLE 3.--Effect of various protein and sodium chloride concentrations on the deviation of electronic from centrifuge hematocrits 

Bracideten ‘saneeniontton of ‘i Protein concentrations of (grams per 100 cc.)-- 

sodium chloride 1 | 2 | 3 5 

Rainbow trout: 

0.65 Percents tis <a /apisinie dis o's ohiwalels val dipipipe s'e'e -1.5 -- -0.5 +1.0 6) 
-1.0 -- 0.0 40.5 25 
= -- -6.0 -2.5 -0 
ee -- -7.0 -6.0 -0 

-11.5 -12.0 -12.5 -9.5 -0 
-14.5 -14.0 -11.0 -9.0 -O 
-27.5 -24.5 -24.5 -22.0 +0 
-26.0 -24.5 -23.5 -21.5 -0 

0.0 -- +1.0 42.5 +4.0 
-1.0 so 41.5 40.5 44.5 

-14.0 -12.5 -11.5 -11.0 -5.0 
-15.5 -11.5 -12.5 -9.0 -8.0 

30 

= Rainbow trout 3 
=20 
a 

Carp Ste = 

10 
a 

3 

ey eo 
o 
° 

3 
E 
© 
<= 

10 

£20 
E 

30 

| 2 3 4 5 

grams per lOO cc 

Figure 2,--Plot of hematocrit deviation against protein concentration for various levels of sodium 

chloride (as listed in table 3), Straight-line regression equations were computed for the data. 

of sodium chloride and directly proportional readings from 4.5 units above to 27.5 units 

to the level of protein. Suspensions of eryth- below their corresponding centrifuge values. 

rocytes in salines containing 0.65- to 1.00- The concentration of protein had less effect 

percent sodium chloride gave electrical on electronic hematocrits as the level of 
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sodium chloride declined. The readings in- 

creased with protein concentration by 7.0 to 

9.5 units at l-percent and by 2.5 to 5.5 units 

at 0.65-percent sodium chloride. The differ- 

ence in conductivity between erythrocytes of 

rainbow trout and carp were relatively small. 

The deviation of electronic readings due to 

variations in the electrolyte content of fish 

blood can be estimated from Black's (1957) 

review of freezing points of bloods for several 

teleosts. The values are related to species 

and osmotic concentration of the external en- 

vironment. The bloods of most fish in fresh- 

water froze between -0.49 and -0.67° C. Ac- 

cording to Hodgman, Weast, and Selby (1960), 

salines containing approximately 0.80- to 1.15=- 

percent sodium chloride have similar freezing 

points. Phillips et al. (1956) suggested that 

nutritional conditions may influence the range 

of variability in the concentration of inorganic 

elements in brown trout blood. Seasonal 

changes in these constituents were observed 

in the blood of smallmouth bass by Shell 

(1961). Considering these data it is possible 

that the electronic hematocrit readings in 

tables 1 and 2 were affected by blood elec- 

trolytes. 

The quantities of serum proteins of fish 

vary according to sex, reproductive condition, 

food, disease, oxygen depletion, and other 

factors (Booke, 1964), Some concentrations of 

protein reported per 100 cc. of blood include 

1.8 to 4.5 grams for smallmouth bass (Shell, 

1961), 2.01 to 2.04 grams for brown and 

brook trout (Phillips et al., 1957), 3.33 to 4.70 

grams for rainbow trout (Meisner and Hick- 

man, 1962), and 3.18 to 7.96 grams for brook 

trout (Brooke, 1964), 

Assuming a physiologic level of electrolytes 

in the blood, electronic hematocrits could 

deviate 4 or 5 units depending on protein con- 

centration. This may not be a comparatively 

large error, but the degree to which bovine 

albumin simulates blood proteins of fish with 

respect to conductivity is not known. 

Though the regressions in figure 2 demon- 

strate the effect of electrolyte and protein 

concentration on conductivity, they do not 

correspond to results obtained by Kernen, 

Wurzel, and Okada (1961) on human blood. 

They found that electronic values corre- 

sponded to centrifuge hematocrits at a 

protein concentration of 7.4 grams per 100 cc. 

(bovine albumin dissolved in physiological 

saline). Their regression extended from -9.9 

hematocrit units at 2.5 grams of protein per 

100 cc. to +6.6 units at 11.0 grams per 100 cc. 
The inconsistency between data on humans 

and on fish may be related to the preparation 

of cellular suspensions or, perhaps, to an ad- 

ditional variable such as the relative size of 

fish erythrocytes. The red blood cells of fish 

are generally larger than and shaped dif- 

ferently from those of mammals, and it is 

conceivable that the comparatively low elec- 

tronic hematocrits are partially correlated 

with differences in their insulatory character- 

istics (Smith, 1952; Hawk, Oser, and Summer- 

son, 1954; and Mott, 1957). Larger cells may 

have less surface area per volume and have 

an effect on the electronic hematocrit which 

is analogous to that of fewer cells. 

CONCLUSIONS 

The YSI Electronic Hematocrit gives rel- 

atively rapid and reproducible results with 

fish blood. Centrifuge hematocrits greater 

than 25 can be estimated by correcting the 

electronic readings. Electronic readings 

were not correlated linearly with centrifuge 

values which were less than 25. They may be 

used, however, as gross but rapid indicators 

of anemia. Observations on the conduc- 

tivities of plasma and various=strength 

salines suggest the instrument could be used 

to measure electrolyte levels in fish blood. 

The conductivities of blood samples changed 

with time and became closer to centrifuge 

values than the initial readings. The esti- 

mations of hematocrits from the later read- 

ings were time consuming and required 

heparinized blood. The electrical measure- 

ment may be influenced by variations in blood 

electrolytes and proteins, and by the average 

size of erythrocytes. 

SUMMARY 

Experiments with a YSI, Model 30 Electronic 

Hematocrit indicate that measurements of 

the conductivity of fish blood can be used to 

estimate hematocrit. The method is relatively 
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rapid and reproducible, but readings must be 

corrected to estimate centrifuge hematocrits 

of approximately 25 or more. The individual 

differences between the two methods varied 

widely and the differences between means of 

the methods deviated according to species. 

The electronic hematocrits do not change 

proportionately with centrifuge values less 

than 25, and are not easily corrected. The 

disproportionate change of electronic readings 

in the low hematocrit range may prove use- 

ful as a gross but rapid method for detecting 

anemia. Variations in serum electrolytes and 

proteins of fish, and in the average size of 

erythrocytes may interfere seriously with 

electrical measurements of hematocrits. 
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FOREWORD 

The Food and Drug Administration of the U.S. Department of Health, 

Education, and Welfare advised the Bureau of Sport Fisheries and Wild- 

life that certain drugs and chemicals used in the culture and manage- 

ment of game fishes must be cleared for continued use. We must demon- 

strate to the FDA that fish exposed to the compounds pose no danger, 

because of residues, to people who might eat them. 

MS-222 is among the drugs mentioned because it is commonly used to 

anesthetize fish during marking or tagging, spawning by stripping, and 

transportation. The information necessary for clearance includes the 

toxicity of the drug to fish, its efficacy as an anesthetic, and its residues 

in fish. FDA also requires that fish of various sizes be represented in 

tests of the drug at three or more temperatures in waters of different 

qualities. Accordingly, we investigated the toxicity of MS-222 to eight 

species of game fish, its efficacy on four trouts, and its residues in the 

same trouts (emphasis was placed on residues in muscle because muscle 

is the principal tissue eaten by people). 

MS-222 was synthesized by Maurice Sandoz (Sandoz, Ltd., Basle, 

Switzerland, and Hanover, N.J.) during his search about 45 years ago 

for a synthetic substitute for cocaine. It has been used as a local anes-= 

thetic in preparations for humans, but its general anesthetic activity 

against cold-blooded animals was recognized early. Within the past 

decade, its use as an anesthetic in fish culture and fish management has 

become widespread in the United States and abroad. For example, the 

millions of lake trout stocked in the upper Great Lakes in the past sev- 

eral years were first anesthetized with MS-222 and fin-clipped. 

The considerable variety of common and chemical names applied to 

MS-=222 in the literature causes some confusion. The names include: 

MS-=222, Metacaine methanesulphonate. 

MS-222 Sandoz. m-amino ethyl benzoate. 

M.S.-222 Sandoz. Ethyl m-aminobenZoate. 
TS=222, Methane sulfonic acid salt of 

TS-222 Sandoz. meta-amino ethyl benzoate. 
Tricaine,. Methanesulphonate of 

Tricaine - Sandoz. meta=-aminobenzoic acid. 

Tricaine methanesulfonate. Methanesulphonate meta-amino- 

Metacaine. benzoic acid ethyl ester. 

Of these names, we used MS-222, tricaine methanesulfonate, and 

methanesulphonate of meta-aminobenZoic acid ethyl ester. 

Robert E. Lennon, Director 

Fish Control Laboratories 



INVESTIGATIONS IN FISH CONTROL 

12. Toxicity of MS-222 to Selected Fishes 

By Leif L. Marking 

United States Department of the Interior, Stewart L. Udall, Secretary 
Stanley A. Cain, Assistant Secretary for Fish and Wildlife and Parks 

Fish and Wildlife Service, Clarence F. Pautzke, Commissioner 
Bureau of Sport Fisheries and Wildlife, John S. Gottschalk, Director 

Resource Publication 18 e January 1967 e« Washington, D.C. 



Abstract. 

CONTENTS 

Methods and materials .... 

RSSULS se sheo tieew eheleiiomenetomente 

Species and sizes of fish 

Effect of temperature . 

Effect of water quality. 

Recovery .. 

Safety indices 

DISCUSSION see 

Conclusions.... 

SUIMMINEIAY 5 Ooo 6 

Literature cited. 

Page 

10 



TOXICITY OF MS-222 TO SELECTED FISHES 

By Leif L. Marking, Chemist, 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wis. 

Abstract.--Toxicity of MS=222 to rainbow trout, brown trout, brook 

trout, lake trout, northern pike, bluegill, largemouth bass, and walleye 

of various sizes was determined in 15-, 30-, and 60-minute and 24-, 48-, 

and 96-hour static bioassays at selected temperatures. Twenty-four- 

hour LC 59 values for the eight species ranged from 33.8 to 63.0 p.p.m. 

Exposures longer than 24 hours had little effect on toxicity. Small fish of 

a species were more sensitive to the drug than large ones, and trout were 

more sensitive at warmer temperatures. Safety indexes were calculated 

on the basis of the brief exposures. 

Bové (1962) identified MS-222 as the 
methanesulphonate of meta-aminobenZoic acid 

ethyl ester. The compound is a fine, white 

crystalline powder with a molecular weight of 

261.3 and a melting point of 145° to 150° C. It 
leaves only minimum traces of ash upon igni- 

tion and is free from chlorides, sulfates, alka- 

loids, and heavy metals. Less than 0.5 percent 

of its weight is lost upon heating to 103° C. It 
is soluble to 11 percent in water and forms a 

clear, colorless, acid, and relatively stable 

solution. He also reported that a 10-percent 

solution retained its potency during 3 days’ 

storage, but decreased 5 percent in activity 

after 10 days. Exposure of a solution to light 

caused a change in color to yellow or brown, 

but its activity was not affected. 

The molecular structure of MS-222, al- 

though not defined in literature, possibly con- 

forms to figure 1. Since it is highly soluble 

(up to 22.5 percent in our laboratory) a pro- 

ton bond probably exists between the amine 

group on the benzoate structure and the hydro- 

gen on the methane sulfonante. In the ioniza- 

tion of the compound, the hydrogen probably 

splits off the sulfonate group, being attracted 

to the nitrogen of the amine group. 

H 
Ni hisO3C H3 

H 

COOC)Hs5 

Figure 1,--Structure of MS-222, 

MS-=222 is an effective anesthetic for fish 

and other coldblooded animals (McFarland, 

1959; Eisler and Backiel, 1960; Bové, 1962; 

Schoettger and Julin, 1966). Rothlin (1932) 

stated that the drug is three times less toxic 

to coldblooded animals than novocaine and ten 

times less toxic than cocaine. 

There are reports, however, that under cer- 

tain circumstances MS=222 is toxic to certain 

species or strains of fish. Marvin Smith 

(Regional Fishery Management Biologist at 

Atlanta, in a memorandum report to the 

Branch of Game Fish and Hatcheries, June 12, 

1956) recommended that MS=-222 be bio- 

assayed for toxicity to rainbow trout under 
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various water qualities. Thompson (1959) ob- 

served a 95-percent mortality among cut- 

throat trout exposed to 50 p.p.m. of MS-222 

for 5 hours. Others have noted that excessive 

exposures cause mortalities among fish 

(Nelson, 1953; Parkhurst and Smith, 1957; and 

Eisler and Backiel, 1960). 

The purpose of this investigation was to de- 

fine the concentrations of MS-222 which are 

toxic to eight species of freshwater, game 

fish of various sizes. The experimental con- 

ditions included different water qualities and 

durations of exposure at four temperatures. 

Safety indices for rainbow trout were estab- 

lished. 

METHODS AND MATERIALS 

Eight species of fish were obtained from 

various fish hatcheries (table 1). The three 

size groups included small fingerlings 1 to 3 

inches long, an intermediate group of 3 to 5 

inches, and a group 6 to 9 inches long. All fish 

were quarantined for 10 days and if judged 

acceptable, were then acclimated to the tem- 

peratures and conditions of the tests of 

MS-=222. 

The static bioassays of the anesthetic 

against 2-inch fish were conducted in 5- 

gallon glass jars (Lennon and Walker, 1964). 

At least 120 fish of this size were included 

in each test of 10 concentrations of drug. 

Ten fish were exposed to each concentration, 

and 20 served as controls. The tests against 

TABLE 1.--Fishes used in toxicity tests of MS-222 

Source 

Rainbow trout (Salmo gairdneri) ...- | Manchester National Fish Hatchery, 
eae Iowa 

Brown trout (Salmo trutta)......... Manchester National Fish Hatchery, 
Iowa. 

Brook trout (Salvelinus fontinalis).| State Fish Hatchery at Osceola, Wis. 

Lake trout (Salvelinus namaycush),, | Jordan River National Fish Hatchery, 
Mich., and St. Croix Falls, Wis. 

Northern pike (Esox lucius).......-. Garrison Dam National Fish Hatchery, 
N. Dakota and Yankton National 
Fish Hatchery, S. Dakota. 

Bluegill (Lepomis macrochirus)..... Lake Mills National Fish Hatchery, 
Wis. 

Largemouth bass (Micropterus 
SAlMOIdES) ..scecccvcccecevecvoses Genoa National Fish Hatchery, Wis- 

Walleye (Stizostedion vitreum)..... Garrison Dam National Fish Hatchery, 
N. Dakota. 

4- and 9-inch fish were made in aerated, 

polyethylene tanks which contained 45 liters 

of anesthetic solution. Ten of the larger fish 

were exposed to each of 5 concentrations per 

test, and 10 served as controls. 

Water temperatures were controlled by 

placing the bioassay vessels in water baths at 

79, 12°, 179, and 22° C. Water hardnesses of 

10, 42, and 176 p.p.m. were arranged by add- 

ing different amounts of the mixture of recon- 

stituting salts to deionized water (table 2). 

TABLE 2.--Water qualities obtained with various amounts of reconstituting 
salts in deionized water 

Salts in mg./1. Water Total Total 
ualit hardness | alkalinity pH 

aes *Y | NaHCO, | caso, (p-p-m.)| (p.p.m.) 

Soft...... 12 7.5 10 10 6.72 
Standard. 48 30 42 30 6.75 
Hard...... 192 120 176 116 7.70 

Concentrated stock solutions of MS=222 

were prepared daily in deionized water. Ali- 

quots of the stock were added to bioassay 

vessels following the introduction of fish. 

The responses of fish to MS-222 were re- 

corded for several hours after exposure began 

and daily thereafter throughout the bioassay. 

It was possible during the tests to differenti- 

ate between dead and anesthetized fish. Dead 

specimens were removed immediately. Fish 

which remained in anesthesia throughout a 

test were placed in fresh water until they 

recovered. The times for recovery and sur- 

vival were noted. 

The data on survival and death of fish ex- 

posed to selected amounts of MS-222 were 

analyzed according to the method of Litch- 

field and Wilcoxon (1949) to define concentra-= 

tions which produce 50-percent mortaility 

(LCsg)- In addition, the variance and the 95- 

percent confidence intervals were determined. 

RESULTS 

MS-222 demonstrated a definite and con- 

sistent toxicity to the eight species of fish. 

Furthermore, the concentrations permitting 

survival or causing mortality can be pre- 

dicted with a high degree of confidence. 
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Species and sizes of fish 

Among the four trouts, the toxicity of MS- 

222 at a given temperature is dependent on 

variables such as species, size, and duration 

of exposure. Lake trout are the most sensi- 

tive and brook trout the least (table 3). Brown 

and rainbow trout are equal in their sensitivity 

and intermediate to lake and brook trout. 

Larger fish of a species are usually more 

resistant to MS-222 than smaller fish. This is 

apparent with rainbow trout as the 24-hour 

LCsg increases from 39 p.p.m. for 2-inch 

fish to 52 p.p.m. for 9-inch fish. The trend is 

similar in 48- and 96-hour assays. The 

larger lake trout and brown trout also showed 

greater resistance than smaller fish at all 

periods of observation. 

There was little difference in toxicity among 

brook trout of different sizes, but 6-inch 
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specimens appeared to be more sensitive 

than 4-inch fish. It turned out, however, that 

the larger fish had become infected with 

furunculosis just prior to the bioassay, and 

quite possibly the disease lowered their re- 

sistance. A repeat trial with healthy brook 

trout was not possible, 

Exposures beyond 24 hours do not have a 

pronounced effect on toxicity. In several in- 

stances the toxicity at 96 hours was identical 

to the 24-hour LC 59 . Among the trouts, only 

2-inch brown trout exhibited a significant dif- 

ference, with a 20-percent drop in resistance 

between 24 and 96 hours. 

Other species in the toxicity trials included 

northern pike, bluegill, largemouth bass, and 

walleye (table 4). Two-inch bluegill, large- 

mouth bass, and walleye were only slightly 

less resistant than small brook trout. The 

larger specimens of bluegill and largemouth 

TABLE 3.--Toxicity of MS-222 to salmonids at 12° Cc. 

Approxi- At 24 hours At 48 hours At 96 hours 
mate 

Species and lot length 95-percent LC, 4 95-percent ie 95-percent 
(inches) confidence interval confidence interval confidence interval 

Rainbow trout: 
39.0 37.8-40.2 38.4 37.0-39.7 
47.0 44.3-49.8 47.0 44.3-49.8 
52.0 49.7-54.3 50.5 48.6-52.5 

37.5 30.5-46.1 31.0 27.7-34.2 
43.8 42.1-45.6 43.8 42.1-45.6 
44.8 42.7-47.0 43.0 40.2-46.0 

50.0 46.7-53.5 50.0 46.7-53.5 

52.2 49.7-54.8 49.1 47.2-51.1 
51.2 50.2-52.2 50.0 49.0-51.0 

33.0 31.7-34.3 32.0 30.2-33.9 
35.8 34.8-36.9 35.8 34.8-36.9 
352 38.0-40.4 38.5 37.4-39.7 

TABLE 4.--Toxicity of MS-222 to warm-water fish at 12° C. 

: At 24 hours At 48 hours At 96 hours 
Approxi- 

Average ae 
i id lot i Species and lo Cea length nora 95-percent Gea 95-percent LCs 95-percent 

a (inches) confidence interval eonfidence interval confidence interval 

Northern pike: 

Tot 35Beccccccccccccecccccccccs a 
SPaf gs ca I a ret RR RT 5 56.0 52-8-59.4 52.0 49.5-54.6 48.0 44.0-52.3 

Bluegill: 
TOiG) TAD. wiciele wleialeisie elalsielsla' wine «ic'eln 2 45.7 44.8-46.6 45.7 44.8-46.6 45.7 44.8-46.6 
TOG U20sialcicln'eclelslelciciaisisiavje aula ee 3 46.9 46.0-47.8 46.9 46.0-47.8 46.9 46.0-47.8 

Largemouth bass: 

DOGP 5 Ysterviclslelotnleislale.a'n clalalalaials|sia/=\s al 42.0 40.8-43.3 42.0 40.8-43.3 39.4 36.5-42.6 
TOE) 7Onciciewicia cleisjels civic cjoicicciceeaic 4 47.0 44..3-49.8 46.5 44.7-48.4 46.5 44.7-48.4 
TOE Glee cijcjes sic vlcwlcce cise sic ocicew / 61.5 55.9-67.6 5729 55.1-60.8 57.9 55.1-60.8 

Walleye 

TOG 55s wclne ncleinia\e ainleecis\s'eesisisis 2 49.0 46.2-51.9 48.5 45.8-51.4 48.5 45.8-51.4 
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bass were more resistant than smaller ones. 

For example, the LCsg for 7-inch largemouth 

bass was 50 percent greater than for l-inch 

bass. Also, all sizes of bluegill, largemouth 

bass, and walleye were affected very little by 

exposures longer than 24 hours. 

The northern pike were of two sizes, but the 

data were insufficient for separate treatment 

and they were combined to facilitate statistical 

evaluation. Both sizes were healthy, but it is 

difficult to bioassay pike because they are 

voracious and turn to cannibalism unless other 

live food is available. Their possible hunger 

stress was demonstrated by decreased re- 

sistance at 96 hours. 

Effects of temperature 

The effects of temperature on the toxicity 

of MS=222 to rainbow trout which averaged 

0.6 g. and 1.6 in. were evaluated (table 5). The 

trout were slightly more resistant at 7° than 

at 12° and 17° C. There was little difference 
between the LCsg values at 24 and 96 hours 

at a given temperature. 

TABLE 5.--Toxicity of MS-222 to rainbow trout at selected temperatures 

At 24 hours At 48 hours At 96 hours 

95-percent 95-percent 

confidence | LC,, 
interval 

95-percent 
confidence 
interval 

confidence | LC,, 
interval 

MS-222 was more toxic to small bluegills at 

12° or 22° C. than at 179 (table 6). The dif- 

ferences, however, between LCsg values ob- 

tained at 3 temperatures in 24-, 48-, and 96- 

hour tests were not large. The fish tested at 

22° were slightly smaller than the others, 

which may account for their greater sensi- 

tivity. 

Effects of water quality 

The effects of water hardness on the toxi- 

city of MS-222 were established using rain- 

bow trout which averaged 1.1 grams and 1.9 

inches (table 7). The fish were from the 

same lot, and they were exposed concur-= 

rently to the anesthetic at three hardnesses. 

Results were consistent and accurate at 42 

and 176 p.p.m. total hardness, but variabie at 

10 p.p.m. which necessitated several repeats 

for reliability. The inconsistent mortalities 

at lower concentrations indicated an erratic 

action of the drug in soft water. Partial mor- 

tality occurred at 33 and 34 p.p.m. in 24 

hours, but no mortality occurred at 36 p.p.m. 

A previous, 24-hour test indicated consider- 

ably higher mortalities at 30 and 33 p.p.m. 

than at 38 p.p.m. 

Recovery 

The recovery of fish after 96-hour expo- 

sures was observed. At relatively low con- 

centrations of MS-222, all fish recovered to 

some extent during the bioassay and com-= 

pletely during the recovery period immedi- 

ately following the 96-hour exposure. At 

intermediate concentrations, which resulted 

in a partial kill during a 96-hour exposure, 

some of the survivors recovered partially 

previous to terminating the bioassay. Very 

few of the surviving fish died during the re- 

covery period following exposure. The num- 

bers of fish and the rates at which they re- 

covered from anesthesia and survived 

exposures to the intermediate concentra- 

tions are listed in table 8. 

The trout species recovered faster from 

partial-kill concentrations of MS-222 than the 

other fishes. Recovery was considered com- 

plete when specimens regained equilibrium 

and the ability to swim against a current. 

TABLE 6.--Toxicity of MS-222 to bluegills at selected temperatures 

At 24 hours At 48 hours At 96 hours 
Average 
weight 
grams 

Average 
length 
inches Le 

interval 

41.7-44.3 

95-percent confidence 

44.1+45.9 
39.0-40.6 

95-percent 
confidence 

interval 

95-percent 
confidence 

interval 

41.7-+4.3 
42.7-+45.3 
39.0-40.6 

41.7-44.3 
43.646.2 
39.0-40.6 
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TABLE 7.--Toxicity of MS-222 to rainbow trout in selected water qualities at 120 0. 

95-percent 

confidence 

interval 

At 48 hours At 96 hours 

95-percent 
confidence 
interval 

95-percent 
confidence 
interval 

37.6~40.3 
39.10.8 
38.1~0.0 

37.5-40.2 
38.1-40.0 
36.4-39.8 

36.9-39.2 
38.1-40.0 
36.5-39.2 

TABLE 8.--Recovery from anesthesia among fish exposed to concentrations of MS-222 causing partial kills within 96 hours at 12° Cc; 

Partial kill 
concentration 

(p-p-m.) 
Species and length 

Number of fish 
Minutes to recover 

Surviving in fresh water 
at 96 hours 

Northern Pike: 

Bluegill: 

PPUCHCH cen ccccuncncccvcccsoscdccnvcossecscoscccoseccess 

Rainbow trout exposed to 34 to 50 p.p.m. for 

96 hours recovered within 1 to 5 minutes when 

removed to fresh water. In contrast, walleye 

exposed to 40 to 50 p.p.m. for 96 hours re- 

quired 60 to 180 minutes to recover. Of the 

356 fish removed to and recovering in fresh 

water, only 8 subsequently died. Among the 

survivors, the 2-inch rainbow trout exposed 

to 34 to 44 p.p.m. of the drug for 96 hours and 

removsf to fresh water were observed for 7 

days. There was no mortality; they fed readily 

and behaved similarly to controls. 

Safety indexes 

Rainbow trout averaging 1.4 grams and 2 

inches were exposed to MS-222 in brief bio- 

assays to determine safety indexes. A safety 

index refers to the margin between efficacy 

and mortality. It is expressed by the quotient 

of a lethal concentration and an effective con- 

centration. 

Safety indexes for rainbow trout in table 9 

were derived from LCsg and ECsg values. 

The ECsg here relates to the concentration 

of drug which produces total loss of equi- 

librium in half of the specimens (Schoettger 

and Julin, 1966). The best results were ob- 

tained in 15-, 30-, and 60-minute exposures. 

Shorter exposures may be desirable from the 

point of view of field practice, but they give 

less accurate results. The fish do not die 

uniformly or quickly enough. Longer expo- 

sures of 1 to 6 hours were not meaningful 

because some fish recovered from anesthesia; 

others died at concentrations close to the ef- 

fective concentration. 

The maximum safety index (M.S.I.) is the 

quotient of the LC, and the ECgg . The values 

were extrapolated from the regressions used 

in determining the LCsg and ECsg . The 
M.S.I. is lower than the safety index and is 

biased in favor of greater safety. 
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TABLE 9.--Safety and maximum safety indexes of MS-222 against 2-inch rainbow trout in brief exposures at 12° Cc. 

Safety index Maximum safety index 

Exposure 

(p.p-m.) 50 50 

EC Index Cy 
de Le /EC 

Lc 

(p.p-m.) 

15 MINUTE 's winloinin/nisis sielenisic sisivicciniess asic sss \s\6 42 64.6 
FO bmiribe a tele \s/a.slehlaia)<\elaleleistalelelsisleleletviela’sials (ala 42 56.8 
60 minutes. .cccccccceccvccecceccccccccsccce 42 55.5 Ne) nw 

Gaeta UaBooaRd 

The S.J. and M.S.I. derived for MS-222 

against small rainbow trout demonstrate that 

the shorter exposures are safer for the fish 

than longer exposures (table 9). This was true 

in waters with hardnesses of 10 and 42 p.p.m. 

The data also show that the drug is not as 

safe in soft water as in harder water. 

DISCUSSION 

Toxicity of MS-222 to the eight species of 

fish depended on the concentration of drug 

and the duration of exposure. There was a 

straight-line relation between concentration 

aiid time of exposure within the initial 24 

hours. Beyond 24 and up to 96 hours a given 

concentration showed little or no difference in 

toxicity. For example, the 15- and 30-minute 

and 24- and 96-hour LC sg values for 2-inch 
rainbow trout were 64.6, 55.5, 39.0, and 

38.4 p.p.m. respectively. The 24- and 96-hour 

LC sg values for some species were identical, 

such as 47 p.p.m. for 6-inch rainbow trout. 

The reasons for identical LC sg values at 

24 and 96 hours may include a decrease of 

concentration by absorption and metabolism 

in the fish, some natural degradation of the 

drug in solution, and greater activity of the 

chemical on fish within the early hours of 

exposure. 

It is noteworth that the LCsg values for the 

eight species did not differ greatly. The range 

of 24-hour LCsg values for the more sus= 

ceptible lake trout to the more tolerant large- 

mouth bass was 33.8 to 63.0 p.p.m. 

Among the salmonids, brook trout were the 

more resistant to MS-222, Interestingly, 

Walker and Schoettger (1966), detected lower 

residues of the drug in brook trout than in 

rainbow, brown, and lake trout upon with- 

drawal from effective anesthesia. This may 

explain, in part, the higher resistance of the 

species to the anesthetic. 

Water hardness did not influence the toxi- 

city of MS=222 to rainbow trout, except that 

results at 10 p.p.m. were erratic. Parkhurst 

and Smith (1957) observed that rainbows re- 

act differently in various water supplies to the 

same concentrations of the drug. These in- 

consistencies suggest that the fish may not 

be exposed to MS=222 as safely in soft water 

as in hard water. 

Sandoz Pharmaceuticals (in an undated leaf- 

let "Toxicity of MS-222 to fish and frogs", 
2 p.) stated that the therapeutic index (LC, / 

ECo99 ) of MS=222 for rainbow trout was 1.57. 

The LC ;, however, was defined in a 15- 

minute exposure of fish whereas the ECg9 

was defined in 3- to 4-minute exposures. 
Since the exposures for LC and EC differ, 

their index is not comparable to our safety 

indexes. 

The S.1. (LCs59 /ECsg ) and the M.S.I. 

(LC, /ECog ) displayed similar trends through- 

out the bioassays of MS-222 with one signifi- 

cant exception. There was little difference be- 

tween the S.I. for rainbow trout in hard and 

soft water, but there was a significant differ- 

ence between the M.S.I. The index was higher 

in the hard water. The slope of the regres- 

sions for LC and EC in soft water was less 

than in hard water, and the LC, was there- 

fore smaller and the ECo9g greater. These 
relations suggest that MS-222 is safer to 

rainbow trout in hard water than in soft. This 

was confirmed by Schoettger and Julin (1966) 

in their studies on the efficacy of the drug to 

rainbows in waters of various qualities. It is 

advisable to calculate both the S.I. and the 
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M.S.I. because one may suggest a possible 

hazard when the other doesn't. 

The speed and degree of recovery of fish 

from anesthesia are important. Complete re- 

covery from brief exposures is rapid, and it 

is proportional to the concentration of MS- 

222 and the duration of exposure according to 

Klontz (1964). This is not wholly the case in 

long exposures up to 96 hours. The concen- 

trations of drug in long exposures did not 

hold all fish at a certain stage of narcosis for 

96 hours. Some fish were recovering from 

anesthesia each day after the first 24 hours. 

The trout recovered from anesthesia more 

rapidly than the other species. In fact, most 

fish recovered rapidly, and the extended re- 

covery times for some species reflect the 

very slow recoveries of a few individuals, 

Sublethal exposures to MS-222 did not 

seem to harm fish. Rainbow trout which 

survived partial-kill concentrations were 

observed for 7 days. They fed and behaved 

as well as controls. 

CONCLUSIONS 

MS-222 demonstrated a definite and con- 

sistent toxicity to eight species of fish in 24- 

to 96-hour bioassays. The range of 24-hour 

LCsg values for the more susceptible lake 

trout to the more tolerant largemouth bass 

was 33.8 to 63.0 p.p.m. The toxicity was not 

much greater in exposures of more than 24 

hours. | 

Larger specimens of a species are usually 

more resistant to MS-222 than small ones. 

The trout were slightly more resistant to 

the anesthetic at colder temperatures. Blue- 

gills were more resistant at 17° than at 12° 
to 22°C. 

Toxicity of MS-222 to rainbow trout was 

influenced very little by water hardness, but 

the fish reacted inconsistently in very soft 

water. 

Among the survivors in partial-kill con- 

centrations of MS-222 in 96-hour exposures, 

the trout recovered from anesthesia more 

rapidly than other species. 

Safety indexes based on the quotient of 

lethal and effective concentrations can be 

used to distinguish the margin between 

toxicity and efficacy. 

SUMMARY 

Toxicity of MS-222 to rainbow trout, brown 

trout, brook trout, lake trout, northern pike, 

bluegill, largemouth bass, and walleye of 

various sizes was determined in 15-, 30-, 

and 60-minute and 24-, 48- and 96-hour bio- 

assays at selected temperatures. The 24- 

hour LC so values for the more sensitive 

lake trout and more tolerant largemouth 

bass ranged from 33.8 to 63.0 p.p.m. and 

mortalities were not much greater in expo- 

sures which exceeded 24 hours. 

Larger fish of a species are more re- 

sistant to the drug than small ones. Also, 

the trout were more tolerant at colder 

temperatures. Bluegills, on the other hand, 

were more tolerant at 17° than at 12° and 
Boer, 

The drug was tested against rainbow trout 

in waters with hardnesses of 10, 42, and 176 

p.p.m. The fish reacted inconsistently in the 

softer water. 

The recovery from anesthesia was evalu- 

ated in fish which survived partial-kill con- 

centrations of MS-222 in 96-hour exposures. 

The trout recovered more rapidly than the 

other species, and posttreatment survival was 

good. 

Safety indexes (LCs9/ECso9) and maximum 

safety indexes (LC; /ECg9) were calculated 

from data obtained in 15-, 30-, and 60- 

minute exposures of rainbow trout to MS=222, 

They can be used to estimate the margin 

of safety between toxicity and efficacy. In 

one instance, the maximum safety index more 

clearly demonstrated the possible hazard of 

exposing small rainbow trout to the drug in 

soft water than did the safety index. 
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EFFICACY OF MS-222 AS AN ANESTHETIC ON FOUR SALMONIDS 

By Richard A. Schoettger and Arnold M. Julin, Fishery Biologists 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wis. 

Abstract.--MS-222 was tested for its efficacy as an anesthetic for 

rainbow trout, brown trout, brook trout, and laketrout. Eighty to 135 

p.p.m. of MS-222 anesthetized fish within 3 minutes at 79 to 17° C. The 
fish could be exposed for a total time of 4 to 12 minutes, Fifty to 60 

p.p.m. induced a moderate rate of anesthesia which could be maintained 

for approximately 30 minutes. Sedation was produced within 15 minutes 

and maintaine for 5 to 6 hours at 15 to 30 p.p.m. The efficacy of sedating 

concentrations appeared to decrease with time at 17° C. Lake trout re- 

quired larger doses than the other salmonids for complete anesthesia 

but tolerated only short exposures. There was no relation between size 

of fish and efficacy of MS-222, Smaller fish occasionally had shorter 

exposure times. The drug was equally efficaceous at pH values of 5.0, 

7.0, and 8.5. Anesthetic solutions with a total hardness of 10 p.p.m. 

were less effective in anesthetizing rainbow trout than those contain- 

ing 35 and 180 p.p.m. Individuals which were anesthetized in soft water 

recovered sooner. 

MS-=222 (tricaine methanesulfonate) was 

discovered by Maurice Sandoz during investi- 

gations to develop a synthetic substitute for 

cocaine. It was classified as a local anesthetic 

for use in human medicine. During the late 

1920's, the drug also came into use as an 

anesthetic for poikilotherms including fish, 

salamanders and frogs (Bové, 1962). 

The potential usefulness of MS-222 was not 

recognized widely in fisheries until Wood 

(1956) and Ball and Cowen (1959) reported on 

the carcinogenic properties of urethane, then 

a commonly used anesthetic for fish. An edi- 

torial comment accompanying Wood's report 

indicated that MS-222 might be a suitable sub- 

stitute for urethane. Since then, the anestheti- 

zation of fish with MS-222 has become routine 

to facilitate the handling of both marine and 

freshwater species. The toxicity of the drug to 

fish was determined by Marking (1966). Walker 

and Schoettger (1966) measured its residues 

in various tissues of salmonids. 

General guidelines for effective and safe 

use of MS-222 in fisheries are frequently 

misleading or lacking. The concentrations 

employed in fish culture, fisheries manage- 

ment and research were reviewed by Bove 

(1962), the manufacturer! , Eisler and Backiel 

(1960), and Schoettger (1966). They differ 

widely depending on factors such as species 

and temperature. Unfortunately, potentially 

lethal concentrations may be required to 

achieve desired rates or depths of anesthesia. 

Thus, the durations of exposure are critical. 

If many fish are anesthetized at one time, 

some may become over exposed and die. Con- 

centrations for selected rates of anesthesia, 

exposure times tolerated by the fish and fac- 

tors affecting the drug's efficacy therefore 

1 Sandoz Pharmaceuticals: (No date) M,S, 222-Sandoz, 
the anesthetic of choice in work with cold-blooded ani- 

mals, Sandoz Pharmaceuticals, Hanover, N,J., Technical 

Bulletin, 10 p, 
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required definition under controlled condi- 

tions. 

Because of the widespread use of MS=-222 

in the culture and management of salmonids, 

we selected four representatives of the group 

for this study. The influences of temperature, 

water hardness, pH, repeated exposure and 

size of fish on the action of the anesthetic 

were evaluated. 

METHODS AND MATERIALS 

The efficacy of MS-222 was tested against 

rainbow trout, brown trout, brook trout, and 

lake trout of 2 to 6 inches and 7 to 12 inches 

(table 1). The test fish were held in well 

water at 12° C. and starved for two days 
prior to their placement in the anesthetic 

solutions. Twenty-four hours before an ex-= 

periment, the fish were temperature condi- 

tioned in reconstituted water which was pre- 

pared according to methods described by 

Lennon and Walker (1964). Fish less than 4 

inches long were tested in 15 liters of recon- 

Stituted water. Larger individuals were tested 

in 45 liters. Since preliminary tests failed to 

show that variable loading had any effect on 

efficacy, the loading levels were approximately 

10 g./1. for the smaller fish, and up to 40 g./1. 

for the larger fish. 

TABLE 1.--Trouts used in tests of MS-222 

Source 

Rainbow trout (Salmo gairdneri)..... Manchester National Fish Hatchery, 
Manchester, Iowa. 

Brown trout (Salmo trutta).......... Manchester National Fish Hatchery, 
Manchester, Iowa, and State Fish 
Hatchery at Lanesboro, Minn. 

Brook trout (Salvelinus fontinalis). State Fish Hatcheries at Osceola, 
Wis., St. Croix Falls, Wis., and 
Lanesboro, Minn. 

Lake trout (Salvelinus namaycush) --. Jordan River National Fish Hatchery, 

Charlevoix, Mich., and State Fish 
Hatchery at St. Croix Falls, Wis. 

Initial trials with MS-222 demonstrated the 

need to establish; (1) general behavioral re- 

sponses of fish to the anesthetic, and (2) cri- 

teria to evaluate effective concentrations. 

The behavioral responses of fish treated 

with MS-222 are shown in table 2. Similar 

TABLE 2.--General behaviorial response of fish which characterize 
progressive levels of anesthesia 

Sedationesscssescsnsvsesescse Decreased reactivity to visual and 

vibrational stimuli; opercular and loco- 
motor activity reduced slightly; darker 
in color. 

Partial loss of equilibrium.. Loss of equilibrium in water current; 

increased opercular rate; swimming 
ability disrupted. 

Total loss of equilibrium: 

DUBE: fpictolelule\ i sicleis nyalafel mia’ slain Usually turn over; swimming ability per- 

sists; opercular rate rapid; react to 
vibrational stimli. 

SSUALEe pielelelelsl=)al= iol els fulelaleiatetate Locomotion ceases; fin movement may con- 

tinue; tactile response only to pressure 
on caudel fin or peduncle; opercular rate 
slowed. 

Loss of reflex activity...... Failure to respond to external stimuli, 
particularly pressure on caudal fin or 
peduncle; opercular rate slow and erratic. 

Medullary collapse........+.. Opercular activity ceases. 

responses were reported by McFarland (1959 

and 1960) and Klontz (1964). Recognition of 

these stages of anesthesia is essential to the 

selection of dosage rates, and to reduce the 

risk of excessive exposures. 

The criteria established to determine the 

efficacy of MS-222, though somewhat arbi- 

trary, were based on general considerations 

reported in the literature (table 3). It is dif- 

ficult to predict concentrations of MS-222 

which satisfy all requirements of an anesthe- 

tic; however, the levels associated with these 

criteria provide reference points which are 

adaptable to the specific needs for an anesthe- 

tic. The periods that fish tolerated exposure 

to MS-222 were determined by entry of the 

first and the last individual into medullary 

Table 3.--Criteria for testing anesthetics 

Criteria for effec- 

se DESEEH GER tive concentration 

Handling: Fin clipping, 
stripping, etc....... A. Rapid immobility A. Concentration produc- 

Rapid recovery. ing loss of reflex 
Brief immersion in all fish within 

time. 3 minutes. Total 
immersion time de- 
pendent on the onset 
of medullary col- 
lapse. 

B. Moderately rapid and|B. Concentration produc- 

sustained anes- ing total loss of 
thesia. equilibrium, stage 

11, in all fish 
within. 15 minutes. 
Fish recover after 
15 to 30 minutes of 

immersion. 

Transportation of 

felishiereteraisren einen eine Reduced activity. Re- | Concentration producing 
duced oxygen consump-| sedation within minutes 
tion. Dispersal of and maintaining it for 
fish in containers. 5 to 6 hours. 
Rapid recovery. 
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collapse. The time of response is useful in 

estimating the numbers of fish which can be 

handled safely in a batch. In actual practice 

the more susceptible fish respond first to the 

anesthetic and are removed, 

A series of concentrations of MS-222 were 

tested at a temperature of 129 C. and at pH 
7.0. The levels giving reasonable anesthetiza- 

tion, holding and recovery times, and which 

produced minimum mortality were considered 

for further trials at 7°, 12° and 17° G., and at 
pH 5.0, 7.0, and 8.5. Temperature control was 

maintained by placing the test containers in 

water baths. The pH of some solutions was 

varied by the addition of sodium bicarbonate, 

or potassium acid phthalate and sodium hy- 

droxide. The oxygen concentrations of the solu- 

tions were maintained close to saturation by 

aeration before, or during the experiments. 

The metabolic rates of fish sedated with 

MS-=222 were compared with those of unanes- 

thetized fish. The studies were conducted in 

open and closed systems, and were designed 

to estimate the usefulness of the drug for sup- 

pressing the metabolism of fish in tanks, and 

in plastic bags. 

Lake trout averaging 4 inches in length and 

6.3 grams in weight were used in the open- 

system tests. Five individuals were placed in 

each of sixteen l-gallon jars, each containing 

2.5 liters of reconstituted water and the volume 

adjusted slightly to achieve a constant loading 

of 15 g./1. Eight test solutions at 12° C. con- 
tained sufficient MS-222 to produce sedation 

(20 p.p.m.), and were saturated with oxyben. At 

intervals, one container of fish from each ex= 

perimental and control group was selected ran- 

domly and the oxygen was measured by the 

modified Winkler method. The tests continued 

until the fish showed signs of distress because 

of low oxygen. 

In the closed-system trials, one or two 6- 

inch rainbow trout were weighed and sealed in 

l-gallon jars that were completely filled with 

reconstituted water at 12° C. The solutions 

were saturated with oxygen at the beginning of 

the tests. The fish were sedated with 20 to 30 

p.-p.m. of MS-222 and the quantities of oxygen 

consumed by them were compared to controls 

after 30 to 60 minutes. The values were cor- 

rected for the loading level in each jar. 

The influence of water hardness on the 

efficacy of MS-222 was measured with 4- 

inch and 9-inch rainbow trout. The hard- 

nesses of the various solutions were altered 

by adding different amounts of the mixed re- 

constituting salts. Preliminary tests were 

conducted in solutions of MS-222 which had 

hardnesses ranging from 17 to 350 p.p.m. as 

calcium carbonate. In subsequent trials a con- 

centration of 100 p.p.m. of the drug was tested 

for efficacy in solutions with hardnesses of 10 

and 180 p.p.m. These contained 5 and 75 p.p.m. 

of calcium ion, 1.5 and 7.0 p.p.m. of chloride 

ion, 9.5 and 116 p.p.m. total alkalinity, and had 

pH's of 7.14 and 8.20 respectively. They will 

later be referred to as relatively soft and 

hard waters. The trout were acclimated in 

both types of water for 24 to 48 hours pre- 

ceeding the experiments and were placed in 

well water for recovery. 

The effect of repeated exposure of fish to 

MS-222 was tested by anesthetizing 12-inch 

rainbow trout and 6-inch lake trout daily in a 

concentration of 100 p.p.m. The time pre- 

ceeding the onset of medullary collapse, re- 

covery time and survial were used as indices 

of sensitivity. The trials with rainbow trout 

continued for 21 days and were conducted in 

reconstituted water at 12° C. The fish were 
placed in well water for recovery. In similar 

experiments lake trout received 12 treat- 

ments. Their sensitivity to the anesthetic was 

compared periodically with untreated indi- 

viduals. The fish were anesthetized and re- 

covered in well water. Both species were 

tested in groups of 10 and fed their normal 

ration throughout the trials. 

RESULTS AND DISCUSSION 

The efficacy of MS-222 for inducing rapid 

and moderately rapid anesthesia and sedation 

in two size groups of salmonids was tested at 

7° to 17° C. and pH 5.0 to 8.5. The efficacy of 
the drug appeared unaltered by pH and these 

data were grouped, without differentiation, 

with those for size of fish and temperature. 

a 
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Rapid anesthesia 

Rainbow trout were anesthetized to loss of 

reflex within 3 minutes in solutions containing 

100 p.p.m. of MS-222 (table 4). Fish in both 
size ranges were equally sensitive to the drug 

and in contrast to other salmonids, there ap- 

peared to be less effect of temperature on 

efficacy. The fish withstood exposure for ap- 

proximately 5.5 to 12 minutes. The durations 

were somewhat shorter at higher tempera- 

A concentration of 80 p.p.m. was 100-per- 

cent effective on brown trout at 17°, however, 

the concentration was raised to 100 p.p.m. at 

79 and 12° C, to achieve efficacies of 86.6 to 

100 percent (table 4). Though a weaker solu- 

tion was used at 179, the fish reached medul- 

lary collapse and recovered sooner than at 

79 and 12°, This suggests a greater metabol- 

ism of MS=222 at higher temperatures. 

Brook trout and lake trout were effectively 

tures and with smaller fish. anesthetized by 100 p.p.m. of MS-222 at 17° 

TABLE 4.--Concentrations of MS-222 producing rapid anesthesia in four salmonids at three temperatures. 

Mean range of 
Fish in loss of-- exposure times 

Temper - | Size of (minutes) Rare 

Species and concentration ature fish Equilibrium, stage Reflex within exposure 

(c.) inches | 11, with 2 minutes 3 minutes First Last index? Survival 
fish fish (percent) 

Percent | Number Percent 

Rainbow trout: 

TLOOMp spe merits bieteistersteteteisieis sie lelstetsisieistoleisiet 7 2-6 100.0 60/60 100.0 6.6 8.1 2.2 4.0-11.0 98.4 
Do 70 7-12 100.0 20/20 100.0 6.8 1.4 2.3 5.1-11.8 100.0 

12° 2-6 100.0 170/173 98.3 505) 7.0 1.8 2-8- 8.2 93.1 
12° 7-12 100.0 95/95 100.0 8.0 11.9 Pail 4.2- 8.6 100.0 
17° 7-12 100.0 20/20 100.0 525 6.9 1.8 4.3- 9.0 93.3 

12° 2-6 20/20 100.0 13/20 65.0 6.9 qe03 2.3 3.3- 6.6 100.0 
17° 2-6 5/5 100.0 5/5 100.0 Bre vie} 1.8 6.0- 6.3 40.0 
2 7-12 20/20 100.0 20/20 100.0 4.6 7.0 iS 3.9- 8.2 86.6 
Te at 13/15 86.6 9/15 60.0 9.4 10.4 s)aal 5.8-10.1 100.0 

12° 2-6 40/40 100.0 39/40 97.5 5.9 8.3 2.0 3.8- 7.6 100.0 
iF?) 7-12 8/8 100.0 8/8 100.0 4.5 6.1 1-3 4.8-17.0 75.0 
70 2-6 30/30 100.0 26/30 86.6 7.9 9.4 2.6 6.4-18.5 100.0 
7° 7-12 34/35 97.1 32/35 91.4 9.5 Di 3.2 7.3-11.0 96.6 

igs 2-6 60/60 100.0 60/60 100.0 6.1 8.1 2.0 4.1- 9.6 100.0 
12° 7-12 55/55 100.0 53/55 96.3 7.9 11.0 2.6 4.9-13.3 98.1 

12° 2-6 70/70 100.0 43/60 71.6 5.0 = oe 2.0- 6.4 100.0 
ay) 7-12 20/20 100.0 20/20 100.0 42 5.4 1.4 5.1- 8.9 93.3 
12° 7-12 30/30 100.0 30/30 100.0 6.5 8.7 2.2 4.4- 7.6 100.0 
i) 7-12 24/25 96.0 24/25 96.0 8.8 11.4 2.9 4.1- 7.7 100.0 

WD 2-6 38/120 31.6 10/120 8.3 6.9 8.5 2.3 5.5-19.2 85.8 
12° 2-6 101/120 84.1 71/120 59.2 4.7 5.4 1.6 4.1-15.8 91.7 
179 7-12 25/25 100.0 25/25 100.0 3.9 4.7 153} 3.4- 5.3. 100.0 
ig 7-12 30/30 100.0 29/30 96.7 5.0 6.3 1.7 3.5- 9.1 100.0 
2) 7-12 18/25 72.0 20/25 80.0 5.6 6.5 1.9 44- 7.1 100.0 

—t 

1 Index obtained by dividing the time for the first fish to reach medullary collapse by the time (3 minutes) for fish to reach loss of reflex. 

peratures for the former species. The expo- 

posures for brook trout ranged from 4.2 

minutes at 17° to 11.4 minutes at 7°. The 
values for lake trout, at the same tempera- 

tures, were 3.9 and 6.5, and they reflect a 

greater sensitivity than the other salmonids 

to prolonged anesthetization. Also, the lake 

trout died quickly when they were not re- 

moved from the anesthetic soon after the 

cessation of respiration. This was not as 

critical with the other species and suggests 

that the respiratory and cardiac centers of 

lake trout are inhibited at a similar rate by 

the drug. 

and by 110 p.p.m. at 12° (table 4). The dosage 

was raised to 120 p.p.m. for brook trout, and 

135 p.p.m. for lake trout at 7°. The concen- 
trations for lake trout are similar to those 

used at a national fish hatchery? in Michigan. 

In general, the chars were more resistant 

to MS=222 at 7° and 12° than rainbow trout or 
brown trout. This may indicate a lower, and 

possibly narrower, range of optimum tem- 

2 Personal communication from George Drake, 

Hatchery Manager, Pendills Creek National Fish Hatch- 

ery, Brimley, Mich, 
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The progress of anesthesia in the various 

salmonids slowed, and exposure times length- 

ened with decreasing temperature. Although 

lower dosages were used at 17° C., with the 

exception of rainbow trout, it was necessary 

to remove the fish from the anesthetic solu- 

tion sooner than at 79, The reduced efficacy 

at relatively low temperatures is in accord 

with the results of Meister and Ritzi (1958). 

We concluded that rapid anesthesia is more 

safely induced and maintained at lower tem-= 

peratures. 

The drug appeared to be similarily effective 

on both size ranges of rainbow trout and brown 

trout; however, larger fish withstood longer 

anesthesia. Brook trout and lake trout of 

smaller sizes were not tested at the concen- 

trations used for larger specimens. The trouts 

usually recovered from deep anesthesia with- 

in 3 to 15 minutes. There were no consistent 

relations between recovery time and tem- 

perature, size of fish, or total exposure. 

MS-222 is capable of inducing rapid anes- 

thesia which makes it useful in spawning, 

marking, and measuring fish, and in immobi- 

lizing specimens for various physiological 

investigations (Nelson, 1953; Butler, 

1957; Parkhurst and Smith, 1957; Schiffman 

and Fromm, 1959; Crawford and Hulsey, 1963; 

Black and Connor, 1964). Its relatively high 

narcotic potency to fish is related to its 

molecular weight (McFarland, 1959), 

The rate of anesthetization with MS=222 can 

be controlled by the dosage. According to the 

literature, rapid results have been achieved 

with concentrations ranging from approxi- 

mately 80 to 1,000 p.p.m. The action of the 

drug is reversible at these concentrations 

provided exposure time is manipulated to 

minimize mortality. We observed that anes- 

thetized trout always recovered when they 

were transferred to fresh water before cessa- 

tion of respiratory activity. Rodman (1963) 

found that anesthesia of white sturgeon was 

not reversible when the fish were exposed to 

a concentration of 1:40,000 for 30 to 48 hours. 

Marking (1966) maintained rainbow trout 

under anesthesia with MS=222 for 96 hours. 

They recovered quickly in fresh water and 

appeared to be healthy seven days later. 
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Our results, and those of other investiga- 

tors, demonstrate that relatively high con- 

centrations of MS-222 are effective and 

safe for the rapid anesthetization of trout. 

The dependence of survival on exposure time 

suggests than an index for the safe exposure 

of fish to MS=222 can be obtained from a 

quotient of the time for medullary collapse 

and that for anesthesia. Indexes for the vari- 

our species and sizes of fish were calculated 

for temperatures of 79, 12°, and 17° C. (table 

4). They are biased in favor of greater safety. 

High indexes may be calculated from times 

for shallower anesthesia and longer exposure. 

Usually, the indexes were greater than 1.5. 

The values of 12° and 17° were relatively 
lower than those at 7° and indicated a greater 

hazard in anesthetizing fish with MS-222 at 

higher temperatures. Brook trout and lake 

trout, for example, had respective indices of 

1.4 and 1.3 at 17°, whereas the values were 
22Orand eo ats FCs 

Effects of water hardness.--In preliminary 
studies, we found that the water harnesses 

from 17 to 350 p.p.m. had little influence on 

the anesthetic properties of MS-222 against 

rainbow trout. 

Phillips et al. (1955) established the im- 

portance of the calcium ion in the metabolism 

and osmoregulation of brook trout. Calcium 

concentrations of 5 p.p.m. increased metabo- 

lism, presumably in active opposition to the 

osmotic inflow of water. We anticipated that 

solutions with a hardness of 10 p.p.m. and 

a calcium ion level of 5 p.p.m. might intro- 

duce an osmotic stress which would alter the 

anesthetic action of MS-222 against rainbow 

trout. The results of trials in solutions with 

hardnesses of 10 p.p.m. and 180 p.p.m. are 

shown in table 5. In soft water, the times to 

TABLE 5.--Effect of water hardness on the efficacy of 100 p.p.m. of 
MS-222 against 9-inch rainbow trout at 12° Cc. 

Nean time in minutes to-- 

Medullary 

collapse in 
water with 

hardness of-- 

Loss of reflex 

in water with 

hardness of-- 

Recovery in 

water with 
hardness of-- 

Six tests (80 fish)...... 
Standard deviation....... 

Differences between means 

Calculated "i", .sceeeeeee 13.41* 4.98% 

*Significant at the 0.01 level. 
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reach complete anesthesia and durations of 

exposure were double those for hard water, 

and recovery times were shorter. The mean 

differences between soft and hard water were 

statistically significant at the 0.01 level. 

Onkst et al. (1957) observed that induction of 

anesthesia in guppies with pentobarbital was 

inhibited when the fish were acclimated and 

tested in a calcium dificient medium. Marking 

(1966) observed that higher concentrations of 

MS-222 were required to anesthetize rainbow 

trout in soft water. 

The results in hard water agree closely 

with those in table 4 which were determined 

in waters with a hardness of 35 p.p.m. The 

data in tables 4 and 5 indicate that there is a 

threshold of ions below which the efficacy of 

MS-=222 is partially inhibited. Ions other than 

calcium may also contribute to this effect. 

The reduced effectiveness of MS=222 in 

soft water is not due to lower uptake of the 

drug. Greater amounts of MS-222 were found 

in the muscle tissues of fish anesthetized in 

soft water than in those treated in hard water 

(Walker and Schoettger, 1966). The longer 

exposures of trout in soft water, and in- 

creases in their metabolism to maintain 

osmotic equilibrium, may account for the 

higher levels of MS-222 in these fish. 

We observed that the rates of anesthetiza- 

tion of fish to total loss of equilibrium, stage 

1, were similar in both soft and hard water. 

The later stages of anesthesia, however, oc= 

curred slowly in soft water. Using McFar- 

land's (1959) suggested classification of 

anesthesia in fishes, there appeared to be no 

change in the depressive action of MS=222 on 

the telencephalon, sensory areas of the tectum 

and tegmentum, and midbrain and thalamus of 

fish treated in soft water. Depressions of the 

motor nuciei in the medulla, the spinal reflex 

arcs, and of respiratory and cardiac centers 

are responsible for deeper anesthesia. It is 

possible that in these areas the activity of the 

anesthetic was antagonized by osmotic dis- 

turbances of the potassium-calcium balance 

in the nerve cells. Also, considering the re- 

sults of Phillips et al. (1955) and Walker and 

Schoettger (1966), the rate of absorption and 

deactivation of MS-222 may have increased 

along with higher metabolic rates of fish in 

soft water. 

Phillips et al. (1957) showed that the nar- 

cotization of brook trout with MS-222 in- 

creased their absorption of radioactive co- 

balt. They suggested that there may be an 

adjustment of the osmotic processes of nar= 

cotized fish. According to Quastel (1963) 

anesthetics have a twofold mechanism of 

action on the respiration and metabolism of 

brain tissue: (1) effects on the cationic equi- 

librium of the cell membrane, and (2) the 

anesthetic may affect the oxidation of diphos- 

phopyridine nucleotide within the cell. The 

first mechanism may occur without the 

second. Changes in ionic balance such as an 

increase in cellular potassium or a decrease 

in calcium stimulate respiration of the 

nerve cell, An anesthetic may deactivate car-= 

riers at the cell membrane which are re-= 

sponsible for cation movements, and have an 

effect similar to that of a respiratory inhibitor 

acting on the mitochondria. It is not known 

whether the action of MS=222 on the central 

nervous system of fish is in accord with this 

scheme for other anesthetics. 

Effects of repeated anesthetization.-=-The 

daily anesthetization of 10 rainbow trout over 

21 days, and 10 lake trout over 12 days with 

100 p.p.m. of MS-222 produced no progressive 

increase, or decrease in their tolerance to the 

drug. The tolerances of lake trout were com-= 

pared periodically with those of previously 

untreated individuals. The repeatedly exposed 

fish withstood anesthesia for approximately 

1.0 to 1.5 minutes longer than the control 

group. The higher tolerance apparently origi- 

nated after the first treatment. Recovery 

time and survival were not affected by re- - 

peated exposure. Klontz (1964) reported a 

slight increase in tolerance of fish anes- 

thetized repeatedly with MS=222 which was 

compensated by increasing the concentration. 

Moderately rapid anesthesia 

A moderate rate of anesthesia is useful in 

situations where fish must be handled over a 

longer time, but where rapid immobilization 

is not essential. For example, MS=222 is used 

to anesthetize fish during surgery and hema- 

tological studies (Robertson, 1958; Smith and 

Bell, 1964). 
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We determined that concentrations of 50 to 

60 p.p.m. anesthetized the four salmonids to 

total loss of equilibrium, stage 2, within 15 

minutes (table 6). The fish usually could re- 

main in the anesthetic for 30 minutes. 

A concentration of 60 p.p.m. was effective 

in anesthetizing rainbow trout within 15 min- 

utes, but attempts to maintain them under 

anesthesia for 30 minutes resulted in mortali- 

ties of approximately 8 to 25 percent. More 

individuals died at 12° than at 7° C. The anes- 

thetic was almost as effective at 50 to 55 

p.p.m., and mortality was less. 

MS-222 was effective on brown trout at 50 

p.p.m., and only 1 fish of 170 failed to recover 

(table 6). 

The chars were relatively less sensitive to 

MS-222 than the other fish and a concentration 

of 60 p.p.m. was required to induce anesthesia 

within 15 minutes. The data indicate that there 

was a Slight reduction in efficacy of the drug 

at 12° C., which suggests some deterioration, 

or increased metabolism, of MS-222 in higher 

temperatures. Although lake trout appeared 

to be resistant, some did not tolerate expo- 

sures to 60 p.p.m. longer than 15 minutes. 

A concentration of 50 p.p.m. lengthened the 

immersion time, but reduced the initial speed 

of anesthetization. 

All of the brook trout recovered from anes-= 

thesia, but mortalities of lake trout ranged 
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from 15 to 35 percent and were greater at 

12° than at 79 C, The mortalities were prob- 

ably related to our inability to pinpoint the 

onset of medullary collapse. The duration of 

the loss of reflex in lake trout is very brief, 

The recovery of fish in these tests usually 

occurred within | to 15 minutes, 

Sedation 

MS-=222 can be used to produce sedation in 

fish. Solutions containing 20 p.p.m. of the drug 

were, with several exceptions, 80- to 100-per- 

cent effective in sedating rainbow trout (table 

7). Brown trout were sedated by 15 p.p.m. 

Thirty p.p.m. were required for larger rain- 

bow trout at 17° and for brook trout at 7° C. 
The trout usually recovered within 1 minute 

after they were transferred to fresh water. 

Concentrations similar to these have been 

used to sedate white sturgeon, sockeye 

salmon, cutthroat trout, rainbow trout, and 

bluegill (Rodman, 1963; Meehan and Revet, 

1962; Thompson, 1959; Dollar, 1963; Gebhard, 

1965; Webb, 1958). Lamarque (1964) recom 

mended dosages of 20 to 100 p.p.m., depend- 

ing on temperature, for the preliminary anes- 

thesia of fish before they are placed in plastic 

bags for shipment. He suggested 10 p.p.m. for 

tranquilization of fish in hauling tanks. 

McFarland (1959) stated that pH may in- 

fluence the absorption of anesthetics into the 

gills of fish. Our results, however, showed no 

TABLE 6.--Concentrations of MS-222 producing moderately rapid anesthesia in fish to total loss of equilibrium, stage 2, within 15 minutes 

Fish in anesthesia Recovery) 

Species and concentration Temperature Size of fish Exposure time ; : 
(ce (inches) (minutes) Mean time range Survival 

Percent (minutes ) (percent) 

— 

Rainbow trout: 

EO Depemtielssseasiciseeceeaclesntees 7° 2-6 43/45 15-> 30 1.40- 4.00 100.0 
12° 2-6 182/210 86.7 > 30 1.59-17.54 98.9 

ie 2-6 20/20 100.0 30 2-75-11.25 100.0 

eS 2-6 134/135 99.2 15-> 30 3.40- 9.20 91.8 

12° 2-6 85/85 100.0 15- 30 2.20-16.60 75.2 

ie 2-6 30/30 100.0 30 4.40- 6-80 100.0 

a 7-12 10/10 100.0 30 6.20-52.00 90.0 

12 2-6 130/130 100.0 30 2.30- 4.60. 100.0 

GOP PsPellsi<.cic ciaic onic nise'cincisic onic vias Fo. 2-6 40/40 100.0 20- 30 3.20- 8.00 100.0 

DO stetela}a}01s1a\aj4\e/*!sla)ofalalo! alatalsia/ofn(6/oiete iy 2-6 50/60 83.3 30 3.20- 5.70 100.0 

Lake trout: 

ZOD MDE MN ace cet aceon rosa. 128 2-6 0/10 0.0 30 1.00- 1.50 100.0 
30) phere sscecerboud Jo os900000 Le 2-6 72/120 60.0 30 3.41-13.57 83.3 

POF isin)als! otal ole! sialic! »{4ip/s]a/=/a\mlala’siaip = mtn 125 2-6 47/140 33.5 15- 30 2.23-15.23 65.8 

60 PiPelscvwceincadecicccccsccsices ue 2-6 133/140 95.0 15- 30 3.70-13.10 85.0 

See ececcsvcceccvcccccccescscs 12 2-6 84/120 74.0 15- 30 1.60-21.80 65.0 
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TABLE 7.--Concentrations of MS-222 producing sedation in four salmonids 

Fish in sedation at-- 1 

Temperature Size range me gee eee 
Species and concentration (c.) (Gneneen | 15 minutes 5-6 hours not in sedation at-- 

Number Percent | Number Percent 15 minutes | 5-6 hours 

Rainbow trout: 
20 p.p.m..... Te 2-6 132/135 97.8 129/135 95.6 > > 
Do. ie) 7-12 80/120 66.6 78/120 65.0 > > 
Do. 128 2-6 175/177 98.8 177/177 100.0 > 
Deb sangnoTsadgOCHBAQUNROGbaOOD0G 12 7-12 81/90 90.0 84/90 93.3 > > 
Do syeteeiataterete ais iersiete'clototelterste ersten i? 7-12 32/40 80.0 22/40 55.0 < < 

BOM ape Mere eistaeicleteie eisinetelsteimiaieiaeine Ties 7-12 20/20 100.0 16/20 80.0 > 
BUH OOOCOACODOOODOCGENOOD C0000 72 7-12 14/20 70.0 16/20 80.0 > > 

Brown trout: 
15 p-p-m..... Tie 2-6 20/35 aiifoak 33/35 94.3 > > 
Do. i 7-12 45/50 90.0 49/50 98.0 > > 
Do. 122 2-6 28/30 93.3 30/30 100.0 > 
Do. aye) 7-12 20/20 100.0 20/20 100.0 

AQ) RRO Mo cosas nO DoOnMOnTICOGdO0O ve 2-6 9/36 25.0 23/36 63.9 > > 
Me osonagsdhc Anges syocor eFaoS 1g) 2-6 21/72 29.2 70/72 97.2 > > 
Doe es ceteeiieinsiclecieietervelelsiee Wee 7-12 17/20 85.0 20/20 100.0 > 

Brook trout: 
20 p.p.m..... 72 2-6 10/10 100.0 5/10 50.0 < 
Do.. es 7=12 20/20 100.0 20/20 100.0 

re 7-12 20/20 100.0 20/20 100.0 
t 2-6 57/60 95.0 50/60 83.3 > > 
Ll 7-12 20/20 100.0 19/20 95.0 > 
125 2-6 29/30 96.7 24/30 80.0 > > 
125 7-12 9/20 45.0 20/20 100.0 > 
17 7-12 12/20 60.0 15/20 75.0 > <> 

ie 2-6 179/180 99.5 146/150 97.3 > > 
7 7-12 17/20 85.0 17/20 85.0 < 2g 

igs) 2-6 280/280 100.0 185/220 84.0 < 
ig 7-12 20/20 100.0 20/20 100.0 
aye 7-12 18/20 90.0 16/20 80.0 < < 

=a 

1 >=deeper anesthesia; <=similar to controls. 

important effects of pH 5.0 to 8.5 on the sedat- 

ing properties of MS-222, 

Sedation is not a static stage of anesthesia. 

The stage shifts toward recovery, or deeper 

anesthesia, according to the concentration of 

anesthetic, temperature, and, in some in- 

stances, the size of the fish. The individuals 

in nearly 70 percent of the trials conducted 

at 17° C. showed signs of recovery after 6 

hours. The trend was never toward deeper 

anesthesia in tests at this temperature. The 

shift at 7? and 12° was toward recovery in 40 

percent of the tests, and toward deeper anes-= 

thesia in 20 percent. Sedation persisted in the 

remaining 40 percent. The reduced effective- 

ness of the drug at relatively higher tempera- 

tures is probably related to its deterioration, 

increased metabolism by the fish, or both. 

More conclusive evidence regarding the tem- 

perature dependence of MS-222 was obtained 

by McFarland (1959, 1960). His observations 

on the behavior and metabolism of anes- 

thetized California killifish demonstrate that 

the drug was an effective sedative at 18° to 

21° C., but not at 24° to 279 C, Sedation at 
the lower temperature range was not main- 

tained beyond 6 to 8 hours. 

One of the principal uses of anesthetics in 

the transportation of fish is to control metabo- 

lism. Baudin (1932a, 1932b), McFarland 

(1959), and Blahm (1961) reported that MS=-222 

reduces the rate of oxygen consumption in 

fish. We observed that the drug reduced the 

oxygen consumption of rainbow trout in a 

closed system by approximately 30 percent 

(table 8). Statistical analyses indicated that 

the reduction was significant at the 0.05 but 

not at the 0.01 level. In contrast, the anes— 

thetic failed to reduce significantly the oxygen 

consumption rate of lake trout in open-system 

tests (table 9). This may have been the result 

of the differential diffusion of oxygen into 

those solutions with greater oxygen gradients. 

Thus, there is little advantage in using MS=- 

222 in open systems to reduce oxygen con-= 

sumption. On the other hand, the fish in these 

experiments were not purposely stimulated to 

higher levels of activity. Fry (1957) demon- 

strated that the oxygen uptake of stimulated 

fish may be four to five times the basal 

metabolic rate. The drug may be efficacious 

in open systems by lowering metabolic rates 

of this magnitude. McFarland (1960) suggested 

the pre-Sedation of fish for several hours to 

lower their metabolic rates before transport. 
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TABLE 8.--Oxygen consumption of 6-inch rainbow trout sedated with MS-222 
in closed systems at 12° C. 

Rates of oxygen consumption 

(mg.OQo/kg. body wt./hr.) 
Test . 

Sedated fish Sontrol fish 

Voroonwuworo 

Standard deviation.....seccceceee 

Difference between mean rates.... 

Calculated "tL" cece enerececccenes 

“Significant at the 0.05, but not at the 0.01 level. 

The reports on the benefits of sedating fish 

with MS-222 during transport are contradic- 

tory (Webb, 1958; Martin and Scott, 1959; 

Thompson, 1959; Meehan and Revet, 1962; 

Dollar, 1963; Rodman, 1963; Gebhards, 1965). 

The drug has been used more successfully at 

low, than at high temperatures, and it may be 

instrumental in reducing injuries to fish be- 

cause of hyperactivity (Gossington, 1957; 

McFarland, 1960; Collins and Hulsey, 1963). 

Use of MS-222 as a spawning aid 

Anesthetization of gravid rainbow trout and 

brook trout with MS-222 was observed at 

three hatcheries. The rainbow trout were 

treated at national fish hatcheries at Genoa, 

Wis., and Manchester, Iowa, and the brook 

trout were exposed at the state fish hatchery 

at Osceola, Wis. The concentrations of drug 

were those normally used at the hatcheries 

during the collection of eggs and sperm. The 

observations are listed in table 10, 

The amounts of MS-222 used to anesthetize 

the sexually mature, adult rainbow trout were 

similar to those producing rapid and mod- 

erately rapid anesthesia in the efficacy tests 

(table 4 and 6). A concentration of 58 p.p.m. 

produced loss of reflex in about 6 minutes, 

and it was as effective on fish weighing 8 

pounds as on smaller individuals. The fish 

remained in this concentration for 6 to 28 

minutes, and all recovered in 3 to 5 minutes. 

The desirable feature of this dosage was 

that a greater number of fish could be 

anesthetized over a longer period than 

would have been possible using higher 

dosages. Twenty fish were exposed in one 

trial and some remained in the anesthetic 

for nearly 30 minutes, They were not 

completely anesthetized and reacted 

slightly when handled. The more susceptible 

individuals were spawned within 5 minutes 

after contact with the anesthetic. 

The fish exposed to 100 p.p.m. reached loss 

of reflex in 1.25 and 3.25 minutes. The dura- 

tion of exposure was 2 to 7 minutes, and all 

recovered in | to 3 minutes. 

The 166 p.p.m. of MS-222 used for male 

brook trout were higher than those employed 

in our efficacy tests (table 4). They were ex- 

posed for 4.25 to 7.5 minutes and all recov- 

ered in 7 to 9 minutes. The hatchery person- 

nel reported that as many as 150 fish are 

anesthetized in one solution of MS-222 before 

TABLE 9.--The oxygen consumption of 4-inch lake trout sedated with MS-222 in open systems at 120°. 

Concentration of 

oxygen 

(p.p.m. ) 

Elapsed time 

p-p.m./hr. 

eee eee ee eee eee eee eee ee 

eee eee ee ee eee eee eee) 

OW Oo 

eee eee eee eee eee ee eee er 

eee eee eee eee ee eee rr 

Uw ov 3 0 arcade Cette 7) YAW Ree eee eee ene ween en eene 

rs 

eee eee eee eee re 

wu NNO Reet m meee e eee e wena ennnee 

een e eee een eeeee 

Peewee ween eae ennee 

Sedated fish 

Consumption of oxygen 

Control fish 

ean eeinieeshism Ge Consumption of oxygen 

mg.0,/kg. ESD mg.0,/ke. 
body wt./hr. (p-p-m.) body wt. /hr. 

9.4 5 
6.8 140.0 
6.4 133.3 

6.2 106.7 
4.7 126.7 
4.6 106.7 

Dale 93.3 
4.0 93.3 
3.0 93.3 

Rees ace aeueecae 111.6 
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TABLE 10.--Observations on use of MS-222 in anesthetizing rainbow trout and brook trout during spawning operations 

1 T 

Concen- | Temper- err Number of 
Species and hatchery tration ature per fish fish per 

(p-p-m.) | (F.) (pounds) | test 

Rainbow trout: 

Manchester, Ia 58 54° 7.0 10 
58 54° 7.0 6 
58 549 7.0 1 

58 54° 1.0 20 
58 54° 1.0 ay 

100 eee 0.9 2 
100 Git ai) 1.0 2 

Brook trout: 

Osceola, Wis 110 480 1.6 2 
DOwseeeee 110 48° 1.6 7 
Dostetetelaiats 166 48° 1.4 2 

DO ate atotete]siesoietelotaloulaeiieleiaie tal ieiar asters 166 48° 1.4 7 

Recovery in 
fresh water 

Time (minutes) to reach 
loss of-- 

Equilibriun, 
stage 2 

Range of 
exposures 
(minutes ) 

of Sex 

Time 
(minutes ) 

it F 4.00 3.00 
1 F 5.00 4.00 
1 F 5.50 3.00 
1 M 3.25 3.00-5.00 
1 M 5.50 N.R.+ 
3 F 1.00-1.50 2.50-~4.50 
6 M 1.00-2.00 1.00-3.00 

2 F 0.75 2.00 
2 E 1.00-1.50 8.00-9.75 

2 M 1.00 7.00-8.00 
2 M 1.00 8.00-9.00 

+ Not recorded. 

its effectiveness is greatly reduced. Meister 

and Ritzi (1958) reported that from 22 to 35 

pounds of brook trout, 36 to 86 pounds of 

Atlantic salmon, or 93 pounds of Jake trout 

could be anesthetized per gram of MS=222, 

The use of MS=222 during spawning speeds 

the operation and reduces the mortality of 

fish due to forceful handling. The anesthetic 

apparently has no adverse effects on the sur- 

vival of eggs or parents (Parkhurst and Smith, 

1957: Crawford and Hulsey, 1963). The ex- 

posed fish, however, are usually dipped into 

clean water before stripping to prevent the 

anesthetic from contacting reproductive 

products (Allison, 1961). 

Other observations on MS=222 

Minor deviations in the efficacy of MS-222 

were observed from time to time. We believe 

that they were partially related to variations 

in the susceptibilities of individuals and 

groups of fish, or combinations of unknown 

factors. In any case, it is advisable to con- 

duct preliminary bioassays of anesthetic solu- 

tions with several individuals from the stocks 

of fish which are to be narcotized. The pre- 

caution was recommended also by other in- 

vestigators including Klontz (1964), LLamar- 

que (1964) and Bell (1964). Observations on 

the depths of anesthesia and exposure times 

can be used to determine the numbers of fish 

which can be anesthetized safely. 

CONCLUSIONS 

Anesthetization of rainbow trout, brown 

trout, brook trout, and lake trout with MS-222 

produced behavioral responses which were 

similar to those reported for other anesthet- 

ics and species of fish. 

Concentrations of MS-222 which produced 

rapid anesthesia in the four salmonids ranged 

from 80 to 135 p.p.m. Levels of 50 to 60 p.p.m. 

induced moderately rapid anesthesia, and 15 to 

30 p.p.m. were effective for sedation. 

The action of MS=222 was reversible when 

the fish were removed from anesthetic solutions 

prior to the cessation of respiratory activity 

(medullary collapse). The retention of fish in 

solutions which are effective for rapid and 

moderately rapid anesthesia may result in 

mortality depending on the duration of expo- 

sure. 

Brook trout and lake trout were more re= 

sistant to MS-222 at 7° and 12° C, than the 
other salmonids. Lake trout could withstand 

only short exposures and they died quickly 

after entering medullary collapse. 

Effective concentrations and durations of 

exposure, particularly for rapid anesthesia, 

were inversely related to temperature. The 

rapid anesthetization of fish is more safely 

induced at lower temperatures. 

There was little relation between size of 

fish and the efficacy of MS-222; however, the 

smaller fish occasionally had shorter exposure 

times, 

The anesthetic solutions which contained 10 

p.p.m. total hardness were less effective in 

narcotizing rainbow trout than those with hard- 

nesses of 35 anc 180 p.p.m. The fish anes- 

thetized in soft water recovered sooner. 
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The trout which were repeatedly anesthetized 

with MS-222 were slightly more tolerant than 

previously unexposed individuals, The toler- 

ance, however, did not increase with repeated 

treatments. 

Sedation was not a Static stage of anesthesia, 

but shifted toward recovery, or deeper anes- 

thesia depending on the concentration of anes- 

thetic and temperature. 

MS-222 did not reduce the rate of oxygen con- 

sumption of lake trout in open systems, The 

consumption rate of rainbow trout in closed 

systems was reduced by approximately 30 

percent. The efficacy of MS-222 was not al- 

tered to a measurable degree by pH 5.0 to 

8.5. 

Our results and those of other investigators 

demonstrate that MS-222 is effective and safe 

for inducing various stages of anesthesia in 

the four salmonids. 

SUMMARY 

Investigations were made to determine the 

concentrations of MS=-222 which produce rapid, 

moderately rapid, and sedating anesthesia in 

rainbow trout, brown trout, brook trout, and 

lake trout. Eighty to 135 p.p.m. of MS-222 

rapidly anesthetized the fish within 3 minutes 

at temperatures of 79 to 17° C. The fish 
could be exposed to the anesthetic for approxi- 

mately 4 to 12 minutes. The effective con- 

centrations and exposure times varied with 

species and temperature. Fifty to 60 p.p.m. 

induced a moderate rate of anesthesia which 

could be maintained for approximately 30 

minutes. Sedation was produced within 15 

minutes and maintained for 5 to 6 hours at 

15 to 30 p.p.m. The efficacy of sedating con- 

centrations appeared to decrease with time 

at 179 C. Lake trout required higher dosages 

of MS-222 than other salmonids for com- 

plete anesthesia, but they tolerated only short 

exposures. 

There was no relation between size of fish 

and efficacy of MS-222, Smaller fish, however, 

occasionally had shorter exposure times. The 

efficacy of the drug was not influenced by pH 

320 to 8.9. 
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Anesthetic solutions with a total hardness 

of LO p.p.m. were less effective in anesthetiz- 

ing rainbow trout than those containing 35 to 

180 p.p.m. Individuals which were anes- 

thetized in soft water recovered sooner. 

Repeatedly anesthetized trout were slightly 

more tolerant than previously unexposed fish. 

Tolerance did not increase with repeated 

treatments. 

Sedating concentrations of MS=222 did not 

lower the rate of oxygen consumption of lake 

trout in open systems. In closed systems, the 

consumption rate of rainbow trout was re-= 

duced approximately 30 percent. 

We concluded that MS-222 is an effective 

and safe anesthetic for inducing anesthesia in 

the four salmonids. The relative safety of the 

drug was greater at lower temperatures, Our 

results and those of other investigators indi- 

cate that preliminary bioassays of anesthetic 

solutions are advisable to determine the de- 

sired rates of anesthesia and exposure times 

for specific conditions and lots of fish. Close 

observance on stages of anesthesia is essen-~ 

tial to prevent excessive exposure of the fish 

at high concentrations. 
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METHOD FOR DETERMINING MS-222 RESIDUES IN FISH 

By Charles R. Walker, Chemist, and Richard A. Schoettger, Fishery Biologist 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wisconsin 

Abstract.--MS-222 is a primary aromatic amine. Its diazonium salt 

reacts with the Bratton-Marshall reagent (N-1-naphthylethylenediamine 

dihydrochloride) to form a wine-red azo dye with a maximum absorbance 

at 545 millimicrons. The diazotization reagent had tobe modified and the 

reaction time extended to obtain a measurable yield of the diazonium salt. 

The regression of absorbance values versus concentrations of MS-222 

which ranged from 0 to 7.5 p.p.m. had a slope of 1 and adhered to Beer's 

law. MS-222 was spiked into samples of blood, muscle, liver, and kidney 

from rainbow trout, and excellent recoveries were measured by the ana- 

lytical method. The residues had to be distinguished from a background of 

primary aromatic amines which varied in each tissue, between individual 

specimens and with each lot of fish. Backgrounds were higher in liver 

and kidney, and residues of MS-222 were more difficult to differentiate. 

The method was particularly effective in determining residues of the drug 

in muscle and blood of trout. 

MS-=222 (tricaine methanesulfonate) is 

widely used as a fish anesthetic. Residues 

which might occur in fish flesh following use 

of the drug must be ascertained for safety of 

human consumers. Development of adequate 

information on residues required a method 

capable of measuring finite concentrations in 

the tissues. 

A primary consideration in the acceptance 

of any analytical method for residues is the 

capacity to detect them at levels related to 

their toxicity to mammals. A contract study 

done for us by the Wisconsin alumni Research 

Foundation in March 1965 indicated that the 

oral LDsg of MS-222 for Sprague-Dawley 

strain laboratory rats is between 5 and 10 

grams per kilogram of body. Thus, the drug 

is relatively nontoxic to mammals according 

to the standards of the American Industrial 

Hygiene Association (Spector, 1956). An ana- 

lytical procedure capable of defining residues 

in parts per million should be adequate for 

all practical purposes. 

Friddle and Snieszko (1950), using the 

Bratton-Marshall (1939) method, found that 

MS-=-222 caused an error in their evaluation 

of sulfa residues in anesthetized brook trout. 

We believe this can be explained by the fact 

that MS-222 is a primary aromatic amine and 

reacts readily in the colorimetric procedure. 

We chose to investigate the applicability of 

this colorimetric reaction to determinations 

of MS-222 in fish tissues. 

METHODS AND MATERIALS 

Experiments on operating parameters 

Diazotization of the m-aminoethylbenZoate 

constituent of the MS-222 salt was accom- 

plished by modification of the procedure de- 

scribed by Bratton and Marshall (1939). The 

conditions for formation of the diazonium ion 

and the subsequent reaction with the coupling 

reagent were established in a series of ex- 

periments. 

a 
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The diazonium salt was obtained in a 5-ml. 

sample containing MS-222, m-aminoethyl- 

benzoate, by adding 0.5 ml. of 0.2-percent 

sodium nitrite. The excess nitrous acid was 

destroyed by ammonium sulfamate. The dia- 

zonium salt was reacted with the Bratton- 

Marshall reagent, N-1-naphthylethylene- 

diamine dihydrochloride, to form the azo 

dyestuff. 

The effect of diazotization time upon the 

concentration of azo dye formed was meas- 

ured in 40 tests involving 160 reactions made 

with 0, 1, 3, 5, or 7.5 p.p.m. of MS=-222 stand- 

ards. Diazotization reactions were stopped 

at 3, 5, 7 to 10, and 15 to 30 minutes. The 

percent transmittance values were plotted 

for each concentration and the regression 

was calculated for each time interval. 

The speed of azo dye formation upon addi- 

tion of the coupling reagent was measured 

at O, 1, 3, and 5 p.p.m. of MS=222 in stand- 

ards reacted at room temperature following 

diazotization. The transmittance values were 

recorded at 30-second intervals for the first 

5 minutes, l-minute intervals for the next 10 

minutes, and at 5-minute intervals up to 1 

hour to measure the effect of development 

time. 

The effect of temperature on the diazotiza- 

tion reaction and the resultant concentration 

of azo dye formed was tested at 15°, 22,5°, 
and 30° C. Twenty tests were conducted at 

the longer diazotization times at each l-min- 

ute interval from 10 minutes through 30 

minutes for each concentration of 1, 3, and 

5 p.p.m. of MS-222, The mean transmittance 

value for each concentration and temperature 

was calculated for 5 measurements taken at 

10-15 minutes, for 5 at 15-20 minutes, and 

for 10 between 20 and 30 minutes. 

The maximum limit for the reaction of the 

diazonium ion was between 5 and 7.5 p.p.m. 

of MS=222 without causing precipitation on 

the sides of cuvettes and or optical density 

less than 20 percent. Thus, dilutions were 

designed to keep the concentration in samples 

in the working range of the instrumentation. 

Measurements of the maximum absorb-= 

ance value of the azo dye at 420 to 650 

millimicrons were made with a Beckman DB 

spectrophotometer and a Sargent SRL re- 

corder. Mechanical Adjustments for slit 

width for the maximum absorbance band 

were established on standard solutions of 

MS-=-222 at concentrations up to 7.5 p.p.m. 

with a Perkin-Elmer 139 spectrophotometer 

equipped with a photomultiplier. 

Fish 

We used rainbow trout in the tests of the 

residue method. The 8- to 14-inch fish were 

furnished by the Manchester, Iowa, National 

Fish Hatchery and were held in facilities of 

the Fish Control Laboratory. They were fed 

a pelleted, open-formula diet. It is important 

to point out that several ingredients of the 

diet were fortified with primary aromatic 

amines or vitamins such as folic acid, 

vitamin By ; Pp-aminobenzoic acid plus pro- 

tein sources such as brewer's yeast. 

Tissue collection and treatment 

Blood samples were drawn from specimens 

at specified intervals by cardiac puncture with 

a heparinized syringe and 18- or 20-gage 

needle. Within 15 minutes after the blood was 

taken, the samples were mixed with tri- 

chloroacetic acid (TCA) for coagulation of 

protein. 

Each fish was immobilized by a blow on 

the head or pithing and the other tissues were 

dissected out. Skin was removed to expose 

the thick muscular area adjacent to the 

dorsal fin. A sample about 1 inch square was 

removed, minus bones, and placed in a tared 

beaker and weighed. It was homogenized and 

diluted 1:20 with TCA and distilled water to 

make up a 3=percent TCA solution. 

The entire liver, excluding the gall bladder, 

was removed. Kidney tissue was dissected 

posterior to the isthmus. The tissues were 

weighed in tared beakers and those not 

processed immediately were quick-frozen 

with dry ice. The tissues were processed 

for chemical analysis in the same manner 

as muscle. 
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Analysis of residues 

The concentration of aromatic amines and 

other masking or interfering substances 

were determined for blood, muscle, kidney 

and liver in 9 specimens of rainbow trout and 

expressed in terms of parts per million of 

MS-222. The recovery of MS-222 from each 

tissue was evaluated by spiking at rates of 

0, 20 and 100 p.p.m. in each lot of 3 fish by 

using the outlined procedure. 

The colorimetric reaction described by 

Bratton and Marshall (1939) was used, with 

modifications, for detection of MS-222 in 

fish tissues. The process was as follows: 

Reagents: 

1, 15-percent trichloroacetic acid: Dis- 

solve 30 g. crystalline TCA in distilled 

water. Transfer to a 200-ml. volu- 

metric flask and bring to volume with 

distilled water. Dilute 20 ml. to 100 to 

get 3-percent TCA. 

2. 0.2-percent sodium nitrite: Dissolve 

0.5 g. NaNO2 in water. Transfer to a 

100-ml. volumetric flask and bring to 

volume. Transfer 40 ml. to a second 

100-ml. volumetric flask and bring to 

volume. Make fresh daily. 

3. 0.5-percent ammonium sulfamate: Dis- 

solve 0.5 g. in distilled water and dilute 

to 100 ml. 

4, 0.1-percent N-1l-naphthylethylenedi- 

amine dihydrochloride: Dissolve 0.5¢. 

in distilled water and bring to 100 ml. 

Transfer 20 ml, to 100-ml. volumetric 

flask and bring to volume. Refrigerate 

and make up fresh weekly. 

5. 4N hydrochloric acid: Dilute 40 ml. 

concentrated HC1 to 100 ml. Mix and 

titrate a 5 ml. portion with standard 

IN NaOH. Adjust to exactly 4N. 

6. 10-percent HCl. 

Standards: 

1. Stock solution: Weigh 0.1000 g. of 

MS-=222 and dissolve in distilled water. 

Quantitatively transfer to 100-ml. 

volumetric flask, add 20 ml. of 15-per- 

cent TCA and dilute to volume with dis- 

tilled water. Stock equals 1,000 p.p.m. 

of MS=222 in 3-percent TCA. 

2. Dilute 2,0 ml. stock to 200 ml. with 3- 

percent TCA. This stock contains 10 

p.-p.m. of MS-222, 

3. Volume of 10 p.p.m. stock is diluted to 

50 ml. with 3-percent TCA: 

ml. of 

Desired p.p.m. 10-p.p.m. stock 

9.0 45.0 

7.9 37.9 

5.0 25.0 

3.0 15.0 

1.0 5.0 

0.5 2.9 

0.25 1.25 

Procedure: 

1. Sample preparation--blood and tissue. 

A. Blood; Use an anticoagulant, and 

draw blood with care to avoid con= 

tamination with body fluids or water. 

Place 0.5 ml. in 7.5 ml. of distilled 

water and let stand 10 minutes or 

until other samples are ready. Add 

2 ml. of 15=-percent TCA. Mix 

thoroughly and let set 5 minutes. 

Centrifuge at 2,500 RPM for 30 

minutes, Filter to remove fat or 

other materials not spun down. Go 

to Part 2, Analysis. 

B. Other tissue (muscle, kidney and 

liver): Carefully dissect out the 

sample, weigh, homogenize and 

dilute in the following manner: One 

gram of tissue is homogenized and 

diluted to 16 ml. with distilled water 

in a graduated centrifuge tube. A 

1:20 dilution of the sample is 

achieved by adding 4 ml. of 15-per- 

cent TCA. The precipitate of protein 

is removed by the centrifugation and 

filtration outlined for blood as above. 

The supernatant is then analyzed 

according to part 2, Analysis. 
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2. Analysis. 

A. Pipette 5 ml. of filtrate into a clean 

25-ml. Erlenmeyer flask. 

. Pipette 5 ml. of 3-percent TCA into 

another flask as a reagent blank, 

. Add 0.5 ml. of 0.2-percent NaNO» 
to each flask, swirl, and let stand 

15 minutes. Keep out of direct sun- 

light. 

Add 0.5 ml. of 0.5=percent am- 

monium sulfamate to each flask, 

swirl and let stand 2 to 3 minutes. 

- Add 0.5 ml. of 0.1-percent N-1- 

naphthylethylenediamine dihydro- 

chloride to each tube or flask, 

Swirl for 30 to 60 seconds and let 

stand 5 or 10 minutes. Keep out of 

direct sunlight. 

Pipette or pour into cuvettes and 

read in spectrophotometer at 545 

millimicrons. A Model 139, Perkin 

and Elmer spectrophotometer with 

a slit width of 0.05 mm. and sensi- 

tivity of Xl was used. Sensitivity of 

the photomultiplier was set at 5. 

Obtain p.p.m. or microgram from 

precalibration curve or use a Stand-= 

ard. Correct for dilution and quan- 

tity of tissue. The concentration 

will be in terms of free MS-222, 

Possible acetylated derivatives: 

Place 10 ml. of filtrate into a 

graduated centrifuge tube. Add 

0.5 ml. of 4N HC1. Place in a boil- 

ing water bath for 1 hour, cool, and 

adjust volume to 10 ml. with water. 

Transfer 5 ml. to a 25=ml, Erlen- 

meyer flask and treat as above for 

free MS-222, 

3. Other considerations. 

A. Bubble formation: Occasionally 

bubbles form in cuvettes. The 

cuvettes should be capped and 

slowly tipped. Most of the bubbles 

on the transparent surface should be 

absorbed by the large air bubble in 

the cuvette. The use of larger Erlen- 

meyer flasks may also reduce bubble 

formation. 

B. Glassware cleanliness: Flasks and 

cuvettes which have been used in 

steps E and F should be rinsed, first 

in 10-percent HCl and then in dis- 

tilled water. A colored residue may 

adhere to the glassware and produce 

errors in subsequent analyses. Sev-= 

eral rinsings with acid are usually 

sufficient to remove the residue. 

RESULTS 

Chemistry of the colorimetric reaction 

The majority of applications of the Brat- 

ton-Marshall reaction employing the N-1- 

naphthylethylenediamine coupling reagent 

have involved para-substituted compounds 

such as sulfonamides, procaine hydrochlo- 

ride, p-aminobenzoic acid, folic acid, and 

chloramphenicol (Meites, 1963; Welcher, 
1963; Varley, 1963). However, coupling of 

diazonium salts of both para= and ortho- 

primary aromatic amines are widely illus- 

trated in the chemistry of azo dyestuffs 

(Brewster and McEwer, 1961). In our appli- 

cation, we are diazotizing a primary aro- 

matic amine in the meta position to a car- 

boxyl group. The preparation of the diazonium 

salt of MS=222 would probably follow the flow 

scheme illustrated by Natelson (1961) (fig. 1). 

+ x 
N=NOH 

Aryl amine Aryl diazonium ion 

+ = 
N=NOH NH-CH,-CH,- NH, 

+ ——> Colored Azo Dye 

‘R 
N-I-naphthylethylenediamine 

Figure 1,--Probable flow scheme of the diazotization 

of the ethyl ester of m-aminobenzoate (MS-222) and 

the coupling reaction with N-1-naphthylethylenedi- 

amine after Natelson (1961), The HCl maintains the 

PH at 1 to 2, 
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Apparently, this reaction proceeds much 

slower with the meta isomer than with ortho 
and para isomers. The suggested time for 

diazotization of para-substituted sulfonamides 

was 3 minutes with 0.l-percent sodium ni- 

trite reagent (Bratton and Marshall, 1939). 

The diazotization of MS-222, however, re- 

quired at least 0.2-percent sodium nitrite. 

A more consistent production of diazonium 

salt occurred at 15° to 30° C. in 15 to 30 
minutes (table 1). Holbourn and Pattle (1943) 

observed the necessity for longer diazotiza- 

tion time in their work with sulfanilamide 

and the Bratton-Marshall reagent. They also 

noted the effect of light on the reaction and 

coupling with the reagent. 

According to Marshall and Litchfield (1938) 

and Bratton and Marshall (1939), the am- 

monium sulfamate effectively destroys the 

excess nitrous acid. Compared to the reac- 

tion time indicated for the sulfa drugs, the 

diazonium salt of MS-222 appears to undergo 

nitroso formation at a relatively slow rate, 

thus providing more latitude of time prior to 

the termination of diazotization. Upon addi- 

tion of the Bratton-Marshall reagent, N-1- 
naphthylethylenediamine dihydrochloride solu- 

tion, the azo dyestuff formed rapidly and 

attained a maximum intensity within a few 

minutes (fig. 2). The azo dye coupling 

reaction proceeds immediately to form a 

wine-red colored azo dyestuff with a maxi- 

mum absorbance in the spectral range of 545 

millimicrons (fig. 3). This absorbance curve 

is very similar to that illustrated for sulfa 
drugs by Natelson (1961). The absorbance 

values or percent transmittance were plotted 

TABLE 1.--Effect of diazotization times at three temperatures on the 
percentage of transmittance values observed for MS-222 in the Bratton- 
Marshall reaction 

Percentage of transmittance at-- 

Diazotization time 
and 

temperature 

ase aru 

i | UW OV ON 14 JIxn~7 aN nO Onr 

peewee eees 

a~1~ oO Deine, won I~ Ui OV OV Hu anew eenee 

100 

PERCENT TRANSMITTANCE 

PERCENT TRANSMITTANCE 

@ oO 

o oO 

> (eo) 

Dd oO 

e) 5 10 ‘| 
DEVELOPMENT TIME (min.) 

Figure 2,--Speed of development of the azo dyestuff 

in the coupling reaction of N-l -naphthylethylene- 

diamine with three concentrations of diazotized 

MS-222, 

@ (o) 

o (e) 

a SS 

nN 

0} 
400 500 

WAVE LENGTH (mp) 
600 

Figure 3,--Absorption spectrum for the azo dyestuff 

developed in the reaction of diazotized MS-222 and 

N-1-naphthylethylenediamine, 
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on the logarithmic scale versus the con- 

centration in p.p.m. as MS=222 on an 

arithmetic scale with l-cycle log- 

arithmic paper (fig. 4). A straight line 

relation exists between means of points 

established at 1, 3, and 5 p.p.m., and it 

adheres to Beer's law over a wide range of 

diazotization times. Greater sensitivity was 

obtained at 15 to 30 minutes, and the values 

did not vary as greatly as those at shorter 

diazotization periods. 

The accuracy of the determination is 

greatest in the middle section of the curve. 

Hawk et al, (1954) mention that higher concen- 

trations produce colors too deep for precise 

measurement. The dyestuff appears to pre- 

cipitate at the liquid-air interface at the 

higher concentration of MS-222, and it ad- 

heres to the sides of glassware. It is exceed-= 

ingly important that cuvettes be rinsed with 

10-percent HCl prior to introducing the de- 

veloped sample. We also found it expedient 

to rinse the cuvettes at least once with the 

10 === 8 mip 

ee = Sith 

NN SSS 0) min. 

80 —— 15-30 min. 

O 
=> 60 
<q 

= 
= 
77) 
z 

we 
- 40 

_— 

z 
WwW 
oO 
rd 
Ww 
a 

O | 3 5 
MS-222 in p.p.m. 

Figure 4,--Transmittance curves of MS-222 showing 

the effects of different diazotization times on the 

intensity of color development at 545 millimicrons 

and the range of values observed at 5 p,p.m, 

developed sample solution to avoid a negative 

dilution error. Contaminants and/or gas 

bubbles on the sides of cuvettes in the light 

path may produce serious quantitative errors 

at high transmittance. Particular care must 

be taken to remove detergent film from glass- 

ware by a thorough rinsing with dilute HCl 

and deionized water. Detergents cause yel- 

low or green=-brown turbidity in extreme 

cases of contamination, This turbidity is 

distinguishable from the nitroso formation 

of azoxy compounds of MS=222 and natural 

aromatic amines which are usually reddish- 

brown in color. 

Measuring MS=222 in fish 

Since the Bratton-Marshall color reaction 

is specific to aromatic amines, the quantita- 

tion of MS=-222 has to be differentiated from 

natural occurring amines such as p-amino- 

benzoic acid (Hawk et al., 1954). Thus, we 
determined background levels of amines and 

other masking substances in blood, muscle, 

kidney, and liver (table 2). Further, the 

amounts of recoverable MS=222 were deter- 

mined by spiking samples of two concentra= 

tions (table 3). This determined its effective- 

ness in measuring different concentrations 

in the various tissues over and above back- 

ground interferences, Recoveries ranged 

from 89 to 112 percent for all samples. 

TABLE 2.--Concentrations of background at 545 millimicrons in rainbow trout 

95-percent 

eonfidence 

interval 
Tissue 

. . . . 0.46- 1.36 
ses eeccee . . . . 0.21- 1.53 

: . . 4.08- 6.76 
15.92-20.34 

TABLE 3.--Recovery of MS-222 spiked into various tissues of rainbow trout 

Number | Concen- MS-222 in tissue 

« tration 

ae Aen of spikes Mean Range Percent 

os (p-p-m. ) (p-p.m. ) (p.p.m. ) recovery 

BlOOd...ssesceeee 3 20 22.47 21.6- 23.8 112.3 
3 100 99.47 96.6-101.0 99.5 

Miscle.....sseeee 3 20 21.00 20.6- 21.4 105.0 
3 100 101.87 94.2-106.2 101.9 

20 
100 

18.27 17.8- 18.6 
88.93 86.2- 91.6 

91.3 
88.9 

20 
100 

20.40 19.2- 21.4 
103.30 95.2-109.6 

101.7 
103.3 
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Mooney and Pasarela (1964) refined the 

cleanup of samples to reduce contamination 

by procaine penicillin and other interfering 

substances in the background. They em- 

ployed a Dow-50W-X2 (H+) ion exchange 
resin to extract sulfonamides selectively in 

acid phase and to elute them in alkaline 

phase. This method was not applicable to the 

cleanup of fish tissues because we could not 

elute MS-222 from the column. 

Liver gave the most interference by pro- 

ducing a true red, azo dye color reaction, 

and the levels were quite consistent with a 

small deviation and narrow confidence limits. 

Kidney samples were characterized by a yel- 

low color. This pigment introduced a nega- 

tive interference with the azo dye reaction, 

but gave a consistent recovery of spiked 

MS=222. Blood and muscle gave relatively 

little color reaction or interference. The 

volumes of blood samples, however, were 

small, and contributed to positive dilution 

errors. The errors were particularly sig- 

nificant in the recovery of lower concentra- 

tions of MS-222. In general, the overall 

accuracy of the method is governed by the 

techniques of extraction and dilution. 

CONCLUSIONS 

MS-222 can be detected in fish tissues by 

means of a modified Bratton-Marshall 

method. Interferring substances were more 

prevalent in liver and kidney than in blood 

and muscle. The recovery of MS-222 from 

spiked samples ranged from 89 to 112 per- 

cent. The method was more accurate for 

measuring MS-222 in blood and muscle than 

in kidney and liver. 

SUMMARY 

Use of MS-222 as a fish anesthetic neces- 

sitated an investigation into the residues in 

fish following exposure. Fortunately, the 

toxicity of MS-222 to mammals was found to 

be quite low with an acute oral LD<, of ap- 

proximately 5-10 g./kg. to laboratory rats. 

Thus, an analytical procedure which would 

define concentrations in p.p.m. was é 

considered adequate. 

MS-222 has the chemical structure of a 

primary aromatic amine and it reacts colori- 

metrically with the Bratton-Marshall re- 

agent. We modified the method commonly 

used for determination of sulfa drugs. 

MS-=222 forms a diazonium salt much more 

slowly than the para-substituted aromatic 

amines and thus required a higher concen- 

tration of nitrous acid and longer time for 

development. The azo dye coupling reaction 

proceeds almost immediately with N-1l- 
naphthylethylenediamine dihydrochloride to 

form a wine-red dye complex with a maxi- 

mum absorbance in the spectral range of 

545 millimicrons. The regression of ab- 

sorbance values was almost linear with a 

slope of 1.0, and it bore evidence of adher- 

ence to Beer's law. 

The fish tissues were extracted in dis- 

tilled water, and the protein was precipitated 

in a 3=-percent TCA solution. The solution 

was centrifuged and then filtered to remove 

the lighter fatty fraction. A 1-to=20 dilution 

was necessary to adjust the concentration 

within the limits of the transmission curve 

(0 to 7.5 p.p.m.). 

We obtained excellent recoveries of MS- 

222 from all spiked samples of fish tissue. 

They ranged from 89 to 112 percent which 

excluded the aromatic amines of natural 

origin. The background of primary aromatic 

amines varied with each tissue and between 

individual specimens. The backgrounds were 

higher in liver and kidney, and residues of 

MS-222 were more difficult to differentiate. 

In liver, it was due, presumably, to the 

diazotized amines such as vitamin Bio » 

Pp-aminobenZoic acid, folic acid, and the 

many proteins in fortified diets for trout. 
A yellow pigment persisted in extracts from 

kidneys which introduced a negative inter- 

ference with the azo dye reaction. The modi- 

fied Bratton and Marshall method was, how- 

ever, particularly effective in determining 

residues of MS-222 in muscle and blood of 

trout. 
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RESIDUES OF MS-222 IN FOUR SALMONIDS FOLLOWING ANESTHESIA 

By Charles R. Walker, Chemist and Richard A. Schoettger, Fishery Biologist 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wisconsin 

Abstract.--Residues of MS-222 (tricaine methanesulfonate) in the 

blood, muscle, liver, and kidney of rainbow trout and in the muscle of 

brown trout, brook trout, and lake trout were measured by a modified 

Bratton-Marshall colorimetric method. Temperatures were 7°, 12°, and 

17° C. in waters with total hardnesses of 10 to 180 p.p.m. The residues 

were easily detected and measured in blood and muscle, but they were 

masked in liver and kidney by background substances. The anesthetic 

dissipated rapidly in the muscle of the four species within 1 to 6 hours, 

and the residues approached the background levels of controls within 9 

to 24 hours after withdrawal from exposure. The differences in residue 

levels in the muscle at 0O-hour withdrawal between species, at three 

temperatures, and in soft and hard water largely disappeared within 24 

hours. 

MS-222 (tricaine methanesulfonate) has 

gained wide acceptance as a fish anesthetic 

and transportation sedative. There has been 

no investigation, however, on its residues in 

fish following treatment. This information is 

especially important in situations where fish 

exposed to anesthetic or sedating solutions 

are eaten soon after by people. 

An extensive review of the literature on 

the many uses of MS-222 was made by 

Schoettger (1966). Schoettger and Julin 

(1966) defined the criteria for desired 

stages of anesthesia, and the efficacy of 

MS-222 at various concentrations and 

times of exposure to rainbow trout, 

brown trout, brook trout, and lake trout. 

The analyses of residues of the anesthetic 

in these species were performed con- 

currently with the investigations of efficacy. 

We selected the extremes of concentration 

and depth of anesthesia to ascertain the ex- 

istence and persistence of residues in the 

four trouts. The major emphasis was placed 

on the determination of residues in muscle 

since it is more important than other tissues 

in human consumption. The rainbow trout, 

the species more widely propagated for 

sport and food in the United States, was 

used for evaluation of residues in other tis- 

sues: blood, liver and kidney. We also con- 

centrated observations at 12° and to lesser 

extent at 79 and 17° C. This range of tem- 
perature is considered to be the most suit- 

able for trout production (Davis, 1956). 

METHODS AND MATERIALS 

Fish 

The rainbow trout, brown trout, brook 

trout, and lake trout ranged from 7 to 14 

inches long, and were obtained from State 

fish hatcheries at Lanesboro, Minn. and St. 

Croix, Wis., and from national fish hatch- 

eries at Jordan River, Mich., Lake Mills, 

Wis. and Manchester, Ia. They were held in 

well water and facilities described by Len- 

non and Walker (1964) and taken off feed for 
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at least 24 hours before treatment with 

MS-222., 

Anesthetization 

Schoettger and Julin (1966) established the 

efficacy of MS-222 as an anesthetic for sev- 

eral species of trout at various temperatures 

and water qualities. Concurrent with these 

studies, we sampled tissues from the fish 

which were anesthetized at 7, 12 and 179 C. 

The concentrations of anesthetic solutions 

ranged from 80 to 135 p.p.m., and the mean 

time to reach the desired stage of anesthesia 

ranged from 4 to 12 minutes depending on 

temperature and species. After specimens 

reached deep anesthesia, they were with- 

drawn from the drug solution and placed in 

fresh water for recovery. This action 

marked the beginning of withdrawal time. 

Collection and analyses of tissues 

The methods used for collecting and ana- 

lyzing the blood, muscle, liver, and kidney 

of trout were described by Walker and 

Schoettger (1966). 

RESULTS 

Preliminary analyses 

Initially we sought to detect and measure 

residues of MS-222 in blood, muscle, liver, 

and kidney of rainbow trout at intervals of 

0, 5, 10, 20, and 30 minutes after withdrawal 

from 9 minutes of exposure to 100 p.p.m. of 

drug at 12° C. The 12- to 14-inch fish were 
in advanced loss of reflex and some had 

reached medullary collapse (table 1). Resi- 

dues occurred in all tissues and the higher 

concentrations were found in blood, liver, 

and kidney at 0-minute withdrawal. The 

higher concentration of residue in muscle 

was detected at the 10-minute withdrawal. 

The results were variable. It was apparent 

that withdrawal time should be extended 

beyond 30 minutes, more samples should be 

used, and all specimens should be in the 

same stage of anesthesia. 

TABLE 1.--Residues of MS-222 including background amines recovered from 
adult rainbow trout following withdrawal from anesthesia 

Residues in p.p.m Interval 
after 

withdrawal 

(minutes) 

Hw HNO 

UUAwW UWE PRM PROP 

Another group of 15 rainbow trout, 12 to 

14 inches long, was anesthetized in 100 

p.p.m. of MS-222 at 12° C. to a state of 

medullary collapse. Tissues were sampled 

for residues at 0, 1, and 2 hours following 

withdrawal (table 2). The concentrations of 

the drug were highest in the blood of fish at 

O-hour withdrawal, They dissipated rapidly 

as shown in a regression (fig. 1). 

A similar pattern was noted in the muscle, 

although the initial concentration of residue 

was somewhat lower (table 2 and fig. 2). The 

regressions indicate that the amounts of 

MS-222 in blood and muscle approach back- 

ground quantities of aromatic amines after 

2 hours of withdrawal from the anesthetic 

solution. The 95=-percent confidence inter- 

vals overlap at the 2-hour withdrawal. 

The livers of untreated fish had a wide 

range in concentration of background amines, 

and it was difficult to distinguish between 

them and actual residues of MS=222 (table 2). 

The apparent concentration of the drug in 

liver was highest at the l1-hour reading and 

fell off in 2 hours to values only slightly 

above controls. An extrapolation of the 

regression indicates that residues of the 

drug persist beyond 5 hours (fig. 1). 

The residues of MS-222 in kidney were 

somewhat more persistent than those in 

muscle but also declined during the 2-hour 

period following withdrawal (table 2). A 

projection of the regression makes an inter- 

ception very close to the 2~hour reading 

(fig. 1). The broad confidence intervals at 

the l=- and 2-hour withdrawals overlap 



Walker, Schoettger: Residues of MS-222 in Four Salmonids Following Anesthesia 5 

TABLE 2.--Residues of MS-222 including background amines recovered from adult rainbow trout following withdrawal from anesthesia 

Number Mean size Residues in p.p.m | 95-perce 
Tissue and withdrawal = igh vEr Standard 9 percent 

of tal confidence 

interval fish Length (inches)| Weight (grams) Mean Range CsA interval 

425.0 2.60 1.2- 4.2 0. 5€ 1.05= 4.14 

412.4 69.40 63.4-78.4 3.11 60.77-78.03 

319.0 15.88 4.8-28.2 0.56 14.34-17.42 

348.0 5.96 4.0-10.0 1.09 2.94- 8.98 

425.0 1.92 0.8- 3.6 0.50 0.53- 3.31 

412.4 7.52 2.2-11.4 1.61 3.06-11.98 

319.0 4.28 2.6- 7.6 0.63 2.53- 6.03 
348.0 3.52 2.6- 4.6 0.32 2.63- 4.41 

425.0 38.44 31.0-50.2 3.36 29.13-47.75 
412.4 46.00 34.6-71.0 7.02 26.51-65.49 
319.0 52.68 41.0-67.4 4.62 39.87-65.49 
348.0 43.00 29.4-63.0 5.99 26.37-59.63 

. . 425.0 15.32 11.8-16.2 0.88 12.88-17.76 
° 408.5 55.85 47.8-70.0 5.10 39.61-72.09 

. 315.8 24.20 16.0-46.4 7.41 0.64-47.76 

. 348.0 17.20 vy 14.2-19.2 0.82 4.92-19.48 
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2S 00 Sara ao Tf (G 

60 

| ee =] 20°C 
uM 308] | ete CALS 
E i\ 
E IN 
N Tes 1} 
Q 40 E i\ 

o = : 
= & 11 

2 9,20 \\ 
* T \ \ 
2 20 2 shad 
Ww 

fo 4 

AS =_—" 
oe 

——, = 

= 

0 aFONTROL a SUSECTUCOCUCUUSECEOEOODSSOSSRROGUSSEGURRGRGRRORRRED ORES a 

n 
0 1 2 3 4 5 ee 

HOURS FOLLOWING WITHDRAWAL 

Figure 1,--Regressions of the residues of MS-222 in CONTROL aan a 

blood, muscle, liver, and kidney of rainbow trout 

on withdrawal time, The residues are expressed as. 

concentration above the mean background value for 

control fish, 

24 oon 3 6 Ys 
HOURS FOLLOWING WITHDRAWAL 

Figure 2,--Regression of the residues of MS=-222 in 

muscle of four species of trout on withdrawal time 

considerably. We also found that the high following deep anesthesia at three temperatures, 

: i f 
levels of background in untreated controls Te ERG aie Spee Spe NE ny 

: F : ‘ residues at each withdrawal, 
differed slightly between these time intervals. 

than those treated in hard water (table 3). The 

The uptake of MS=222 was higher in indi- greater uptake of drug in soft water appeared 

viduals which were anesthetized in soft water to be related to longer exposures. The times 

~ a Loey 
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TABLE 3.--Residues of MS-222 including background in muscle of rainbow trout following deep anesthesia in hard and soft water at 13°. c. 

wr Number Mean size 
Hardness and withdrawal 

Residues in p.p.m. 
Lied Standard 95-percent 

interval confidence error x 
interval 

Mean 

Hard water (180 p.p.m.): 

Soft water (10 p.p.m.): 

ae Length | Weight 
(inches) (grams ) 

= 

3 6 
24 NOULSscccccccccsncccvievercesesoas S 10.6 188.3 

0.99-18.21 
2.01- 2.73 

24.39-36.57 
* 2.03- 2.90 

for anesthetization of fish in soft water were 

approximately double those in hard water, but 

recoveries were more rapid (Schoettger and 

Julin, 1966). The concentrations of acetylated 

MS-222 in fish anesthetized in soft and hard 

water were approximately the same. However, 

they amounted to 20 percent of the total aro- 

matic amines which were measured in fish 

treated in soft water as compared with 40 

percent for fish in hard water at the 0=hour 

withdrawal. We were unable to show any 

differences in concentrations of free MS-222 

at 24 hours, and approximately 30 to 35 per- 

cent of the total aromatic amines were 

acetylated. 

Intensive analyses on four species 

Rainbow trout.--Seventy-five 8- to 12-inch 

rainbow trout were anesthetized to medullary 

collapse in 100 p.p.m. of MS-222 at 7°, 12°, 
and 17° C. (table 4). The induction of anes- 

thesia ranged from 6.8 to 11.4 minutes at 7°, 

8.0 to 11.9 minutes at 129, and 5.5 to 6.9 

minutes at 17° C. 

The residues including background in blood 

at O-hour withdrawal ranged from 39.8 to 

65.8 p.p.m., with the least variation at the 

higher temperature (table 4). They decreased 

rapidly at 7° and 12° compared with 17° C. 
The levels of background in these tests were 

0.8tol.0Op.p.m. (table 5). Thus, the residues 

of MS=-222 approach the background levels 

after 24 hours withdrawal. 

The highest concentrations of residues of 

MS-=222 including background in muscle oc- 

curred at 0O-hour withdrawal at all water 

temperatures (table 6). They varied greatly 

between individual fish, thereby causing large 

standard errors and making the calculation 

of 95-percent confidence intervals impracti- 

cal. The standard errors decreased as the 

TABLE 4.--Residues of MS-222 including background in blood of rainbow 
trout following deep anesthesia at selected time intervals and water 
temperatures 

Temperature and 
withdrawal 
interval 

time of withdrawal increased. Furthermore, 

the residues of 9.4 to 72.0 p.p.m. at O=hour 

withdrawal declined rapidly to a range of 0.8 

to 3.8 p.p.m. at 6 hours. 

The mean residues in muscle at the 9-hour 

withdrawal were equal to or less than back- 

ground values, and the confidence intervals 

were similar (table 5). It appears that no sig- 

nificant residues of MS-222 remain in muscle 

at 9 hours after withdrawal. 

The residues of MS-222 in livers exceeded 

the mean background by 17 to 59 p.p.m. at 

Q-hour withdrawal (table 7). Thereafter, the 

residues were masked by the high and vari- 

able levels of background amines (table 5). 

The residues in kidneys at 0-hour with- 

drawal exceeded the mean background by 

21 to 90 p.p.m. (table 8). At 7° and 17°, the 
mean residues at 9= to 24-hour withdrawals 

were below the means of background in un- 

treated controls (tables 5 and 7). At 12°, the 
mean residues beyond 3 hours of withdrawal 

fell within the range of background values. 
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TABLE 5.--Background residues of aromatic amines in tissues of fish which were used as untreated controls in the study of MS-222 

Species and tissue 

Rainbow trout: 
BLOOd.. wacewecece we mnveastcuaccucaee 
MISCLEs cee ceee eee sc ccs eccesccsccnees 
Liver. .secceees 
Kidney. cceecccscccessccccncceccssece 

Brown trout: Muscle....ecsceccesececee 

Brook trout: Muscle...eccccccccccececs 

Lake trout: MUSCle....ceeececcecescces 

Residues in p.p.m. 95-percent Standard s 
" Length error a ecg 

se (inches) 
nterval 

2 9.22 0.22 -- 

5 9.22 0.26 0.72- 2.16 

5 9.22 0.72 9.60-18.00 

5 9.22 1.36 4.34-10.90 

3 7.60 0.12 0.00- 0.92 

3 9.53 0.4- 0.6 0.07 0.23- 0.83 

0.2- 0.6 0.11 0.00- 0.87 

TABLE 6.--Residues of MS-222 including background in muscle of rainbow trout following deep anesthesia at selected water temperatures 

Temperature and 
withdrawal interval 

OKC 
DHOUL ccc sacncccesccsiesesicccecsevae 
6 hours. .cccsscscees 
9 HOurs..ccecceee 
De MOUNTS. ceccevcsccesceccccacccecses 

IASC 

LT Hour. .eececcece 

3 OUTS.) sc ccse ee 

G HOUrSe.cacevcvercces 
PAUL siaisslols dis'slac's 6 ole isidisinejscc sce a's 

Ae eee w eee ne enens 

17S 

6 hours.. 
9 hours.. 
PPeBTONETE oialelsicle/a1slelvie v\cleleiniclels\<\wisie\=ivie'e\e 

Mean size 

Length 
(inches) 

TABLE 7.--Residues of MS-222 including background (grams) in livers of 
rainbow trout following deep anesthesia at selected time intervals and 
water temperatures 

Temperature and 
Residues in 

Mean size p.p.m. Stand- 

Weight 
(grams ) 

Residues in p.p.n. 95-percent 
me Standard Seueldgnce 

Error interval 

7.13 -- 
0.21 0.58- 2.38 
0.06 0.74- 1.26 
0.06 0.54- 1.06 

7.20 -- 
1.92 0.46-17.98 

0.48 0.57- 4.71 
0.10 0.61- 1.47 
0.14 0.60- 1.40 
0.20 0.58- 2.30 

2.58 -- 
0.17 2-71- 4.17 

0.34 0.06- 2.98 
0.11 0.77- 1.71 

TABLE 8.--Residues of MS-222 including background (grams) in kidneys of 
rainbow trout following deep anesthesia at selected time intervals and 
water temperatures 

Temperature and 
Residues in 

Length 
(inches) 

withdrawal Weight ard withdrawal 
interval Gaoben) cre |Mean | Range error interval 

HetCa WOuCae 
GBA OUY s<feie la aiaretarara’ 13.39 0} Usted nos noCOUn 

6 hours.. 1.20 6 hours......... 

9 hours.. 1.80 9 hours....... ate 

PA HOUTB vce ccene 0.06 24 Hours. .......- 

Wer Ca 12° C.: > 

(0) {8c aoneaoadao 3.40 (0) ei bebe ooanaod 

1 hour. : 1.10 d hour. ......... 

BEHOUTE e ialelsieie =)s\e 1.90 3 hours).......- 

G BOUTS ssi c eels \- 0.06 Py apace tetatela's 

CP iyi be dongcons 1.39 hours....... 

i Cine 17° C.:; 

Op hoUrteactets alelelatera 18.30 ae Conor Acdoe 

GPHOUTE ar \a\e\el0 » «ies 0.90 sited eee 208 
SMNOUTS sisisin ole 0) <fele 0.50 OUTS. .eeeeeee 

PA THOULS ce cele aiieie le 2A DOUTS «6 vieielem « « 
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The reliability of the modified Bratton- 

Marshall colorimetric reaction for detection 

and measurement of MS-222 in liver and kid- 

ney is comromised by the high and variable 

concentrations of background amines. There- 

fore, residues in these tissues were meas- 

urable only at 0O-hour withdrawal. The detec- 

tion of residues in these organs is of little 

importance other than to indicate the ability 

of fish to deactivate or metabolize the anes- 

thetic. The liver and kidney are rarely con- 

sumed by people, and they comprise only a 

small fraction of the total weight of a fish. 

Brown trout.--Groups of 6- to 9=inch 

brown trout were brought to medullary col- 

lapse by 80 p.p.m. of MS-222 at 17° within 
4.6 to 7.0 minutes. Because the species is 

less sensitive to the drug at 79 and 129, 
100-p.p.m. solution was used to achieve 

medullary collapse within 9.5 to 12.1 min- 

utes at 79 and within 7.9 to 11.0 minutes at 

129, 

The residues of MS-222 in brown trout 

were measured only in muscle (table 9). The 

concentrations, including background, ranged 

from 9.8 to 60.8 p.p.m. at 0-hour withdrawal 

and declined 80 to 99 percent within 6 hours. 

They were 0.4 to 5.4 p.p.m. at 6 hours and 

0.6 to 1.4 p.p.m. at 24 hours. Also, they were 

least variable at 17° and persisted longer 

at 79. After 24 hours, the mean residues of 
MS=222 were only a fraction of a part per 

million over background. 

Brook trout.--Brook trout 7 to 10 inches 

long were anesthetized to medullary collapse. 

The concentrations of drug were 100 p.p.m. 

at 17°, 110 p.p.m. at 12°, and 120 p.p.m. at 
7°, Anesthesia was induced within 4.2 to 5.4 
minutes at 179, 6.5 to 8.7 minutes at 12°, and 
8.8 to 11.4 minutes at 7°, 

The residues, including background, in 

muscle ranged from 6.0 to 34.8 p.p.m. at O- 

hour withdrawal at the three temperatures 

(table 10). This range was lower than in any 

of the other trout, and it is noteworthy be- 

cause the brook trout required higher con- 

centrations of the drug for anesthesia. With- 

in 9 to 24 hours after withdrawal, the residues 

including background were 0.6 to 2.8 p.p.m. 
At 24 hours, the mean residues of MS-222 

exceeded the backgrounds by 1.1 p.p.m. at 

17°, 0,3)p.p.m. at 12° and 1/4 psp smetanaee 
but their 95-percent confidence intervals 

overlapped. 

Lake trout.--Lake trout 6 to 8 inches long 

were brought to medullary collapse by 100 

p.p.m. of MS-222 at 17°, 110 p.p.m. at 12°, 
and 135 p.p.m. at 7° within 3.9 to 6.5 minutes 
overall. The highest concentrations of resi- 

dues, including background, were measured 

in muscle from fish at 7°. These fish had 
longer exposures to higher concentrations 

of drug than the others. 

The mean values for residues of anesthetic 

at 6-, 9-, and 24-hour withdrawals at the 

TABLE 9.--Residues of MS-222 including background in mscle of brown trout following deep anesthesia at selected time intervals and water temperatures 

Mean size 

Length (inches) 

Temperature and withdrawal 

interval Weight (grams) 

Residues in p.p.m. 95-percent 

Seanad confidence 
error interval 

www 

WWWWwwWWw 

_ ao w 

WWW Ww 

Mean y Range 

27.53 9.8-43.4 9.75 -- 
5.07 4.8- 5.4 0.18 4.30-5.84 
4.67 4.4- 4.6 0.18 3.90-5.44 
ile rts} 1.0- 1.4 0.23 0.14-2.12 

44.20 20.8-60.8 12.05 -- 
5.67 4.6- 7.4 0.88 1.88-9.46 
1.67 1.4- 2.0 0.18 0.90-2.44 
0.60 0.4- 0.8 0.11 0.13-1.37 
1.03 0.7- 1.4 0.20 0.14-1.89 
0.80 0.6- 1.0 0.11 0.33-1.27 

12.93 12.2-23.2 0.37 -- 
2.20 2.0- 2.4 0.11 1.73-2.67 
1.80 1.6- 2.0 0.11 1.33-2.27 
1.40 1.4- 1.4 0.00 1.40-1.40 
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TABLE 10.--Residues of MS-222 including background in miscle of brook trout following deep anesthesia at selected time intervals and water temperatures 

Mean size Residues in p.p.m. 95-percent 
Temperature and withdrawal = P-P Ata asa ores 

interval Length (inches)| Weight (grams) Range error Riatarent 
+ 

3 8.00 138.3 6.0-22.6 5.34 -- 

3 8.83 123.0 3.2- 3.8 0.18 2.76-4.30 

ca 9.00 118.3 2.4- 2.8 0.11 -13-3.07 

3 8.4 7 1. 2< 0.23 0.9% =-2.92 

~8-34.8 5.22 -- 

-2- 4.6 0.44 1.84-5.62 

7- 1.8 0.34 0.00-2.83 

0.9 0.03 0.70-0.96 

1.2 0.10 0.60-1.46 

1.0 0.11 0.33-1.27 

ween ccccccccccceseccscccsscccs 19.0 1.86 -- 

PPE teethech vb wunada ca danse 3.6 0.18 2.56-4.10 
Peteebce ced. cence ucuecandhee 2.4 0.07 2.03-2.63 

2.0 0.24 0.64-2.70 Pere rere e rere eee eee ee ree) 

TABLE 11.--Residues of MS-222 including background in muscle of lake trout following deep anesthesia at selected time intervals and water temperatures 

Temperature and 
withdrawal interval Length 

(inches) 

PANS IA VEUSEE WoaWNO 

three temperatures were 0 to 4 p.p.m. above 

backgrounds, but the overlap of confidence 

intervals suggests that little, if any, residue 

Residues in p.p.m. Standard 95-percent 

error confidence 
interval 

32.00 20.0-55.6 11.82 -- 
3.40 2.8- 4.4 0.50 1.25-5.55 

4.53 3.8- 5.6 0.54 2.21-6.85 

2.87 2.6- 3.2 0.18 2.10-3.64 

43.3 31.67 22.8-37.4 4.50 -- 
40.7 6.80 6.0- 8.2 0.70 3.79-9.81 
30.7 1.00 0.8- 1.2 0.11 0.53-1.47 
51.7 0.93 0.8- 1.0 0.07 0.63-1.23 
40.3 1.40 1.0- 1.8 0.23 0.41-2.39 
45.0 0.87 0.8- 1.0 0.05 0.65-1.09 

-87 14.0-16.6 0.96 -- 

2.27 2.0- 2.6 0.18 1.50-3.04 
1.80 1.6- 2.0 0.11 1.33-3.27 
1.40 1.2- 1.6 0.11 0.93-1.87 

remains beyond 9 hours (table 11). The resi- 

dues dissipated more rapidly at 12°, and no 
significant amount persisted after 3 hours. 

The dissipation was intermediate and gradual 

at 17° and slowest at 7°. 

DISCUSSION 

Residues of MS-222 dissipated rapidly in 

rainbow trout, brown trout, brook trout, and 

lake trout within 1 to 6 hours after withdrawal 

from deep anesthesia (fig. 2). Regardless of 

species and temperature, there was very 

little difference in muscle between the resi- 

dues of MS-222 and quantities of background 

amines at 9 to 24 hours. The higher concen- 

trations of residues in all fish were measured 

at O-hour withdrawal, and it was here that 

differences were greater among individuals 

and species. 

Rainbow trout and brown trout had higher 

initial residues than brook trout and lake 

trout despite the fact that the latter species 

were exposed to higher concentrations of 

MS-222. The chars, however, had the briefer 

exposures. 

The chars may have oral and gill mem- 

branes which are less permeable than those 

of trouts to MS-222, The lake trout appear 

to be less able than brook trout to metabolize 

or detoxify the drug because they showed less 

tolerance and higher residues. Also, the 

anesthetic is more toxic to lake trout than 

brook trout (Marking, 1966). 

The mineral content of water affected the 

mean time to anesthetize fish and the amount 

of residue in them. The O-hour residues in 

3 ee ie SF eee AS 

at me Jom 

se ee ES 
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fish exposed in soft water (10 p.p.m. total 

hardness) were triple those in fish in hard 

water (180 p.p.m. total hardness). The fish 

in soft water, however, were exposed twice 

as long as in harder water. At the end of 24 

hours, there were no significant differences 

in residues. 

Acetylated residues in fish were not unex- 

pected when one considers the similarity of 

MS-=222 to p-aminobenZoic acid and the sul- 

fonamides. These aromatic amines were 

probably acetylated in the liver or kidney 

and excreted (Hawk et al., 1954; Jessop, 1961). 

We do not know whether the conjugation of 

MS-=222 with acetic acid in fish is a signifi- 

cant mechanism of detoxification or deactiva- 

tion. 

In general, the residues of MS-222 in fish 

at 7° and 12° were greater at 0-hour with- 
drawal than at 17° (figure 2). They persisted 
longer at 7°, but the concentrations of anes- 

thetic solution and the durations of anesthesia 

also were greater at this temperature. The 

shorter exposures to lower concentrations of 

drug at 17° resulted in less but more con- 

sistent residues in all species at O0=hour with- 

drawal. 

CONCLUSIONS 

Residues of MS-222 occurred in the blood, 

muscle, liver, and kidney of deeply anes- 

thetized rainbow trout. They dissipated 

rapidly within 1 to 6 hours, but those in liver 

and kidney were masked by background sub-= 

stances which interfered with the modified 

Bratton-Marshall colorimetric method. 

The residues of MS=222 in muscle varied 

greatly at O-hour withdrawal among anes- 

thetized rainbow trout, brown trout, brook 

trout, and lake trout. They were higher in the 

trouts than in the chars. Regardless of spe- 

cies and temperature, there was very little 

difference between the residues of MS=222 and 

background amines in muscle at 9 to 24 hours 

after withdrawal. The residues of anesthetic 

in muscle of fish at 7° and 12° C. were greater 

at 0-hour withdrawal than at 17°, Residues in 
muscle persisted longer at 7° than at warmer 
temperatures. 

The O-hour residues of drug in muscle of 

fish exposed in soft water were triple those of 

fish in hard water. At the end of 24 hours, 

however, there were no significant differences 

in residues. 

SUMMARY 

The residues of MS-222 in selected tissues 

of rainbow trout, brown trout, brook trout, 

and lake trout at 7°, 12°, and 17° C. and in 
waters of various hardnesses were measured 

by means of the modified Bratton-Marshall 

colorimetric method. The concentrations of 

drug in the blood, muscle, liver, and kidney 

of deeply anesthetized rainbow trout dissi- 

pated rapidly within 1 to 6 hours. Those in 

the liver and kidney were masked by back-= 

ground substances which interfered with the 

colorimetric method. 

The amounts of MS=222 including back- 

ground in muscle of the four species at 0-hour 

withdrawal were 6 to 72 p.p.m. The mean con-= 

centrations at 79, 12°, and 179 C. were 18 to 
42 p.p.m. in rainbow trout, 13 to 44 p.p.m. in 

brown trout, 15 to 28 p.p.m. in brook trout, 

and 15 to 32 p.p.m. in lake trout. At 24 hours 

after withdrawal from the anesthetic, the 

mean concentrations including background 

were 0.8 to 1.2 p.p.m. in rainbows, 0.8 to 1.4 

in browns, 0.8 to 1.9 in brook trout, and 0.9 

to 2.9 p.p.m. in lake trout. Actually, there 

was little difference between the residues of 

drug and background amines at 9 to 24 hours 

after withdrawal. 

At 7° and 12° the concentrations of residue 

including background were generally above 20 

p.p.m. at O-hour withdrawal, whereas at 17° 

they were below 20 p.p.m. The residues 

persisted longer at 7° than at the warmer 

temperatures. At 9 to 24 hours the concen- 

trations of drug at the three temperatures 

approached those of background amines in 

controls. 
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ANNOTATED BIBLIOGRAPHY ON MS-222 

By Richard A. Schoettger, Fishery Biologist 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wisconsin 

Abstract.--This bibliography contains 86 selected references on uses 

of MS-222 on cold-blooded animals including fish and amphibians. Most 

of the references are annotated. 

The Fish Control Laboratories at La 

Crosse, Wis., and Warm Springs, Ga., ini- 

tiated studies in 1964 on the toxicity, efficacy, 

and residues of MS-222 in fish. The data were 

required by the U.S. Food and Drug Adminis- 

tration in order to clear the drug for con- 

tinued use. In connection with the studies, a 

substantial bibliography on uses of MS=222 

was compiled. A considerable number of the 

more useful references were annotated. 

Some recognized references on MS-222 

were not available conveniently for review 

and they have been included by title only. 

BIBLIOGRAPHY 

Allison, Leonard N. 

1961. The effect of tricaine methanesul- 

fonate (M.S. 222) on motility of brook 

trout sperm. Progressive Fish-Cul- 

turist, vol. 23, no. 1, p. 46-48. 

The spermatozoa of brook trout remained 

motile less than 10 seconds in a concentra= 

tion of 18.9 p.p.m. of MS=-222, Allison recom- 

mended that the drug should not contact re- 

productive products during spawn-taking. 

Bailey, Merryll M. 

1965. Lake trout fin-clipping rates at two 

national fish hatcheries. Progressive 

Fish-Culturist, vol. 27, no. 3, p. 169- 

PIG. 

MS-222 was used as an anesthetic during 

the fin-clipping of more than 3.5 million lake 

trout. The fish ranged from 4.1 to 7.9 inches 

long and were young-of-the-year to 3-year- 

olds. One fin each was removed from 2 mil- 

lion fish, and 2 fins each were clipped on 

1.5 million. Postmarking mortality usually 

was 0.1 to 0.2 percent; it increased with 

temperatures over 65° F. Cooling the solu- 

tions and reducing the concentration of 

MS-=222 lowered mortality. 

Ball, J. N., and P. N. Cowen. 

1959. Urethane as a carcinogen and as an 

anaesthetic for fishes. Nature, vol. 184, 

p. 370. 

Urethane is carcinogenic in the lung and 

other tissues of mice and rats. It does not 

produce tumors in rabbits, chickens, and 

guinea-pigs, but carcinogencity may vary 

with species (and strain). It has a leucopenic 

effect on humans and can be absorbed from 

the skin. 

MS=-222 has not been reported to be car- 

cinogenic. Its effectiveness on fish and 

amphibians varies with species, size of the 

animal, and temperature. Suitable concentra-= 

tions are determined empirically for every 

species and Situation. 

Baudin, Louis. 

1932a. Action de la tricaine sur la con- 
sommation d'oxygene de Carassius 

auratus. Comptes rendus des Séances 

de la Société de biologie, vol. 109, 
Pe fol= 7c 

A 1:;1,000 solution of MS-222 anesthetized 

goldfish within 1 to 2 minutes. Observations 
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on the circulation of blood in the fins re- 

vealed a siower than normal rate with 

prolonged exposure to the anesthetic. A con- 

centration of 1:20,000 produced a level of 

anesthesia ir 30 to 60 minutes at 16.59 C. 
which could be-maintained for 24 hours with- 

out apparent damage. The rate of oxygen 

consumption was depressed to 50 percent of 

normal after 1 hour and to 25 percent after 

11 hours of exposure. The respiratory rate 

returned to normal within 2 hours after the 

fish were placed in fresh water. Above 16° 

C., narcosis was incomplete and the reduc- 

tion of oxygen consumption was less. Below 

this temperature, a longer period was re- 

quired for anesthesia and, for a fixed period, 

the rate of oxygen consumption was higher 

than at 16.59 C. 

1932b. Action de la tricaine sur le quo- 

tient resperatoire de Carassius auratus. 

Ibid., p. 1081-1083. 

1932c. Perte de la sensibilité a la dépres- 
sion chez les poissons anesthésiés a la 

tricaine. Ibid., vol. 110, p. 151-153. 
Oxygen consumption by goldfish was in- 

creased at lower atmospheric pressures. The 

rates for fish which were anesthetized with 

1:20,000 of MS-222 were relatively low under 

conditions of both normal and reduced pres-= 

sure. The Sensitivity of the fish to reduced 

pressure was not completely suppressed by 

concentrations of 1:30,000 and 1:40,000. 

1932d. Respiration du poisson (Carassius 

auratus) anesthésié 4 la tricaine et 
soumes a une élévation brusque de 

température, Ibid., p. 235-237, 

1934. Action de la tricaine sur le sang 

des poissons. Ibid., vol. 115, p. 510-512. 

A l-percent solution of MS-222 anes- 

thetized several species of fish, including 

goldfish and perch, within 1 minute. There 

were no effects on the erythrocytes, erythro- 

cyte count, or oxygen capacity of the blood. 

The oxygen saturation of the blood was near 

zero, and the carbon dioxide level was 

slightly in excess. Lower concentrations of 

the drug and longer exposures induced exag- 

gerated respiratory movement which in- 

creased the oxygen saturation and lowered 

the carbon dioxide level. The author concluded 

that MS-222 may excite respiratory centers 

of the brain, or interfere with exchanges of 

gases, thereby causing anoxia and hyperven- 

tilation. With complete narcosis, the blood 

showed signs of asphyxia and there was a 

slowing of the circulation which contributed 

to reductions in erythocyte numbers and oxy- 

gen capacity of the blood. 

Bell, Gordon R. 

1964. A guide to the properties, charac- 

teristics, and uses of some general 

anaesthetics for fish. Fisheries Re- 

search Board of Canada, Bulletin 148, 

AD. 

Properties of eleven chemicals used as 

fish anesthetics are summarized. The chem-= 

icals are carbon dioxide, chloral hydrate, 

chloretone, ether, methyl pentynol, MS-222, 

phenoxyethanol, quinaldine, sodium amytal, 

tribromoethanol, and tertiary amyl alcohol. 

The common and chemical names of the chem= 

icals, manufacturers, costs, solubilities, 

stabilities, hazards, toxicities, emergency 

treatments, approximate dosages, precautions, 

behavioral effects, uses, and modes of action 

are included. Concentrations of MS-222 from 

1:9,000 to 1:4,500 were recommended for 

brief exposures. The generally useful range 

is between 1:25,000 to 1:12,500. 

Black, Edgar C., and Anne R. Connor. 

1964, Effects of MS 222 on glycogen and 

lactate levels in rainbow trout (Salmo 

gairdneri). Journal of the Fisheries 

Research Board of Canada, vol. 21, no. 6, 

p. 1539-1542. 
A concentration of 0.5 g. of MS-222 per 

gal, anesthetized trout within 60 seconds. The 
fish showed signs of initial stimulation. The 

dosage might have been fatal with prolonged 

exposure. The hemoglobin, blood and muscle 

lactate, and muscle glycogen levels were 

similar in anesthetized and control fish. 

Blahm, T. H. 

1961. Effect of tricaine methanesulfonate 

on oxygen consumption of juvenile sock- 

eye salmon. Transactions of the Ameri- 

can Fisheries Society, vol. 90, no. 2, 

p. 226-227, 
MS-=222 uniformly reduced the oxygen 

consumption of both large (160-180 mm. fork 
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length) and small (60-80 mm, fork length) 

sockeye salmon, The fish were anesthetized 

by 1:20,000 in a constant flow respirometer. 

Bové, Frank J. 
1962. MS-222 Sandoz--the anaesthetic of 

choice for fish and other cold-blooded 

organisms. Sandoz News, no. 3, 12 p. 
The author summarizes the history of 

MS-222 from its use as a local anesthetic in 

human medicine to its current status as a 

general anesthetic for fish, amphibians, and 

other cold-blooded forms. His personal com- 

munications with various investigators re- 

veal that concentrations ranging from 1:3,785 

to 1:17,500 have been used in measuring and 

weighing, marking, and spawning of various 

salmonids. A concentration of 1:12,000 

seemed to be most popular. Solutions con- 

taining approximately 1:3,000 of MS-222 were 

effective on tropical fish, goldfish, bluegills, 

largemouth bass, and bullheads. 

Effective dosages for amphibians ranged 

from 1:250 to 1:20,000, but 1:1,000 to 1:3,000 

were preferred. Specimens with gills and 

those undergoing metamorphosis were more 

sensitive to the anesthetic. 

Butler, Robert L. 

1957. The development of a vinyl plastic 

subcutaneous tag for trout. California 

Fish and Game, vol. 43, no. 3, p. 201- 

212. 

MS-222 at 0.5 g./gal. prepared fish for 

the operation within 30 seconds at 50° F. 
The fish were exposed no longer than 3 min- 

utes. AS temperature increases, it is neces=- 

sary to reduce the exposure time or the con- 

centration. The drug had no effect on feeding 

by the fish after they recovered from anes- 

thetization. 

Campbell, G. D., and D. H. Davies. 

1963, Effect of ethyl m-aminobenzoate 
(MS=222) on the elasmobranch electro- 

cardiograph. Nature, vol. 198, no. 4877, 

Da c02Z. 

MS-222 caused coincidental decreases in 

the pulse and respiratory rates of stingrays 

indicating a neurological relationship between 

the cardiac and respiratory centers in the 

brain. The drug did not affect the ECG com- 

plex. 

Christensen, K. 

1931. Effect of castration on the secondary 

sex characters of males and females of 

Rana pipiens. Anatomical Record, vol. 

48, p. 241. 

Collins, James L., and Andrew H. Hulsey. 

1963. Hauling mortality of threadfin shad 

reduced with M.S, 222 and salt. Progres- 

sive Fish-Culturist, vol. 25, no. 2, 

p. 105-106. 
A combination of 0.5-percent salt and 

MS-222 equivalent to 1 g./12 gal. facilitated 

hauling of more than 200,000 fish with a sur- 

vival of 95 percent. 

Copenhaver, W. M. 

1939, Initiation of beat and intrinsic con- 

traction rates in the different parts of 

the Amblystoma heart. Experimental 

Zoology, vol. 80, p. 139. 

Crawford, Bruce, and Andrew Hulsey. 

1963. Effects of M.S. 222 on the spawning 

of channel catfish. Progressive Fish- 

Culturist, vol. 25, no. 4, p. 214. 

The anesthetization of adult channel cat- 

fish with MS-222 at a rate of 4 g./8 gal. did 
not affect the success of spawning nor the 

viability of fry. The fish were narcotized for 

sexing and placement in spawning pens. 

Dollar, Alexander M. 

1963. Air transportation of living rainbow 

trout. Progressive Fish-Culturist, vol. 

25, no. 3, p. 167-168. 

The fish were placed in lake water con- 

taining MS-222 at a concentration of 1:100,000. 
The water was cooled gradually over a 3-hour 

period at 33° F. The fish and water were 
transferred to a plastic bag and packed in 

ice. Oxygen was added to the bags. The fish 

survived in the sealed containers for 24 

hours. 

Eisler, Ronald, and Tadeusz Backiel. 

1960. Narcotization of chinook salmon 

fingerlings with tricaine methanesul- 

fonate (M.S. 222). Transactions of the 

American Fisheries Society, vol. 89, 

no. 2, p. 164-167. 

A concentration of 1:33,000 effectively 

anesthetized this species within 5 minutes, 
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The rate of narcotization was dependent on 

concentration. Recovery time increased with 

exposures up to an hour, but declined with 

longer exposure, The drug was equally active 

in fresh and salt water. The authors reviewed 

concentrations of MS=222 which have been 

used to anesthetize various species of fish. 

Ellis, Robert J. 

1964. The effect of confinement on blood 

lactate levels in chinook and coho salmon, 

Research Briefs, Fish Commission of 

Oregon, vol. 10, no. 1, p. 28-34 

The lactic acid levels in the blood of troll- 

caught salmon declined more rapidly in those 

individuals which were held in solutions con-= 

taining MS-222 at a concentration of 1:150,000. 

Ewing, Ann. 

1965. Current U.S. patents. A method for 

marking fish by which scales are trans- 

planted painlessly from one part of the 

body to another has been patented. 

Science News Letter, vol. 87, no. 15, 

p. 228. 

Dr. Louis Levy and Miss Carol A. De 

Fusco (1965) have patented a method of mark=- 

ing fish by replacing scales of one color from 

one part of the body with those of contrasting 

color from a different area. The fish are 

anesthetized during the operation with 50 to 

100 p.p.m. of MS-222, 

The technique was successful on goldfish, 

carp, blue acara, blackspot barb, and gup- 

pies, and has been used to measure the 

effects of drugs on the rejection time of 

scales from different fish. 

Friddle, S. B., and S. F. Snieszko. 

1950. Effect of tricaine methanesulfonate 

on the determination of sulfonamides. 

Science, vol. 112, no. 2902, p. 181-182. 

Concentrations of 2 to 4 mg.%, as sulfa- 

merazine, were detected in the tissues of 

trout which should not have contained the 

sulfa drug. The fish had been anesthetized 

for 1 minute in a 1:5,000 solution of MS-222. 

This anesthetic, or others with similar mole- 

cular structures, should not be used when- 

ever they may interfere with the colori- 

metric test for sulfonamides. 

Fromm, Paul O, 

1958. A method for measuring the oxygen 

consumption of fish. Progressive Fish- 

Culturist, vol, 20, no. 3, p. 137-139. 

MS-=222 is used to immobilize fish for 

length and weight measurements before they 

are placed in a respirometer. A concentra- 

tion of 0.03 percent produces anesthesia 

within 30 to 45 seconds. The drug apparently 

has no lasting effect on the general metabolic 

Eanes 

Gebhards, Stacy V. 

1965. Transport of juvenile trout in sealed 

containers, Progressive Fish-Culturist, 

vol. 27, no. 1, p. 31-36, 

The use of sedating levels of MS=222 did 

not increase the loading density or survival of 

rainbow trout in sealed containers. Greater 

survival was associated with the starvation 

period prior to loading. 

Gilbert, P. W., and F. G. Wood. 

1957. Methods of anaesthetizing large 

sharks and rays safely and rapidly. 

Science, vol. 126, p. 212. 

A 1:1,000 solution of MS-222 is sprayed 

into mouth, spiracles, or gill exits by 

means of a hand sprayer, such as a water 

pistol. Sharks as large as 400 pounds are 

anesthetized in a minute or less and may be 

handled, out of water, for 5 to 30 minutes. 

The volume of anesthetic solution required to 

anesthetize fish varies with the size of the 

individuals. 

Glucksohn, Salome. 

1932, Aussere Entwicklung der Extremi- 
taten und Stadieneinteilung der Larven- 

periode von Triton taeniatus Leyd. und 

Triton cristatus Laur. W. Roux! Archiv 

fur Entwicklungsmechanik der Organ- 

ismen, vol. 125, p. 341-405. 

Metamorphosing salamanders were anes- 

thetized with 1:3,000 of MS=222 for 30 minutes 

a day. The growth of treated specimens was 

somewhat less than controls, but the former 

were proportioned normally. 

Goodrich, H. B., and R. Nichols. 

1931. The development and regeneration 

of color pattern in Brachydanio rerio. 

Anatomical Record, vol. 51, p. 513. 
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Gossington, Robert. 

1957. An aid to fish handling--tricaine. 

Aquarium Journal, vol. 28, no. 9, p. 318- 

321. 

Fish could be anesthetized safely with 

MS-222 in concentrations of 0.24 to 0.32 

g./gal. Larger specimens required some- 

what higher concentrations. Live-bearers 

were generally more resistant than egg-= 

layers. The drug reduced the chances of 

injury to fish from thrashing during ship- 

ment. Under anesthesia, Siamese fighting 

fish could be shipped together in a single 

container. 

Hadian, Z., and M. S. Dunn. 

1938. Localisation in the occulomotor 

nuclei of the goldfish. Journal of Com- 

parative Neurology, vol. 68, p. 191. 

Hublou, Wallace F. 

1957. A method of using an anesthetic in 

marking fins. Progressive Fish-Cul- 

turist, vol. 19, no. 1, p. 40-43. 

MS-222 was used in a recirculating system 

to fin-clip fingerling salmon and steelhead 

trout. The marking rate was improved by 

49.5 percent with the use of an anesthetic. 

Advantages of the system included better 

marks, lower rate of injury, reduction of 

worker fatigue, and saving in time and 

money. 

Johnson, Harlan E., and J. M. Shelton. 

1958. Marking chinook salmon fry. 

Progressive Fish-Culturist, vol. 20, 

no. 4, p. 183-185. 

Groups of 10 to 20 individuals were caught 

in a small net and placed in a 1:7,500 solu- 

tion of MS-222, Fin-clipping began when all 

the fish were on their sides and after the net 

had been placed in fresh water. The last fish 

was marked just before it recovered. Ap- 

proximately 487,000 fry were marked at a 

cost of $50. 

Karczmar, Alexander G., and Theodore 

Koppanyi. 

1948. Action of central nervous system 

depressants at different growth periods 

of salamander (Amblystoma punctatum) 

larvae. Federation Proceedings, vol. 7, 

p. 231-232. 

Larvae of different ages were immersed 

in a 1;7,500 solution of MS-222, and the times 

for anesthesia were recorded. Paraldehyde, 

ethyl alcohol, sodium barbital, nembutal, 

chloral hydrate, and chloretone were also 

tested. Anesthesia with MS-222 was more 

rapid in older and larger individuals. 

Klontz, George W. 

1964, Anesthesia of fishes. From; Pro- 

ceedings of the Symposium on Experi- 

mental Animal Anesthesiology, Brooks 

Air Force Base, December 14-16, 13 p. 

The efficacy and characteristics of 14 

methods which are used to anesthetize fish 

were discussed. 

Concentrations of 25 to 35 p.p.m. of MS- 

222 are recommended for transporting fish; 

50 to 100 p.p.m. are used to induce deep 

anesthesia. In general, induction time re- 

quires 1 to 3 minutes of exposure and the 

fish recover, in fresh water, within 3 to 15 

minutes. Fish which are repeatedly exposed 

to MS-222 showed a slight increase in toler- 

ance which is corrected by raising the con- 

centration slightly. The drug appears to be 

toxic to those fish which are treated in salt 

water and in direct sunlight. 

Knight, Alexis E. 

1964, Intracellular hemoglobin crystalli- 

zation in two centrarchids, the large- 

mouth bass and the bluegill. Progres- 

sive Fish-Culturist, vol. 26, no. 3, 

p. 115-117. 

A 1:5,000 solution of MS-222 was used to 

narcotize fish during the collection of blood 

samples, 

Koppanyi, Theodore, and Alexander G. 

Karczmar. 

1948. Comparison of anesthetic action of 

acetanilid, tricaine (MS-222) and alipha- 

tic depressants. Federation Proceed- 

ings, vol. 17, p. 234, 

The action of acetanilid on salamander 

larvae was independent of larval stage. Sub- 

anesthetic dosages of the drug acted addi- 

tively with subanesthetic levels of MS-222, 

nembutal, and chloretone. The anesthetic 

effects of chloretone, MS=222, alcohol, 

paraldehyde, and acetanilid were reversed 

rapidly. 
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Lemarque, Pierre. 

1964, Anesthesie et transport. Bull. Inf. 

Cons. Sup. Péche, vol. 55, p. 5-9. 

MS=-222 may be used in concentrations of 

1:10,000 to 1:50,000 to anesthetize fish be- 

fore they are placed in plastic bags at a load- 

ing level of 1 kilogram of fish per 1 to 2 

liters of water. The bags were filled with 

oxygen. Dosages of 1:100,000 were recom- 

mended for the tranquilization of fish in 

transportation tanks. 

Larsen, Howard N. 

1964. Comparison of various methods of 

hemoglobin determination of catfish 

blood. Progressive Fish-Culturist, 

Wolle ZO, WO, i, jos WSs); 

The fish were anesthetized in a 1:5,000 

solution of MS-222 to facilitate the collection 

of blood samples. 

Levy, Louis Encino, and Carol A. DeFusco. 

1965. Identification of scaly teleosts. 

U.S. Patent Office, Patent No. 3,174,458. 

3) 12 

Lumb, William V. 

1963. Small animal anesthesia. Chapter: 

Anesthesia of laboratory and zoo ani- 

mals, p. 269-310. Lea and Febiger, 

Philadelphia. 420 p. 

MS-222 is used to immobilize fish and 

other cold-blooded animals by completely 

bathing small subjects, by gill spraying in 

large fish, or by injection in large animals. 

Concentrations of 0.5 to 1.0 grams of drug 

per gallon are used for most teleosts and 

the temperature is maintained at 40° to 60° 
F. Repeated use of anesthetic solutions re- 

duces their efficacy. Longer anesthesia or 

sedation can be maintained with lower con- 

centrations. The drug can also be used in 

treatment of fungus infections and other 

localized diseases on pet or ornamental 

fish. 

The uses of ether, sodium amytal, car- 

bon dioxide, urethane, and cresol in anes- 

thetizing fish are discussed. 

Marking, Leif L. 

1966. Investigations in Fish Control. 12. 

Toxicity of MS=-222 to selected fishes. 

U.S. Bureau of Sport Fisheries and 

Wildlife, Resource Publication 18. 

The 24-hour LCsg concentrations of MS- 

222 for various species of fish, at 12° C., 
were found to be: rainbow trout, 39.0 to 52.0 

p-p.m.; brown trout, 38.5 to 45.6 p.p.m.; 

brook trout, 50.7 to 52.2 p.p.m.; lake trout, 

33.8 to 39.8 p.p.m.; northern pike, 56.0 p.p.m.; 

bluegill, 45.7 to 46.9 p.p.m.; largemouth bass, 

42.0 to 61.5 p.p.m.; and walleye, 49.0 p.p.m. 

The results indicated that exposures of MS-= 

222 for 24 to 96 hours had no significant ef- 

fect on the toxicity of the chemical. 

In general, MS-222 was more toxic to 

smaller individuals, and at higher tempera= 

tures. Water hardness had little effect on 

toxicity. 

The safety index of MS=222 for rainbow 

trout was determined by comparisons of the 

LCso and EC 59 concentrations after 15, 30, 

and 60 minutes of exposure in relatively soft 

and hard water. The indexes ranged from 1.7 

to 2.0 and decreased slightly with exposure 

time. A comparison of the LC; and ECg9 

for hard water gave an index of about 1.3 and 

1.0 to 1.1 in soft water. 

Maintenance of anesthesia in fish for 96 

hours was not harmful. After the fish had 

been placed in fresh water and recovered, 

they fed as well as controls. 

Martin, N. V., and D. C. Scott. 

1959. Use of tricaine methanesulfonate 

(M.S. 222) in the transport of live fish 

without water. Progressive Fish-Cul- 

turist, vol. 21, no. 4, p. 183-184, 

Hybrid trout were anesthetized in 60 

p.p.m. of MS=222 and packed in layers of 

chipped ice and sphagnum moss, The fish 

were maintained under these conditions for 

4 to 4.5 hours with little mortality. 

McFarland, William N. 

1959. A study of the effects of anesthetics 

on the behavior and physiology of fishes. 

Publications of the Institute of Marine 

Science, University of Texas, vol. 6, 

p. 23-55, 

The anesthetic effects of 21 chemicals, 

including MS-222, were tested against 

Fundulus parvipinnis, Gambusia affinis, 

Paralabrax clathratus, and Girella nigricans. 

The behavioral changes induced in fish by 

anesthetics were classified into the following 

levels of anesthesia; sedation, loss of 
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equilibrium, loss of reflex reactivity and 

medullary collapse. Anesthesia in fish was 

compared to that in humans and was found to 

be a similar process involving sequential 

suppression of higher to lower central ner- 

vous centers. 

The narcotic potencies of the various 

compounds increased with their molecular 

weights. MS-222 was rated as highly potent. 

The ratio of the dosages necessary to induce 

sedation and medullary collapse during a 

12-hour period was 7.1. 

Anesthesia with MS-222 was more rapid 

at 27° than at 12° C., but anesthesia did not 
progress as deeply at the lower temperature. 

Metabolic studies indicated that MS-222 was 

depleted, with time, at a greater rate than 

other anesthetics. 

McFarland, William N. 

1960. The use of anesthetics for the han- 

dling and the transport of fishes. Cali- 

fornia Fish and Game, vol. 46, no. 4, 

p. 407-431. 

MS-222, tertiary amyl alcohol, and 

methylparafynol were suggested as bene- 

ficial for the induction of deep anesthesia 

because they act quickly and recovery is 

rapid. Recovery from anesthesia was com- 

plete provided respiratory movements had 

not ceased for more than a few minutes, 

MS-222 at 0.03 g./gal. induced loss of re- 

flex in Fundulus parvipinnis within 1 hour. 

Higher concentrations were recommended. 

for more rapid anesthesia; however, fish 

must be removed from the anesthetic after 

the desired stage of anesthesia has been in- 

duced. 

MS-222 was not recommended for trans- 

porting fish. The drug failed to maintain a 

lowered rate of metabolism at higher tem- 

peratures. 

It is advisable to pretreat fish in an anes- 

thetic before transporting to reduce metabolic 

rates which may be stimulated due to han- 

dling. 

McGovern, Beulah H., and Roberts Rugh. 

1944, Efficacy of m-amino ethyl benzoate 
as an anesthetic for amphibian embryos. 

Proceedings of the Society for Experi- 

mental Biology and Medicine, vol. 57, 

p. 127-130. 

Dosages of 1:3,000 did not affect the 

motility or fertility of frog spermatozoa, The 

eggs which were fertilized in this solution 

developed normally when the exposure did 

not exceed | hour. Longer exposures pro- 

duced decreasing numbers of abnormal em- 

bryos as development progressed through 

gastrulation and neurulation. The older em- 

bryos withstood anesthesia for 24 hours; how- 

ever, mortality of the embryos undergoing 

transition from external to internal gill 

respiration increased with immersions in 

MS-222 longer than 2 hours. The drug in- 

hibited muscular action, but not ciliary 

activity. MS-222 was considered to be non- 

toxic to frog embryos within the exposure 

times adequate for surgical operations. 

Meehan, William R., and L. Revet. 

1962. The effect of tricaine methanesul- 

fonate (M.S, 222) and/or chilled water 

on oxygen consumption of sockeye sal- 

mon fry. Progressive Fish-Culturist, 

vol. 24, no. 4, p. 185-187. 

The most favorable conditions for sur- 

vival of fish during transportation appeared 

to be uncrowded numbers of fish in water 

colder than that from which they were re- 

moved. The fish also survived well when 

uncrowded in their normal environmental 

water to which was added 0.1 g. of MS-222 

per 4,000 ml. Unsatisfactory results were 

obtained with crowding, or when the fish were 

placed in solutions of MS=222 which were 

colder than their environmental water. 

Meister, Alfred L., and Charles F. Ritzi. 

1958. Effect of chloretone and MS=222 on 

eastern brook trout. Progressive Fish- 

Culturist, vol. 20, no. 3, p. 104-110. 

MS-=222 was considered superior to chlore- 

tone as an anesthetic for fishery use. The 

former had a wider range of practical field 

concentrations, lesser inhibitory effect on 

respiration, and was easier and more pre- 

dictable for use in the field. Both drugs pro- 

duced more rapid anesthetization when tem-= 

peratures were increased. Anesthesia with 

MS-=222 was induced within approximately 10 

minutes by concentrations ranging from 

1:5,000 to 1:15,000 at 37° to 39° F., and 
1:5,000 to 1:25,000 at 48° to 51° F. A con- 
centration of 1:1,000 produced respiratory 
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arrest in brook trout after 5 minutes, but 

continued exposure for 6 minutes was not 

fatal. 

They observed that 22 to 35 pounds of 

brook trout, 36 to 86 pounds of salmon or 93 

pounds of lake trout could be anesthetized 

per gram of MS-222, 

Moss, D. D., and D. C. Scott. 

1964. Respiratory metabolism of fat and 

lean channel catfish. Progressive Fish- 

Culturist, vol. 26, no. 1, p. 16-20. 

MS-222 was used at the rate of 1 g./3.8 1. 

to anesthetize channel catfish for measure- 

ments of lengths and weights. The fish were 

placed in a respirometer and recovered from 

the anesthetic within 1 to 2 minutes. The oxy- 

gen consumption of fat fish was greater than 

that of thin fish at 25° C. At 30° C. the res- 
piratory rates for both groups were similar. 

Nelson, PR 

1953. Use of three anesthetics on juvenile 

salmon and trout. Progressive Fish- 

Culturist, vol. 15, no. 2, p. 74. 

MS-=222, chlorobutanol, and urethane were 

used as aids in weighing and measuring coho 

salmon, red salmon, and Dolly Varden trout. 

MS-=222 was used at the rate of 1:12,500 at 

12° to 179 C. and effectively anesthetized the 
fish within several minutes. The concentra- 

tion was increased slightly for fingerlings. 

A dosage of 1:10,000 caused 100 percent 

mortality. 

Normandeau, Donald A. 

1962. Microhematocrit values for some 

salmonids reared in New Hampshire. 

Progressive Fish-Culturist, vol. 24, 

no. 4, p. 172-176. 

A solution containing 1:10,000 of MS-222 

was used to anesthetize landlocked salmon, 

rainbow, brook, lake, and splake trout before 

collection of microhematocrits. The fish 

were anesthetized sufficiently within 1 min- 

ute. There was a significant relation of 

mean hematocrits to sampling date, but not 

to water temperature. 

Parkhurst, Z. E., and M. A. Smith. 

1957. Various drugs as aids in spawning 

rainbow trout. Progressive Fish-Cul- 

turist, vol. 19, no<«l, p39. 

MS-=222, sodium amytal, methyl pentynol, 

urethane, and chloretone were used to anes- 

thetize rainbow trout. 

A concentration of 264 p.p.m. of MS=-222 

induced complete anesthesia within 30 to 45 

seconds. Longer exposures resulted in some 

mortality. The fish were in good condition 

75 days after treatment. The hatching suc- 

cess of eggs from anesthetized and control 

fish was similar. 

Methyl pentynol at 2,400 p.p.m. was effec- 

tive within 3.5 minutes, a 0.5-percent solu- 

tion of urethane in 2 minutes, and 400 p.p.m. 

of choretone in 1.0 to 1.5 minutes. Sodium 

amytal, because of its slow action, had no 

practical value. 

The experiments were conducted at a 

temperature of 43° F. 

Phillips, Arthur M., Jr., Henry A. Podoliak, 

Donald R. Brockway, and Ray R. Vaughn. 

1957. The nutrition of trout. Cortland 

Hatchery Report 26, New York Conser-= 

vation Department, Fisheries Research 

Bulletin 21, 93 p. 

The absorption of radioactive cobalt was 

elevated in brook trout which were narcotized 

with MS-222. It was suggested that there may 
be an adjustment of the osmotic processes of 

narcotized fish. 

Pickford, Grace E. 

1953. A study of the hypophysectomized 

male killifish, Fundulus heteroclitus 

(Linn.) Bulletin of the Bingham Oceano- 

graphic College, vol. 14, no. 2, p. 5-41. 

1957. Methods of hypophysectomy in 

fishes. Appendix to: The physiology of 

the pituitary gland of fishes, by Grace E. 

Pickford and James W. Atz, p. 485-487. 

New York Zoological Society, New York. 

MS-222 is recommended over several 

other techniques and agents for anesthetizing 

fish during hypophysectomy. The drug gave 

excellent results with Fundulus heteroclitus, 

but suitable strengths must be determined 

for each species. 

Piper, Robert G., and Robert F. Stephens. 

1962. A comparative study of the blood of 

wild and hatchery reared lake trout. 
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Progressive Fish-Culturist, vol. 24, 

no. 2, p. 81-84. 

Blood samples were collected by heart 

puncture after anesthetizing the trout in a 

1:1,000 solution of MS-222. The hemoglobin 

levels and erythrocyte counts of the hatchery- 

reared and wild lake trout were similar. 

Pulford, Earl F., and L. M. Woodall. 

1963. An operculum marking experiment 

on juvenile chinook salmon, Research 

Briefs, Fish Commission of Oregon, 

vol. 9, no. 1, p. 30-36. 

MS-222 was used as an anesthetic during 

marking of 1.5-inch salmon. There was little 

mortality of the fish which were maintained 

under observation for 112 days. 

Randall, D. J. 

1962. Effect of an anaesthetic on the heart 

and respiration of telost fish. Nature, 

vol. 195, no. 4840, p. 506. 

Heart and respiratory rates were meas- 

ured in tench exposed to 25 to 200 mg./1. of 

MS-222 at 17° C. The heart rate in undis- 
turbed, control fish was 15 to 30 beats per 

minute. At a concentration of 33 p.p.m. of 

MS-222, the rate exceeded 50 per minute, 

and increased at higher dosages. The respira- 

tory rate and amplitude also increased, but in 

a variable manner, 

MS-=-222 probably acts on the heart via the 

parasympathetic nervous system since the 

direct effect of the drug on isolated and per- 

fused hearts of tench, trout and roach de- 

creased the beat frequency. Bilateral sec- 

tioning of the vagi of the fish, which were 

exposed to MS-222, resulted in a reduced 

heart rate. 

Respiratory collapse occurred at 100 to 

200 p.p.m. of MS-222, 

Robinson, Clay. 

1965. Those chasing-rainbows. U.S. Trout 

News, January-February, p. 5. 

The anesthetic action of MS-222 varies 

according to water temperature and hardness. 

Robertson, O. H. 

1958. Accelerated development of testis 

after unilateral gonadectomy, with ob- 

servations on normal testis of rainbow 

trout. U.S. Fish and Wildlife Service, 

Fishery Bulletin, No. 127, vol. 158, 

p. 9-30. 

MS-222 was used to anesthetize fish for 

gonadectomy and for length and weight meas- 

urements. A concentration of 1:20,000 in- 

duced adequate anesthesia in 2 to 3 minutes. 

The fish recovered rapidly, and no harmful 

effects were observed even after daily use 

for a number of weeks. 

The operational technique included starva- 

tion of the fish for 48 hours and initial anes- 

thesia in 1:20,000 of MS-222, The fish were 

placed on an operating board and then dipped 

into a 1:25,000 solution of the anesthetic. 

The sequence of histological changes in 

gonadectomized fish and those in which 

laparotomy only was performed were the same 

as in normally maturing gonads, 

Rodman, Duane T. 

1963. Anesthetizing and air-transporting 

young white sturgeons. Progressive 

Fish-Culturist, vol. 25, no. 2, p. 71-78. 

MS-=-222, tertiary amyl alcohol, and re- 

duced temperature were employed in air- 

transporting young sturgeon. Shipments 

following use of two drugs were not success- 

ful. Fish exposed to a 1;40,000 solution of 

MS-222 survived for 30 to 48 hours but later 

died. A temperature of 40° F. provided ade~ 
quate cold sedation which could be maintained 

during transport for approximately 30 hours 

with dry ice. The fish were shipped success-= 

fully by this method. 

Rothlin, E. 

1932. M.S. 222 (ldsliches Anaesthesin), 

ein Narkotikum fur Kaltbliiter. Schwei- 
zerische Medizinische Wochenschrift, 

vol. 62, no. 45, p. 1042-1043. 

MS-222 is a third as toxic to cold-blooded 

animals as novocaine and a tenth as toxic as 

cocaine. MS=-222 was more efficacious in 

comparison with novocaine, strovain, alypin, 

tutokain, panthesin, kokaine, barokain, and 

eukain. A frog was completely anesthetized 

within 5 to 7 minutes in solutions of 1;1,000 

to 1:2,000 of MS-222. Narcosis lasted sev- 

eral hours, and when the animal was placed 

in fresh water it recovered in 30 to 60 min- 

utes, Studies with homologs of MS-222--allyl, 

isopropyl, n-butyl ester--gave no better re- 

sults than the ethyl ester. 
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Rotmann, Eckhard. 

1931. Die Rolle des Ektoderms und 

Mesoderms bei der Formbildung der 

Kiemen und Extremitaten von Triton. 

1, Operation in Gastrulastadium. 

W. Roux Archiv fur Entwicklungs- 

mechanik, vol. 124, p. 747-794. 

There were no side or after effects of 

MS-222 on salamanders which were anes= 

thetized by concentrations of 1:3,000 for 

1 hour. Repeated anesthetization was not 

harmful. 

Ryder, R. A. 

1960. Comparative tagging returns em- 

ploying three different anesthetics. 

Canadian Fish Culturist, no. 26, p. 23- 

2s 

Ether, urethane, and MS=222 were used 

to anesthetize Stizostedion v. vitreum for 
tagging. After 2 years, approximately twice 

as many fish tagged with the help of MS-222 

had been recovered as those tagged with the 

help of either of the other anesthetics. 

Sakano, Ei-ichi. 

1961. Anaesthetizing experiments of chum 

salmon fry with tricaine methanesul- 

fonate (M.S. 222). Scientific Reports of 

the Hokkaido Salmon Hatchery, No. 16, 

p. 103-106. 

Sandoz, M. 

1920. Recherches expérimentales sur les 

anesthésiques locaux. 1. Préparations 
et propriétés physiologiques de la 

tricaine et de quelques-un de ses 

dérivés, Bull. Soc. Vaud. Sc. Nat., 
vol. 53, p. 263-302. 

Sandoz Pharmaceuticals 

(No date) The toxicity of MS-222 to fish 

and frogs. Sandoz Pharmaceuticals, 

Hanover, N.J. (Mimeo) 2 p. 

The 30-minute LCsg of MS-222 for frogs 

was 1:160. 

A 1:12,200 concentration produced 50- 

percent mortality of young trout in 15 min- 

utes. The maximal tolerated concentration 

(LC 1 ) for trout was 1:15,900 and a 1:25,000 

solution induced anesthesia in 99 percent of 

the individuals (EC 99 ) within 3 to 4 minutes. 

These data gave a therapeutic index for MS- 

222/08 slo" 

A 10-percent solution of MS-222 which 

was stored at room temperature showed no 

loss in activity after 3 days. After 10 days 

there was a reduction in activity of about 5 

percent. No difference was noted between 

solutions protected or not protected against 

light. 

Sandoz Pharmaceuticals 

(No date) M.S, 222-Sandoz, the anesthetic 

of choice in work with cold-blooded ani- 

mals. Sandoz Pharmaceuticals, Hanover, 

N.J., Technical Bulletin. 10 p. 

Concentrations of 0.5 to 1.0 g./gal. anes- 

thetic silver salmon, sockeye salmon, lake 

trout, brown trout, and largemouth and small- 

mouth bass within 2 to 4 minutes at 40° to 
60° F. A dosage of 0.25 to 1.0 g./gal. is 

recommended for rainbow trout. 

A concentration of 0.14 g./gal. is recom= 

mended for tranquilizing bait fish during 

transport. Levels up to 0.32 g./gal. are 

effective for various tropical species. 

Sato, T. 

1930. Beitrage zur Analyse de Wolff’schen 
Linsen regeneration. Wilh. Roux Archiv 
fiir Entwicklungs mechanik d. Oragnis- 

men, vol, 122, p. 451. 

Schiffman, R. H., and P. O. Fromm.. 

1959. Measurement of some physiological 

parameters in rainbow trout (Salmo 

gairdnerii). Canadian Journal of Zool- 

ogy, vol. 37, p. 25-32, 

Rainbow trout were anesthetized in 300 

p.p.m. of MS=222, placed on their backs and 

their hearts exposed. Blood samples were 

collected by cardiac puncture. The samples 

were divided for measurements of hema- 

tocrit, hemoglobin, and erythrocyte count 

and size. In addition, weights of organs and 

body water and volumes of blood and plasma 

were determined. 

Schoettger, Richard A., and Arnold M. Julin. 

1966. Investigations in Fish Control: 13. 

Efficacy of MS=-222 as an anesthetic on 

four salmonids. U.S. Bureau of Sport 

Fisheries and Wildlife, Resource Publi- 

cation 19. 

Concentrations of MS-222 ranging from 80 

to 135 p.p.m. effectively anesthetized rainbow, 
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brown, brook and lake trout within 3 minutes 

at 7° to 17° C. The fish were exposed safely 
to these concentrations for 4 to 12 minutes. 

Dosages of 50 to 60 p.p.m. induced anes- 

thesia within 15 minutes, and 15 to 30 p.p.m. 

were effective for sedation. The effective 

concentrations and exposure times were in- 

versely related to temperature; however, 

the efficacy of sedating concentrations de- 

clined with time at 17° C. The narcotic action 

of the drug was reversible, provided the fish 

were removed from the anesthetic prior to the 

cessation of respiratory activity. 

The efficacy of MS-222 was not affected 

significantly by size of fish or pH of the solu- 

tion. Anesthetic solutions with hardnesses of 

10 p.p.m. were less effective than those con- 

taining 35 to 180 p.p.m. total hardness, but the 

fish treated in soft water recovered sooner. 

The exposure tolerances of fish which 

were repeatedly anesthetized with MS-222 

were Slightly greater than those which were 

unexposed previously. 

Trout sedated in closed systems at 12° C. 
reduced their rate of oxygen consumption by 

30 percent; the rate was not depressed sig- 

nificantly in open systems. 

Serfaty, A., R. Labat, and R. Quillier. 

1959. Les réactions cardiaques chez la 

carpe (Cyprinus carpio) au cours d'une 

anesthésié prolongée. Hydrobiologia, 

vol. 13, p. 144-151. 

Anesthetizing carp with 100 p.p.m. of 

MS-=222 caused a primary and secondary 

tachycardia. The first was believed to be 

correlated with encephalic penetration of the 

drug, and the second with a reduction of vagal 

tonus and lack of oxygen. Eventually, auri- 

culoventricular dissociation occurred which 

was attributed to damage of the intracardiac 

system. 

Shelton, G., and D. J. Randall. 

1962. The relationship between heart beat 

and respiration in teleost fish. Com- 

parative Biochemistry and Physiology, 

vol. 7, p. 237-250. 

The heart and respiratory rates of tench 

were increased by anesthetizing them in 80 

to 200 p.p.m. of MS=222, After 12 minutes 

in a 200 p.p.m. solution, the fish stopped 

breathing and the heart rate fell to a level 

similar to that of unanesthetized individuals. 

The heart beat and breathing became abso- 

lutely synchronized in animals lightly anes- 

thetized in MS-222, The direct effect of MS- 

222 on isolated hearts was to decrease the 

beat rate at 15 p.p.m. and decrease beat 

amplitude above 30 to 60 p.p.m. Since fish 

have no sympathetic innervation of the heart, 

the authors suggested the presence of some 

cardioaccelerator fibers in the vagus nerve. 

Smith, Lloyd L., Jr., Robert H. Kramer, and 

J. Cameron MacLeod. 

1965. Effects of pulpwood fibers on fathead 

minnows and walleye fingerlings. Jour- 

nal, Water Pollution Control Federation, 

vol. 37, no. 1, p. 130-140. 

A concentration of 1,000 p.p.m. of MS-222 

rapidly anesthetized fathead minnows for the 

measurement of hematocrits. The hematocrits 

of treated and control fish were not signifi- 

cantly different. The quantity of blood obtained 

from anesthetized individuals was 17 percent 

less than controls and probably indicates a 

reduced rate of circulation. 

Smith, Lynwood S., and Gordon R. Bell. 

1964. A technique for prolonged blood 

sampling in free-swimming salmon. 

Journal of the Fisheries Research 

Board of Canada, vol. 21, no. 4, p. 711- 

7LZe 
The dorsal aortas of pink and sockeye 

salmon were cannulated to permit the 

sampling of blood over extended periods. 

The fish were anesthetized during the opera- 

tion by irrigating the gills in a 1:15,000 solu- 

tion of MS-222 using a pump recycling system. 

The cannula was attached to a length of poly- 

ethylene tubing which extended dorsal from 

the roof of the mouth to above the snout. 

Snieszko, S. F. 

1960. Microhematocrit as a tool in fishery 

research and management. U.S. Fish and 

Wildlife Service, Special Scientific 

Report--Fisheries No. 341. 15p. 

A technique for measuring the hematocrit 

of fish was described. The fish were anesthe- 

tized for approximately 1 minute in a 1:2,000 

solution of MS-222, 
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Steinbrecht, Karl. 

1957. Narkose von Fischen. Die Aquarien- 

und Terrarien-Zeitschrfit, vol. 10, 

no. ll, p. 305-306. 

There were no abnormalities of offspring 

from guppies which were frequently anes- 

thetized in a 1:2,000 solution of MS-222 

following fertilization. 

Steucke, Erwin, W., Jr., and Charles R. 

Atherton. 

1965. Use of microhematocrit values to 

sex largemouth bass. Progressive Fish- 

Culturist, vol. 27, no. 2, p. 87-90. 

MS-=222 at 1:3,000 was used to anesthetize 

largemouth bass. They were narcotized in 

about 2 minutes, 

Thompson, R. B. 

1959. Tricaine methanesulfonate (M.S. 

222) in transport of cutthroat trout. 

Progressive Fish-Culturist, vol. 21, 

NOs 26 POO. 

Young cutthroat trout were transported 

successfully in plastic bags which contained 

oxygen and a 1:40,000 solution of MS-222, 

The temperature was reduced by packing 

the bags in ice. 

One-quart, plastic food boxes were tested 

in place of plastic bags. Approximately 500 

individuals were added to each box which 

was half filled with the 1:40,000 solution of 

anesthetic. Oxygen was not used in these 

tests, but the containers were packed in ice. 

The fish were released after 3 hours, and 

only 19 out of 2,000 failed to recover from 

anesthesia. 

Villwock, W. 

1958. Narkose bei Fischen. Aquarien- 

Terrarien-Zeitschrift, vol. 11, p. 28. 

Walker, Charles R., and Richard A. 

Schoettger. 

1966. Investigations in Fish Control: 15. 

Residues of MS=-222 in four salmonids 

following anesthesia. U.S, Bureau of 

Sport Fisheries and Wildlife, Resource 

Publication 21. 

Residues of MS-222 were measured in 

rainbow, brown, brook, and lake trout. The 

fish were anesthetized to medullary collapse 

in concentrations of 80 to 135 p.p.m., depend- 

ing on species and temperature. Residues 

ranged from 6 to 72 p.p.m. in the muscle 

tissues of fish at the time of medullary col- 

lapse. The levels in fish which had recovered 

in freshwater at 12° C. declined rapidly with- 
in 3 hours and approached background values 

after 6 to 9 hours. A slower dissipation of 

residues occurred in tests at 7° and 17° C. 

The total residue including background did 

not exceed 5 p.p.m. at the end of 9 hours, or 

3 p.p.m. after 24 hours for all species at all 

temperatures. 

Residues of MS=222 in the blood, liver, 

and kidney of rainbow trout declined in a pat- 

tern similar to that for muscle. 

1966. Investigations in Fish Control; 14. 

Method for determining MS-222 residues 

in fish. U.S. Bureau of Sport Fisheries 

and Wildlife, Resource Publication 20. 

The Bratton-Marshall method is sensitive 

for primary aromatic amines such as sulfa 

drugs. It was modified to detect MS-222, 

Selected tissues from anesthetized trout 

were processed to extract the drug. The re- 

covery of known amounts in muscle, blood, 

kidney, and liver ranged from 90 to 112 per- 

cent. The concentrations of interferring 

amines were evaluated. 

The acute oral LD 59 of MS-222 to labora- 
tory rats is between 5 and 10 g./k. This indi- 

cates a relatively low toxicity of MS-222 to 

mammals. 

Watson, John E. 

1961. Tricaine methanesulfonate as an 

anesthetic for herring. Progressive 

Fish-Culturist, vol. 23, no. 4, p. 174. 

MS-222 was tested in sea water as an 
anesthetic for herring. The fish were anes- 

thetized within 8 minutes by a solution of 

1:20,000 at 8° C. They recovered in approxi- 
mately 8 minutes after removal to fresh sea- 

water. Their prolonged exposure to MS-222 

for 3 to 4 minutes after complete anesthesia 

was usually lethal. 

Webb, Robert T. 

1954, Tricaine methanesulfonate (M.S. 

222) as an anesthetic for some common 

pond fishes. Unpublished thesis. Ala- 

bama Polytechnic Institute, Auburn. 
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Webb, Robert T. 

1958. Distribution of bluegill treated with 

tricaine methanesulfonate (M.S. 222). 

Progressive Fish-Culturist, vol. 20, 

no. 2, p. 69-72. 

Tests were conducted to determine 

whether the application of MS-222 would in- 

crease the number or pounds of bluegills 

which could be carried in a distribution truck. 

A concentration of 0.1 g./gal. appeared to be 

the most promising. The results of the tests 

were inconclusive; successful tests could not 

be duplicated; and at times the control fish 

hauled as well or better than the drugged 

ones. 

Witschi, E. 

1927. Testis grafting in tadpoles of Rana 

temporaria L, and its bearing on the hor- 

mone theory of sex determination, Jour- 

nal of Experimental Zoology, vol. 47, 

p. 269, 

Wood, E. M. 

1956. Urethane as a carcinogen, Progres- 

sive Fish-Culturist, vol. 18, no. 3, 

p. 135-136. 
Urethane induces lung tumors in mice 

which develop whether the drug is adminis- 

tered by injection, in drinking water, by nasal 

instillation, or from painting the skin, 

An editorial comment accompanying this 

report indicated that MS-222 might be a suit- 

able substitute for urethane. 
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MS-222 AS AN ANESTHETIC FOR CHANNEL CATFISH: 

ITS TOXICITY, EFFICACY, AND MUSCLE RESIDUES 

By Richard A. Schoettger, Fishery Biologist 

Charles R. Walker and Leif L. Marking, Chemists 

and Arnold M, Julin, Fishery Biologist 

Bureau of Sport Fisheries and Wildlife 

La Crosse, Wisconsin 

Abstract.--MS-222 was tested as an anesthetic on channel catfish. Its 

acute toxicity is approximately 65 to 50 p.p.m. over periods of 24 to 96 

hours. Anesthesia is induced within 2 minutes by concentrations above 

100 to 140 p.p.m., and within 15 minutes by 70 p.p.m. Concentrations of 

20 to 40 p.p.m. maintain sedation for 6 hours. Residues of MS-222 occur 

in muscles of anesthetized catfish, but decrease about 90 to 95 percent at 

1 hour of withdrawal from the drug. Nine to 24 hours after withdrawal the 

residues decline to within the statistical variations of the background 

aromatic amines. The influences of duration of exposure, size of fish, 

temperature, and water quality on toxicity, efficacy, and residues are 

discussed. 

MS-222 (tricaine methanesulfonate) is com- 

monly employed to anesthetize fish during 

marking, spawning, and transporting. The drug 

has been used less commonly on channel cat- 

fish than on salmonids or centrarchids, In 

recent years the channel catfish, Ictalurus 

punctatus, has become highly regarded in 

many areas of the United States as a com- 

mercial and sport fish; it is being reared on 

rice-fish farms, in commercial hatcheries, 

and in farm ponds. We anticipate that a 

greater use of MS-222 will accompany in- 

creased effort to advance the culture and 

management of this species. 

The U.S, Food and Drug Administration re- 

quires that certain disinfectants, antimicro- 

bials, and anesthetics be cleared for their 

continued use on fish which may be consumed 

by people. 

The information necessary for clearance of 

MS-222 as an anesthetic for channel catfish 

Arnold M, Julin is now at the Fish Genetics Labora- 

tory, Bureau of Sport Fisheries and Wildlife, Beulah, Wyo, 

includes its toxicity, its efficacy as an anes- 

thetic, and its residues in tissues of treated 

fish. Similar studies were conducted on 

salmonids at the Fish Control Laboratories 

(Marking, 1966; Schoettger and Julin, 1966; 
and Walker and Schoettger, 1966a, 1966b), 

The history and development of M-222 as a 

fish anesthetic were reviewed by Bové (1962), 
the manufacturer (Sandoz Pharmaceuticals), 

Eisler and Backiel (1960), and Schoettger 

(1966). 

The scope of the investigation on channel 

catfish was somewhat narrower than that of 

our earlier study on salmonids. We tested 

the influences of temperature or size of fish 

on toxicity and efficacy. The effects of 

water hardness on toxicity and of pH on ef- 

ficacy were also measured, Determinations 

of MS-222 residues in catfish were confined 

to those in muscle because residues in blood, 

liver, and kidney of salmonids decreased with 

withdrawal time at a rate similar to that in 

muscle; because background substances of 

natural origin in the livers and kidneys of 



4 Investigations in Fish Control 17; Bureau of Sport Fisheries and Wildlife 

salmonids interfered with analyses of low 

residues; and because muscle is the principal 

edible tissue in catfish. 

METHODS AND MATERIALS 

The channel catfish used in the toxicity, ef- 

ficacy, and residue experiments were obtained 

from the national fish hatcheries at Fairport 

and Guttenberg, Iowa, and from the Missis- 

sippi River (by the lowa Conservation Depart- 

ment), They were held in well water at 12°C. 
and without feed for 2 days before placement 

in the anesthetic solutions. Twenty-four hours 

before an experiment, the fish were ac- 

climated to temperature in reconstituted 

water prepared according to methods de- 

scribed by Lennon and Walker (1964), 

TOXICITY 

The static bioassays of MS-222 were con- 

ducted with 1,.9-, 2.6-, and 3.5-inch fish ac- 

cording to the methods of Lennon and Walker 

(1964). They were tested in 5-gallon glass 

jars containing 15 liters of test solution, 

with aeration applied to solutions containing 

the 3,5-inch fish. Water temperatures were 

maintained at 129, 17°, and 22° C, by placing 

the bioassay vessels in thermostatically 

controlled water baths. 

Ten fish were exposed to each concentration, 

and 10 or 20 served as controls. Ten con- 

centrations were selected to yield survival 

and mortality of 1.9- and 2,6-inch fish; 5 

concentrations were selected for the 3.5-inch 

fish. 

The data were analyZed statistically accord- 

ing to the method of Litchfield and Wilcoxon 

(1949) to define concentrations which produced 

50 percent mortality (LC 59). In addition, the 
variances, slope functions, and 95 percent- 

confidence intervals were determined. 

Different water qualities were obtained by 

varying the amounts of reconstituting salts 

added to deionized water (table 1). 

Safety indexes (S.I.) were determined for 

the anesthesia of channel catfish with MS-222, 

We define the indexes as the margin between 

concentrations effective for anesthesia and 

those which cause mortality, expressed as a 

number obtained by dividing the lethal con- 

centration (LCsq) by the effective concentra- 

tion (ECso). An effective level anesthetizes 

the catfish to loss of equilibrium. This stage 

of anesthesia is defined later in methods for 

measuring the efficacy of MS-222, 

The S.I. values were calculated for 15-, 30-, 

and 60-minute exposures, These exposures 

were selected to give consistent results be- 

cause shorter exposures required extremely 

high concentrations. In longer exposures, the 

anesthetized fish occasionally recovered in 

the test solutions, 

The maximum safety indexes (M.S.I.) were 

calculated from the LC, and ECgg9 values ob- 

tained by extrapolating the regressions used 

in determining LC59 and ECs values. The 
maximum safety index is lower than the safety 

index and is biased in favor of greater safety. 

Table 1.--Water qualities obtained with various amounts of reconstituting salts in deionized water 

Salits.in mg./1. Total Total 
: hardness | alkalinity it H 

Hates as CaCO3] as CaC03 e 
NaHCO, Caso, MgSO, KCl (p.p.m (p.p.m. ) 

SHOU snoodooUod Asoo bBODO 12 ToD Woe 0.75 10-13 10-15 6.4-6.8 

Suancdandinereveiseeverserersversterers 48 30.0 0.0 3.00 40-48 30-35 7.2-7.6 

Hardinicsceladw caret ties tee 192 120.0 0.0 12.00 160-180 | 110-120 7.6-8.0 
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EFFICACY 

Channel catfish of 2 to 6 inches and 7 to 12 

inches were used to determine the efficacy of 

MS-222, Fish less than 4 inches were tested 

in 15 liters of reconstituted water, Larger 

individuals were exposed in 45 liters, Since 

preliminary trials failed to show that variable 

loading had any effect on efficacy, the loading 

levels were approximately 10 g./1l. for the 

smaller fish, and up to 40 g,/1, for the larger 

fish, 

The methods of evaluating efficacy of 

MS-222 against channel catfish were similar 

to those reported in our trials with salmonids, 

A series of concentrations of MS-222 were 

tested at a temperature of 12 C, and at pH 

7.0. The levels giving reasonable anesthetiza- 

tion, holding and recovery times, and which 

produced miminum mortality were considered 

for further trials at 7°, 12° 17°, 22°, and 27° 
Geadud at pH 5.0, 7.0, and 8.9. 

The criteria for assessing efficacy of MS- 

222 against channel catfish were changed 

slightly from those used for salmonids; there- 

fore, a portion of the results which governed 

methodology are included in this section, The 

behavioral responses of catfish in deep 

anesthesia differed from those of trout, In 

catfish, at high concentrations of MS-222, we 

were unable to distinguish clearly the transi- 

tion from total loss of equilibrium, stage II, 

into loss of reflex, The reflex response to 

constant pressure on the caudal fin or pe- 

duncle is frequently delayed for 1 to 10 

seconds, Also, loss of reflex is not always 

distinct from medullary collapse, Opercular 

movements occasionally cease before reflex 

activity stops, A concentration of MS-222 

was considered effective for rapid or mod- 

erately rapid anesthesia when it induced total 

loss of equilibrium, stage II, within 2 and 15 

minutes respectively. This stage of anesthesia 

is more safely induced and maintained than 

loss of reflex, and the fish appear to be al- 

most as easily handled. An effective con- 

centration for sedation induces the response 

within 15 minutes and maintains it for 6 

hours, 

RESIDUES 

Residues of MS-222 were measured in 

muscles of 6- to 13-inch channel catfish which 

had been treated during the efficacy trials, 

Groups, each composed of three individuals, 

were anesthetized to medullary, collapse by 

27 pips. Of Nis=222,ate/ 12) 17 22 sand 

27°C. In this series of tests, the drug was 

less effective at 7° and some fish tolerated an 
exposure exceeding 1 hour; at higher tempera- 

tures the exposures were approximately 5 to 

10 minutes long, 

Five or six groups of catfish were anesthe- 

tized at each temperature, One narcotized 

group was Selected for each temperature for 

analyses of residues at 0-hour withdrawal, 

The remaining groups were placed in fresh 

water for recovery. Their muscles were 

analyzed 1, 3, 6, 9, and 24 hours after with- 

drawal, We also analyZed control fish at each 

temperature, 

The residues of MS-222 in fish flesh were 

determined by the modified Bratton-Marshall 

method developed by Walker and Schoettger 

(1966a), 

RESULTS 

TOXICITY 

Effects of size.--The toxicity of MS-222 to 

channel catfish is dependent, in part, on their 

size. The larger fish appear more resistant 

to the anesthetic than smaller individuals 

(table 2), The 24-hour LC50 values for 1.9-, 

2.6-, and 3.5-inch specimens are 58.0, 64.0, 

and 66.2 p.p.m., respectively. This size- 

toxicity relationship was also observed in the 

48- and 96-hour bioassays, 

Effects of temperature.--The toxicity of 

MS-222 to channel catfish is influenced by 

temperature, The data indicate a higher re- 

sistance of 1.9-inch fish at 17 than at 12 or 

22° G. (table 2), The 24-hour LCsq values for 
the latter two temperatures are similar, but 
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Table 2.--Toxicity of MS-222 to channel catfish at three temperatures 

Meee te lig Average size 24 hours 96 hours 

Temperature 

and lot eight ele dedi oci 92-percent| 5, 95-percent 
ene) conf idence confidence ( 50 confidence 

interval interval P-p-m. ) interval 

eee Ges 
lone 2Wieian ortrcs ne as 49.0-53.5 
aa aN 53.9-56.1 

5 60.9-63.3 

Reedy ae 
Lot 276 ats 58.3-61.7 58.3-61.7 

RiP2e Gos 
ons 2VGo60 sn 57 .0-60.6 57.0-60.6 

Table 3.--Toxicity of MS-222 in selected water qualities at TOSHCE 
ee 

Total 

lka- Total i it 95-percent LC 95-percent LC 95-percent 
hardness inity ; 50 fid 50 . Ga confidence ( air ) confidence (p p.m ) confidence 

interval De aa interval 2 iS interval 

U2 jOnDaitlis oo 15 

46 p.p.m... -0-53. 

WA) PajOails 

the 96-hour LC5g was lower at 12° than at 
DD? Ge, lig general, the relative change in 

toxicity of the anesthetic with exposure is less 

at 17 and 22> than atcv2s iG? 

Effect of water quality.--The toxicity of 

MS-222 to catfish was evaluated in relatively 

soft, medium, and hard water (table 3), The 

LCs5 0's range from 50 to 64 p.p.m., and the 

drug is more toxic at 24 hours in hard water 

than in soft water, After 96 hours of exposure 

the drug appears more toxic in soft water, 

The toxicities of MS-222 to catfish in medium 

and hard waters are similar, except at 96 

hours of exposure, Here, the LCsg values for 

medium and soft water are much alike, and 

the 95-percent confidence limits overlap con- 

siderably. 

The greatest change in toxicity of MS-222 

with exposure occurred in tests in soft water, 

These trials also gave the most variable re- 

sults as shown by the relative widths of the 

95-percent confidence intervals (table 3), 

Safety indexes.--The S,I, values in table 4 

range from 2.4 to 3,0 and indicate that 15- 

minute exposures are safer than those lasting 

30 or 60 minutes, The M.S,I. values, on the 

other hand, show greater safety with longer 

exposures, This is probably due to the large 

variance which is associated with the broad 

range of concentrations tolerated by channel 

catfish, 

EFFICACY 

The efficacy of MS-222 for inducing rapid 

and moderately rapid anesthesia and sedation 

in channel catfish appears to be unaltered by 

pH 5.0 to 8,5, These data were pooled, without 

differentiation, with those for size of fish and 

temperature, 

Rapid anesthesia.--Concentrations of 140 to 

270 p.p.m. are all equally effective for the 

rapid anesthesia of 7- to 12-inch catfish at 

12° to 27° CG, (table 5), Levels above 100 to 

120 p.p.m, anesthetize 2- to 6-inch fish, 
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Table 4.--Safety indexes and maximum safety indexes for anethesia of channel catfish with 

MS-222 at 12° C. 

Exposure 

15 minutes... 

MONT MUUCS «ca ves cbs clecsce 

BUM GES ec cen encsiccvcune 

Safety index Maximum safety index 

Index 

LC1/ EBC 99 
Index LC, 
LC50/ EC 59 (p-p-m. ) 

a wr 

Table 5.--Concentrations of MS-222 producing rapid anesthesia in two sizes of channel catfish at 
five temperatures 

Fish in loss Mean range 
of equilibrium, of expo- Recovery 

ceeecure and stage II, within | sure times mean Survival 

Seed tration 2 minutes (min. ) time (percent ) 
range 
(min. ) 

Perens heierietiil| ash 

Bae Ce: 
160-270 p.p.m. 6-24 100 
160-270 p.p.m. 6-13 100 

200-270 p.p.m. 19-33 98 

KGmI2 5G). 
80 p.p.m. 2-5 100 

100 p.p.m. 2-9 100 
120-260 p.p.m. 7-18 97 

270 p.p.m. 7-10 100 

Peele Oe Cot = 

80 p.p.m. 8-15 100 
100-220 p.p.m. 3 7 100 
140-270 p.p.m. 4- 8 100 

NE R22° Ce: 
270 p.p.m. 2) Y/ 100 

Mew27 Ci: 
100-130 p.p.m. 3- 9 100 
140-270 p.p.m. 5-10 80 

+ Index obtained by dividing the time for the first fish to reach medullary collapse by the 

time (2 min.) for all fish to reach loss of equilibrium, stage 1l. 
2 Fish removed from the anesthetic before all reach medullary collapse. 

Catfish to tolerate exposures to MS-222 for ap- 

proximately 6 to 11 gninutes at 12° and 17 , and 

4 to 5 minutes at 22 and 27 C, They usually 

recover in fresh water in less than 15 

minutes; at 27 , however, 20 percent of the 

test fish died when they were not removed 

quickly enough to prevent overexposures, 

The results of tests at 7 C, were variable 

(table 5), Concentrations of 160 to 270 p.p.m, 

were 80 to 98 percent effective on lots 114 

and 122, but 200 to 270 p.p.m, were ineffec- 

tive on lots 199 and 203, Although individuals 

in lots 114 and 122 were effectively anesthe- 

tized and tolerated exposure for about 6 
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minutes, lots 199 and 203 required 3 to 5 

minutes for anesthesia, and some individuals 

tolerated exposures for more than an hour, 

Fish in lot 199 were used for residue 

analyses, and the numbers remaining were 

insufficient for comparative tests to deter- 

mine whether they were also more resistant 

than lot 114 at higher temperatures. The 

sensitivities of catfish in lot 203 were similar 

to those in lot 199 at 7° and those in lot 114 

at 17 C., and the results were combined at 

the respective temperatures, The purpose in 

comparing Sensitivities of the different lots 

is to point out that there was some variable 

in the tests at 7 which increased the 

resistance of catfish to MS-222 in one in- 

stance but not in another, Analysis of the 

sources of the fish and their general condi- 

tions indicated that these were probably not 

causes of the inconsistencies, On the other 

hand, fish in lot 114 were tested in the fall, 

and those in lots 199 and 203 in the spring, It 

is conveivable that the natural acclimation 

of the latter fish to low temperatures during 

the winter may have contributed to their 

resistance to MS-222 at7 C, 

We were unable to calculate safe exposure 

indexes for all of the trials reported in table 

5. In most instances the fish were placed in 

fresh water before they all entered medullary 

collapse. The indexes in the remaining trials 

range from 2 to 4, They indicate that catfish 

can be safely exposed to MS-222 for about 2 

to 4 times longer than required to induce loss 

of equilibrium, stage II. 

Moderately rapid anesthesia,--Seventy 

p.p.m. of MS-222 induce loss of equilibrium 

in channel catfish within 15 minutes (table 6), 

They tolerate exposure to this concentration 

Table 6.--Concentrations of MS-222 producing moderately rapid anesthesia in two sizes of channel 
catfish at four temperatures 

Concentration, temperature and 

size of fish within 15 minutes 

Fish in loss Recovery 
of equilibrium, 

t stage IT, Survival 

(percent ) 

Percent 

At 60 p.p.m.: 

ite QAO Cae 
Grail’ CIN ne heeveuetbedei ata te euee one Mea eee 

At 70 p.p.m.: 

ie BY Cae 

FOLD als SaoocdoAdtleocdougdube cod 

+ Hours 
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for at least 30 minutes and many can be ex- 

posed longer. In one test, at 27° C,, the 

majority of the fish survived at 3-hour ex- 

posure, 

Water temperature and size of fish appear 

to have no influence on the efficacy of a con- 

centration inducing a moderate rate of 

anesthesia. The fish recover faster, how- 

ever, at 22° and 27° than at 7°, 12°, or 17°. 
The sensitivities of the different lots of test 

fish at various temperatures were only par- 

tially compared, 

A moderate rate of anesthesia appears most 

applicable to handling operations such as 

measuring and weighing, or when large num- 

bers of individuals are involved. A level of 70 

Pp.p.m, may also be useful for long-term sur- 

gical operations, provided sufficient time is 

allowed for reflex responses to decline, 

Sedation,--Channel catfish are sedated in 

20 p.p.m, of MS-222 at 7°, 12°, and 17° C. 
(table 7), This level was not effective at 27 C., 

and the concentration was increased to 40 

p.p.m, to maintain sedation for 6 hours, These 

data suggest that sedating concentrations of 

MS-222 are metabolized or deactivated at 

higher temperatures, This finding is sup- 

ported by the results of McFarland (1959 and 

1960), Schoettger and Julin (1966), and our 

toxicity trials with catfish, 

RESIDUES 

Residues of MS-222 occur in the muscles of 

anesthetized channel catfish and appear to 

vary with temperature, Seventeen to 147,2 

p.p.m. of the drug, including background 

aromatic amines, were measured in fish 

narcotized to medullary collapse in 270 

p.p.m, of MS-222 (table 8), The mean con- 

centrations of residue at 0-hour withdrawal 

are: 31.3 p.p.m, at 7 G,, 69.9 P.P.m, at 12-4 
£25.09" P,P. at 17 9759 p. p.m at 22~;and 

65.7 p.p.m, at 27 . The levels in fish treated 

at 120, 17°, 22°, and 27° are two to four times 
greater than in those exposed at 7 C, 

Table 7.--Concentrations of MS-222 producing sedation in two sizes of channel catfish at four 
temperatures 

Concentration, 
temperature, 

and size of fish 

At 20 p.p.m 
AGYTOC: 

Lente TAG ie oe 10/ 10 
Fer eee ee : 6/ 6 

MG 12° C 
2= @ shies ree ee 138/140 

Iaxtty AS 

PEMIOMETTIS crele ot oie te the 50/ 50 
FDA RUT ae atahe oie @ phere Bde 6/ 6 

BG 27°C. 
712i ees sept 12/ 12 

At 30 p.p.m 
At 27°C 

FEMME TA ao clyaiidceyaravatojaieletere Sy is 
At 40 p.p.m.: 

iRGeE peel Opa 
PRO ATA ard oat ate aca 6/ 6 

Fish in sedation at-- 

15 minutes 

Percent 

Behaviort of fish 

not in 

sedation at-- 6 hours 

Number Percent 

10/ 10 100 
6/ 6 100 

132/140 94 

50/ 50 100 
6/ 6 100 

O/ 112 6) 

S/S 62 

2 G/N 100 

+ >= deeper anesthesia; < = similar to controls. 
2 Fish in sedation at 3 and 19 hours. 
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Table 8.--Residues of MS-222 including background in miscle of channel catfish for various 

withdrawal times at selected temperatures 

Temperature and Number Standard 95-percent 
withdrawal time of Length] Weight error confidence 

fish (in. ) (g.) Range interval 

Ate WRC. 
OPO WAsiecaver etelevoverener ofeteketeRedesenelsuete 3 AA ALS) || Ueye) 97 --- 

Uy TOUT a evenedenevevereinlere ls a eyeyane vausienene > 3 1533} || 222) 0 8.58-44.34 

EMMOUTSay cacerere stevereteeseieyeve ayers 3 1D = 53) |) 2iue..3! 1.08-16.58 

OM MOUPSE erevereraver eta: aveveveeistecsierereie a 3 IA O2) |) 22543) 2.70- 7.44 

ZE WORE 5 66 co coa6 Ans Crochet ene 3 12.77 | 248.0 0.61- 8.45 

ive 122 Eh 2 

OPM OU pereterersietcrer. sieiecorensverstabeietene 3 OG D7/ |) 14087 --- 

TD howe ede es e AEE, Ssbelete ne 3) alse |) Gio3 0.55-12.59 
BY hours hae ete bie RS ba ets 3 SAW Gila 0).00= 3522 
SJ INCWICSo Sogaacced ajabenaheuel cued eisiokers 3 WS} 45.0 0.45= a75 
S) INCWIES np co ooood ooo Oooo oD SOOO OD 3 8.07 pilewy, C.06- 1.60 

PUPMOUTES eventarereretenons seienatete veer ereters 3} 7.87] 49.3 0.64- 1.16 

is aby Gee 

0) Inewnes aa cas wiiesvoylsiietey che /Sateiss Ooo ake 3 9.00 Uailka®) -- 

IGS © Waa apeteieten cuetelapevcrerepever epaueye do0ao 3 8.83 67.7 1.62-11.52 

Zieliewnesinion SacaeTee eareverers Sa jerae 3 S520 || bOs'7 1.19- 1.62 
Othours adr. HR Pes teste Seen 3} 9.33 84.3 0.85- 3.61 

DES NOUS). = Tie Susve tetas Neh Salis epclelenede ote 3 9.00} 78.3 0.10- 1.90 

At 22° C.: 

O™MOUT).) ierate.«.cleevere arate. cretenetenereierene’e 3 8.90 67 oe 5.4 --- 

Ti houmeaatac.s ase Aleramates Me 3 PHO 25a 9.3 0.4 2=12a92 
3) Inownaso od oaos a oiig ie yeh eK ever ie)teue vaieiene 3 8.83 65.3 1.9 0.52- 2.42 
GUWMOUMES Riereter leceteteloveverchenetens Rerice as 3 YasS) 41.0 ly? 0.12- 2.28 

QMMOUE Sewerelefarele otereierereioren) oneiavererere 3 So 56.7 Tas 0.02- 2.52 
DA MOUR-Sialele)a ele Bickchaie.lovavevwtotererecaretare 3 8.47 S758 Os7/ 0.34- 0.86 

Mey Bae 6. = 
OmHOUIr ee seiererete etetete sareraeerctetic ie senatare 3 SeSOn | eaer7: --- 

I NNOUESS Gob bo coOUKoODOOObOO sielere 3 9513 WALoO 0.00- 9.55 

Sal nOWLa sacra DANO ORCC OOIO Sietete 3 9.23 80.0 1.67- 6.77 

© InOWHeS 5 oncoo Sreyalernceietacsvavecstecace 3 8.83 64.3 0.18- 2.76 

OQ MOWTES%;<ievereie aerate evel shottevevere Raievate 3 8.83 64.0 0.24- 2.30 

Dbe MOUTSlevsceveereiereierexsterscafepans eroreteners 3 Siew /ath 62.0 0.25- 1.29 

As in salmonids, a background of aromatic 

amines is also present in the muscles of un- 

anesthetized catfish, The background in cat- 

fish ranges from 0,5 to 3.6 p.p.m, (table 9), 

Both the upper and the lower limits of the 

range occur in samples from fish (lot 199, 

table 5) maintained at 7 . The mean back- 

ground at this temperature is 1.7 p.p.m, with 

a standard error of 0.96. The 95-percent con- 

fidence interval around the means is 0 to 5,33 

p.p.m, The mean concentrations in flesh at 

other temperatures range from 0.8 to 1.5 

p.p.m, with standard errors from 0,05 to 0.18. 

Their 95-percent confidence intervals overlap 

between 0,10 and 1.72 p.p.m 

The residues of MS-222 in muscles of cat- 

fish decline approximately 90 to_95 sues! 

after 1 hour of withdrawal at 12 , 17 DDG 

and 27 C, (table 8), They decrease Fhsines 
after 6 to 24 hours of withdrawal and are 

withdrawal and are within the 95-percent 

confidence intervals around the mean back- 

grounds of controls, The residues in catfish 
at 7 decline more slowly than at higher 

temperatures, but are within the background 

) 
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Table 9.--Background residues of aromatic amines in muscle of channel catfish used as 
controls in the study of MS-222 

Temperature 

ee 

es 

ee 

a i ee 

Concentration 
in p.p.m. 

95-percent 
confidence 

interval 

Standard 

error 

Table 10.--Acetylated aromatic amines in muscle of channel catfish for various withdrawal 
times at 7° C. 

| Mean size | | Mean size | 

Withdrawal 

time 

BOHOUL «cic s vee 

LO UCU nASSegge 

GeHOUrs. sss. 

SPROUTS 6 «J+. 

Bee OUP is «oe» 

confidence interval for this temperature after 

9 to 24 hours of withdrawal, 

Channel catfish which had been anethetized 

at 7 were also analyzed to detect possible 

acetylated derivatives of MS-222 (table 10), 

The presence of these derivatives may indi- 

cate a mechanism within the fish for deactiva- 

tion of the drug. The acetylated fraction is 

obtained by subtracting the free MS-222 and 

‘background concentrations (table 8) from the 

total aromatic amines measured in the sample 

after acid hydrolysis, At 0-hour withdrawal 

the muscles contain an average of 1.07 p.p.m. 

of acetylated aromatic amines, or 2,8 percent 

of the total aromatic amines, When the fish 

are transferred to fresh water, the concentra- 

tions of acetylated substances increase to a 

mean high of 6 p.p,m, after 9 hours of with- 

drawal, and then decline, Within this period, 

free residues decrease so that the relative 

amount of acetylated amines increase to 54,2 

percent, The concentrations of both fractions 

decline at 24 hours of withdrawal, but their 

proportions are similar, 

| Residues in p.p.n. | in | Residues in p.p.n. | p.m. 

Weight Standard 
Percent 

of total 

aromatic 

amines 

95-percent 

confidence 

interval 

RUWP IR@ONMND onkr RO 

DISCUSSION 

TOXICITY 

The channel catfish is one of the species 

more resistant to MS-222, The 24- to 96-hour 

LCs5g's range from 66,2 to 51,1 p.p.m, Mark- 

ing (1966b) reported LC50's for similar ex- 

posures of 52,2 to 31.0 p.p.m, for various 

salmonids and 61.5 to 39.4 p.p.m, for northern 

pike, bluegill, largemouth bass, and walleye, 

This greater resistance of catfish to certain 

chemicals has been noted in other investiga- 

tions at this laboratory (Walker et al., 1964; 

Marking, 1966a), Also, large catfish are more 

resistant to the drug than small ones, and this 

finding agrees with the size-sensitivity re- 

lation between other species and MS-222 noted 

by Marking (1966b), 

Catfish are somewhat more resistant to 

MS-222 at 17° than at 12° or 22° CG, Marking 
(1966b) made a similar observation on the 

toxicity of the anesthetic to bluegill. Whether 

the resistance of 1,9-inch catfish at 17 C, is 
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significant seems doubtful, The confidence 

interval for the 24-hour LC50 at this tem- 

perature includes the LC5g9 for 1.9-inch fish 

at 22 and almost includes the value at 12 , 

The interaction of temperature and exposure 

seems to have a greater effect on toxicity of 

MS-222 than temperature alone, The fact that 

the drug increases in toxicity with time at 
12°, but not significantly at 17° and 22° sug- 
gests that it degrades at the higher tempera- 

tures, 

We found that catfish are relatively more 

resistant when the anesthetic is dissolved in 

soft water, The resistance declines with ex- 

posure, and after 96 hours the soft water solu- 

tions are slightly more toxic, Schoettger and 

Julin (1966) reported that MS-222 is less ef- 

fective against rainbow trout in very soft 

water. They suggested that the rate of absorp- 

tion and deactivation of the drug may increase 

along with higher metabolic rates of trout in 

soft water, The decreased resistance of cat- 

fish with time, however, may reflect the ef- 

fects of osmotic stress, 

The safety indexes for anesthesia of channel 

catfish with MS-222 show that the lethal con- 

centrations of drug are approximately 2,5 to 

3.0 times greater than the levels which induce 

narcosis, In actual practice this method of 

evaluating safety of fish anesthetics is not 

entirely applicable. The fish may be anesthe- 

tized at similar or slightly higher concentra- 

tions than those used to calculate safety in- 

dexes, but exposure may determine lethality. 

For this reason some indexes based on safe 

exposure were calculated in the efficacy ex- 

periments, 

EFFICACY 

MS-222 is effective and safe for the rapid 

and moderately rapid anesthesia of channel 

catfish, The concentrations for the former 

rate of narcotization, 100 to 270 p.p.m., ex- 

ceed the 80 to 135 p.p.m. which were effective 

for salmonids (Schoettger and Julin, 1966) and 

suggest that catfish tolerate a much broader 

range of concentrations, The levels for moder- 

ate rates in salmonids and catfish are simi- 

lar, The low end of the range of concentrations 

inducing rapid anesthesia in catfish probably 

represents a threshold, or minimum effective 

level, since concentrations up to 270 p.p.m, 

are essentially no more effective, Concentra- 

tions within this range have been used to 

anesthetize channel catfish for sexing and 

physiological investigations (Crawford and 

Hulsey, 1963; Larsen, 1964; Moss and Scott, 

1964), 

The inconsistent efficacy of MS-222 on three 

lots of fish at 7 C,. may reflect differential 

sensitivities of the lots, The differences may 

be related to prior acclimation to environ- 

mental temperatures, Residues of MS-22 were 

later measured in muscles of fish in a re- 

sistant lot and, as discussed elsewhere, the 

residues differ markedly from those in fish 

treated at higher temperatures, 

In general, temperature has little influence 

on the efficacy of MS-222 against catfish, 
fe) fo) 

but they tolerate less exposure at 22° and 27 

than at 7 , 12 ,or 17 C, It was necessary to 

increase the concentrations of the drug for 

salmonids at lower temperatures, but a simi- 

lar influence of temperature on the resistance 

of catfish may have been masked by the broad 

range of effective concentrations, 

Although channel catfish appear to be more 

resistant to MS-222 than salmonids, the dura- 

tions of exposure tolerated by both are simi- 

lar, The behavioral responses of the catfish 

must be observed, however, to minimize the 

risk of overexposures, Medullary collapse 

occurs almost simultaneously with loss of re- 

flex, and therefore, anesthesia to the latter 

stage may be unsafe and unnecessary, The 

delayed reflex response which occurs late in 

loss of equilibrium does not usually preclude 

the handling of fish. The cessation of opercu- 

lar activity in catfish, as in trout, is a good 

criterion for transferring them to fresh water, 

although many individuals may recover com- 

pletely from brief exposures beyond this point. 

Sedation can be induced and maintained in 

channel catfish by MS-222 at 20 to 40 p.p.m., 

depending on temperature, Schoettger and 

Julin (1966) cited contradictory reports on 
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the benefits of sedating various species of fish 

with the drug for transport, We are unable 

to locate published reports on the use of MS- 

222 for transport of channel catfish. 

RESIDUES 

The mean residues of MS-222 in the flesh of 

anesthetized channel catfish at 12 and17 C, 

are approximately two to eight times as great 

as mean residues measured by Walker and 

Schoettger (1966a) in salmonids at the same 

temperatures, The mean values at 7 are 

similar, This indicates that relatively more 

MS-222 is taken up by salmonids at colder 

temperatures than at warmer temperatures, 

whereas the reverse applied to catfish, One 

explanation for the differential deposition of 

MS-222 in salmonids and catfish may be the 

influence of temperature on the efficacy of 

MS-222 in salmonids, and a relative lack of 

its effect in catfish, The concentrations of 

MS-222 were adjusted upward to maintain ef- 

ficacy against salmonids at lower tempera- 

tures, but only one level, two to three times 

that for salmonids, was used to anesthetize 

catfish in the residue experiments, On the 

other hand, the differential may represent the 

influence of theoretical temperature optimums 

or acclimation on drug metabolism, 

Residues of MS-222 in salmonids and 

channel catfish decline rapidly during the first 

hour of withdrawal, except those in catfish at 

7 . The latter are initially low and decrease 

gradually, The acclimation of these individuals 

to winter temperatures may have contributed 

to their low uptake and turnover of MS-222, 

and to their resistance to anesthetization at 

7 . The background of aromatic amines in un- 

treated catfish is slightly higher at ie and 

suggests a temperature-related reduction in 

metabolism of these substances, Residues of 

the drug, at all temperatures, cannot be dis- 

tinguished from the background in controls 

when the fish are held in fresh water for 9 to 

24 hours after anesthesia, 

Interestingly, the mean concentrations of 

residues at 0O-hour withdrawal form a para- 

bolic curve when plotted against temperature, 
fe) ; 

and peak at 17 C. We have no explanation for 

this, unless it is caused by a temperature- 

dependent, uptake-and-metabolism relation, 

The pattern does not persist after withdrawal, 

The acetylation of MS-222 may be an effec- 

tive mechanism for its deactivation in catfish, 

The concentrations of acetylated derivatives 

in muscles of fish treated at 7° increase dur- 

ing withdrawal times up to 9 hours, and as the 

amount of free MS-222 decreases, They de- 

cline after 24 hours of withdrawal, when the 

concentration of the free fraction is lowest, 

The inverse change in concentrations of free 

and acetylated derivatives during withdrawal 

suggests metabolism of MS-222, The absolute 

amounts of acetylated substances are rel- 

atively small, however, and may simply re- 

flect the turnover of natural aromatic amines, 

SUMMARY 

MS-222 was tested against channel catfish 

to determine its toxicity, efficacy, and residues 

in muscle, Several size groups of fish were 

exposed to solutions with various tempera- 

tures, pH, and water qualities, 

The LC59 values of MS-222 for catfish 

range from 66,2 to 51.1 p.p.m, in 24- to 96- 

hour bioassays, The variations in toxicity are 

associated with exposure, size of fish, tem- 

perature, and water quality, Channel catfish 

are more resistant to the drug than other 

species we have tested, The safety indexes 

for anesthesia of catfish decrease from 3,0 

to 2.4 with exposures of 15 to 60 minutes, 

Concentrations of drug above 100 to 140 

p.p.m. are effective for inducing rapid loss of 

equilibrium in catfish within 2 minutes, They 

tolerate exposure for 4 to 11 minutes, A level 

of 70 p.p.m. produces moderately rapid 

anesthesia, and 20 to 40 p.p.m, are effective 

for sedation, The fish tolerate concentrations 

for moderately rapid anesthesia for at least 

30 minutes, They can be maintained in seda- 

tion for 6 hours by 20 to 40 p.p.m, The ef- 

ficacy of MS-222 is not influenced greatly by 

temperature, pH, or size of fish, At 22° or 
a7. C., the fish tolerate less exposure to high 

drug concentrations, and at 27° the sedation 

concentration has to be increased to compen- 

sate for an apparent degradation of MS-222, 
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The deep stages of MS-222-induced narcosis, 

beyond loss of equilibrium, appear less dis- 

tinct in catfish than in salmonids, The 

behavior of the fish must be observed to 

minimize the risk of overexposures, and 

cessation of opercular activity is a good 

criterion for transferring them to fresh 

water, 

Residues of MS-222 occur in the muscles of 

anesthetized catfish, They vary, according to 

temperature, from 17.0 to 147,2 p.p.m, in- 

cluding background aromatic amines, The 

background, in control fish, ranges from 0,5 

to 3.6 p.p.m. The lowest concentrations of 

residue at 0-hour withdrawal occur in fish 

treated at 7 C,, but after 1 hour of with- 

drawal from the drug the levels in individuals 

exposed at this temperature are highest, The 

residues in muscles after 9 to 24 hours of 

withdrawal at all temperatures decline to 

within the statistical variations in the back- 

ground concentrations, 

The concentrations of acetylated aromatic 

amines in muscles of catfish anesthetized at 

7 C, increase as MS-222 residues decrease 

during 9 hours of withdrawal, The inverse 

relation suggests metabolism of MS-222 by 

acetylation, but the small amounts of acety- 

lated derivatives may be aromatic amines of 

natural origin, 
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INVESTIGATIONS IN FISH CONTROL 

Investigations in Fish Control, published by the Bureau of Sport Fisheries and Wildlife, in- 

clude reports on the results of work at the Bureau's Fish Control Laboratories at La Crosse, 
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TOXICITY OF 22 THERAPEUTIC COMPOUNDS 

TO SIX FISHES 

By Wayne A. Willford, Chemist 

Fish Control Laboratory, La Crosse, Wis. 

ABSTRACT.--Of 22 therapeutic chemicals (18 parasiticides and 4 oral 

bacteriostats) tested by bioassays, 16 were toxic to fish and 6 were not. 
Tests were in 24- and 48-hour static bioassays on rainbow, brown, brook, 

and lake trout and bluegills at 12°C, and channel catfish at 179 C, The 

16 toxic chemicals, in descending order, were malachite green, Trolene, 

CoRal, Tiguvon, Roccal, P.M.A., Acriflavine, amopyroquin dihydrochloride, 

merthiolate, methylene blue, Neguvon, Ruelene, TV-1096, nickel sulfate, 

formalin, and quinacrine hydrochloride; the 6 that did not appear to be 

toxic were erythromycin thiocyanate, quinine hydrochloride, Flagyl, 

sulfamerazine, sulfamethazine, and sulfisoxazole. 

An objective of the Fish Control Labora- 

tories is to develop chemical tools to prevent 

and control fish diseases. Although efficacious 

concentrations of many drugs have been de- 

termined, a thorough examination of their 

toxicity has not been reported. Prior to clear- 

ance of drugs, the Food and Drug Administra- 

tion requires data on their toxicity. The pur- 

pose of this study was to define the toxicity of 

22 therapeutic chemicals to six species of 

fish before further research is undertaken on 

their efficacy and residues. 

Eighteen parasiticides of known or possible 

value as external treatments for fish were se- 

lected for investigation upon recommendations 

by other investigators, Four oral bacteriostats 

were tested to determine whether any toxicity 

to fish would result through leaching, or ex- 

cretion, of the compounds into water. 

MATERIALS AND METHODS 

Six species of fish were obtained from vari- 

ous fish hatcheries (table 1), All were quar- 

antined for 10 days, and those judged ac- 

ceptable for bioassays were acclimated to 

conditions of the tests. 

The static bioassays were made in facilities 

described by Lennon and Walker (1964), We 

used 5-gallon glass jars which contained 15 

liters of reconstituted, deionized water at 

total hardness of 42 p.p.m., and a maximum 

of 1 gram of fish per liter of water. Each test 

included 10 concentrations of a chemical, Ten 

fish were exposed to each concentration, and 

20 fish served as controls. 

The 22 therapeutic compounds were tested 

at 12°C, against five species of fish at La 

Crosse, Wis. (table 2), Tests against channel 

catfish at 17 °were made at the Southeastern 

Fish Control Laboratory, Warm Springs, Ga. 

A concentrated stock solution of each com- 

pound, using acetone or deionized water or 

both as solvents, was usually prepared for ad- 

dition to the test vessels immediately before 

each test. When solubility of the compound 

prevented preparation of concentrated stocks, 

the compound was added directly and allowed 

to dissolve in the test vessel. 

Observations on survival and mortality 

were recorded at 24 and 48 hours. The data 

were then analyzed by plotting concentration 

against mortality on logarithmic normal 
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TABLE 1.--Fishes used in toxicity trials 

Average : 
Species length i Source 

(inches) 

Rainbow trout, Salmo gairdneri......... National Fish Hatchery, 
Manchester, Iowa 
National Fish Hatchery, 
Lake Mills, Wis. 
State Fish Hatchery, 
St. Croix Falls, Wis. 
National Fish Hatchery, 
Jordan River, Mich. 

Doc ccvccccccccccsccccccsccccccccces 
Brown trout, Salmo trutta....ccccseceee 

DOs ccccccccccccrsccccccvcccesccccece 
Brook trout, Salvelinus fontinallis.... 

DOcwccccsccvvcvvccaccvccccecececisies 
Lake trout, Salvelinus namaycush....... 

D)Owratalaleleletetarniateloletetalalererstereiotetnioteliatatatetate 

Docc ccccccvccccccccacercsccssioscccs 
Channel catfish, Ictalurus punctatus... 

DO) 50000nnoD0CDCOnDDOODOODDOODDDONDON 

Bluegill, Lepomis macrochiruS.....ssee. 

National Fish Hatchery, 
Marion, Ala. 
National Fish Hatchery, 
Lake Mills, Wis. 

PRPPNNhPRRPPPRPEP NIBRONPHPOODUONAY 

° 

PNWUNNAUAFNHO AO W 

DOnisieistaleistelsielelsieteletelcteleletelchelelateleiatotetalite 

FOOKRPHFWNHNNOOKHOCO DOstatelotalelelslalalalsicslelelelsleleleleistcteletelaleteierare 

TABLE 2.--Common names and active ingredients of compounds tested 

Grade or 
Common name formulation 

Active ingredient 

Acriflavine (neutral).....ssecceesees i 3,6-diamino-10-methyl acridinium chloride and 3,6-diaminoacridine 

Amopyroquin dihydrochloride 4-(7-chloro-4-quinolylamino) -a-1-pyrrolidyl-o-cresol dihydrochloride 

CORAL. cccccccccsccvccssccsccccccescss i 0,0-diethyl 0-3-chloro-4-methy1l-2-oxo=2H-1-benzopyran-7-yl-phosphorothioate 
Erythromycin thiocyanate....esessssee erythromycin thiocyanate 

LEE Vil ciate lelolelciclalelelalsiaialala'eietsisialetefsis(e\ctatete i 1-(2-hydroxyethy1) -2-methy1-5-nitroimidazole 
Formalin. .sccccccccccrcccccccccccccces 5. 37-percent formaldehyde gas in water 

Mallachitte green.ccccecascssccevancaes i bis-(p-dimethylaminophenyl) phenylmethane treated with HCL 
Merthiolate...ccccccscsccsessscsccace i sodium ethylmercurithiosalicylate 

Methylene blue... -cccccsccccccccscscsce i 3,7-bis(dimethylamino) phenazathionium chloride 

NEP OL stalelelatetalel=talotateleletalstetelalelela|sobelalel=[s 
0,0-dimethyl 2,2,2-trichloro-1-hydroxyethyl phosphonate 

Nickel sulfate. .scsecceuscccccccccces NiSO, - 6H,0 
PoMs As cncesccccccccccccsccrscccsvcses pyridylmereuric acetate 

Quinacrine hydrochloride 

(Atabrine) krejertareisietelatelelatereleielsielatetstetets ECHUCA re ele /cle|vir pisiatalalalelslsieleisle 3-chloro-7-methoxy-9- (1-methyl-4-diethylaminobutylamino) acridine dihydrochloride 

Quinine hydrochloride.....sssssssseee HECHT CAM relalalulera}slolelatsislelsiel=lat=(als! quinine hydrochloride 

ROCCAL. cccvccccccccsccccescscccscsece alkyl dimethylbenzylammonium chlorides 

Ruclene..sceccccsescccccvccsccccccsses 4-tert-butyl-2-chlorophenyl methyl methylphosphoramidate 

Sulfamerazine... N+ -(4-methyl-2-pyrimidyl) sulfanilamide 
Sulfamethazine....scccccceccecccceces UGiSn ste etatulalelatearatevoreletetatnlale tater foye N+_(4,6-dimethyl-2-pyrimidinyl) sulfanilamide 

MULLS OXA ZO Cataintclelataislelelaials!slatel=ieleleyeials LSE PE ooandacesondoasoneconoos N*-(3,4-dimethy1-5-isoxazolyl) sulfanilamide 
HEU LIV ON tietals} <tofotetatatetclstelalmieiaiaiclolalatelalatel=ta(e SOOT eednecaccosdcobboocadce 0,0-dimethyl O-[4-(methylthio)-m-tolyl] phosphorothioate 

PLOVENE Sia)n\n|=/a=|==]=]s/a]s/s)/s/0\e]s/elels|al=ialals)a\wiela technical. .cscsccccccascccescve Q,0-dimethyl 0-2,4,5-trichlorophenyl phosphorothioate 

Lg-threo-2-(5-nitro-2-fury1) -5-( p-nitrophenyl) -2-oxazoline-4-methanol 

(probability) graph paper to define the con- total material (formulated or technical) in- 

centration that produced 50-percent mortality stead of active ingredient. 

(LCs50 ) as described by Litchfield and Wil- 

coxon (1949), Variance and the 95-percent 
confidence interval (C.I.) were also deter- RESULTS 

mined. Of the 22 compounds, 16 were toxic to the 
six species of fish, and the LC 5% values were 

Most of the compounds tested were techni- determined (abies tase 

cal or U.S.P, materials, and the rest were 

formulated materials, To eliminate confusion, The most toxic compound, malachite green, 

all results are reported in terms of p.p.m. of is relatively uniform in toxicity to the six 



| 
. 

Wayne A, Willford: Toxicity of 22 Therapeutic Compounds to Six Fishes 5 

TABLE 3.--Toxicity of 16 compounds to rainbow trout at 12° Cc. 

At 24 hours At 48 hours 

LLs0 
(p.p.m. ) 

95-percent 

C.I. 

17.0-23.3 
33.3-37.4 

0.51-0.59 
154-183 

Malachite green............ 
Merthiolate...ccccccccccece 

0. 33-0.46 
18.6-24.2 

Methylene blue............. 

Nickel sulfate.......ee.-0. 
PuM An wenccccrccccecccccccs 

13.8-18.7 
10.6-14.0 

150-171 
4.35-5.75 3.02-4.65 

2.92-3.60 
Quinacrine HCL..........00- 159-186 

2.16-3.06 

FRISTENE. occ cece ncccccccce 

Trolene..-..seeeeeeeeseeeee 
TV-1096. . 0s. eeeeseeceeeceee 

31.5-38.8 
4.82-5.83 

30.5-33.6 
3.62-5.22 

0.89-1.53 
22.8-25.7 

0.64-0.86 
14.9-17.4 

95-percent 

c.1. 

25.0-29.2 
33.3-38.9 

Acriflavine.........-...00- 
AMOPYTOQUIN. co sccesccecccce 37.5-47.0 

0.84-1.00 
304-348 

0.62-0.86 
165-208 

0.42-0.49 
75-160 

0.30-0.38 
47.8-61.0 

Malachite green........s.00 
Merthiolate...cceccsccccccs 

46.2-63.2 
48.2-60.5 

28.8-37.4 
11.8-23.1 

Methylene blue........e.e0- 
NEZUVON. wee ee eee ceeccncnces 

345-464 
8.30-10.42 

241-302 
5.71-6.78 

Nickel sulfate......eceees 

PLM As cvcccnccecccccccccces 

361-421 
2246-3.54 

184-288 
1.74-2.42 

Quinacrine HCL............- 
ROCCE ccccccccncccccccesce 

24.7-27.8 
4.09-4.95 

24.2-27.2 
2.78-4.71 

RUCLENE. oe eeccessecccessces 
TIPUVOM. cawaccccccccscccpes 

0.30-0.51 Trolene...sescccccccccecees 0.38-0.74 

TABLE 5.--Toxicity of 16 compounds to brook trout at 12° Cc. 

At 24 hours At 48 hours 

Compound LCs0 

(p.p.m. ) 
95-percent 

c.1. 
95-percent 

c.1. 

BEAT IAVING a wccisaseicacocece 14.0-15.7 
38.1-42.0 

0.70-0.91 
143-173 

Malachite green.........06- 
MExthiOlate.\s.cccesscieweove 

0.22-0.31 
71.0-78.2 

Methylene blue........se006 
NEZUVON. cece cccccececccscce 

17.2-30.5 
14.1-20.0 

Nickel sulfate..........20. 
PaMaAssccccccsccccccccccece 

224-261 
9.8-11.7 

Quimacrine HCL..........s0 
HOC Cr aislals'wislalajalvis'e|sie's/ais cleleie 

177-299 
3.79-4.50 3.09-3.74 

Ruelene...csccsccccccsccece 
TAGUVON, <cjoccsesacecdsscsccs 

34.4-39.4 
5.21-7.26 

31.5-38.8 
5.14-5.88 

TKOVENC. ..cavccccccecccecas 
DVO9G sew ciccccccecascccces 

0.44-0.78 
26.4-32.5 

0.26-0.59 
16.8-21.5 

“Malachite green.........00- 

TABLE 6.--Toxicity of 16 compounds to lake trout at 12° C. 

At 24 hours 

34.7-40.5 
12.1-19.8 

Ac¥iflavine...csscsseseeses 
AMOPYTOQUIN. .cerececesceres 

CORAL. cccccnccccccccccccces 
FOrmalin. cscsscasdsecscoecs 

4.00-11.56 
200-242 167 60-17. 

3 0.49-0.66 
9.6-17.6 

Malachite green....... 
Merthiolate....ccccccsecces no 

Methylene blue... ..ssseseee 
NEZUVON. eo ecceeccecccrceres 

29.4-41.6 
38.7-46.5 ok 

Se 38> Ge 
Nickel sulfate...cesccesses 139-209 75. 

11.8-13.2 7. 

Quimacrine HCL...cceeseeees 
ROCCAL. wcecccceccccvscccccs 

12.4-35.7 18.8-42.0 21 
1 1.68-2.26 2.41-3.02 wo wn 

25.0-29.2 27. 
6.08-6.96 

23.9-30.5 
ie) 4.91-5.72 

Ruelenes..cccnsscocsccscces 
TIQ™UVON, occccccevcccesceccs 

0.62-0.86 
28.6-35.8 

TLOLENE. .cccccccccssccccece 
TV=L096s cise scsccdvcceccccce 

0.53-0.72 
13.2-20.6 

TABLE 7.--Toxicity of 16 compounds to channel catfish at 17° C. 

At 24 hours At 48 hours 

Compound 
LOso 

(p.p.m. ) 
95-percent 

C. 1. 
95-percent 

C.I. 

43.5 
19.8 

39.9-47.4 
17.7-22.2 

31.0-35.5 
11.8-13.2 

AcTiflavine...cccccccaccres 
AMOPYTOQUIN. ..seecesecccces 

6.80 
137 

5.81-7.96 
129-145 

CORAL sc accccesccccsescccoes 
Formalin... .ccesncccvcscces 90.6-101.8 

0.21 
7.50 

0.17-0.27 
6.41-8.78 

0.16-0.26 
Merthiolate.....scccceseeee 4.79-6.67 

120 
80.0 

110-1351 
72.7-88.0 

93-116 
24.8-41.3 

Methylene Dluc...cececceece 

NEZUVON. «eee cee ec eesececes 

Nickel sulfate....csescecee 
Pr Ma Avcccevccccccccccsscese 

334-405 
2.66-3.90 

129-211 
2.60-3.21 

169-232 
1.16-1.41 

59.3-82.6 
1.03-1.22 

Quinacrine HCL......ecceves 

ROCCAl. cccceccccccscececess 

32.5-37.2 
4.50-7.73 

37.6-41.5 
4.50-7.73 

Ruelene.cccccccccccccccsces 
TIQZUVON. -cccccvcccscccccvcs 

1.54-2.01 
24.8-29.4 

1.09-1.46 
19. 3-21.3 

Trolene...cceccccccccsccsss 

Compound 
LCs50 

(p.p.m.) 

Acriflavine..cccccccccsccee 
AMOPYTOQUIN. .-secececcccees 

6.11-10.48 
127-154 

CORAL. cccccccccccccsccccces 
Formalin. ..esesessececccces 

0.09-0.14 
57.6-72.2 

Malachite green....c.e.eee+e 
Merthiolate..cccccccscccses 

Methylene blue.....-.cceere 
NEZUVON. » 010 ccc vie vice cicccecce 

26.2-41.6 
55.9-90.2 

Nickel sulfate...... .- 450-544 
13.4-19.0 

Quinacrine HCL.....ceceeeee 
ROCCAL. oc ccccccccevcccccscs 

54.1-115.3 
1.56-1.81 

33.0-37.1 
7.67-10.32 

Ruelene. ..ccccsevccccrccers 
Tiguvolieccccccccdccccccsces 

0.67-1.50 
25.9-30.7 

TrOleNn€..ccecccecceccccsces 
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species, and LCs values range from 0,11 to 

0.40 p.p.m. at 48 hours. Clemens and Sneed 

(1958a) reported its LC gs) to channel catfish 

as 0.14 p.p.m. in 24 and 48 hours at 25°C, 
Our results show the LC g values to be 0,21 
and 0.20 p.p.m. in 24 and 48 hours respec- 

tively at 17° This variation between results 

may be due to differences in test tempera- 

tures. 

Following malachite green in decreasing 

order of toxicity are Trolene, CoRal, and 

Tiguvon, all of which have the basic structure 

of phosphorothioate. In the same general 

range of toxicity are Roccal and P,M.A., with 

Roccal the more toxic of the two. Roccal, like 

malachite green, exhibits relatively uniform 

toxicity, and LCs values range from 1.12 to 

3.40 p.p.m. at 48 hours for all species. 

P,M.A. exhibits a much wider range of tox- 

icity with LC,, values of 2.9 to 16.0 p.p.m. at 

48 hours. Clemens and Sneed (1958a) reported 

its LCs to channel catfish as 3.8 p.p.m. in 

24 hours at 24°C, In a later publication, these 
authors (1958b) reported the LC,, of P.M.A. 
to channel catfish as 2,96 and 2.81 p.p.m. in 

24 and 48 hours, respectively, at 16.5°. Both 
reports compare favorably with our LCs 

values of 3,22 and 2,89 p.p.m. for 24 and 48 

hours at 17°, 

Acriflavine, amopyroquin dihydrochloride, 

merthiolate, methylene blue, Neguvon, Rue- 

lene, and TV-1096 fall into an intermediate 

toxicity range with LC,, of 10 to 100 p.p.m. 

Only Ruelene exhibits a uniform LCg range 

of 25.7 to 35.0 p.p.m. for six species in 48 

hours. The other compounds of this group 

demonstrate a relatively wide range of tox- 

icity to the different species. 

TV-1096 is soluble only to approximately 

30 p.p.m. in water. Amounts above this level 

produce a saturated solution with a precipi- 

tate on the bottom of the test vessel. Brown 

trout fail to succumb to concentrations below 

30 p.p.m. and for this reason, LCso values 

could not be derived for the species. Also, 

amounts of TV-1096 in excess of a saturated 

solution are nontoxic to brown trout. In con- 

trast, LCs» values of TV-1096 for the other 
species range from 16.1 to 28.2 p.p.m. at 48 

hours. 

Nickel sulfate, formalin, and quinacrine hy- 

drochloride are the least toxic of the com- 

pounds analyzed. Formalin exhibits a fairly 

uniform LC » range of 96 to 185 p.p.m, at 48 

hours. The other two have a much wider 

range. 

Clemens and Sneed (1958a) reported the 

LCs) values of formalin on channel catfish to 

be 87 and 69 p.p.m. in 24 and 48 hours, re- 

spectively, at 259 whereas we found them to 

be 137 and 96 p.p.m. in 24 and 48 hours, re- 

spectively, at 179°C, This variation in results 

seems to indicate that the toxicity of formalin 

may be increased by an increase in tempera- 

ture. The observation is supported by our re- 

sults which show that formalin is more toxic 

to channel catfish at 17° than it is to four 

species of trout and to bluegills at 12°. 

Erythromycin thiocyanate and quinine hy- 

drochloride were tested at an arbitrary level 

of 100 p.p.m. Their solubility would have per- 

mitted higher concentrations but preliminary 

tests indicated little toxicity. At 100 p.p.m., 

the substances were not toxic to the fish. 

The poor solubility of Flagyl, sulfamera- 

Zine, sulfamethazine, and sulfisoxazole pre- 

vented the determination of LC,, values. 
Solutions were saturated before lethal levels 

could be reached. The arbitrary concentration 

of 100 p.p.m. was selected then for tests. This 

resulted in saturated solutions with excess 

chemical remaining on the bottom of the bio- 

assay vessels. None of them was toxic to the 

six species of fish. 

DISCUSSION 

Malachite green has been in use for many 

years as a fungicidal dip for fish (Foster and 

Woodbury, 1936), Recently, Amlacher (1961) 

recommended it for prolonged treatment of 

fish in ponds to combat Ichthyophthirius, 

Chilodenella, and Costia. He applied 0.15 

p.p.m. and allowed it to dissipate in the water. 
Concentrations of 0.11 to 0.40 p.p.m. in our 

bioassays proved toxic within 48 hours to the 

six species of fish tested. Thus, there is a 

risk with concentrations over 0.11 p.p.m. in 

long-term treatments. 
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Trolene, CoRal, and Tiguvon are under con- 

sideration as prolonged treatments for control 

of Ichthyophthirius. Tiguvon is the least toxic 

of these organophosphates to fish. This indi- 

cates that it may prove the most valuable of 

the group if minimum concentrations required 

for control of 'Ich'' are approximately the 

same for all three, 

Roccal has been in use as a bactericide for 

many years (Fish, 1947), Putz (1964) reported 

its possible value in prolonged, indefinite 

treatments at 0.25 to 0.50 p.p.m. for Ichthyo- 

phthirius, In treatments such as this, the 

chemical attacks the free-living stages of 

"Ich", He did not say which formulation of the 

chemical he used, but 10-percent active is the 

formulation commonly used in hatcheries 

(Davis, 1956), We used 50-percent active, and 

upon converting from 10-percent active to 

50-percent active, the treatment levels could 

be reduced to 0.05 and 0.10 p.p.m. This per- 

mits a comparison between treatment levels 

and toxicity which shows a 10-fold difference 

in concentrations. 

P,M.A. has been of considerable value in 

combating bacterial and protozoan diseases 

(Davis, 1956), Evidence of its greater toxicity 

to rainbow trout than other trouts has been 

reported over the years (Foster and Olson, 

1951; Rodgers et al., 1951; Wolf, 1951; 

Hammer, 1960), Allison (1957) reported va- 

riations in the toxicity of P.M.A, from lot to 

lot of chemical. We used only one lot of 

P,M.A. in this study, and the results support 

the earlier findings that it has greater toxicity 

to rainbow trout. For example, it was up to 

three times as toxic to rainbow trout as to 

brook trout. Channel catfish appear to be sen- 

Sitive to the compound at 17°C, 

Snieszko and Friddle (1948) used merthio- 

late (sulfo) as a disinfectant for rainbow trout 

eggs. Van Duijn (1956) cautioned against use 

of merthiolate as a fish bath since the com- 

pound is a mercurial and is certain to be toxic 

to fish in contact with it for some period, We 

find an extreme variation in its toxicity to 

different species. This is especially true at 

24 hours where LC,, values range from 7.5 

p.p.m. for channel catfish to 110.0 p.p.m. for 

brown trout. This variation diminishes some- 

what at 48 hours, and lake trout become the 

most sensitive to the chemical. The LC 50 at 

48 hours for lake trout is 2.1 p.p.m. in con- 

trast with 74.5 p.p.m. for brown trout. Varia- 

tions in resistance such as this may make 

merthiolate extremely difficult to work with 

in routine treatments of several species. 

Acriflavine, amopyroquin dihydrochloride, 

methylene blue, Neguvon, Ruelene, and TV- 

1096 are under consideration as prolonged, 

indefinite treatments for control of Ichthyo- 

phthirius. Putz (1964) reported that 3 p.p.m. 

of acriflavine shows promise against the par- 

asite. Our results indicate that bluegills are 

the most sensitive to the compound with LC gy 

values of 18.0 and 13.5 p.p.m, at 24 and 48 

hours respectively. Channel catfish are the 

most resistant with LC.) values of 43.5 and 

33.2 p.p.m, at 24 and 48 hours. 

Clemens and Sneed (1958a) reported the 

LC,, values of acriflavine on channel catfish 

at 24 and 48 hours to be 11.5 and 6.8 p.p.m., 

respectively, at 20°C, Our finding, is that it 
is only about one-fourth as toxic as that. Pos- 

sible causes for the discrepancy are many. 

Among them are differences in water quality 

and temperature, differences in the condition 

of fish, and purity of the compound used, In 

addition to this unexplained variation in the 

toxicity of acriflavine, another factor war- 

rants serious consideration in its use. Van 

Duijn (1956) reported sterility in both egg- 

laying and live-bearing aquarium fish. This 

is a temporary situation and normal fertility 

is restored after several months. 

Amopyroquin dihydrochloride also shows 

promise as a prolonged, indefinite treatment 

at 0.05 to 0.10 p.p.m. for control of Ichthyo- 

phthirius (Putz, 1964), Our results show that 

its toxicity to all trout tested, with the excep- 

tion of lake trout, is between 35 and 40 p.p.m. 

for 48 hours. Also, bluegills at 12°C, and 

channel catfish at 17° are approximately as 

sensitive as lake trout. A treatment level of 

0.1 p.p.m. would include a safety margin in 

use of more than a hundredfold even against 

these three species, 

Van Duijn (1956) recommended methylene 

blue as a satisfactory control for Ichthyo- 

phthirius in aquariums. He used 2 to 4 p.p.m. 
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of it in a permanent bath at temperatures be- 

tween 21 and 279°C, We found that rainbow 

trout are the most sensitive to the dye, and the 

LC, is 16 p.p.m, at 48 hours, The most re- 

sistant species is channel catfish with an 

LC,, of 104 p.p.m. at 48 hours, The remain- 

ing species are intermediate in sensitivity 

with a 48-hour LC,, range of 22.9 to 34.0 

p.p.m. Comparison of the use levels with tox- 

icity levels indicates a good safety margin. 

Neguvon and Ruelene are of approximately 

the same toxicity except in one very important 

respect. Neguvon has a marked difference be- 

tween the 24-hour and 48-hour LC ,,. The 
most striking example of this involves lake 

trout with LC ,, values of 41 p.p.m. at 24 

hours and 9 p.p.m. at 48 hours. Differences 

between the 24- and 48-hour LC,, values by a 
factor of at least two are common except with 

bluegills, For some unknown reason the dif- 

ference with bluegills is only 78 to 71 p.p.m. 

Ruelene provides a contrast with Neguvon 

because it exhibits approximately the same 

toxicity at 24 and 48 hours. In the case of lake 

trout, the 24- and 48-hour LC ,;, values are 

identical at 27 p.p.m. It is possible that Rue- 

lene degrades very rapidly in the test vessel 

to a nontoxic level. 

TV-1096 has toxicity comparable to that of 

Neguvon and Ruelene, Like Neguvon, it does 

not appear to degrade as rapidly as Ruelene. 

Nickel sulfate is under consideration as a 

prolonged, indefinite treatment for control of 

Ichthyophthirius. Our results show that it is 

relatively low in toxicity when compared with 

the other compounds tested, but it has a fairly 

wide range of toxicity among the species 

tested. The LC 5) values at 48 hours range 

‘from 75 p.p.m. for lake trout to 495 p.p.m. for 
bluegills. Twenty-four-hour tests of 50 to 275 

p.p.m. on brook trout and 200 to 500 p.p.m. on 

bluegills did not cause death. 

Allison (1957) reported use of formalin as a 

parasiticide in long-term treatments in ponds. 

He suggested 5 p.p.m. for Gyrodactylus and 

15 p.p.m. for Trichodina and Ichthyophthirius, 

Our results show that formalin is relatively 

and uniformly low in toxicity when compared 

with the other compounds tested. It does ap- 

pear to increase in toxicity as temperatures 

rise from 17° to 25° C, Even with this in- 
crease in toxicity, the compound retains a 

safety margin of at least sixfold at recom- 

mended use levels. 

Van Duijn (1956) recommended use of quin- 

acrine hydrochloride in treatment of stubborn 

cases of "Ich" in aquarium fish. The treat- 

ment consists of three applications of 1 p.p.m. 

at 48-hour intervals, This totals 3 p.p.m. if 

no degradation of the compound occurs. He 

also stated that this treatment should not be 

extended over long periods and that 8 to 10 

days should be sufficient. 

Our results show that lake trout are ap- 

proximately 10 times as sensitive to quin- 

acrine hydrochloride as the other trout and 3 

or 4 times as sensitive as bluegills and chan- 

nel catfish. The sensitivity is complicated by 

the fact that the toxicity to lake trout is quite 

erratic and some deaths occur over a wide 

range of concentrations, The 48-hour LC, of 

quinacrine hydrochloride for lake trout is 

approximately 10 p.p.m., the LC,, is 21 

p.p.m., and the LC,,, is 110 p.p.m. Some fish 

succumb to the chemical quickly and at com- 

paratively low concentrations whereas the 

rest survive for long periods. Further evi- 

dence of this lingering is shown by the slight 

difference between the 24-hour LC ~ of 28 

p.p.m, and the 48-hour LC gy of 21 p.p.m. In 

contrast, there is a considerable difference 

between the 24- and 48-hour LC,;, values ob- 

tained for the other species. A possible ex- 

planation is that there is considerable va- 

riation in resistance among lake trout 

individuals. 

Van Duijn (1956) recommended use of qui- 

nine hydrochloride for treatment of Ichthyo- 

phthirius in aquarium fish. The treatment 

consists in adding 1 p.p.m. on 3 successive 

days, a final treatment level of 3 p.p.m. He 

cautioned against use of the treatment for long 

periods because of possible fertility problems. 

Our results show that 100 p.p.m. of the chem- 

ical in water are not toxic within 48 hours to 

the species tested. 

Erythromycin thiocyanate has been used as 

a food additive for control of kidney disease in 

rainbow trout at 4.5 grams per 100 pounds of 
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fish per day for 21 days (Piper, 1961), Warren 

(1963) reported that it is toxic to rainbow 

trout at 500 mg. per kg. Our results show that 

100 p.p.m. of the antibiotic in water is not 

toxic to the species tested within 48 hours, 

Flagyl has been used in medicine as an 
antiprotozoal agent (Cutting, 1962). Putz 

(1964) reported experimental use of it at 1.5 

p.p.m. for control of Ichthyophthirius, Our 

results show that Flagyl is nontoxic at 100 

p.p.m. The finding is qualified somewhat since 

the compound is not immediately soluble at 

100 p.p.m. It dissolves slowly, however, and 

is completely in solution within 48 hours. 

Snieszko and Bullock (1957) reported use of 

sulfamerazine, sulfamethazine, and sulfisox- 

azole as food additives in the treatment of 

furunculosis at 8 to 10 grams per 100 pounds 

of fish per day for 10 to 20 days. Van Duijn 

(1956) recommended use of the sodium salt of 

sulfamerazine at 1 part per thousand as an 

effective cure for worm cataract in aquarium 

fish. In our water, sulfamerazine, sulfameth- 

azine, and sulfisoxazole are not soluble at 100 

p.p.m., and saturated solutions are not toxic 

to the six species within 48 hours. 

All of our results were obtained with fish 

which were, to the best of our knowledge, 

healthy. They showed no signs of disease or 

physical injuries. The toxicity of these com- 

pounds to fish which are sick or in poor con- 

dition might be significantly different. 

None of the compounds reported herein are 

cleared by the Food and Drug Administration 

and the Department of Agriculture for use on 

fish destined for human consumption. The 

data and discussion presented in this paper 

- should not be construed as recommendations 

for use. 

CONCLUSIONS AND SUMMARY 

The toxicities of 22 therapeutic compounds 

to rainbow trout, brown trout, brook trout, 

lake trout, and bluegills at 12°C, and channel 
catfish at 17° were determined in 24- and 48- 
hour static bioassays, 

LC gs) values for malachite green, the most 

toxic compound tested, range from 0.1 to 0.4 

p.p.m. for all species tested. CoRal, P,M.A., 

Roccal, Tiguvon, and Trolene are less toxic 

than malachite green, but still rank relatively 

high in toxicity, Their LC,, values range 

from approximately 0.5 to 10 p.p.m. for all 

species, 

Acriflavine, amopyroquin dihydrochloride, 

merthiolate, methylene blue, Neguvon, Rue- 

lene, and TV-1096 are intermediate in tox- 

icity. The LC 5 values range from approxi- 

mately 10 to 100 p.p.m. for all species. 

Merthiolate has wide variations in toxicity to 

various species, 

Formalin, nickel sulfate, and quinacrine 

hydrochloride have relatively low toxicities. 

The LC 5 values are usually above 100 p.p.m. 

Quinacrine hydrochloride is substantially 

more toxic to lake trout than to the other 

species, 

No tests of erythromycin thiocyanate and 

quinine hydrochloride were made at concen- 

trations above 100 p.p.m. They are not toxic 

within 48 hours at this concentration. Satu- 

rated solutions of Flagyl, sulfamerazine, 

sulfamethazine, and sulfisoxazole are also not 

toxic within 48 hours. 
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TOXICITY OF BAYER 73 TO FISH 

Bh Leif L. Marking and James W. Hogan, Chemists 

Fish Control Laboratories 

La Crosse, Wis., and Warm Springs, Ga. 

ABSTRACT.--Bayer 73, a molluscicide soldcommercially as Bayluscide, 

is highly toxic to 18 species of freshwater fish. Various temperatures and 

water’qualities in static bioassays do not influence the toxicity greatly, but 

pH variations in chemically buffered solutions do. The biodegradability, ef- 

ficacy, and relative safety of Bayer 73 in aquatic situations indicate possible 

usefulness as a general fish toxicant. 

Nitrosalicylanilides display intense bio- 

logical activity against a broad spectrum of or- 

ganisms,. Taborsky et al, (1959) and Taborsky 

and Starkey (1962 and 1963) reported anti- 

microbial activity of salicylanilides. They 

found various levels of activity of nitro- and 

halo-substituted salicylanilides against fungi 

and bacteria, and concluded that certain po- 

sitions on the salicylanilide molecule are 

more active than others. 

Taborsky and Starkey (1962) also reported 

antitumoral activity of substituted salicyl- 

anilides. Molnar and Baron (1964) and Vinson 

et al, (1961) stated that salicylanilides possess 

germicidal properties and are efficacious as 

hospital sanitizers, 

The molluscicidal activity of Bayer 73, 2', 

5-dichloro-4'=nitrosalicylanilide, was first 

recognized by Gonnert and Schraufstatter 

(1958). Since then it has been tested thoroughly 

in the laboratory and field against snails which 

are intermediate hosts for schistosomiasis 

(Gonnert, 1961; Schraufstatter et al., 1961; 
Schraufstatter, 1962; Strufe and Gonnert, 1962; 

Foster, 1962; and Webbe, 1963). In addition, 

Gillet and Braux (1962) determined in lab- 

oratory tests with snails that Bayer 73 is 

ovicidal and cercaricidal, which enhances its 

effectiveness in breaking the cycle of schis- 

tosomes,. Meyling et al. (1962) found that it 

killed 100 percent of the snail eggs at 1.0 

p.p.m. in 4 to 5 hours. 

Bayer 73 is relatively nontoxic tomammals, 

Hecht and Gloxhuber (1962) reported that dogs 

tolerated 0.1 g./kg. orally. Duhm (1963) indi- 

cated that humans and animals are not harmed 

by drinking water containing molluscicidal 

concentrations of Bayer 73, Foster (1962) and 

Holz and Hwa (1963) reported survival of 

plants exposed to molluscicidal concentra- 

tions. Shiff and Garnett (1961) reported re- 

duced planktonic life immediately after appli- 

cation of 1.0 p.p.m. of Bayer 73, but the effect 

was short lived, and 32 days later populations 

were back to normal, 

Gonnert (1962) and Webbe (1963) reported 

fish kills with Bayer 73 at a concentration of 

0.3 p.p.m. Howell et al. (1964) found that 

Bayer 73 is highly toxic to sea lamprey larvae 

and rainbow trout. They further discovered 

that Bayer 73 synergized 3-trifluoromethyl-4- 

nitrophenol, and potentiated the compound as 

a selective lamprey larvicide. 

In research for fish control chemicals, 

Walker et al. (1966) described the structure- 

activity relation of substituted salicylanilides 

to fish. Starkey and Howell (1966) showed that 

a number of substituted salicylanilides are 

more toxic to larval sea lampreys than rain- 

bow trout. Marking et al, (in press) defined 

the toxicity of 3'-chloro-3-nitrosalicylanilide 

to larval sea lamprey and many species of 
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fish in the laboratory under standard test 

conditions and also in simulated stream en- 

vironments. The compound is highly toxic to 

all species but most toxic to larval lamprey 

and several species of rough fish. 

In view of the possible wide use of Bayer 73 

in acquatic environments for controlling schis- 

tosomiasis and the piscicidal activity previ- 

ously reported, there is a need to define its 

toxicity to fish and evaluate its potential in 

controlling fish populations. Accordingly, 

Bayer 73 was bioassayed at the Fish Control 

Laboratories at La Crosse, Wis., and Warm 

Springs, Ga., to determine its effects on fish 

in various laboratory environments. 

MATERIALS AND METHODS 

The sample (control No. C910) was obtained 

from Chemagro Corporation, Kansas City, 

Mo. as a technical formulation containing 99 

percent 2-aminoethanol salt of 2', 5-dichloro- 

4-nitrosalicylanilide. Its structure is illus- 

trated in figure 1. The material is a bright 

yellow, crystalline powder. 

Test fish were obtained from National, 

State, and private fish hatcheries (table 1) 

and were acclimated to test conditions ac- 

Cl Cl 
! I 

-~NO 2° NH-(CH2)9-OH 

Figure 1,--Structure of 2~aminoethanol salt of 
2', 5-dichloro-4'-nitrosalicylanilide, 

cording to procedures described by Lennon 

and Walker (1964), 

Preliminary screening was in 15 liters of 

bioassay medium at 12° C, at La Crosse and 

at 17° C. at Warm Springs. The fish were 

exposed to 0.1, 1.0, and 10.0 p.p.m. Bayer 73 

to determine the general range of toxicity and 

the rate of reaction at the higher concentra- 

tions. 

Delineative tests, including variations in 

test media such as temperature, water quality, 

and pH were conducted using 10 fish per con- 

centration and at least 9 concentrations per 

test, plus a control, Temperature variations 

were maintained mechanically, and water 

quality variations were obtained by adding se- 

lected quantities of reconsitution salts to de- 

ionized water (table 2). 

TABLE 1.--Sizes and sources of test fish 

Species 

Rainbow trout, Salmo gairdneri.....sssessseeee 
Brook trout, Salvelinus fontinalis.........++. 
Goldfish, Carassius auratus....ccccccccccrscce 

DOc coccccccccccccccscccccccccvesccscsscssoes 

Carp, Cyprinus carpio... .seccecseccsccscrcccoes 
DOccccccccccccccccccccccccesscsscccsessccoes 
DO. ccccccccccccccvcccvcccvcccvsccesseccsccce 

DOr ececccccccecececccccccccccecccccacccoccce 

Fathead minnow, Pimephales promelas........... 
White sucker, Catostomus commerSoni......sssee 
Bigmouth buffalo, Ictiobus ¢ IS cyprinellus. eeccsce 
Black bullhead, Ictalurus melas..cccccccccccece 

Brown bullhead, Ictalurus nebulosus..........- W148 

Channel catfish, Ictalurus punctatus.......cc. W74A 

DOscanccocdccaaccos pegdenocooodcod0NIo 600000 W87 
Flathead eareien Pylodictis olivaris......... W154 
Green sunfish, Lepomis cyanellus.....c-ecsceceee W75 
Bluegill, Lepomis macrochirus..... doccospo0ces W119 

cioodo obooD On CoDdUOOODODOODOOD ORCC OOOOD sec 340 
Redear sunfish, Lepomi 2 Torcllenne.. conocacaon wol 

Smallmouth bass, Micropterus dolomieui........ W146 

Largemouth bass, Micropterus salmoides........ W140 
Yellow perch, Perca flavescensS......cceeccccene 382 

Tilapia, Tilapia mossambica...ccsccerrccccerce W156 

Average 
length 
(inches) 

Average 
weight 
( grams) 

Source 

Nevin SFH, Wis. 
Osceola SFH, Wis. 
Tallassee PFH, Ala. 
Marion NFH, Ala. 
Marion NFH, Ala. 
Marion NFH, Ala. 

Marion NFH, Ala. 
Genoa NFH, Wis. 
Marion NFH, Ala. 
Lake Mills NFH, Wis. 
Marion NFH, Ala. 

Guttenberg NFH, Iowa 

Marion NFH, Ala. 

Marion NFH, Ala. 

Marion NFH, Ala. 

Marion NFH, Ala. 

Marion NFH, Ala. 

Marion NFH, Ala. 

Lake Mills, NFH, Wis. 

Marion NFH, Ala. 

Mammoth Springs NFH, Ark. 
Welaka NFH, Fla. 
Lake Mills NFH, Wis. 

Marion NFH, Ala. 
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TABLE 2.--Quality and composition of reconstituted water used at the Fish Control Laboratories 

1 Standard reconstituted water used in routine bioassays. 

Different buffers to control the pH of test 

media were prepared from reagent grade 

chemicals, The normal and molar solutions 

and corresponding dilutions are listed in table 

3. The pH's of solutions were checked daily 

and adjusted as necessary to yield approxi- 

mately the desired pH level. 

The delineative data were analyzed accord- 

ing to the methods of Litchfield and Wilcoxon 

(1949) to determine LC gp values, variation, 

slope functions, and 95-percent confidence 

intervals, 

TABLE 3.--Volumes of buffer reagents (ml.) necessary to 
yield desired pH levels in 15 liters of test solution 

Volume to yield 

pH of 

approximately-- Reagent and strength 

Sodium hydroxide (NaOH)............ 1.0 N 
Potassium acid phthalate 

GQKEESHAO Ao cle ticieicile cvwisiecsc es 

Potassium phosphate (KH2P0,).......1. 
Borie acid (H3BO3}s'.seccccecacccces c 

RESULTS 

PRELIMINARY SCREENING 

Initial tests with Bayer 73 indicated a high 

level of biological activity in fish. In a con- 

centration of 0.1 p.p.m., all rainbow trout 

succumbed in 15 minutes, flathead catfish died 

within an hour, and yellow perch died within 

24 hours, but not all white suckers, black 

bullheads and bluegills died within the 96-hour 

bioassay. Exposure to a 1.0 p.p.m. concen- 

tration for 15 minutes caused deaths of all 

white suckers, flathead catfish, green sunfish, 

Concentration in 

p.pem. CaCO3 as total 

alkalinity 

10- 13 10- 13 
40- 48 30- 35 
160-180 

and yellow perch, Carp, black bullheads, and 

bluegills were more resistant, but died during 

a 15-minute exposure to a concentration of 

10.0 p.p.m. 

The response of fish to the chemical is no- 

ticeable immediately after exposure to the 

higher concentrations. They appear irritated, 

and become excited when exposed to sound or 

external movements, Their early reactions 

include rapid, irregular respiration. Swimming 

is aimless, and some fish skitter on the sur- 

face while losing equilibrium. Just before 

death, respiration and swimming actions 

gradually slow and become irregular, and 

finally are spastic. Often the opercula are 

extended on the dead fish. 

DELINEATIVE SCREENING 

General toxicity.--Bayer 73 is toxic to the 

18 species of fish tested. The LCs) values, 

95-percent confidence intervals, and mean 

slope functions for routine tests are given in 

table 4 for the 24- to 96-hour exposure peri- 

ods. Exposure beyond 24 hours produces little 

additional mortality. In fact, the figures indi- 

cate no difference inthe 24- and 48-hour LC 5 

values because the confidence intervals over- 

lap for all species at the two exposure periods. 

The LC,, values for brook trout, one lot of 

carp, and brown bullheads remained the same 

from 24- to 96-hour exposures. 

The 95-percent confidence intervals of 24- 

to 96-hour LC,,)'s overlap for all species ex- 

cept brown bullhead, redear sunfish, small- 

mouth bass, largemouth bass and tilapia. 

Intervals are narrow in most cases, indicating 

consistent toxic effects with little range between 

concentrations resulting in survival and death. 
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TABLE 4.--Toxicity of Bayer 73 to selected species of fish 

LCsq (p.p.m.) and 95-percent confidence interval 
Species Temp. Mean slope 

C. function 

Radinbowmbrouitiretajstarereraveterelernicieversie 129) 0.052 0.052 0.050 1.133 
0.049-0.056 0.049-0.056 0.047-0.054 

BYOGK “GVO bers sishslelovale(erelnlansteralersiel 129 0.061 0.061 0.061 1.070 

0.058-0.065 0.058-0.065 0.058-0.065 

Golldiisheenier Wal ueveyalacaiaraleokataveiete 17° 0.279 0.279 0.230 Le tee7 
0.243-0.321 0.243-0.321 0.201-0.263 

Carp... ARPES ns rs Aree me ig? 0.143 0.139 0.139 1.053 
0.133-0.154 0.134-0.145 0.134-0.145 

DOctel ste steve Slateva slevsieyateete Re eee A 72 0.148 0.148 0.148 1.060 
0.142-0.159 0.142-0.159 0.142-0.159 

Deo sraterersracarstatu laisse: creveyave otatacaya efateis 72) 0.245 0.235 0.225 1.106 
0.227-0.265 0.214-0.258 0.208-0. 243 

Fathead minnow........ doje afar he Ww 0.106 0.103 0.102 1.106 

0.097-0.116 0.096-0.111 0.089-0.117 

WHkbeMsulc kierssteiere cierelelereiers eke Bret iw 0.084 0.081 0.081 1.084 
0.073-0.097 0.075-0.088 0.076-0.086 

BuijenTastea EAA Goasgoqensacos 7 0.080 0.064 1.245 
0.059-0.108 0.056-0.073 

Bieri Tables CRS ARG Soedonc se || ie 0.104 0.096 0.088 1.156 
0.084-0.123 0.087-0.106 0.078-0.098 

Brown bullhead.......e.e-- Borate 17° 0.071 0.071 0.056 1.107 
0.065-0.077 0.066-0.077 0.049-0.064 

Channelancacisicshisteerereree iter rateiate wi 0.084 0.084 0.082 1.063 
0.079-0.089 0.079-0.089 0.077-0.088 

Flathead catfish...s.c.ececess- | 17° 0.043 0.043 0.043 1.060 
0.040-0.046 0.040-0.046 0.040-0.046 

Green SuNnfiSHsc.cccucceee fevaveters q7° 0.158 0.115 0.100 1.097 
0.145-0.172 0.101-0.130 0.094-0.107 

Bilweppinlsliey steelers veel level eloteretateteterstevers uz) 0.105 0.098 0.094 TiSalsit 
0.095-0.116 0.085-0.112 0.083-0.107 

DDO ehevateys evel «faverehar ste Siaetrate otewatterel eters wi 0.082 0.082 0.068 1.158 
0.072-0.092 0.070-0.096 0.057-0.080 

Redear sunfish........ eens 17° 0.157 0.153 0.088 1.069 
0.148-0.167 0.142-0.165 0.086-0.090 

Smallmouth bass......... thc eeascte aby 0.089 0.089 0.060 1.223 
0.085-0.099 0.085-0.099 0.048-0.074 

dLasP eMmouthy DAS Srelelelsjelel=lafeleleleleiiele 72 O.111 0.097 0.062 1.157 
0.099-0.124 0.087-0.109 0.050-0.076 

Verblowspencheentcrceeicecnicier 1120 0.082 0.081 0.081 1.077 
0.076-0.088 0.069-0.087 0.069-0.087 

Mislapiliaivets eve sieteiereeters BEBO DOS Ww! 0.180 0.150 0.109 1.157 
0.159-0.203 0.133-0.170 0.090-0.132 
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The slope functions were consistent in ex- 

posures of 24, 48, and 96 hours, and they were 

averaged to yield the figures given in table 4. 

The values, ranging from 1.060 to 1.245, are 

low, the regression is nearly vertical, and 

there is little difference between concentra- 

tion permitting complete survival and that 

producing complete mortality. In contrast, the 

slope function of p,p'-DDT for goldfish is 6.02 

(Marking, 1966). 

Comparative toxicity.--Bayer 73 is highly 

toxic to all species, with 96-hour LCs) values 

ranging from 0.043 to 0,230 p.p.m. Flathead 

catfish, rainbow trout, brown bullheads, small- 

mouth bass, brook trout, and largemouth bass 

in that order are the most sensitive species to 

Bayer 73 (fig. 2). Goldfish are the most re- 

sistant, followed by carp. Intermediate in 

sensitivity are white suckers, yellow perch, 

channel catfish, black bullheads, redear sun- 

fish, bluegills, green sunfish, tilapia, and fat- 

head minnows. Bayer 73 does not appear spe- 

Rainbow trout 

Brook trout 

Goldfish 

Carp 

Fathead minnow 

White sucker 

Black bullhead 

Brown bullhead 

Channel catfish 

Flathead catfish 

Green sunfish 

Bluegill 

Redear sunfish 

Smallmouth bass 

Largemouth bass 

Yellow perch 

Tilapia 

Concentration 

cific to any undesirable species of fish but 

rather is generally toxic to game and rough 

fish. 

Short exposures.--Among the six species 

selected to determine effects of short-term 

exposures to Bayer 73, rainbow trout were 

most sensitive and carp most resistant 

(table 5). Rainbow trout, brook trout, and 

yellow perch respond rather quickly; LC 5 

values are only slightly greater at 1 hour than 

at 6 hours. The 95-percent confidence inter- 

vals overlap for each species in the 2-, 3-, 

and 6-hour exposures. Also, the values at 6 

hours and 24 hours for rainbow trout and 

brook trout do not differ significantly (tables 

5 and 6), 

Carp, white suckers, and black bullheads 

respond somewhat more slowly at 1 hour, al- 

though their resistance is greater initially and 

the increments in LCs) values from 1- to 96- 

hour exposures are small and fairly uniform. 

0.2 O:3 
in p.p.m. 

Figure 2,-~95-percent confidence intervals for LCs9 values of Bayer 73 to 17 species of fish, The data was 

taken from table 4 at 96-hour exposures, 
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TABLE 5.--Toxicity of Bayer 73 in short exposures at 12° C. 

LCs59 (p.p.m.) and 95-percent confidence interval at-- Mean 

slope 

function 

Rainbow trout..... 0.063 0.056 0.052 0.052 1.064 
0.060-0.066 -053-0.059 0.049-0.056 0.049-0.056 

Brook trotiiticniels |. 0.077 0.069 0.064 0.064 1.089 
0.069-0.086 -063-0.076 0.060-0.068 0.060-0.068 

(Hanan asoeonaoundd 0.300 0.250 0.200 0.188 1.080 
0.267-0.338 -232-0.264 0.188-0.214 0.173-0.204 

White sucker...... 0.180 0.108 0.105 0.100 1.126 
0.177-0.183 -092-0.127 0.091-0.122 0.088-0.114 

Black bullhead.... 0.275 0.210 0.156 0.156 1.156 

0.230-0.329 -181-0.243 0.138-0.177 0.138-0.177 

Yellow perch.... 0.120 0.116 0.116 0.100 1.143 
0.103-0.140 -103-0.131 0.101-0.133 0.089-0.112 

TABLE 6.-- Effects of temperature on toxicity of Bayer 73 to fish 

LCs9 (p-p.m.) and 95-percent confidence interval at-- 

Species 

24 hours 48 hours 96 hours 

Rainbow trout...... 0.059 0.050 0.048 0.048 0.047 

0.053-0.066 0.044-0.057 0.042-0.055 0.042-0.055 0.043-0.052 

Doge or cotmeden 122 0.052 0.052 0.052 0.052 0.050 
0.049-0.056 0.049-0.056 0.049-0.056 G.049-0.056 0.047-0.054 

Doves sisters 17? 0.054 0.053 0.052 0.052 0.050 
0.048-0.059 0.048-0.058 0.048-0.057 0.048-0.057 0.048-0.054 

(oMClWPIGooasacsacce 12° 0.340 0.270 0.228 0.228 0.228 

0.315-0.367 0.250+0.290 0.207-0.251 0.207-0.251 0.207-0.251 

Dott eee eee 17° 0.350 0.283 0.279 0.279 9.230 
0.311-0. 394 0.258-0.311 0.243-0.321 0.243-0.321 0. 201-0. 263 

DOM aeons Tate eee. 0.290 0.268 0.252 0.206 0.223 
0.260-0.320 0.237-0.302 0.221-0.287 C.181-0.235 0.179-0.279 

Channel catfish.... 12° 0.065 0.056 0.052 0.050 0.049 

0.060-0.070 0.053-0.059 0.048-0.056 0.046-0.054 0.045-0.053 

Don latatton ont coat aye - 3 0.084 0.084 0.082 
0.079-0:089 0.079-0.089 0.077-0.088 

DO cos ate sroxevetenevaveies Pee 0.058 0.058 0.055 0.055 0.042 
F 0.055-0.061 0.055-0.061 0.€52-0.058 0.052-0.058 0.035-0.051 

IMMER sapoocenoc 12° 0.141 0.115 0.106 0.092 0.092 
0.128-0.155 0.103-0.129 0.094-0.120 0.085-0.099 0.085-0.099 

DOrrsvartersreecrs wvertere a7 9.120 0.096 0.082 0.082 0.068 
0.107-0.135 0.082-0.110 0.072-0.092 0.070-0.096 0.057-0.080 

Dope ORAS OB aaaS 0.100 0.092 0.082 0.066 0.054 
0.093-0.108 0.080-0.106 0.065-0.103 0.058-0.076 0.046-0.063 
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The values for all 6 species vary from 0.063 

to 0.300 p.p.m. in 1 hour to 0,050 to 0,139 in 

96 hours. The figures indicate that fish die 

rather quickly at concentrations only slightly 

greater than those required to kill at 96-hour 

exposures. 

The average slope functions for l-, 2-, 3-, 

and 6-hour exposures are low and similar to 

those for longer exposures (table 5), The fig- 

ures indicate a steep regression where small 

increases in concentration produce consider- 

able additional mortality. 

Effects of temperature.--Bayer 73 was 

tested with rainbow trout, goldfish, channel 

catfish, and bluegills at 79, 129, and 17° C, in 
3-, 6-, 24-, 48-, and 96-hour exposures (table 

6). These changes in temperature had no sig- 

nificant effect on the toxicity of Bayer 73 to 

rainbow trout. 

Goldfish, although more resistant than rain- 

bow trout, reacted similarly at 129, 179°, and 
22° C. The difference is not significant at any 
one temperature, but the data indicate greater 

toxicity at 22° than at 12° or 17° C. The con- 
fidence intervals overlap for the 6-, 24-, 48-, 

and 96-hour exposures but not for the 3-hour 

exposure. 

The channel catfish tested at 17° were dif- 
ferent from the lot tested at 12° and 220° C, 
The results indicate greater resistance at 

17°, but the difference may be attributable to 
the source and physical condition of the fish. 

Another lot of channel catfish tested in 3- and 

6-hour bioassays indicated little or no differ- 

ence at 17°, The responses at 12° and 22° ob- 
tained from the same lot of catfish show no 

significant differences, 

Bluegills respond to increases in temper- 

ature more than the other species (table 6), 

Bayer 73 is more toxic at 229 than at 129 or 
17°, The confidence intervals do not overlap 

at 12° and 22° at exposures of 3, 48, and 96 
hours. The increase in toxicity at longer ex- 

posures also is more noticeable with bluegills 

than with the other three species, 

Effects of water quality.--Bayer 73 was 

tested in soft, medium, and hard water pre- 

pared according to table 2, At all exposure 

periods, the chemical is more toxic to rain- 

bow trout in soft water and less toxic in hard 

water (table 7), The greater decrease in tox- 

icity is between medium and hard water and 

suggests degradation of Bayer 73 at higher pH 

values and higher alkalinities. 

Carp respond much the same as rainbow 

trout, although the confidence intervals over- 

lap at the extreme water quality variations 

(table 7). The carp tested in water of medium 

hardness were from a different lot of fish. The 

data indicate greater sensitivity in water of 

medium hardness than in soft water, but the 

difference is not significant. 

The toxicity of Bayer 73 to channel catfish 

decreases significantly in hard water but 

changes very little from soft to medium hard 

water. The toxic effects are uniform within 

each hardness, and do not increase signifi- 

cantly from the 3-hour to the 96-hour ex- 

posure (table 7). 

Bluegills also are more susceptible to 

Bayer 73 in softer waters (table 7). The LCs 

values in hard water are 2 or more times 

those in medium water. Confidence intervals 

for medium and hard water do not overlap at 

any exposure. 

Effects of pH.--Variations in pH were ac- 

complished by adding buffering agents to 

standard test water according to table 3. 

There were significant differences in the tox- 

icity of Bayer 73 to goldfish at pH 5, 7, and 10 

(table 8). The tests at pH 7 conform somewhat 

to tests in standard bioassays although these 

goldfish are from a different lot and appear 

more sensitive to Bayer 73 than the goldfish 

tested in standard water. 
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TABLE 7.--Effects of water quality on toxicity of Bayer 73 to fish 

T 

LC, a ey ey - i i =~ ON het ab 50 (P-P-m.) and 95-percent confidence interval at 
Species 2 

quality 
3 hours 6 hours 24 hours 48 hours 96 hours 

Rainbow trout.... soft 0.046 0.046 0.046 0.046 0.046 

0.043-0.049 0.043-0.049 0.043-0.049 0.043-0.049 0.043-0.049 

DO eratateleteretstataratats medium 0.054 0.053 0.053 0.053 0.053 

0.050-0.059 0.049-0.055 0.049-0.055 0.049-0.055 0.049-0.055 

Delereretstehegaay eae tare hard 0.082 0.082 0.082 0.082 0.070 

0.075-0.090 0.075-0.090 0.075-0.090 0.075-0.090 0.066-0.074 

Care periviexetstelete eietetn soft - - 0.197 0.188 0.191 
0.168-0.230 0.181-0.196 0.170-0.214 

Don dooasooo0ca0 medium - - 0.169 0.169 0.169 

0.163-0.178 0.163-0.178 0.163-0.178 

Does cage ig00050 hard - 0.342 0.229 0.229 0.224 

0.309-0.374 0.210-0.250 0.207-0.242 0.207-0.242 

Channel catfish.. soft 0.082 0.070 0.070 

0.075-0.090 zi 0.066-0.074 0.066-0.074 rm 

WOssqccnocsqaon medium 0.064 ‘3 0.062 0.062 0.060 

0.058-0.071 0.056-0.068 0.056-0.068 0.054-0.067 

DO lveteheleietetersierstere hard 0.079 0.093 0.093 0.093 

0.091-0.104 4 0.085-0.101 0.085-0.101 0.085-0.101 

Gets oadnoced soft 0.092 0.083 0.083 0.073 0.064 
0.084-0.101 0.074-0.093 0.074-0.093 0.060-0.088 0.055-0.074 

DO fejataheletevereneten eke medium 0.120 0.096 0.082 0.082 0.068 

0.106-0.135 0.082-0.110 0.072-0.092 0.070-0.096 0.057-0.080 

Do Acodoocowdbe hard 0.200 0.190 0.178 0.154 ORE, 

0.183-0.219 0.170-0.212 | 0.152-0.209 0.136-0.175 0.100-0.137 

TABLE 8.--Effects of pH on the toxicity of Bayer 73 to 

goldfish at 12° C. 

LCso (p.p-m.) and 95-percent confidence 
interval at-- 

48 hours 96 hours 

3.520 3.500 3.500 
3.880-5.460 | 3.120-3.980 | 3.100-4.000 | 3.100-4.000 

pH 

24 hours 

Tes 0.180 0.180 
0.163-0.198 | 0.163-0.198 < 

LOR ye 6.420 6.150 3.190 

5.780-7.130 | 5.690-6.640 | 2.850-3.580 

DISCUSSION 

Bayer 73 is toxic to fish in very brief ex- 

posures and does not become proportionately 

more toxic with increased exposure time, In 

several cases the LC,, differed only little be- 

tween 1 and 96 hours. This suggests rapid 

degradation of the toxicant either by the water 

or the fish. Duhm et al. (1963) found that rats 

fed 50 mg./kg. 5,2'-dichloro-4'-nitro-salicic- 

anilide excrete most of the material as 5,2'- 

dichloro-4-aminosalicylic-anilide in a con- 

jugated form, The amino-structures excreted 

are very unstable and decompose when the ex- 

crement is left to stand for several hours. 

They concluded that the chemical is reduced 

and detoxified by metabolism in rats. Quite 

possibly, fish are able to detoxify Bayer 73 by 

a reduction process similar to that in rats. 

This may explain to some extent why the com- 

paratively high initial activity of the compound 

is followed by minimum time-concentration 

effects. 

Strufe and Gonnert (1962) reported that 
water temperature influences the efficacy of 

Bayer 73 in destroying snails. They found that 

0.3 p.p.m. in 24-hour exposures is sufficient 

to kill all the snails at 20°, but 0.5 p.p.m. is 
necessary to yield 100-percent mortality at 

5° C, They also indicated that solutions of 
Bayer 73 exposed to diffused daylight at 20° 
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to 50° C, for 9 hours show no significant loss 

of active ingredient. Our data indicate greater 

biological activity at higher temperatures, and 

the results probably would be more significant 

at extreme temperatures, 

Gonnert (1962) reported that environmental 
factors such as salt content and pH of the 

water do not decisively influence activity of 

Bayer 73 against snails during the required 

exposure time. Strufe and Goénnert (1962) 

stated that the biological action of Bayer 73 

against snails is not influenced to any meas- 

urable degree by salty waters containing up to 

500 p.p.m. of calcium and magnesium, The 

laboratory tests with fish indicate less activity 

of the compound in harder water but, as other 

scientists report on snails, the difference is 

not considerable. 

The pH variations in different water quali- 

ties which ranged from 6.4 to 8.0, did not in- 

fluence toxicity drastically; the buffered pH 5 

and 10 solutions did. Data from the latter test 

indicate less toxicity at low andhigh pH values 

and little difference at pH 7. The probable 

cause of decreased toxicity at extreme pH's 

may be a solubility or ionization factor in 

which less active chemical is available to the 

fish. Recently, Meyling and Pitchford (1966) 

found that as the pH of Bayer 73 solutions in- 

crease from 6.0 to 8.0 the solubility increases 

from less than 1.0 to 5.0 p.p.m. They did not 

define the solubility at pH 10. Strufe and Gon- 

nert (1962) concluded from irradiation tests 

that up to 15 percent of the molluscicide is 

inactivated in neutral and weakly alkaline con- 

ditions, and up to 30 percent in the acid range 

of pH 5 to 6, Our tests at the extreme pH 

values of 5 and 10 confirm their findings. 

Fox et al, (1963) reported that at pH 9.7 to 

9.9 about 4 times as much Bayer 73 is re- 

quired to kill snails as at pH 7.0 to 9.2. They 

suggest that snails require continuous stimu- 

lation by chlorine in order to bring into play 

their detoxifying mechanisms. 

Meyling et al. (1962) reported that concen- 

trations of Bayer 73 in hard water exposed to 

sunlight were reduced from 1.0 to 0.57 p.p.m. 

in 16 hours whereas in darkness the concen- 

trations did not change after 312 hours. Ap- 

parently sunlight, hard water, high pH, and 

alkalinity contribute to the reduction of Bayer 

73. 

Bayer 73 is highly toxic to certain fish 

species resistant to other chemicals, Cat- 

fishes, for example, are readily susceptible 

to it but are resistant to such other toxicants 

as antimycin A (Walker et al., 1964) and ro- 

tenone (Henegar, 1966). 

Gonnert (1961) summarizes the results of 
laboratory and field trials with Bayer 73 in a 

number of countries. Minimum lethal concen- 

trations for snails and snail ova were found to 

be between 0.2 and 0.5 p.p.m. Applications of 

1.0 p.p.m. of Bayer 73 destroyed snails in 

standing and flowing water. He also indicated 

that the toxicity of Bayer 73 to fish is very 

similar to that for snails. 

Our tests in the laboratory show that Bayer 
73 produces 50-percent mortality in 18 species 

of fish at concentrations of 0.043 to 0.230 

p.p.m. in standard 96-hour bioassays. More 

than 1.0 p.p.m. was required to kill fish only 

when the bioassays were chemically buffered 

to pH 5 and 10. Thus, in the laboratory, mol- 

luscicidal concentrations of Bayer 73 are 

toxic to all species of fish tested. Applications 

of 1.0 p.p.m. are probably toxic to fish in 

natural environments provided that extreme 

PH values of 5 or 10 do not prevail. 

CONCLUSIONS 

Bayer 73, a molluscicide, is highly toxic to 

18 species of fish in static bioassays. Concen- 

trations lethal to snails in the laboratory are 

also toxic to fish. 

Bayer 73 kills 50 percent of the rainbow 

trout, brook trout, brown bullheads, flathead 

catfish, smallmouth bass, and largemouth 

bass at 0.062 p.p.m. or less in 96-hour ex- 

posures, Fathead minnows, white suckers, 

black bullheads, channel catfish, green sun- 

fish, bluegills, redear sunfish, yellow perch, 

and tilapia are intermediate in sensitivity, and 

LCs9 values range from 0.81 to 0.109 p.p.m. 

in 96 hours. Goldfish and carp are more re- 

sistant species, with LCso values of 0.230 and 

0.148 p.p.m. 



12 Investigations in Fish Control 19: Bureau of Sport Fisheries and Wildlife 

The toxicity of Bayer 73 to bluegills in- 

creased with temperature, but the toxicity to 

trout, goldfish, and catfish was not signifi- 

cantly affected. Various water qualities also 

do not influence the toxicity greatly. Extreme 

pH changes significantly reduce the toxicity of 

Bayer 73 to fish. This effect may be due to 

decreased ionization at extreme pH values or 

to a metabolic reduction of the compound 

through stimulation of the detoxifying system 

in fish. 

Because of its biodegradability and safety 
in water, Bayer 73 deserves consideration as 

a general fish toxicant. 
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TOXICITY OF DIMETHYL SULFOXIDE (DMSO) TO FISH 

By Wayne A. Willford, Chemist 

Fish Control Laboratory, La Crosse, Wis. 

ABSTRACT.--Toxicities of dimethyl sulfoxide (DMSO) to rainbow trout, 

brook trout, lake trout, carp, black bullhead, channel catfish, green sunfish, 

bluegill, and yellow perch were determined in 24-, 48-, and 96-hour static 

bioassays at 12° C, Toxicity was of low order, around 30 p.p.t. Water qual- 

ity had little effect, but increased temperature increased the toxicity to 

rainbow trout. A preliminary test indicated that DMSO has little effect on 

the toxicity of antimycin to bluegill, 

Dimethyl sulfoxide (DMSO) is the simplest 

of the homologous series of organic sulfoxides; 

it is prepared by oxidation of dimethyl sulfide. 

Its formula is (CH, ), SO, and the pure form is 

a hygroscopic, colorless, odorless liquid, 

melting at 18.45° and boiling at 189° C., with 
a specific gravity of 1.100 (Stecher, 1960). 

DMSO was first synthesized in 1867 but re- 

mained a laboratory curiosity until the 1940's 

when it was successfully used as a solvent for 

the spinning of polyacrylonitrile fibers (Block, 

1964), The first physiochemical data on the 

compound appeared in 1948, and since that 

time DMSO has been used extensively in sev- 

eral fields. 

DMSO has been shown to possess remark- 

able potential as a solvent for many types of 

inorganic and organic compounds including 

gases (Willson et al., 1965). It has also been 

used as a preservative during freeze storage 

of red blood cells (Lovelock and Bishop, 

1959), platelets (Geisler et al., 1964), sper- 

matozoa (Sherman, 1964), mitochondria 

(Greiff, 1961), protozoa (Hwang, 1964), bone 

marrow (Ashwood-Smith, 196la; Persidsky 

and Richards, 1963), cardiac muscle (Levy 

et al,, 1962), and tissue culture cells 

(Dougherty, 1962; Porterfield and Ashwood- 

Smith, 1962). DMSO also exhibited radio- 

protective action against lethal doses of X- 

irradiation in mice (Ashwood-Smith, 1961b). 

In the medical field, the compound is under 

investigation as a penetrant carrier, local 

analgesic, anti-inflammatory adjunct, bacte- 

riostatic agent, diuretic, tranquilizer, and 

potentiator (Jacob et al., 1964a), It is even 

reported to be good for headaches (Jacob, 

1965), The most promising of these areas ap- 

pears to be the ability of DMSO to penetrate 

biological membranes and act as a carrier for 

other drugs (Horita and Weber, 1964; Jacob 

et al., 1964b; Stoughton and Fritsch, 1964; 

Stoughton, 1965). 

In the agricultural field, DMSO has been 

shown to be of value as a solvent carrier for 

certain compounds used in the control of 

plant diseases (Bean, 1965; Keil et al., 1965). 

It also has some herbicidal activity when 

used by itself for the control of purple nut- 

sedge (Anderson and Dunford, 1966). 

Additional information and references on 

DMSO can be obtained from articles written 

by Rosenkrantz et al. (1963), and Kligman 

(1965a and 1965b). 

These interesting properties of DMSO plus 

the fact that it is miscible in all proportions 

with water suggested that it might be useful 
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in fisheries as a nontoxic solvent in toxicity liters of reconstituted deionized water and 

studies and for the administration of non- 10 fish. The proper volume of bioassay 

water-soluble drugs to fish. In addition, if media was maintained by removal of a quan- 

DMSO enhances the absorption by fish of tity of water equal to the aliquot of DMSO 

compounds dissolved in it, a major break- which was to be added. Each test included 

through in the fields of fish control and fish 5 to 9 concentrations of chemical and 50 to 

disease control would result. It is for these 90 test fish plus 10 fish for controls. 

purposes that the following toxicity studies 

were undertaken. ; an ; 
Various water qualities were obtained by 

adding selected concentrations of reconsti- 

tuting salts to deionized water (table 2). Tests 

MATERIALS AND METHODS were maintained at 7°, 12°, or 17° C. by 

Samples of DMSO were obtained from Pee es et2ilot 

Ayerst Laboratories, New York, N.Y. The 

formulation was 90 percent DMSO and 10 per- Survival and mortality were recorded at 

cent water, 24, 48, and 96 hours, The data were analyzed 

by plotting concentration versus mortality on 

The fish were obtained from several fish logarithmic normal (probability) graph paper 

hatcheries (table 1), and were introduced to to define the concentration which produced 

the static bioassays after routine acclimation 50-percent mortality (LCs ), slope function, 

as described by Lennon and Walker (1964). variation, and 95-percent confidence intervals 

(C.I.) as described by Litchfield and Wilcoxon 

Preliminary bioassays were conducted in (1949). 

1-gallon glass jars each containing 3 liters 

of bioassay media and two fish, After the ap- All results are reported in parts per thou- 

proximate level of toxicity had been estab- sand (p.p.t.), by volume, of total material 

lished, delineative bioassays were conducted added to the test vessel instead of active in- 

in 5-gallon glass jars each containing 15 gredient. 

TABLE 1.--Species, sizes, and sources of bioassay fish 

Average Average 

Species length weight Source? 

(inches ) (grams ) 

Rainbow trout, Salmo gairdneri........ mpatelatetetele addod NFH, Manchester, Iowa. 

DOsoadcomcdo00 siolafatelaistatebancre ivi evotaNalells\otehalsisieaiclalsia ats} ekerd Rainbow Ranches, Spokane, Wash. 

SFH, Osceola, Wis. 

SFH, St. Croix Falls, Wis. 

NFH, Lake Mills, Wis. 

NFH, New London, Minn. 

NFH, Fairport, Iowa. 

NFH, Lake Mills, Wis. 

Do. 

Do. 

Brook trout, Salvelinus fontinales.......ceseeseees 

Lake trout, Salvelinus namaycush..........+- falevarelons 

Carp, Cyprinus CAND OateletetelalerainieletelalelaiotsintelsieUs)<islatalal<tals 

Black buliihedd, “ictallirus melas ss ec cc ean cle occu 

Channel catfish, Ictalurus punctatus........cceeeeee 

Green sunfish, Lepomis cyanelluS.........seeeeeeees 
Bluegill, Lepomis macrochiruswe ss. cece cc ewe sec wlsns 

Yellow. perch, iPercal fUavVaASCENS =< is sieis wleie wie cla cisie slslwie NIUODREPNONWUO YO 

1. 
i. 
1. 
1. 
1. 
2. 
Ze 
1. 
1. 
2 

8 
8 
5 
9 
6 
0) 
6) 
5 
3 
6 FPOORFPRFPOOFO 

“1. NFH = National Fish Hatchery; SFH = State Fish Hatchery. 

TABLE 2.--Composition and analysis of reconstituted, deionized water used in bioassays 

Amount of salts added (mg./1. ) Range of 

total alkalinity 

as p.-p.m. CaC03 

Range of 

total hardness 

as p.p.m. CaC03 

Classification 

10-13 
30-35 

110-120 

eee tee e ee eee 

see eee ewes 

+ Standard reconstituted water used in routine bioassays. 
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RESULTS AND DISCUSSION 

PRELIMINARY TESTING 

Preliminary tests to determine the ap- 

proximate level of DMSO toxicity were car- 

ried out with yellow perch as the test species. 

In order to preserve the supply of test ma- 

terial it was necessary to prepare a 3-liter 

solution containing 500 p.p.t. of DMSO. Sub- 

sequent concentrations were obtained by dilu- 

tion of this solution. 

Results in terms of the approximate time 

to death at each concentration were as fol- 

lows: 

500 p.p.t. - 10 minutes 

250 p.p.t. - 30 minutes 

125 p.p.t. - 1.5 hours 

62 p.p.t. - 24 hours 

31 p.p.t. - no mortality within 96 hours 

From these data, the 24-, 48-, and 96-hour 

LC 50 values appear to lie between 30 and 60 

p.p.t., and concentrations were selected ac- 

cordingly for the routine toxicity bioassays. 

GENERAL TOXICITY 

DMSO exhibited a consistent and nonselec- 

tive toxicity of very low order to the nine 

species tested (table 3). 

Probit analysis yielded slope functions on 

logarithmic paper which ranged from 1.06 to 

1.20 with a mean of 1.11 on all tests. This 

indicates that as the level of acute toxicity 

is approached a minimal change in concen- 

tration is required to produce either O- or 

100-percent mortality. 

The comparative resistance of the nine 

species was extremely close. The 96-hour 

LCs 's ranged from only 32,3 to 43.0 p.p.t. 

for the various species, 

The order of susceptibility of the nine 

species varied with the observation period. 

At 24 and 48 hours, for example, channel cat- 

fish were the most susceptible, with bluegill 

the most resistant at 24 hours and yellow 

perch the most resistant at 48 hours. By 

96 hours, rainbow trout became the most 

susceptible and green sunfish the most re- 

sistant. This fluctuation in the comparative 

order of sensitivity further exemplifies the 

extremely nonselective toxicity to all fish 

tested, 

Recent studies at the Western Fish Nutri- 

tion Laboratory with yearling coho salmon 

(Oncorhynchus kisutch) determined the me- 

dian tolerance limit (TLm) to be 72, 55, and 

46 p.p.t. at 24, 48, and 96 hours respectively! 

Ball (1966) reported that the 48-hour LC 5 of 

DMSO to goldfish (Carassius auratus) is 43 

p.p.t. at 15° C. These results are in close 

agreement with the results at this laboratory 

and serve to further substantiate the consist- 

ent and nonselective toxicity of DMSO. 

1Personal communication from Pete Benville, Jr., 

Chemist, Western Fish Nutrition Laboratory, Bureau 

of Sport Fisheries and Wildlife, Cook, Wash., 1966. 

TABLE 3.--Toxicity of 90-percent DMSO to nine species of fish at TBO" G. 

At 24 hours 

HAMM OW TUL OU ties cles «sis cle eie's 

POO KaLUOU tim als) <lolniele le is/sta\ ols ote 50.9 - 58.3 
GCC Ma YOU ib or 4\.a 0,0! a)«) ese ovelsiforat's oie 42.3 54.0 

CEI oD OsOCOCO SOU CCC 392 

B69 =A « 
36. 

CROC SUTY EO a /s/s/ais'</a/ais a/0)efale 

Biko Genie Gag crodcr congo 
NEEL OW DENCH. atalatata| elm icle «oe a1 

61. 

63.2 - 82.1 
él. 

LCs50 95-percent 
(p.p.t. ) CoE. (p 

48.6 Dito 

At 48 hours At 96 hours 

LCs50 95-percent 95-percent 

a1) C21. C. Te 
LC50 

(p.p.t. ) 

32.3 

36.5 
Sif) 

36.3 - 48.0 
33.8 - 39.4 
29.8 - 35.4 

S780 =) D126 

29.9 - 37.5 
33.9 - 40.3 
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Rabinowitz and Myerson (1966) stated that 

a concentration of 19 p.p.t. of DMSO produced 

an approximate 48-hour LDs50 with neon 

tetras (Paracheirodon innesi), platys (Xi- 

phosphorus maculatus), mollies (Pescilia 

latipinna), and guppies (Poecilia reticulata). 

The LD, 's for zebras (Brachydanio rerio) 

and catfish (Corydoras paleatus) were some- 

where in excess of 25 p.p.t. These results 

were obtained in distilled water at 24° to 
25° C, and the increased toxicity indicated 
may be the result of osmotic stress induced 

by the test media. 

EFFECT OF WATER QUALITY AND 

TEMPERATURE ON TOXICITY 

Changes in water quality at 12° C. had 
little or no effect upon the toxicity of DMSO 

(table 4), The LC gs) confidence interval in 

any particular water quality overlaps the 

LC ;)'s in other water qualities within the 

same observation period in all cases except 

one. This exception was in hard water at 

96 hours. In general, it appears that DMSO 
is slightly less toxic in hard water than it is 

in waters of soft or medium hardness. 

Changes in temperature at medium hardness 

exhibited a substantial influence on toxicity 

(table 4), An increase in toxicity in excess of 

10 p.p.t. as the temperature increases from 

7° to 179 C, was observed at all observation 

periods. 

This increase in toxicity at warmer tem- 

perature is in agreement with observations 

made at the Western Fish Nutrition Labora- 

tory. 

EFFECT OF DMSO ON TOXICITY 

OF ANTIMYCIN 

A preliminary test was performed to de- 

termine what, if any, influence DMSO has 

on the toxicity of antimycin to bluegill. Var- 

ious concentrations of antimycin were added 

in combination with enough DMSO to produce 

1.0 p.p.t. of DMSO in the test vessel. A com- 

parison test was run using only acetone as 

solvent for the antimycin. 

The 96-hour LC ,, of antimycin and acetone 
alone was 0.089 parts per billion (p.p.b.), 

while antimycin in combination with 1.0 p.p.t. 

of DMSO produced a 96-hour LC,, of 0.084 

p.p.b. These results reflect biological varia- 

tion and indicate that DMSO has no effect on 

the toxicity of antimycin at 96 hours. It is 

possible that in a bioassay designed to yield 

toxicity with shorter exposures, DMSO could 

enhance the absorption of antimycin suffi- 

ciently to affect toxicity. 

Ball (1966) compared the relative toxicity of 

0.05 p.p.m. p,p'-DDT to goldfish when used in 

combination with 6 and 18 p.p.t. of either 
DMSO or acetone. His results indicated that 

DMSO does not significantly affect the median 

survival time of goldfish when compared to 

acetone. He further suggested that DMSO may 

be a better solvent than acetone for pesticide 

toxicity studies. 

Rabinowitz and Myerson (1966) were unable 

to show a significant difference in the uptake 

by aquarium fish of radioactive labeled dyes 

when used in combination with 1.0 p.p.t. of 

DMSO. 

TABLE 4.--Effect of water quality and temperature on toxicity of DMSO (90-percent) to rainbow trout 

At 24 hours At 48 hours At 96 hours 

Temperature 
C. 

Water 

quality 95-percent 

ee 

eee e eee see e eee 

a 

ee 

se ewe ese ees ces 

LCso 95-percent 95-percent 

(p-p.t.) Cais it 

0) 41.8 37.7-45.6 

te B))55) 30.2-34.6 

O 31.8 25.0-30.7 

53) 38.4 30.7-36.5 

44.8 41.5 35.8-40.3 
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All of these results indicate that DMSO, 

when used as a diluted constituent, does not 

affect the absorption of some chemicals by 

fish. It has been shown to be an excellent 

solvent, and is worthy of further investiga- 

tion as such for certain chemicals used in 

fisheries. In addition, the potential of DMSO 

as a penetrant carrier of certain drugs used 

in human medicine suggests investigation of 

similar potential in the treatment of fish 

disease, 

CONCLUSIONS 

1. The acute toxicity of DMSO to fish is of a 

very low order. 

2. When the level of acute toxicity is reached, 

DMSO is abruptly and nonselectively toxic 

to the nine species tested. 

3. Various water qualities at 12° C. have 
little effect upon the toxicity of DMSO to 

rainbow trout. 

4. Increases in temperature cause a definite 

increase in the toxicity of DMSO to rainbow 

trout. 

5. Preliminary results indicate that 1.0 p.p.t. 

of DMSO has no effect on the toxicity of 

antimycin to bluegill at 96 hours. 
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LABOR-SAVING DEVICES FOR BIOASSAY LABORATORIES 

By Robert J. Hesselberg, Chemist 

and Ralph M, Burress, Fishery Biologist 

Southeastern Fish Control Laboratory 

Warm Springs, Ga. 

ABSTRACT.--Three inexpensive pieces of labor-saving apparatus for 

bioassay laboratory use are described and illustrated. Construction fea- 

tures, material costs, and use of a jar rinser, automatic liquid measur- 

ing vessel, and jar emptier are discussed. 

Nearly all of the indoor bioassays at the 

Fish Control Laboratories require the use of 

9-gallon glass jars. Considerable work is in- 

volved in handling the scores of jars used 

daily, and much thought and effort have been 

given to developing methods to reduce the 

labor. 

In recent months three labor-saving devices 

were developed and put into use: a rack for 

simultaneously rinsing 26 jars, a vessel for 

automatically measuring 15 liters of water 

into each jar, and a simple apparatus for 

emptying jars. Hundreds of man-hours of 

work are saved, and the hazards in handling 

heavy, slippery jars are reduced. The devices 

are not expensive and may be adapted to meet 

needs which differ from our own. 

JAR RINSING RACK 

DESCRIPTION 

The essential features of the rack are shown 

in figure 1, It is about 15 feet 6 inches long, 

28 inches wide, and 18 inches high, but dimen- 

sions may be varied according to needs. Ma- 

terials are not of critical importance either, 

unless highly corrosive wastes will be en- 

countered, In our case, availability of ma- 

terials and the ease with which they could be 

worked were the chief factors considered. 

Two-inch lumber and large nails are used to 

construct load-bearing structures (sides, 

ends, and cross bracing), while the pipe sup- 

ports and grate-retaining rim are of l-inch 

material. All wooden parts were given two 

coats of high-grade enamel. The sections of 

aluminum grating which hold the jars were 

part of the covering for the floor trench over 

which the jar-rinsing rack is supported and 

into which waste water drains. Wooden cross- 

pieces could be substituted for the metal 

gratings at considerable savings in material 

costs. Plumbing components include 3/4-inch 

plastic pipe and fittings (1/2-inch pipe would 

be adequate for a small rack), 3/4-inch 

valves (one for each pipe), 1/4-inch brass 

spray nozzles, and 1/4- by I 1/8-inch all- 

thread nipples for attaching nozzles to the 

pipe. Total cost of materials exclusive of the 

gratings was $54. 20. 

USE 

After the jars are emptied and removed 

from bioassay troughs, they are cleaned ac- 

cording to a procedure like that outlined by 

Lennon and Walker (1964), The rack not only 

provides jar support at a convenient working 

height during washing, but also cuts the time 

for washing and rinsing to less than half that 

required when jars were cleaned individually. 
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Figure 1,--Jar-rinsing rack with sections of grating removed to show construction detail, 

When fewer than 26 jars are rinsed, a board 

-is laid over the unused nozzles to deflect 

water into the floor trench. 

AUTOMATIC LIQUID 

MEASURING VESSEL 

DESCRIPTION 

Most of the custom-made shell of the vessel 

was constructed of sections of polyethylene 

pipe having a wall thickness of one-fourth inch 

and inside diameters of 3, 4, and 8 inches 

(fig. 2). The main body of the vessel was made 

by heat-fusing a specially shaped top and bot- 

tom on a 17-inch-long section of 8-inch pipe. 

The convex top plate was made from a poly- 

ethylene block machined to a thickness of one- 

fourth inch, and the weight-bearing, concave 

lower plate was similarly machined to a 

thickness of one-half inch. An 8-inch-long 

piece of the 4-inch pipe was fused to the top 

plate to form the neck of the vessel, and a 

1 1/2-inch-long piece of 3-inch pipe was 

fused to the bottom plate to serve as a drain 

(it also holds the vessel in place on the jar). 
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Figure 2,--Schematic illustration of automatic measuring vessel, 

Special shaping of the upper and lower plates 

prevents air bubbles from being trapped 

under the upper plate, and results in rapid, 

complete drainage from the lower plate. The 

underside of the lower plate was made with 

four radial grooves one-half inch wide and 

one-fourth inch deep to permit rapid escape 

of air from the jar as it fills. 

In filling the vessel, water enters through 

a 1/2-inch hard-rubber stopcock near the 

bottom, and any excess overflows through a 

l-inch plastic pipe inserted through the side 

of the vessel near the top. The internal upper 

section of the overflow pipe extends upward 

into the neck to the required lével, and the 

external lower section extends down to the 

bottom of the vessel where it is rigidly at- 

tached, A threaded plastic coupling at the top 

of the overflow allows for calibration of the 

volume measured, 

The vessel is emptied through a drain hole 

in the bottom plate, the sides of which are 

tapered at an angle of 11°. A No. 13 rubber 
stopper and a 34-inch-long piece of aluminum 

rod serve as valve and handle, respectively. 

The lower 6 inches of the rod are threaded. 
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The stopper, which is located about 5 inches 
from the lower end of the rod, is held securely 

in place by means of aluminum washers and 

nuts above and below it. The lower end of the 

rod extends through a hole in a 3-inch-long 

piece of 1/2-inch aluminum rod which is held 

in place across the inside of the drain by 

small metal screws in each end. This guides 

the stopper into place, and when the vessel is 

emptied, upward travel of the rod is limited 

by the aluminum nut on its lower end. The 

midsection of the handle is bent to form a 2- 

inch offset which gives clearance around the 

upper end of the overflow pipe. The upper end 

of the rod extends slightly above the top of the 

vessel and is bent at a right angle to form a 

hand grip. 

In the last vessel constructed, a stainless- 

steel rod was used for the handle, and a 

toilet-tank ball of soft, flexible rubber was 

used for a valve. The dimensions of the vessel 

could be changed easily to permit measure- 

ment of a wide range of volumes. The total 

cost of materials for the vessel was $37.20, 

USE 

To facilitate rapid filling of jars, two ves- 

sels are used concurrently. Water is supplied 

to each through sections of 5/8-inch plastic 

tubing connected to a single hose by a ''y"’ 

connector (fig. 3), Under our conditions it 

takes about 25 seconds to fill the measuring 

Figure 3,--Automatic measuring vessels ready for use, 
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vessel with 15 liters of water, and less than 

half that long to empty it. Thus, a full vessel 

can be emptied and moved to another jar 

while the other vessel is filling. The plastic 

vessels are light, safe to handle, and quite 

durable. 

JAR EMPTIER 

DESCRIPTION 

This tool consists of a U-shaped tube made 

of 1 1/2-inch plastic pipe, about a foot of 

which is inserted through a rubber seal (fig. 

4). The seal is fashioned from the thick- 

walled upper section of a 2-way force cup 

- 
5 

se 
ye 

(plumber's helper), A short section of 3/8- 

inch cooper tubing having a flared inner end 

also is inserted through the rubber cup to 

pass compressed air into the jar. The intake 

end of the 1 1/2-inch pipe is covered with a 

1/8-inch mesh screen to prevent loss of fish 
as water is removed, The cost of materials 

was $2.35, 

USE 

The safe, low-pressure (5 p.s.i.) air supply 

used for aerating fish tanks provides the 

power to empty water from the bioassay jars. 

Once the screened end of the jar emptier and 

the rubber seal are inserted in the jar, com- 

pressed air seats the seal firmly against the 

Figure 4,--Jar emptier partially inserted into jar; compressed air is supplied through the small tube while waste 

water is expelled through the 1 1/2-inch pipe, 
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neck, Nearly 15 liters of water are expelled 

in 11 seconds, and the resultant 30-pound 

reduction in weight makes the task of lifting 

jars from bioassay troughs much easier and 

safer. Tests were conducted to learn what 

would happen when the outlet screen was de- 

liberately plugged and pressure was ailowed 

to build up. In each case the seal was harm- 

lessly forced out the neck of the jar, demon- 

strating that the necessary margin of safety 

was provided, 

REFERENCE 

Lennon, Robert E,, and Charles R, Walker, 
1964, Investigations In Fish Control, 1, Laboratories 

and methods for screening fish-control chemicals, 
Bureau of Sport Fisheries and Wildlife, Circular 185, 

15 p. 

* U.S. GOVERNMENT PRINTING OFFICE : 1967 O—271-162 





tens 
f 

wa of 

ena my 

MY bine A 
ocr ang 

s y shieasiee) ve 



' 7 (Reports 18 through 21 are in one cover.) 

Toxicity of 22 Therapeutic Compounds to Six Fishes, by Wayne A, Willford. (Resource 
eae 
, 18. 

Publication 35.) 1967. 10p, 

& 9. Toxicity of Bayer 73 to Fish, by Leif L. Marking and James W, Hogan. (Resource Publi- 

cation 36.) 1967. 13p. 

Labor-Saving Devices for Bioassy Laboratories, by Robert J. Hesselberg and Ralph M. 
_ Burress. (Resource Publication 38.) 1967. 8p. 

Fish Control Laboratories 

Bureau of Sport Fisheries and Wildlife 

U.S. Department of the Interior 

P.O. Box 862 

La Crosse, Wisconsin 54602 



The Department of the Interior, created in 1849, is a Department of 
Conservation, concerned with management, conservation, and develop- 
ment of the Nation’s water, wildlife, fish, mineral, forest, and park and 
recreational resources. It has major responsibilities also for Indian and 
Territorial affairs. 

As America’s principal conservation agency, the Department works to 
assure that nonrenewable resources are developed and used wisely, that 
park and recreational resources are conserved for the future, and that 
renewable resources make their full contribution to the progress, pros- 
perity, and security of the United States, now and in the future. 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

BUREAU OF SPORT FISHERIES AND WILDLIFE 
WASHINGTON. D. C. 20240 



VA va 
OIVISION OF FISHES zt fe Ue Se BATIONAL MUSKUp 

(SCE 

APR 4 | 1869) INVESTIGATIONS IN FISH CONTROL w0y 

22. Efficacy of Quinaldine as an Anesthetic 
for Seven Species of Fish 

23. Toxicity of Quinaldine - a 
to Selected Fishes - ~ 1909 

24. Quinaldine as;an Anesthetic 
for Brook Trout, Lake Trout, 
and Atlantic Salmon 

United States Department of the Interior 
Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 



INVESTIGATIONS IN FISH CONTROL 

Investigations in Fish Control, published by the Bureau of Sport Fisheries and Wildlife, in- 

clude reports on the results of work at the Bureau's Fish Control Laboratories at La Crosse, 

Wis., and Warm Springs, Ga., and reports of other studies related to that work. Though each 

report is regarded as a separate publication, several may be issued under a single cover, for 

economy. 
Current reports in this series are-- 

(Reports 1 and 2 are in one cover.) 

1. Laboratories and Methods for Screening Fish-Control Chemicals, by Robert E. Lennon 

and Charles R. Walker. (Bureau Circular 185.) 1964. 15 p. 

2. Preliminary Observations on the Toxicity of Antimycin A to Fish and Other Aquatic 

Animals, by Charles R. Walker, Robert E. Lennon, and Ge eas L. Berger. (Bureau 

Circular 186.) 1964. 18 p. 

(Reports 3 through 8 are in one cover.) 

3. Minimum Lethal Levels of Toxaphene as a Piscicide in North Dakota Lakes, by Dale L. 

Henegar. (Resource Publication 7.) 1966. 16p. 
4. Effects of Toxaphene on Plankton and Aquatic Invertebrates in North Dakota Lakes, by 

Robert G. Needham. (Resource Publication 8.) 1966. 16p. 

5. Growth Rates of Yellow Perch in Two North Dakota Lakes After Population Reduction with 

Toxaphene, by Donald C. Warnick. (Resource Publication 9.) 1966. 9p. 
6. Mortality of Some Species of Fish to Toxaphene at Three Temperatures, by Mahmoud 

Ahmed Mahdi. (Resource Publication 10.) 1966. 10 p. 

7. Treatment of East Bay, Alger County, Michigan, with Toxaphene for Control of Sea Lam-= 

preys, by William E. Gaylord and Bernard R. Smith. (Resource Publication 11.) 1966. 7p. 
8. Effects of Toxaphene on Fishes and Bottom Fauna of Big Kitoi Creek, Afognak Island, 

Alaska, by William R. Meehan and William L. Sheridan. (Resource Publication 12.) 

1966. 9p. 

(Reports 9 through 11 are in one cover.) 

9. Relation of Chemical Structure to Fish Toxicity in Nitrosalicylanilides and Related Com- 

pounds, by Charles R. Walker, Roland J. Starkey, and Leif L. Marking. (Resource Publi- 

cation 13.) 1966, 12p, 

10. Evaluation of P,p'-DDT as a Reference Toxicant in Bioassays, by Leif L. Marking. 

(Resource Publication 14.) 1966. 10p. 

11. Evaluation of an Electronic Method of Measuring Hematocrits of Fish, by Richard A. 

Schoettger and Arnold M. Julin. (Resource Publication 15.) 1966, 11p. 

(Reports 12 through 17 are in one cover.) 

12. Toxicity of MS-222 to Selected Fishes, by Leif L. Marking. (Resource Publication 18.) 

1967. 10p. 
13. Efficacy of MS-222 as an Anesthetic on Four Salmonids, by Richard A. Schoettger and 

Arnold M. Julin. (Resource Publication 19.) 1967, 15p, 

14, Method for Determining MS-222 Residues in Fish, by Charles R. Walker and Richard A. 

Schoettger. (Resource Publication 20.) 1967. 10p. 

15. Residues of MS-222 in Four Salmonids Following Anesthesia, by Charles R. Walker and 

' Richard A, Schoettger. (Resource Publication 21.) 1967. 1lp. 
16. Annotated Bibliography on MS-222, by Richard A. Schoettger. (Resource Publication 22.) 

1967, 15p. 

17. MS-222 as an Anesthetic for Channel Catfish; Its Toxicity, Efficacy, and Muscle Resi- 

dues, by Richard A. Schoettger, Charles R, Walker, Leif L. Marking, and Arnold M. 

‘Julin, (Resource Publication 33.) 1967. 14p. 

Fish Control Laboratories 

Bureau of Sport Fisheries and Wildlife 

U.S. Department of the Interior 

P.O. Box 862 
La Crosse, Wisconsin 54602 

Continued on inside back cover-- 



INVESTIGATIONS IN FISH CONTROL 

22. Efficacy of Quinaldine as an Anesthetic 

for Seven Species of Fish 

By Richard A. Schoettger and Arnold M. Julin, Fishery Biologists 

23. Toxicity of Quinaldine to Selected Fishes 

By Leif L. Marking, Chemist 

24. Quinaldine as an Anesthetic for Brook Trout, 

Lake Trout, and Atlantic Salmon 

By David O. Locke 

United States Department of the Interior 

Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 



CONTENTS 

Pages 

Efficacy of Quinaldine as an Anesthetic for Seven Species 

of Fish, by Richard A. Schoettger and Arnold M. Julin . 1-10 

Toxicity of Quinaldine to Selected Fishes, by Leif L. 

Marka oe ae WS atid noe too eee een men cei 

Quinaldine as an Anesthetic for Brook Trout, Lake Trout, 

and Atlante) Salimon.. by) Dawid (OkmmlEo ce keygen eons iin es 



2k 
ah, Ww Ww 

— 1 MMW 

wpo——nWwo — 

MO Po 

Par. Lin 

3 9 
2 4 

S 9 
Table 2 

Table 3 

2 8 
1 = 

2 8 

2 10 

2 2 

References 

ERRATA 

Correction 

IN sodium hydroxide 
Schoettger and Julin (1967) 
non-ionic to an ionic form 
(Stage IT) 
(Stage TT) 

Schoettger and Yulin (1969) 
7-5 milliliters. 250 milliliters. 
Schoettger and Julin (1969) 
pH 5 
Schoettger, Richard A., and Arnold M. Julin 
1969. Investigations in Fish Control 22. 
The efficacy of quinaldine as an anesthetic 
for seven species of fish. U.S. Bureau of 
Sport Fisheries and Wildlife, 10 p. 

37.85 milliliters. 40 milliliters. 
Delete: Bové, Frank J. 

Meister, Alfred L., and 
Charles F. Ritzi 

Stecher, Paul G. 



re ik dee 

STM G 

es 
ae fe ree oe BOE 
onl ee eis 

—— ~ es 

ete CON WS ST ee Hes es e S 

(GEE) ci tee Gee oF “3 8 5 : 
mT Seley Ty e = S$ p 

; i ¥ } ATi # ai eT "a neath 

ae C sided, Nei a 

Coad uke Sys pies 7 

Peay ae Pa ey 

9 . ' 

6 ; ‘ ’ S H 

h 

; 

| 
j 
{ 

ne & a 
oe oe 

a) wa 

asoneio tes & ‘Se 



INVESTIGATIONS IN FISH CONTROL 

22. Efficacy of Quinaldine as an Anesthetic 
for Seven Species of Fish 

By Richard A. Schoettger and Arnold M. Julin, Fishery Biologists 

UNITED STATES DEPARTMENT OF THE INTERIOR 
Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 
Washington, D.C. + January 1969 



CONTENTS 

ADStEact tm a-k wen th cute) | <a eue= SPARC EUAL a. 30). MSS 

Methods and: materials. "fs. cues jus cue oh serene) oR tomsn ys 

RESUIES amd) GAS CUSSHOM ver ce pe tateis rin 2) ate) Latics) Teste tet tnalt> tee aoe 

Behavior of anesthetized fist.) io ce) cntenie ictte antennae nn 

Eifacalcy vauneentonicnietaiean irae 5 ha rtidib:, covelice weitontcey call en uemoustatas 

INANE Om ml Was won ooo. cocma no tok wo lay oD Io). 

Eiiects Om water hardness. aul ie mieten cys te) siete mene 

Effects of repeated anesthetization............-. 

lnnhe Gus OR ElNN ey Oke ome od vl coo See ce oa ao oo. 

Repeated use Of SOMOS =). semi ae ineyro i=) kta 

MOXICILY CO \EESTS) 2. ce, io MoilRemel ey ie oes epidc en ce) cl nie SoMa 

Mieralxolicna Or jbinecline 5 6 6 ooh ooo ee 

lunamanabeyy 5 G6 6 bo oo 6 Pe eRe wero, oho nay horton hat 

Refereneesiis ci a) ieGucrt eran © see pelle, Wah) suidermeninan Petty oMbetre: rod cWmcntan Ya umne na. 



EFFICACY OF QUINALDINE AS AN ANESTHETIC 
FOR SEVEN SPECIES OF FISH 

By Richard A. Schoettger and Arnold M. Julin, Fishery Biologists 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La Crosse, Wisconsin 

ABSTRACT . --Quinaldine was tested as an anesthetic for rainbow 

trout, brown trout, brook trout, lake trout, channel catfish, bluegill, 

and largemouth bass. In general, 15 to 70 ppm of the drug induce 

total loss of equilibrium in fish within two minutes. Efficacy is in- 

fluenced by acid pH and for some species, by temperature, but not 

by water hardness, age of quinaldine solutions, or repeated exposures 

of fish to quinaldine. Assets include rapid action and prolonged 

maintenance of anesthesia, but anesthetized fish retain a degree of 

reflex responsiveness which may interfere with stripping, delicate 

surgical operations, and blood collection. The drug is harmless to 

fertilized rainbow trout eggs at concentrations and exposure times 

normally encountered in spawning operations. 

Quinaldine (2-methylquinoline) is obtained 

from coal tar and is used in the manufacture of 

dyes (Turner, 1950). Its anesthetic effect on 

fish was first reported by Muench (1958), who 

found that concentrations of 2.5 to 20 ppm nar- 

cotized goldfish, golden shiners, yellow bull- 

heads, green sunfish, and white crappies within 

0.5 to4 minutes. The relatively small number 
of published reports on the use of quinaldine as 

a fish anesthetic, in contrast to MS-222 

(Schoettger, 1967), suggests that it is not widely 
used by fishery workers. However, in our sur- 

vey of chemicals used at national fish hatcheries, 

we found that it is employed in handling a variety 

of species including sockeye salmon, chinook 

salmon, coho salmon, rainbow trout, brown 

trout, brook trout, northern pike, goldfish, 

channel catfish, smallmouth bass, largemouth 

bass, and walleye. Natarajan and Ranganathan 

(1960) used quinaldine in fish transport, and 

Greenough (1963) patented a fish-transport 

medium containing a buffer, an antibiotic, and 

quinaldine. Penfold (1965) found the anesthetic 

useful in the live collection of certain marine 
species. 

Recent amendments to the Federal Food, 

Drug, and Cosmetic Act require that chemicals 

used on fish be cleared and labeled for their 

specific uses (Lennon, 1967). The information 

needed to clear quinaldine includes its toxicity 

to fish, its efficacy as an anesthetic, its 

residues in fish tissues, and its safety to other 

animals, The intent of our research was to 

extend Muench's (1958) investigations on efficacy 

to include species more commonly cultured in 

hatcheries, such as fingerling and aduit trout, 

catfish, and centrarchids. Also, we wished to 

study the influence of temperature, water quality, 

and repeated narcosis of fish on the efficacy and 

stability of quinaldine solutions, and the toxicity 

of quinaldine to trout eggs. 

Spector (1956) cited an oral LDsg for rats 

of 1.23 g./kg. and a cutaneous toxicity to 

rabbits of 1.87 g./kg. Both values classify 

quinaldine as slightly toxic to mammals. Bell 

(1964) recommended avoidance of vapor in- 

halation and prolonged skin and eye contact. 

According to personal communication from 

Dr. Hans L. Falk, Associate Director for 



Carcinogenesis, National Cancer Institute, De- 

partment of Health, Education and Welfare, 

Bethesda, Maryland, November 10, 1966, there 

is no evidence that quinaldine has carcinogenic 

properties, either on the basis of bioassay, or 

on correlation with structural requirements for 

carcinogenicity. Quinaldine N-oxide, the only 

related chemical they tested for carcinogenicity, 

was inactive. 

METHODS AND MATERIALS 

Quinaldine used in these investigations was 

95 percent technical material purchased from 

Eastman Kodak Company. Efficacy of the 

chemical was tested with rainbow trout, brown 

trout, brook trout, lake trout, channel catfish, 

and largemouth bass of two to six inches and 

seven to 12 inches (table 1). Bluegills of two to 

six inches were also tested. The trials with 

trout were conducted at 7°, 12°, and 17° C., 

and those with channel catfish and centrarchids 

at 7°. 22), 17S 6 22° egande27 1G 

The methods of preparing test solutions and 

various water qualities, acclimating the test 

fish, and evaluating efficacy were essentially 

the same as those described by Schoettger and 

Julin (1967), with some modifications. The 

major modifications were in the preparation of 

stock solutions and in the criteria for efficacy. 

Stock solutions were prepared by diluting the 

compound with acetone and water. Sufficient 

acetone was added to produce clear solutions. 

The changes in criteria for efficacy were 

related to the differences in behavioral responses 

of quinaldine-treated and MS -222-treated fish. 

The responses of the former are discussed 

later. Concentrations inducing total loss of 

equilibrium (stage 11) within 2 minutes were 

considered effective. Following application of 

anesthesia, the fish were held in the test 

solutions until they entered medullary collapse, 

or for 6 hours, whichever occurred first. This 

period gave a measure of the tolerated exposure 

time. The fish were then placed in flowing well 

water for recovery. 

During the investigations, we observed 

that pH influenced the effectiveness of quinaldine. 

Additional trials were carried out to better de- 

fine this influence and to determine whether it 

was reversible with changes in pH. Smallmouth 

bass were tested in solutions containing 20 and 

30 ppm of quinaldine; channel catfish in 50 and 

60 ppm. The pH of solutions was manipulated 

with IN sodium hydroxide and 0.25M phthalic 

acid. The test solutions were maintained at 

12° C. in water baths. 

The influence of water hardness on the 

efficacy of quinaldine was measured with 2.5- 

inch rainbow trout at 12° C. Solutions of 10 and 

Table 1.--Species and sources of fish 

Common name 

Rainbow trout.... 
Brown trouteccececes 

Brook trout...... 

Salmo gairdneri 

Salmo trutta 

Bake GEROUIE Ir sycre ct 

Channel catfish.. 

Biljtieqi Ife = cele os 

Scientific name 

Salvelinus fontinalis 

Salvelinus namayacush 

Source 

NFH, 1/ Manchester, Iowa 

SFH,2/ Lanesboro, Minn. 

SFH, Lanesboro, Minn. 
SFH, Osceola, Wis. 

NFH, Jordan River, Charlevoix, 

Mich. 
SFH, St» Croix,Falls,, Wiss 

Ictalurus punctatus NFH, Fairport, Iowa 
NFH, Guttenberg, Iowa 
SFH, Lansing, Iowa 

Lepomis macrochirus NFH, Guttenberg, Iowa 
NFH, Lake Mills, Wis. 

Smallmouth bass.. Micropterus dolomieui NFH, Fairport, Iowa 
Largemouth bass.. Micropterus salmoides NFH, Genoa, Wis. 

1/ National Fish Hatchery 
2/ State Fish Hatchery 



180 ppm of total hardness were prepared as 

described by Schoettger and Julin (1967) and 

contained 15 ppm of quinaldine. Ten fish were 

used to bioassay each test solution. Effects on 

efficacy were judged by the times to induce 

total loss of equilibrium (stage 11) in all fish. 

The effect of repeated exposures to quinal- 

dine was tested by treating ten 3.6-inch rainbow 

trout daily in a concentration of 12 ppm at 12° C. 

The times to total loss of equilibrium (stage 11) 

and recovery, and the percent survival were 

used as indexes of sensitivity. After six con- 

secutive treatments, the susceptibility of the 

fish was compared with that of untreated con- 

trols. 

The potency of quinaldine solutions aged up 

to 50 days at 12° or 27° C. were determined by 

bioassay. The tests at 12° were conducted in 

polyethylene tanks containing 45 liters of a 15- 

ppm solution. Temperature was maintained 

within +2° C. by water baths, and at intervals 

efficacy was checked against ten 5-inch rainbow 

trout. Two-inch bluegills were used in bioassays 

at 27° since trout are difficult to maintain at this 

temperature. A level of 12 ppm was tested at 

27° because, at the time, effective concen- 

trations had not yet been established for blue - 

gills. The volume of some solutions at both 

temperatures was reduced during aging by 

evaporation, but oxygen levels were not 

seriously affected. Water losses were replaced 

with deionized water before the tests. 

The quantity of fish which can be anesthe- 

tized per milliliter of quinaldine was estimated 

by narcotizing a number of 5-inch rainbow trout 

in the same solution until it became ineffective. 

The test was conducted in 2.5 liters of a 15-ppm 

solution which was aerated and maintained at 

12° C. Five individuals at a time were anesthe- 

tized to total loss of equilibrium (stage 11) 

removed, weighed, and placed in fresh water. 

None of the fish was exposed to the chemical 

more than once. The test solution was con- 

sidered ineffective when, in consecutive trials, 

fewer fish were anesthetized. 

The toxicity of quinaldine to fertilized eggs 

of rainbow trout was determined at concen- 

trations of 15, 30, 60, and 120 ppm. Sixty to 

70 eggs, 24 hours old, were placed in 2.5 liters 

of each concentration. Fifteen eggs were removed 

from each solution after 15, 30, 60, and 120 

minutes of exposure, rinsed, placed in petri 

dishes, and incubated in well water at 12° C. 

Four groups of control eggs were placed in re- 

constituted water without quinaldine and then 

incubated like the treated eggs. Mortalities 

among the quinaldine-treated and control eggs 

were recorded 96 hours after treatment, and 

thereafter at intervals until hatching. 

RESULTS AND DISCUSSION 

BEHAVIOR OF ANESTHETIZED FISH 

The behavior of quinaldine-treated fish is 

different, in some respects, from that of fish 

exposed to other anesthetics (McFarland, 1960; 

Schoettger and Julin, 1966). At first, the chemical 

causes irritation which seems to increase in 

intensity with concentration. Shortly thereafter 

they lose equilibrium without entering a pro- 

nounced stage of sedation. Anesthesia progresses 

rapidly to total loss of equilibrium (stage 11) 

and then slows. At this level the fish are 

relatively motionless and may rest upright, 

inverted, or on their sides on the bottom of the 

container. They can be handled gently, but 

striking the container or squeezing the caudal 

peduncle or fin induces strong reflex movements. 

Bell (1964) indicated that quinaldine was useful 

for surgical operations on coho salmon, but in 

operations on rainbow trout we observed periodic 

reflex movements that hindered surgery. 

Fish can be maintained in total loss of 

equilibrium, (stage 11) for relatively long 

periods, depending on concentration, before the 

onset of loss of reflex and medullary collapse. 

The loss of reflex stage appears to be practically 

nonexistent. Thus, loss of equilibrium is best 

suited for evaluating the efficacy of quinaldine. 

The mode of action of quinaldine in fish is 

unknown. Bell (1964) suggested that it may act 

like the barbiturates as depressants on the 

central nervous system and especially the 

respiratory center. We measured opercular 

rates in anesthetized and control rainbow trout. 

The rate in the latter was approximately 60 per 

minute. In treated individuals the rate increased 



to more than double the control value after 5 

minutes of exposure. Although the rate in 

treated fish was much faster, the opercular 

movements appeared weak and were interrupted 

by periodic gasps. 

EFFICACY 

Concentrations of 15 or 16 ppm were, in 

most instances, at least 90 percent effective for 

inducing anesthesia within 2 minutes in rainbow 

trout, brown trout, brook trout, and lake trout 

(table 2). The mean exposures tolerated by the 

trout ranged from 45 minutes to more than 6 

hours. Most individuals recovered in fresh 

water within several minutes, but some required 

over 60 minutes. Temperature and size of trout 

appear to have no influence on efficacy, or on 

exposure and recovery time. 

As many as 25 percent of the test fish died 

in some trials (table 2). This was not delayed 

mortality, but resulted from attempts to 

measure the longest exposure tolerated by each 

test group. Since the fish could not be observed 

constantly during the experiments, the most 

susceptible individuals were overexposed. The 

procedure may have contributed to the long 

recovery times noted in some trials. However, 

the mortalities of trout should be minimal when 

the progress of anesthesia can be watched more 

closely. 

Channel catfish, bluegills, and largemouth 

bass are more resistant at temperatures of 

17° C. and lower than are salmonids (table 2). 

Catfish were anesthetized by 70 ppm, bluegill 

by 15 to 60 ppm, and bass by 20 to 70 ppm. At 

22° or 27° C., about 15 ppm were effective on 

bluegill and bass, and 30 ppm narcotized catfish. 

The results show that 7- to 12-inch bass are 

much more resistant to quinaldine than smaller 

individuals. 

The relatively high concentrations required 

to anesthetize catfish, bluegills, and bass at 

17° C. and below shortened the mean exposure 

and lengthened recovery time (table 2). In 

general, the fish tolerated exposure for about 

5 to 20 minutes at levels exceeding 15 ppm. At 

lower concentrations they commonly tolerated 

exposures of one to more than six hours. 

Recovery time appeared to be more relatedto 

temperature and concentration than to exposure 

time, especially in bluegills and largemouth 

bass. For example, bluegills recovered in 2 to 

4 minutes after a 6-hour exposure to 15 ppm at 

27° C., whereas more than 60 minutes were 

required at 7° after a 0.4-hour exposure to 60 

ppm. This may indicate an effect of low tem- 

perature on the excretion or metabolic de- 

activation of quinaldine. 

Effects of pH.--The efficacy trials shown 

in table 2 were carried out at pH 7.0 and 8.5. 

We combined the data since there appeared to 

be no difference in the results at these pH 

values. The trials at pH 5.0 gave quite different | 

results. The drug was completely ineffective 

on all seven species. Further trials were 

carried out to determine the approximate de- 

gree of acidity which deactivated quinaldine. 

Nine smallmouth bass were anesthetized in a 

20-ppm solution at 12° C. and pH 7.0. The pH 

was changed to 5.0 and the fish recovered in 

20 to 25 minutes. In another experiment the 

pH was changed to 5.7, but the fish did not re- 

cover within a 2-hour period. Thus, a pH of 

about 6.0 or above does not deactivate quinaldine. 

Acidic solutions apparently do not destroy 

quinaldine. Channel catfish were not affected 

by a 1-hour exposure to either 50 or 60 ppm of 

the chemical at pH 5.0. When the pH of the 

former solution was raised to 7.0, and that of 

the latter to 10.3, the fish were narcotized in 

3 to 10 minutes. This suggests that under acid 

conditions the quinaldine molecule shifts from 

an ionic to a non-ionic form which is less 

biologically active. 

Effects of water hardness. --Quinaldine was 

as effective on rainbow trout in soft water (10 

ppm total hardness) as in hard water (180 ppm 

total hardness). Four trials were run in soft 

water and two in hard water, and in each case 

all of the fish were anesthetized within 2 minutes. 

Effects of repeated anesthetization. --Daily 

exposure of rainbow trout to 12 ppm of quinaldine 

for 6 days did not influence their sensitivity to the 

drug. The fish were anesthetized within 1 to 
3.5 minutes, and variations in efficacy appeared 

random. They were exposed to the chemical for 



Table 2.--Concentrations of quinaldine which anesthetize seven species of fish to total 
loss of equilibrium (staqe 11) within 2 minutes 

Recovery 

Mean Mean ; 
Concen- Temper- Fish Fish in Exposure Safe time 
tration ature Size Number anesthesia Time Exposure range Survival 

Species (ppm) (° C.) (in.) tested (number) (percent) (hrs.) Indexl/ (min.) (percent ) 

Rainbow 
trout... 15 72 Ce amen = 43 96 0.8 24 6-13 100 
ek se LD iy 7-12 20 19 95 6.0 180 - 95 
fe. 15 to yee 0 19 95 2.32/ - 1-4 100 
Baece.. 15 |i ae 20 20 100 6.0 180 - 100 
(a 15 wv J-12 25 16 64 6.0 180 3-5 76 
Do...s. 16 17° 7-12 25 25 100 3.0 90 5-43 76 

Brown 

trout... 16 ris 7-12 20 20 100 6.0 180 13-23 100 

Hess «16 iz Pinu 10 10 100 >6.0 >180 - 10 
Dette «| 16 ae Ae eee 'C 15 100 6.0 180 5-8 100 
Baa 16 | Whe Flay 5 5 100 4.0 120 <25 100 
ivecess 16 ‘es 7ai2 20 20 100 6.0 180 kh. 6 100 

Brook 

Erout... 16 72 2-6 20 20 100 hs? 51 3-21 80 
Aifetste a7 16 go CLP 7ah2" etZ0 20 100 6.0 180 15-27 95 
Do..-.. 16 {20° 1 OZErG' Preho 35 88 1.0 30 3-60 #88 
asia «16 [antes APABaekS20 20 100 0.52/ c Dl) 9. e100 
Dosja.- =, 16 17° 7-12 20 20 100 6.0 180 ~ 95 

Lake 

EU. wot 15 7° Zao Lo 35 88 1.0 30 5-10 75 
ica 16 7° 2 6 30 30 100 1.8 54 10-60 90 
Doweeee 15 7° Fale 24 24 100 6.0 180 <ho 92 
Miley <'515 12° 2-6 100 100 100 2n9 57 2-15 98 
Miece cs 15 12° Fale 20 20 100 6.0 180 <30 90 
Doe wex 15 17° 7-22 24 20 83 6.0 180 6- 9 100 

Channel 

catfish. 70 The 7-12 42 42 100 0.1 3 11-24 100 
Beeecs 70 ee 62-6. 70 70 100 0.12/ 2 5-11 100 
Bags. .s°70 12° Jaw 30 30 100 0.1 3 5- 6 100 
Daas. oF 17° 2- 6 70 70 100 0.12/ - 4. 7 100 
Bose 070 17? Faz 10 10 100 0.1 3 3- 6 100 
Doasis0= 30 27° 22 iG 10 10 100 1.0 30 3-4 80 
eiaierian | 30 7 F=12 5 k 80 6.0 180 <5 100 
Haeieicis= 30 a7° 7-12 10 10 100 2 36 1- 3 100 
foes.s<'. 30 o7° 7=12 5 5 100 >6.0 >180 1 100 

Bluegill.. 60 as ES 37 29 78 0.4 12 >60 92 
Dawes 30 12° 2a 30 28 93 0.3 9 12-560" 100 
Home. c.<', 15 Wie 16 20 20 100 6.0 180 hk. 8 100 
Do..... 10 228 me 20 20 100 0.3 9 20-35 100 
Hott 5 729 = age Steel 30 100 1.0 30 2-20 93 
Doweses 15 7 ig 2- 6 10 10 100 6.0 180 2-4 100 

Largemouth 

bassg.¢ «130 Te 2- 6 20 19 95 1.8 54 36->60 95 
Hobe. 70 7h 7=A2 5 5 100 0.1 3 4o->60 100 
BGbe wo, 15 129 2- 6 60 59 98 1.8 54 = 10-33 92 
Bp <'aic.0)30 ES Ea ey (0) 70 100 0.12/ ems sCeiBiet fl OO 
Hae can- 20 too ee et 19 90 0.42/ é 6-29 95 
Do..... 16 220° 2- 6 20 20 100 2.5 75 Da 3 95 
Hoses. 15 a7 Zion sO 39 98 45 135 T=.2 100 

1/ Index obtained by dividing the time for the first fish to reach medullary collapse by the 
time (2 minutes) for fish to reach total loss of equilibrium, stage 11. 

2/ Fish removed from the anesthetic before reaching medullary collapse. 

Ls § 



periods of approximately 2 to 20 minutes, and 

all recovered in fresh water within 2 minutes. 

The response of fish receiving six treatments 

was essentially the same as those not treated 

previously. 

Effects of aging.--The aging of quinaldine 

solutions at 12° C. appears to have little effect 

on efficacy. Concentrations of 15 ppm which 

were aged for 50 days anesthetized rainbow 

trout within 2.0 minutes. This compares 

favorably with the effectiveness of solutions bio- 

assayed immediately after preparation. At 

27° C. quinaldine was less effective on bluegill 

after the solutions were aged for 21 days 

(table 3). These data show that solutions of the 

anesthetic should be usable over relatively long 

periods, unless fouled by mucous or excrement, 

but they may require aeration. We found that 

aeration for as long as 24 hours does not 

diminish efficacy. 

Table 3.--Influence of aging on efficacy of 
12 ppm of quinaldine for bluegills 
ale 22 Ge 

Fish in loss 

of equilibrium Recovery 
Solution Number stage 11 in fresh 

age of Num- Time water 
(days) fish ber (Min. ) (number) 

0 10 10 1.0-2.0 10 
1 10 10 0.5-1.5 10 

3 10 10 1.0-2.0 10 
H/ 10 10 0.5-1.0 10 

14 10 10 0.5-2.5 10 
21 10 0 - 10 
21 10 h 7.0-9.0 10 

Repeated use of solutions. --The approxi- 

mate "life expectancy" of quinaldine solutions 

was determined by anesthetizing groups of rain- 

bow trout in a concentration of 15 ppm. A total 

of 3,542 grams of fish were treated in a solution 

containing 0.037 ml. of quinaldine before the 

exposure required for anesthesia exceeded 2 

minutes. This ratio of fish weight to quinaldine 

amounts to 94.5 kg./ml. Meister and Ritzi 

(1958) made similar measurements for MS-222. 

They found that about 14 kg. of brook trout and 

42 kg. of lake trout could be effectively narco- 
tized per gram of drug. 

TOXICITY TO EGGS 

Fifteen- to 30-minute exposures of fer- 

tilized rainbow trout eggs to concentrations as 
high as 120 ppm of quinaldine were apparently 
not detrimental (table 4). Two-hour exposures 
to concentrations of 60 and 120 ppm killed 

approximately 40 and 100 percent of the eggs 

respectively within 4 days, while mortalities 
at 15 and 30 ppm were relatively light. Some 
random mortalities occurred in the treated 
and control eggs throughout the balance of the 
incubation period. The remaining eggs hatched 
approximately 21 days later. Since most 
spawning operations would probably be carried 

out with concentrations of 15 to 30 ppm, and 
since fertilized eggs are placed subsequently 
in flowing water, it is unlikely that accidental 
contamination of eggs would be detrimental. 

Table 4.--The toxicity of quinaldine to 
fertilized, rainbow trout eggs at 
122 16% 

Number of dead eggs within 4 
Num- days after exposure to quin- 

Concen- ber aldine for 
tration of 0.25 0.50 1.00 2.00 
(ppm) eggs hours hours hours hours 

Control 60 0 0 0 0 
15 15 0 0 0) 1 
30 15 0 0 0 1 

60 15 0 0 2 6 

120 15 0 0 1 15 

METABOLISM OF QUINALDINE 

The metabolism of quinaldine in fish has 

not been elucidated. Early investigations with 

other animals indicated that the chemical may 

be converted into natural metabolites. Kusui 

(1931) concluded that frogs oxidized a small 

portion of subcutaneously injected quinaldine 

to quinaldic acid which was excreted in the urine. 

Takahashi (1931) reported that chickens and 

rabbits transformed the compound into alpha- 

quinolinic acid, some of which was conjugated 

with glycine. Later studies have shown that 

relatively large amounts of 4 -methylquinoline 



(lepidin) are oxidized by chickens, but only 

trace quantities of 2-methylquinoline (quinaldine) 

are changed to quinaldic acid (Tsunoo et al., 

1965). Quinaldic acid is a normal metabolite of 

tryptophan in various mammals and may be con- 

jugated with glycine and excreted in the urine 

(Roy and Price, 1959; Kaihara, 1960; Kaihara 

and Price, 1961). Thus, even in homotherms, 

the metabolic fate of quinaldine is not well under - 

stood. 

SUMMARY 

Concentrations of 15 or 16 ppm of quinaldine 

rapidly induce total loss of equilibrium in trout. 

Fifteen to 30 ppm are effective on channel cat - 

fish, bluegills, and largemouth bass at tempera - 

tures of 22° and 27° C. At lower temperatures, 

concentrations up to 60 or 70 ppm are needed to 

achieve rapid anesthesia in the largemouth bass. 

Quinaldine solutions with a pH of 5.0 failed to 

anesthetize fish, but efficacy was restored by 

increasing basicity. Water hardness, age of 

solutions, and repeated exposures of fish to 

quinaldine appear to have little influence on 

efficacy. The chemical is toxic to fertilized 

rainbow trout eggs only after several hours ex- 

posure to relatively high concentrations. 

The utility of quinaldine as a fish anesthetic 

depends in large part on the needs of the fishery 

worker. Its major assets include rapid action 

and prolonged maintenance of anesthesia. On 

the other hand, anesthetized fish retain a degree 

of reflex responsiveness which may interfere 

with stripping, delicate surgical operations, and 

blood collection. 
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TOXICITY OF QUINALDINE TO SELECTED FISHES 

By Leif L. Marking, Chemist 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La Crosse, Wisconsin 

ABSTRACT . --Quinaldine, an anesthetic for fish, is toxic to 

various sizes of rainbow trout, brown trout, brook trout, lake 

trout, northern pike, channel catfish, bluegills, largemouth bass, 

and walleyes in 15-, 30-, and 60-minute and 3-, 6-, 24-, 48-, and 

96-hour static bioassays. Toxic concentrations range from 2.0 to 

25 ppm in standard tests at 12° C. in 96 hours. Its toxicity to rain- 

bow trout is significantly greater at higher temperatures, and 96- 

hour LC50's range from 13.3 ppm at 7° to 1.9 ppm at 17° C. In 

6-hour exposures, quinaldine is more toxic at colder temperatures. 

Bluegills are more sensitive at 22° than at 12° or 17° C. The 

anesthetic is more toxic to fish in hard than in soft water, a con- 

dition probably associated with pH. Safety indexes show that 

shorter exposures to quinaldine are safer to fish, although the con- 

centrations may be greater than required in longer exposures. 

Recovery from anesthesia is good among survivors in fish exposed 

to partial-kill concentrations of quinaldine for 96 hours. 

Anesthetics are rapidly becoming more im- 

portant and widely used in fisheries. Varieties 

of anesthetics have been found useful in marking, 

tagging, transporting, and spawning fish of 

various species (Parkhurst and Smith, 1957; 

McFarland, 1960; Bell, 1964). Practical con- 

centrations of chemicals to produce desirable 

anesthesia in fish have been defined under field 

conditions by several workers (Meister and 

Ritzi, 1958; Thompson, 1959). Klontz (1964) 

outlined 14 methods used to anesthetize fish. 

Quinaldine was reported to be an anesthetic 

for fish by Muench (1958). More recently, 

Matarajan and Ranganathan (1960) and Green- 

ough (1963) discussed the usefulness of quinal- 

dine in fisheries. A comprehensive study of 

the compound’s efficacy as an anesthetic for 

seven freshwater fish species was made by 

Schoettger and Julin (1968). 

Quinaldine (2-methylquinoline) occurs in 

coaltar. It can be manufactured by treatment 

of aniline and paraldehyde with hydrochloric acid 

and heat (Rose and Rose, 1966) or derived from 

aniline, acetaldehyde, and hydrochloric acid 

(Stecher et al., 1960). Quinaldine boils at 246° - 

247° C., darkens from light yellow to brown with 

exposure to air, is soluble in alcohol, ether, 

chloroform, and acetone, but is insoluble in 

water (Rose and Rose, 1966). 

This study was undertaken to establish the 

toxicity of practical-grade quinaldine to nine 

species of fish. 

METHODS AND MATERIALS 

Nine species of fish were obtained from fish 

hatcheries (table 1). Three size groups included 

1- to 3-inch, 3- to 5-inch, and 6- to 9-inch fish. 



Table 1.--Fishes used in tests of quinaldine 

Common name 

Rainbow trout.... 

BROWN tROUE. «cs. 

BROOK tir OU Leisielsiele 

Lake trout....ee. 

Salmo trutta 

Northern pike..ee Esox lucius 

Channel catfish.. 
Bluegi Ite cces cece 
Largemouth bass.. 

Walleye..cecccece 

Scientific name 

Salmo gairdneri 

Salvelinus fontinalis 

Salvelinus namaycush 

Ictalurus punctatus 

Lepomis macrochirus 

Micropterus salmoides 

Stizostedion vitreum 

Source 

NFH, 
NFH, 
SFH, 
NFH, 
SFH, 
NFH, 
NFH, 
NFH, 
NFH, 
NFH, 
NFH, 

Manchester, Iowa 

Manchester, Iowa 

Osceola, Wis. 

Jordan River, Mich. 
St.) Crone Balls, Wis. 

Garrison Dam, N. D. 

Gavins Point, S. D. 

Fairport, Iowa 
Lake Mills, Wis. 
Genoa, Wis. 

Garrison Dam, N. D. 

Ten fish were included at each of 10 or 11 con- 

centrations of quinaldine in 15-liter, static bio- 

assays as described by Lennon and Walker 

(1964). Ten to twenty of the 1- to 3-inch fish 

served as controls depending on how many con- 

centrations were tested. The bioassays with 3- 

to 5-inch and 6- to 9-inch fish were made in 

polyethylene tanks containing 45 liters of 

aerated solution. Five concentrations were 

tested against the 9-inch fish, and 10 fish 

served as controls. 

Variations in water quality were arranged 

by adding different amounts of reconstituting 

salts to deionized water (table 2). Tempera- 

tures of 7°, 12°, 17°, and 22° C. were main- 

tained by placing the bioassay vessels in therm- 

ostatically controlled water baths. All 

temperatures listed hereafter are in Centigrade. 

Concentrated stock solutions of the prac- 

tical-grade quinaldine manufactured by East- 

man Organic Chemicals were mixed daily to 

insure complete activity and prevent degrada - 

tion. Acetone was used to dissolve 7.5 milliliter - 

of quinaldine and this was diluted with deionized 

water. Approximately 50 percent of the final 

250 milliliter of stock volume was water. 

Fish responses to quinaldine were recorded 

for several hours after exposure and daily there- 

after throughout the 96-hour bioassay. Dead 
fish were recorded and removed. Live fish were 

readily distinguishable because they were hyper - 

sensitive to sound and vibrations up to the.time 

of death. Fish which remained in anesthesia 

throughout a test were placed in fresh water 

until they recovered. The times for recovery 

and survival were noted. 

The toxicity data were analyzed according 

to the methods of Litchfield and Wilcoxon (1949) 

to determine LC50's, variations, slope functions, 

and 95 percent confidence intervals. 

Safety indexes were calculated to determine 

the margin of safety between efficacious and 

lethal concentrations of quinaldine. The values 

Table 2.--Quantities of salts added to deionized water at the Fish Control Laboratories 

Concentration 

Classification 
of Salt added in mg./1. 

water NaHC03 CaSO), MgSO, K 

SOltereteretee 12 25 05 0 

Standar dl/ h8 20:0 nO Omuewee 
Medium.... 192 120.0 120.0 8 
Hard..sec.e 3 84 240.0 240.0 16 

as ppm CaC03 

pH Total Total 
range hardness Alkalinity 

6.4-6.8 10-13 10-13 
7-2-7.6 Lo-48 30-35 
7.6-8.0 160-180 110-120 
8.0-8.4 280-320 225-245 

iy Standard reconstituted water used in routine bioassay. 



derived are the quotients of effective and lethal 

concentrations. 

RESULTS 

SPECIES AND SIZES OF FISH 

Quinaldine is toxic to coldwater and warm- 

water fish in 96-hour exposures, and LC50's 

range from 2.0 to 24.9 ppm (table 3). Channel 

catfish are the most resistant species irrespec- 

tive of size and duration of exposure. Northern 

pike show a decreased resistance between 

LC50's of 20 ppm at 24 hours and 2 ppm at 96 

hours. The decrease may be attributed to a 

combination of starvation and quinaldine intoxi- 

cation. This species demands a large and 

constant supply of food, but none is supplied in 

the bioassay. 

The small sizes of rainbow trout, brown 

trout, lake trout, channel catfish, and large- 

mouth bass are more sensitive to quinaldine 

than large individuals, particularly at 96-hour 
exposures (table 3). The LC50 for 2-inch rain- 

bow trout, for example, is 5.0 ppm while the 

LC50 for 6-inch fish is 15.3 ppm; and the 

LC50's for 2- and 6-inch brown trout are 3.5 

and 14.0 ppm, respectively. 

The 2-inch rainbow trout are more resistant 

at 24 and 48 hours in exposures to quinaldine, 

than at 96 hours. Two-inch brown trout respond 

similarly. The LC50's for lake trout, on the 

other hand, do no vary significantly between the 

48- and 96-hour exposures. 

The toxicity of quinaldine was relatively 

uniform to brook trout of the sizes tested. 

Larger individuals appeared to be more sensitive, 

but also had become infected with furunculosis 

just prior to the bioassays. The added stress 

factor may explain these results. The disease 

in these fish was diagnosed following the tests. 

In general, brook trout resistance to the anes - 

thetic was similar to that of the larger rainbow 

and brown trout. 

EFFECTS OF TEMPERATURE 

In 1- to 6-hour tests at 7°, 12°, and 17°, 

rainbow trout are more resistant to the toxic 

effects of quinaldine at 17° than at 12° or 7° 

(table 4). This relationship is reversed at 24 

hours, and rainbow trout are more sensitive 

at 17°. The 1- and 96-hour LC50's range from 

17.8 to 13.3 ppm at 7° and from 23.8 to 1.9 ppm 

at 17°. The 96-hour LC50's show significant 

differences in toxicity. 

Rainbow trout temperature tests were 

repeated several times since survival and mor- 

tality were erratic and results were difficult to 

analyze statistically. The 12° test in table 4, 

for instance, indicates 50-percent mortality at 

5 ppm. Concentrations of 6 to 12 killed all test 

animals while one of ten survived 14, 18, and 

20 ppm at 96 hours. These data indicate that 

quinaldine is inconsistent in its toxic effects at 

high concentrations. 

Higher temperatures of 12°, 17°, and 22° 

were used to determined the effects of quinaldine 

on bluegills (table 5). The LC50 of 10.1 ppm for 

24, 48, and 96 hours indicates that exposures 

over 24 hours do not increase the toxicity. The 

effect of exposure was also small at 17° but 

bluegills are more resistant than at 12° or 22°. 

The toxicity of quinaldine at 22° increases signi- 

ficantly at 96 hours exposure and bluegills die at 

approximately 6 ppm. 

EFFECTS OF WATER QUALITY 

Quinaldine toxicity to 2-inch rainbow trout 

is essentially the same in standard and medium 

quality water after 1, 3, 6, and 96 hours ex- 

posure (table 6). Quinaldine is significantly less 

toxic in soft water, however, in 1- to 6-hour 

exposures. It is also less toxic in soft water at 

96 hours, but the difference in soft, standard, 

and medium water quality is not significant at 

this time interval. Toxicity increases with ex- 

posure time at every water quality. 

Rainbow trout survival in soft and medium 

quality water was erratic and some fish lived in 

surprisingly high concentrations of drug. In 

water of medium hardness one trout survived 

20 ppm of quinaldine, but none survived concen- 

trations between 6 and 20 ppm. In soft water one 

trout survived 18 ppm of the anesthetic while 

none survived concentrations between 8 and 18 ppm. 

Survival occurred at the higher concentrations, 



Table 3.--Toxicity of quinaldine to fish at 12° C. 

Approxi- LC50 (ppm) and 95 percent confidence inter- 
Average mate val at 
wei ght length 24 48 96 

Species (grams ) (inches ) hours hours hours 

Rainbow trout.... 160 2 18.7 17.8 5.0 
Oe 212 16.4-19.3 4 .5-5.6 

DOjscteteteteletetatetste 23700 6 16.0 15.3 15.3 

W118) | 13.9-16.8 13.9-16.8 

Brown trout..cecce 2.6 2 13.0 9.0 3.5 

10.9-15.5 6.0-13.5 2.1-5.9 

DOryerevevevanereuevarers 14.3 h 18.0 7/500) 16.0 
SosiceAtheZ 14.9-19.4 Tale 

DOfeneieveieterectevatele 27 (0) 6 15.0 14.8 14.0 

13.6-16.5 13.5-16.3 12.7-15:4 

Brook) EroUt cise << 12.5 3 14.5 14.0 13.6 
13.1-16.1 12.8-15.3 12.5-14.8 

DOScodtoco GOSS 20.0 L 15.0 14.0 W355) 

13.2-17.1 13.1-15.0 12.6-14.4 

DOfetersretctoterelerstere 37.5 6 13} 62 12.4 1250 

12.5-14.0 esses 10..7=13 54 

Palkemtroultierererercier 2.0 2 6.8 5.6 5.6 
5.8-8.0 5.0-6.3 5.0-6.3 

DOfevelelictohekeiotetetere 5.6 3 14.2 13-5 sie 

13.4-15.1 1225 = Gey 12.4-14.7 

BOS On AO OOOO ROO 35.0 7 13.0 12.6 1263 

12.1-13.9 Hilo /SlBos hl .3=1se5 

Northern pike.... 1.8 2 20.0 8.0 2.0 
[fotho2 ] 52 6.3-10.2 (pieb56 

Channel catfish.. 1.9 3 21.0 20.0 19.9 

19.3-22.9 18.2-22.0 162 1=21e9 

DW Orererencletetakeievelere 5.2 i 29.4 27.4 24.9 

28.3-30.6 25.6-29.3 23).3=26n10 

Bluegill. .ccccecece 1.3 2 10.1 10.1 10.1 

9.4-10.8 9.4-10.8 Spy fa) 583 

WOsadocacc0006 2.8 3 12.8 12.8 12.6 

12.2-13.4 (2 52=1/3} 51h 11.8-13.5 

Largemouth bass.. 0.5 1 10.4 9.4 4.6 
9.7-11.1 8.5-10.3 3.5-6.1 

DOleievevelrececerere ciere B52 h 10.4 9.9 6.5 

9.8-11.0 9.3-10.5 5.6-7.5 



(continued) Table 3.--Toxicity of quinaldine to fish at 12° C. 

Approxi-~ LC50 (ppm) and 95 percent confidence inter- 
Aver age mate val at 

weight length 2u 48 96 
Species (grams ) (inches ) hours hours hours 

Largemouth bass.. 63.0 7 10.0 9.7 9.0 
8.8-11.3 8.7-10.9 i 7-10.5 

Walleye .-+---e. i 0.7 2 10.1 10.1 9.8 
9.4-10.9 9.3-11.0 8.9-10.8 

Table 4.--Toxicity of quinaldine to rainbow trout at three temperatures 

Temper ature LC50 (ppm) and 95 percent confidence interval at 
sa Gio 1 hour 3 hours hours 24 hours hours 96 hours 

pee ee {7.8 16.1 16.1 15.5 14.2 13.3 
16.2-19.4 15.6-16.7 15.6-16.7 14.3-16.8 12.6-15.9 11.9-14.9 

Pee. 19.8 19.8 19.8 18.7 17.8 5.0 

18.8-20.8 18.8-20.8 18.8-20.8 1632-19-22 16.4-19.3 4.5-5.6 

7 a a5 wa | 23.8 23.0 8.0 S167 1.9 
Baha 5ok 21 d5=25 ok 20.3-26.0 6.2-10.1 2.3-4.5 1.5-2.3 

Table 5.--Toxicity of quinaldine to bluegills at three temperatures 

LC50 (ppm) and 95 percent confidence interval at 

Temper ature 24 EB 96 
SECs hours hours hours 

(eee 10.1 10.1 10.1 
9.4-10.8 9.4-10.8 9.4-10.8 

ae 12.5 iteo 11.6 

11.9-13.1 10.9=+12.7 10.7-12.5 

DDer iy. § ies 1120 5.8 
10.6-12.1 10.0-12.1 5.6-6.0 

but mortality was not erratic or unusual at the 

lower end of the lethal range. The trials in 

various water qualities were repeated several 

times to confirm the variations in survival. 

RECOVERY 

Fish exposed to sublethal concentrations of 

quinaldine usually recovered from anesthesia 
in the test vessel within the 96-hour bioassay. 

Anesthesia progresses to partial or total loss of 

equilibrium within 15 to 30 minutes. The effects 

remain for 3 to 6 hours and then diminish. Inter - 

mediate concentrations produced anesthesia much 

faster and killed fish at progressively higher 

concentrations. Fish surviving the partial kill 

range, but still in deep anesthesia at 96 hours, 

were removed to fresh water and recovery was 

noted. Recovery was considered complete when 

the fish could swim against a current. 



Table 6.--Toxicity of quinaldine to rainbow trout in selected water qualities at 12° C. 

ercent confidence interval at Water LC50 m) and 95 

ualit We 1 hour 3 hours 6 hours 24 hours G8 hours 96 hours quality. Lm eA) paets eteenannae es Gia eed hela Zee 

Sofiitiere state 25.0 25.0 24.1 19.0 17.0 5.1 

Poi) therein 7) 21.8-28.7 ZOnO=27 0 17.1-21.2 15.3-18.8 4 .4-6.0 

Standard. 19.8 19.8 19.8 ite 7/ 17.8 5.0 
18.8-20.8 18.8-20.8 18.8-20.8 16-2= 1192 16.4-19.3 4.5-5.6 

Medium... 19.1 18.5 18.4 16.7 14.5 4.6 
WWolha2 il 6 (0 16.9-20.3 16.9-20.1 ees iisas: 1236=116.7 Le 2=5en 

Hataclotetsters il || 20.9 20.9 172 9.9 is 

18.5-24.0 18.4-23.8 18.4-23.8 13.8-21.5 6.8-14.4 3./-5.0 

eee qualities correspond to table 2. 

Northern pike and channel catfish which 

survive partial kill concentrations appear to 

recover faster than the other species and with- 

out additional mortality (table 7). The partial 

kill concentrations for these species are 

relatively high. Considering all species, the 

recovery is approximately 95 percent after 96- 

hour exposures, and all except bluegills recover 

quite rapidly. Occasionally one or several of a 

group will require longer periods. This fact 

was noted especially among lake trout and 

largemouth bass. 

SAFETY 'NDEXES 

The safety indexes for rainbow trout indi- 

cate greater safety in 15-minute exposures 

than in 30- or 60-minute exposures (table 8). 

The ECS0 refers to the concentration of quinal- 

dine producing total loss of equilibrium in one- 

half of the specimens. This stage and other 

stages of anesthesia are described by Schoettger 

and Julin (1967). 

The maximum safety index is based on 

concentrations producing 99-percent effective 

anesthesia (EC99) and 1-percent mortality 

(LC1). These values were extrapolated from 

the regressions used in determining the EC50 

and LC50. The maximum safety index is lower 

than the safety index and is biased in favor of 

greater safety. Maximum safety indexes also 

indicate greater safety in 15-minute exposures 

(table 8). Indexes for 30- and 60-minute 

exposures are 0.9 and 1.0 and appear marginal 

for practical applications of quinaldine. Values 

less than 1.0 indicate that one must expect mor- 

tality if 99 percent of the fish are anesthetized. 

DISCUSSION 

When the toxicities of quinaldine and MS-222, 

another fish anesthetic are compared, it is 

apparent that both drugs elicit similar patterns 

of toxic response among various species and 

sizes of fish. Previous research indicates that 

channel catfish are more resistant than other 

Species to quinaldine and MS -222 (Marking, 

1967, and Schoettger et al. 1967). Smaller 

sizes of fish are generally more sensitive to the 

anesthetics, and rainbow trout respond errati- 

cally in waters of various qualities. Among the 

trout, lake trout are more sensitive to both 

anesthetics. The drug safety indices indicate 

that shorter exposures are safer and minimize 

mortality. 

Actually, quinaldine is more toxic to fish 

than MS-222. The LC50's for quinaldine range 

from 2.0 to 24.9 ppm while those for MS -222 

range from 32.0 to 62.1 ppm for all species 

tested in 96-hour exposures at 12°. However, 

quinaldine is effective as an anesthetic at lower 

concentrations than MS-222 so that the safety 

indexes for both are quite similar. 

In contrast with MS-222 quinaldine is more 

toxic at colder temperatures to 2-inch rainbow 

trout in 1- to 6-hour exposures. Lethal intoxi- 

cation is not apparent in brief exposures at 

warmer temperatures, but toxic effects are 
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Table 7.--Recovery from anesthesia of fish exposed to concentrations of quinaldine causing 
partial kills within 96 hours at 12° C. 

Partial 
kill Number of fish Minutes to 

Species concentration Surviving Recovering recover in 
(all sizes) (ppm) at 96 hours after 96 hours fresh water 

Rainbow trout .. 5-16 105 102 2-60 

Brown trout..... 1-16 53 49 4-90 
Brook trout..... 10-16 43 42 3-60 
Beke troute..so 6-14 24 21 4-120 
Northern pike... 10-24 24 24 5-35 
Channel catfish. 12-36 97 97 4-16 
BIE 11. c.. oe 9-14 3 71 19-75 
Largemouth bass. 2-11 68 60 5-120 
Walleye......... 3-10 38 35 5-60 

Table 8.--Safety and maximum safety indexes of quinaldine against 2-inch rainbow trout in 
brief exposures at 12° C. 

Exposure 
(minutes ) 

15 .00e 35.2 13.6 
30.-e- D562 14.0 
6006< 22 alk (B63) 

Safety index 

LC50 (ppm) EC50 (ppm) LC50/EC50 

Maximum satety 1ndex 

LCI (ppm) EC99 (ppm) LC1/EC99 

25.0 20.0 1.3 
18.5 20.0 0.9 
17.0 16.4 1.0 

manifest after 24 hours. Quinaldine is also 

more toxic to bluegills at higher temperatures 

but only after 48 hours of exposure. 

Quinaldine is less toxic to 2-inch rainbow 

trout in soft than in harder waters. Marking 

(1967) found little difference in the toxicity of 

MS -222 to rainbow trout at various water 
hardnesses. The low salt content and corre- 

spondingly low pH value of the soft water 

apparently affect the activity of quinaldine. 

Schoettger and Julin (1968) observed the effects 

of pH on quinaldine and noted that the drug is 

completely ineffective on fish at pH 5°. These 

data agree with the decreased toxicity of 

quinaldine in soft water. 

CONCLUSIONS 

Quinaldine is toxic to fish, and the 96-hour 

LC50's for nine species range from 2.0 to 

24.9 ppm. Channel catfish are the most re- 

sistant to the drug. 

The anesthetic is more toxic to small fish, 

especially at 96 hours exposure. It is also more 

toxic to small rainbow trout and bluegills at 

higher temperatures in the longer exposure 

period. 

Small rainbow trout respond erratically to 

the toxicity of quinaldine at various temperatures 

and water qualities. The fish are more resistant 

to the drug at higher temperatures in 1- to 6-hour 

exposures but less resistant in 24- to 96-hour ex- 

posures. They are also more resistant to the 

anesthetic in soft water than in harder waters. 

The safety indexes for quinaldine on fish 

indicate that brief exposures are safer for the 

fish and minimize mortalities. 

Recovery from anesthesia is good among 

survivors exposed to partial-kill concentrations 

of quinaldine for 96 hours. The recoveries of 

nine species in fresh water occur within 2 to 120 

minutes. The process of recovery from anes - 

thesia in static test solutions begins during the 

bioassay after 6 hours of exposure. 
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QUINALDINE AS AN ANESTHETIC FOR BROOK TROUT, 

LAKE TROUT, AND ATLANTIC SALMON 

By David O. Locke 

Maine Department of Inland Fisheries and Game, Augusta 

ABSTRACT . --Quinaldine (2-methylquinoline) was an effective anes - 

thetic for yearling Atlantic and landlocked salmon and brook and lake 

trout in waters ranging from 10 to 40 ppm total hardness and tempera - 

tures ranging from 36° to 40° F. and from 47° to 59° F. Lake trout 

were more sensitive than the other species tested. In tests, anes- 

thetization and recovery rates for five concentrations (5, 10, 15, 20, 

and 25 ppm) at both temperatures (10 ppm) was generally satisfactory 

for lake trout. A concentration of 15 ppm was satisfactory for marking 

and general handling of salmon and brook trout. Quinaldine is one 

twenty-fourth as expensive as MS-222 at 1:12,000, and in view of our 

excellent results this drug warrants wider use as a fish anesthetic. 

The comparatively high cost of the popular 

MS -222 as an anesthetic for fish has prompted 

many fishery workers to consider less costly 

drugs as substitutes. This paper reports on 

tests of quinaldine for anesthetizing several 

coldwater fishes. Quinaldine (2-methylquinoline) 

is currently available in practical grade from 

Distillation Products Industries, Division of 

Eastman Kodak Company, at $14.35 per 500- 

gram bottle. Quinaldine is also used in the 

manufacture of dyes and explosives. It has not 

been used in medicine as have other quinolines, 

but according to Muench (1958) it may have some 

antiseptic value. The exact mode of action of 

quinaldine on fish is unknown, but it supposedly 

acts like barbiturates, depressing the central 

nervous system, especially the respiratory 

center. 

Although quinaldine is used extensively by 

fishery workers as an anesthetic, little has 

been published on its use. Muench (1958) re- 

ported its use on green sunfish, white crappie, 

yellow bullhead, golden shiner, and goldfish. 

Leitritz (1962) mentioned that the concen- 

trations used range from 5 to 12 ppm. Bell 

(1964) recommended doses of 6.6 to 10 ppm for 
10-inch coho salmon. We decided to determine 

the usefulness of quinaldine for anesthetizing 

the commonly handled salmonids in the soft 

waters found in Maine. 

I wish to thank Donald F. Mairs for his 

assistance and advice. Dr. W. Harry Everhart, 

Robert E. Foye, and Robert S. Rupp critically 

reviewed the manuscript and made many helpful 

suggestions. 

MATERIALS AND METHODS 

A stock solution was prepared by mixing 

37.85 milliliter of quinaldine with 40 milliliter 
of acetone and enough distilled water to make 

1 liter. The stock solution maintains its 

effectiveness for long periods when stored in 

brown bottles. One milliliter of stock solution 

added to 1 gallon of water gives a concentration 

of 10 ppm. 

Tests were conducted on yearling Atlantic 

and landlocked salmon (Salmo salar), brook trout 

(Salvelinus fontinalis), and lake trout (S. namaycush) 

in waters ranging from 10 to 40 ppm total hard- 

ness and at temperatures ranging from 36° to 
40° F. and from 47° to 59° F. Five concentrations 

were tested: 5, 10, 15, 20, and 25 ppm. Each 

test was performed in duplicate. Control fish 

were handled exactly the same as test fish ex- 

cept that they were placed in containers of un- 

treated fresh water. Each test consisted of 

placing six fish in a Fernow pail containing 5 

gallons of solution. We recorded the time re- 

quired for fish to recover from anesthesia by 



placing them in wash tubs containing 5 gallons 

of fresh water. All fish, including the controls, 

were fin-clipped for identification and subse - 

quently held in raceways for 2 weeks to observe 

delayed mortality. 

Each fish was considered anesthetized when 

it remained quietly on the bottom of the pail and 

exhibited no movement other than respiration 

and an occasional flexure of the caudal fin. Re- 

covery was considered complete when the fish 

righted itself and maintained its equilibrium. 

Anethetization time was recorded for the first, 

third, and last fish. Each treatment was ter- 

minated after the fish had been in the test 

solution for 15 minutes. All fish were then 

placed in fresh water, and recovery time of the 

first, third, and last fish was recorded. 
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RESULTS 

Anesthetization and recovery rates of 

different kinds and sizes of fish were directly 

proportional to the concentration of quinaldine 

in both temperature ranges (figs. 1-4). 

Generally the fish were anesthetized quicker at 

the higher temperature and also recovered 

sooner than at the lower temperature. The 

greatest contrast in rate of anesthetization 

relative to concentration occurs at the lower 

temperatures. It takes 5 to 7 times as long to 

anethetize brook trout at 5 ppm than at 10 or 

15 ppm at 36° F. Although the efficacy was not 

affected to this degree on the other species, the 

5 ppm concentration did not provide dependable 

and speedy anethetization for these ranges in 

temperature. 
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Figure 1.--Effect of quinaldine on brook trout (top left), lake trout (top right), Atlantic 
salmon (bottom left), and landlocked salmon (bottom right) at two temperature levels. Re- 
ported times are averages of two trials and indicate the anesthetization and recovery of 
one-half of the test fish. 



The muscles of anesthetized fish became 

relaxed and the fish did not respond to gentle 

handling. Rough handling and sudden dis - 

turbances sometimes caused the anesthetized 

fish to swim a short distance and then come to 

rest again. Larger fish appeared to be more 

deeply narcotized than smaller ones. 

The respiration rate of effectively anes - 

thetized fish appeared to be more rapid than 

that of the control fish. Opercular movements 

were slight. Respiratory movements did not 

cease among any of the species at any of the 

concentrations tested. 

Anesthetized fish retained their dark 

coloration, while the control fish became very 

light in response to the light background of the 

test container. This failure to change color is 

probably the result of the anesthetic upon the 

central nervous system. 

Recovery began with a shivering move- 
ment that gradually increased in intensity until 

the fish had recovered fully. Lake trout gasped 

at the surface during recovery. 

Generally, the anesthetization rates at the 

higher temperatures were only slightly greater 

than those in the lower temperatures. Re- 

covery rates were notably higher in warmer 

water, presumably because of the increased 

rate of metabolism. The recovery rates in 

both temperature ranges were well within 

acceptable limits for all concentrations tested. 

Muench (1958) reported that fish exposed 

to effective concentrations of quinaldine for as 

long as 2 and 3 days recovered within a few 

minutes when transferred to fresh water. He 

also stated that green sunfish held for 11 hours 

in a concentration three times greater than 

that necessary for anesthesia suffered no ill 

effects. In our experiments, all fish were 

marked and held for 2 weeks for observation 

of delayed mortality. None was observed. 

CONCLUSIONS 

Lake trout were more sensitive to anes- 

thesia with quinaldine than were the other 

species tested. Under most conditions, a 

concentration of 10 ppm is satisfactory for lake 

trout. Salmon and brook trout are more tolerant 

to quinaldine than lake trout, so a concentration 

of 15 ppm is suggested for these species. 

Quinaldine at 15 ppm is 24 times cheaper 

than MS-222 at 1:12,000. In view of our ex- 

cellent results and the difference in cost, this 

drug warrants wider use as a fish anesthetic. 
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FIELD TRIALS OF ANTIMYCIN AS A SELECTIVE 
TOXICANT IN CHANNEL CATFISH PONDS 

By Ralph M. Burress, Fishery Biologist 

and Charles W. Luhning, Physical Science Technician 

Bureau of Sport Fisheries and Wildlife 

Southeastern Fish Control Laboratory, Warm Springs, Georgia 

ABST RACT.--Antimycin effectively and economically controlled heavy 

infestations of green sunfish and golden shiners from selected channel 

catfish ponds at a Mississippi fish farm. An initial application of 5 p.p.b. 

of antimycin in two ponds and 7.5 p.p.b. in the third pond eliminated nearly 

99 percent of the scalefishes. A followup treatment of 10 p.p.b., 4 days 

later, further reduced these populations with no apparent effect on yearling 

catfish. At harvest, three untreated ponds produced 1,474 pounds of scale- 

fishes or an average of 389 pounds per acre, yielded 27.4 percent or 1,155 

fewer catfish than the three treated ponds, and contained 1,183 undersize 

fish or nearly three times as many that were too small for table use. 

Comparison of the adjusted yields of catfish from treated and untreated 

ponds, ranging in size from 0.94 to 1.39 acres, indicates that treated 

ponds produced an additional 1,015 pounds of fish worth $507.50, while 

antimycin cost only $145.79 -- a net return of $2.48 for each dollar in- 

vested in toxicant. 

To those engaged in commercial production 

of channel catfish, the presence of undesirable 

species of scalefishes in rearing ponds is a 

potentially serious problem. The Bureau of 

Commercial Fisheries (1966) reports that 

about 35 million pounds of catfish are raised 

annually in the United States, and predicts 

that commercial production can reach 60 mil- 

lion pounds per year. The rapidly increasing 

demand has induced numbers of pond owners 

to undertake catfish production, but many have 

experienced losses caused by undesirable 

species of fish in broodponds and rearing 

ponds, Meyer (1965) discussed the nature of 

these losses, and reported the results of ex- 

periments in which various organophosphate 

insecticides were tested to determine whether 

they could be utilized for selective removal of 

trash fish from ponds used to produce catfish 

or bigmouth buffalo. 

The purpose of this study was to evaluate 

the effectiveness of antimycin in controlling 

undesirable scalefishes in soft-water ponds 

used for commercial production of catfish, 

and to measure benefits derived from the 

treatment, The work was done in 6 of 14 dug 

ponds at a private fish-farm in Columbus, 

Miss., during the period August 1, 1966, to 

January 25, 1967. 

Our sincere thanks are expressed to the 

following whose cooperation made this study 

possible: Mr. Ruben Prescott, owner of the 

ponds; Wisconsin Alumni Research Founda- 

tion, owner of antimycin; and Ayerst Labora- 

tories, New York, producer of antimycin. 
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METHODS AND MATERIALS 

EXPERIMENT DESIGN 

The owner of the farm assisted us in select- 

ing three pairs of ponds similar in size, depth, 

severity of infestation by scalefishes, and 

average size of channel catfish. 

The field work was done in two stages. The 

first stage, done in August, included (1) sam- 

pling of the fish populations in six ponds by 

seining, (2) applying antimycin in the Fintrol- 

5 formulation to three ponds, and (3) recover- 

ing scalefishes from the treated ponds. The 

second stage, in October and January, in- 

volved (1) draining all ponds, (2) analyzing 

fish populations, and (3) evaluating the re- 

sults of the treatment. 

DESCRIPTION OF PONDS 

The ponds ranged from 0.94 to 1.39 acres 

in surface area (table 1). They were steep 

sided and each had a scooped catch basin at 

the deep end measuring about 15 by 40 by 2 

feet. The maximum depth outside the catch 

basin in the first two pairs of ponds was about 

TABLE 1.--Some physical and chemical characteristics of 

three ponds treated with antimycin 

Characteristic 

pjbhatsists Ghgc nono oeeToc oes Ic acres 

AVENA PERC epi liwteletmletiet=telal=teletals feet 

Wohin so + eb anoeacan acre-feet.. 

Secchi disk transparency..inches.. 

Temperature (celsius) at 7:30 a.m: 

er er ec rcr 

TABLE 2.--Characteristics of water in three treated ponds* 

11,500 |12,500 |13,000 

Characteristic 

Resisbivity (Zosc Cu)ctneesie cence 

Alkalinity, total (p.p.m.)......... 
Total hardness (p.p.m.).....+s..s0- 
Calcium hardness (p.p.m.).....++00. 
Sulfate: tony ((pspelley) nares sieteiets cteeistere 
Total phosphorus (p.p.M.)...ssseees 
Morn aigeysd (Gee) 15) Se Gonocanosa000- 
Nitrite nitrogen (p.p.m.).......... 
Nitrate nitrogen (p.p.m.).......... 

PNR 

rPOrRPOLAKOO 

© 
PROUDDOOR 

+ Samples taken at 4:00 p.m., August 8, refrigerated, and 
tested at Warm Springs on August 10 by standard methods of 

analysis. 
2 Trace = less than 0.01 p.p.m. 

7 feet, while that in the third pair was only 5 

feet. 

These ponds contained relatively soft water 

with total hardness ranging from 14 to 20 

p.p.m. (as CaCQ3), and pH values were quite 

high (table 2). The other chemical charac- 

teristics indicate that Pond 5 was somewhat 

more fertile than Ponds 1 and 3. Ponds 1 and 

5 received water from a well, while Pond 3 

was filled from a deep, open pit which con- 

tained scalefishes. 

None of the ponds contained growths of 

filamentous algae or submersed aquatic vege- 

tation. However, each supported a dense 

bloom of phytoplankton, which caused marked 

rises in pH values each day. The addition of 

25 pounds of commercial catfish feed per day 

per pond contributed to development of the 

blooms, and produced noticeable accumula- 

tions of organic matter on the bottom in the 

feeding areas. 

Each pond was stocked in 1965 or 1966 

with about 2,000 fingerling channel catfish 

(Ictalurus punctatus). In addition, all the 

ponds contained golden shiners (Notemigonus 

crysoleucas) and green sunfish (Lepomis 

cyanellus), The open-pit water supply was 

populated by golden shiners, warmouth bass 

(Chaenobryttus gulosus), green sunfish, and 

bluegills (Lepomis macrochirus). 

SAMPLING AND HARVESTING 

Average lengths and weights of the catfish 

at the time of treatment were calculated from 

a sample of about 50 fish from each pond 
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TABLE 3.--Numbers, weights, and percentages of channel 

catfish sampled in Avgust in each of three pairs of ponds; 
the designations (T) and (U) identify treated and un- 
treated ponds 

Number 

of of 
stocking| fish 

Percent of Weights (lbs. ) 
population 

Average 

1 a 10/23/65 0.70 
2 (0). 9/06/65 0.86 

Ba() 10/23/65 0.52 
4 (U).. 2/09/66 0.22 

11/09/65 
11/09/65 ow 

+ Based on number of fish recovered at harvest. 

(table 3). When possible, the fish were taken 

with a 30-foot, 1-inch-mesh seine, which was 

stretched out just beyond the feeding area and 

hauled in rapidly while the fish were feeding. 

This technique worked very well in Ponds 5 

and 6, which are comparatively shallow, but 

in the deeper ponds these samples had to be 

augmented by catches made with a 125-foot, 

1-inch-mesh seine or with a 250-foot, 1-inch- 

mesh gill net. The size of the sample in Pond 

4 was reduced because the water was too 

deep for effective seining, and gill netting 

would have killed too many fish. The reduc- 

tion in sample size was not regarded as 

serious, since the fish were uniform in length 

and weight. 

Scalefish populations were sampled to ob- 

tain an estimate of their abundance in each 

pond. Two 40-foot hauls were made with a 

20-foot, 1/4-inch-mesh seine, and the fish 

were enumerated by species and discarded 

(table 4), 

Five of the six ponds were harvested in 

January 1967. All of the catfish were counted 

and weighed. We also made a fairly accurate 

measure of the scalefish even though some 

were lost in the mud. 

Pond 2 was drained by the owner of the fish 

farm on October 3 to meet an urgent need for 

Catfish in his restaurant. The number and 

dressed weight of the catfish were recorded, 

and the live weight was computed from these 

figures. Although scalefishes were not col- 

lected at the time of harvest, an estimate of 

their numbers was made. 

TABLE 4.--Number of scalefish of each size group sampled by 

seining in each of three pairs of ponds (the two size 
groups represent fish hatched in pond and initial 

invaders ) 

Tad- 
Pond poles 

Ooh 321 6 (a) 

Disa 338 14 (0) 

1,410 0 238 
0) -wW 547 

25 

hundreds+ 
653 

scores+ 

1 Seining data misplaced. 

APPLICATION OF TOXICANT 

At the time of treatment, the water temper- 

ature was above 60° F, and the pH was less 

than 8.5, hence a concentration of 5 parts per 

billion (p.p.b.) of antimycin in the Fintrol-5 

formulation was selected in accordance with 

the manufacturer's recommendation. The 

toxicant was applied from a boat with a hand- 

operated seed spreader. Treatment of each 

pond was accomplished in 15-20 minutes 

between 7:45 and 9:00 a.m. on August 2, We 

added a supplementary treatment of 2.5 p.p.b. 

of antimycin to Pond 1 at 9:30 a.m. when we 

discovered that the pH had risen to 8.5 by 

8:30 a.m. 

We observed on August 4 that a few scale- 

fish had survived in treated ponds, hence 

10 p.p.b. of antimycin were applied to each 

pond on August 5 in an effort to determine the 

remnant populations and obtain a better evalu- 

ation of the results of the first treatment. 

These applications were completed between 

6:05 and 7:15 a.m., which gave the antimycin 

almost 2 hours longer to take effect before 

the diurnal elevation in pH occurred. We re- 

covered all the dead fish within 3 days after 

each treatment. 

DEGRADATION OF TOXICANT 

Golden shiners and fingerling green sun- . 

fish were seined from Pond 6, and 10 fish of 

each species were placed in live-boxes in the 

treated ponds about 24 hours after each ap- 

plication of the toxicant. We considered that 

degradation of the toxicant was complete when 

all of the fish survived a 48-hour exposuie in 

the treated water. 
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RESULTS 

FIRST TREATMENT 

Small green sunfish and golden shiners 

were surfacing and gulping air within 15 min- 

utes after we completed the applications of 

antimycin. Within 3 hours adult fish of both 

species began surfacing, and some could be 

taken easily with a dip net. Most of the golden 

shiners and a substantial proportion of the 

small green sunfish were recovered on the 

day of treatment. Larger fish of each species 

were Slower to appear. 

We observed several green sunfish in each 

pond which were too alert and active to be 

captured by dip net at 6:00 p.m. on the day of 

treatment. This was the first indication that 

the treatment was not completely successful. 

Although collections of fish were good for the 

next 2 days, the degradation of the toxicant 

was essentially complete within 24 hours 

after application as shown by tests with caged 

fish. 

The first application of antimycin was 

highly effective in removing scalefish popu- 

lations regardless of their composition 

(table 5). In Pond-1 we recovered about 187 

pounds of scalefish per acre. Golden shiners 

were dominant, comprising 88.4 percent by 

number and 78.8 percent by weight. In Pond 3 

fingerling green sunfish amounting to 146 

pounds per acre constituted more than 99 

percent of the scalefish population by number 

and weight. In Pond 5 the population was com- 

paratively small, amounting to only 44 pounds 

per acre. Green sunfish of both sizes com- 

prised more than 99 percent of the population 

by number and weight. 

In order to check on the completeness of 

the kill, we again used the technique of seining 

at the time of feeding. It was interesting to 

see that several adult green sunfish which 

survived exposure to 5.0 and 7.5 p.p.b. con- 

centrations of antimycin just 2 days earlier 

were not off feed, but responded with char- 

acteristic quickness to the familiar sound of 

food pellets hitting the water. 

TABLE 5.--Total numbers and weights in pounds (in parentheses) of scalefish recovered following the first and second 

applications of antimycin 

Pond 1 
Species and 

size groups First 

WY THIalDe)) 

Golden shiner: 

5-4.) ENCHES wateketeieretstets is 

Warmouth: 

Ae t/, ACHES retate) aleleloheteraledeyete 

Green sunfish: 

tle EUTIC CS mem atetetetareletetates 

A Ome MGHC Stayaravatarel afatereverel fers 

Bluegill: 

Smeimcheskraratsierateistalsiateerserere 

1 Trace = less than 0.1 1b. 

Second Total First Second Total First Second 

(10 p.p.b.) (5 p.p.b.)|(10 p.p.b.) (5 p.p.b.)|(10 p.p.b.) 

Pond 3 Pond 5 

(0.3) 

0 

59, 840 3 9,529 
(178.0) (Trace) (19.8) 

2 15 1,148 
(0.3) e (0.8) (32.1) 

(0) 

60,901 10,742 
(184.5) 
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SECOND TREATMENT 

Within 3 hours after the treatment with 

10 p.p.b. of antimycin, it was evident that the 

first treatment had eliminated most of the 

golden shiners in each pond. Our final count 

showed that the following percentages of 

golden shiners had survived; Pond 1, less 

than 0,01 percent; Pond 3, 32.4 percent; 

Pond 5, 0.0 percent. More than 99,7 percent 
of the small green sunfish were eliminated in 

Ponds | and 5; only 9 and 3 fish were re- 

covered in each, respectively. In Pond 3, 

1,019 small green sunfish had survived or 

1.67 percent of the total number recovered, 

Recovery of 52 green sunfish from 2 to 6 

inches long in Pond 1 was unexpectedly high, 

amounting to 21.3 percent of the total number 

of this size group taken. In Pond 3 we found 

that 3 of 5 adult green sunfish had survived, 

while in Pond 5 we recovered only 15 of the 

1,148 adult fish originally present. 

Seven of 10 adult warmouth taken from 

Pond 1 had survived the first treatment, 

whereas the single large bluegill present did 

not, 

Tadpoles began to die in Pond 3 shortly 

after the second treatment was made, and in 

2 days we recovered about 1,990 tadpoles 

weighing 33.25 pounds, What percentage of 

the population this represented is not known, 

but a complete kill did not occur, 

y 

Degradation of antimycin was complete in 

all three ponds within 48 hours after appli- 

cation, 

SCALEFISH IN TREATED PONDS AT 

HARVEST 

Antimycin treatments were highly success- 

ful in that no golden shiners or warmouth 

were found in Ponds 1 and 3, and the reduc- 

tion of green sunfish in each pond was more 

than 99.99 percent complete (table 6). Since 
there was no exchange of water between these 

two ponds and untreated ponds, we assume 

that the green sunfish had survived the treat- 

ment. 

Unfortunately the exact results of the treat- 

ment of Pond 5 were obscured because an 

undetermined number of scalefish were car- 

ried in subsequently by an overflow from an 

adjacent pond. Since no golden shiners were 

recovered in this pond following the second 

application of antimycin, and since no 

warmouth were found following either treat- 

ment, we are virtually certain that the few 

individuals of each species which were ob- 

served at harvest were post-treatment 

invaders, The bottom of this pond was excep- 

tionally flat, and contained scores of shallow 

depressions in the deep, soft mud, Thousands 

of green sunfish, many of which had hatched 

following the treatments, were trapped, and 

we could not make an accurate assessment of 

TABLE 6.--Total numbers and total weights in pounds (in parentheses) of scalefish 

recovered at draining 

Species and 

size groups 

Golden shiner: 

2-D—Ds Ds INCNES\.6 eie1- 

Green sunfish: 

1.0-3.5 inches...... 

3.5-6.0 inches...... 

ay 

Treated ponds Untreated ponds 

1 probably carried in by overflow from adjacent pond. 
2 Number estimated by pond owner at draining; all sizes included. 

3 Numbers estimated because many small fish were lost in soft mud; some probably carried in 
by overflow from adjacent pond. 

338-447 O - 69 - 2 
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the numbers of green sunfish present, An 

estimated 150-200 green sunfish from 3.5 to 

6.0 inches in length were seen, many of which 

must have survived the antimycin treatments, 

Even if we assume that there were 200 and 

that none had immigrated into the pond, there 

was a reduction of more than 98.12 percent 

in the numbers of green sunfish originally 

present. 

SCALEFISH IN UNTREATED PONDS AT 

HARVEST 

Large numbers of scalefish were found 

when the untreated ponds were drained 

(table 6), In Pond 4 green sunfish weighing 

418 pounds per acre comprised 91.3 percent 

of the scalefish population by weight, and 

large golden shiners amounting to about 40 

pounds per acre made up the remainder. In 

Pond 6 golden shiners weighing 268 pounds 

per acre made up 58,8 percent of the total 

weight, and green sunfish weighing 187 pounds 

per acre comprised 41.2 percent of the total 

weight. The pond owner estimated that there 

were 40,000 green sunfish and 50,000 golden 

shiners of several sizes in Pond 2 at harvest. 

If weight data obtained during our sampling 

of the population 2 months prior to harvest 

were applied to this estimate, we can calcu- 

late that about 90 pounds of green sunfish and 

182 pounds of golden shiners were removed 

per acre, In all three of these ponds there 

were hundreds of scalefish large enough to 

compete directly with the catfish for food. 

HARVEST OF CHANNEL CATFISH 

Three treated ponds having a combined 

area of 3.37 acres produced 5,363 catfish 

weighing 4,855 pounds, and the three un- 

treated ponds having a combined area of 3,79 

acres produced 4,208 catfish weighing 3,088 

pounds (table 7), The average weight of cat- 

fish in the treated and untreated ponds at 

harvest was 0,91 and 0.73 pounds, respec- 

tively. We sorted out the smallest fish from 

each pond, which weighed from about one- 

third to one-half pound, and placed them in a 

single pond for additional feeding. Among the 

treated ponds, the number of undersize fish 

ranged from 81 to 226 with a total number of 

421, while in the two untreated ponds for 

which data are available, the numbers of such 

fish were 235 and 948 for a total of 1,183. The 

differences are quite pronounced, but not all 

of them can be attributed solely to the treat- 

ment. Some were caused by variations in 

time of stocking, degree of competition from 

scalefish populations, and rates of catfish 

survival which may have been influenced 

strongly by predation. In the following sec- 

tion, an attempt is made to evaluate the ef- 

fects produced by these factors and to 

arrive at a conservative measure of the 

benefits derived from treatment. 

TABLE 7.--Numbers and weights in pounds of channel catfish harvested from treated and untreated ponds 

Date Date 
Harvest per pond 

of 

harvest 
Pond of 

stocking? 
Per acre 

Weight 

Treated Ponds: 

10/23/65 
10/23/65 

11/09/65 

1/12/67 
1/04/67 

1/16/67 

9/06/65 

2/09/66 
11/09/65 

10/03/66 

1/24/67 
1/25/67 

1 Fingerling channel catfish 2.5 inches long stocked in all ponds. 

2 When total weight and weight per acre of catfish harvested from Pond 2 were adjusted to compensate for the difference in 
time of harvest, they became 1,735 and 1,248 pounds, respectively. 

Percent gain in weight from sampling on August 1 to harvest on October 3. 
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DISCUSSION 

This field trial demonstrated quite clearly 

that antimycin can be used to control scale- 

fishes in soft-water ponds without killing cat- 

fish, and that the investment in the treatment 

was well compensated by greater production 

in treated ponds. The initial treatment was 

nearly 99 percent effective, and there is good 

reason to believe that its efficacy would have 

been enhanced had the application of Fintrol-5 

been made at daybreak. This would have al- 

lowed a substantially greater amount of 

exposure time before the rapid rise in pH 

began to cause degradation of the toxicant. 

Berger, Lennon, and Hogan (1969) found that 

the effectiveness of antimycin against fish is 

influenced substantially by the pH of the 

medium. Results of their bioassays indicated 

that the concentration of antimycin required 

to produce a complete kill of fingerling gold- 

fish in 96 hours at 12° C. was 0.20 p.p.b. at 
pH 5, 1.10 p.p.b. at pH 8, and 60 p.p.b. at pH 

LO; 

Scalefish populations can be controlled at 

any time of the year, since water temperature 

has comparatively little effect on the efficacy 

of antimycin, and even fingerling catfish are 

not killed by recommended levels of treat- 

ment, Obviously such treatments yield greater 

benefits if accomplished a few days before 

ponds are stocked or soon thereafter. 

It is thought that more green sunfish sur- 

vived in Pond 5 because the water was com- 
paratively shallow, and the bottom was 

completely covered by very soft mud. The 

sand formulation of antimycin used is de- 

signed to release the toxicant at a uniform 

rate as it sinks through the first 5 feet of 

water. Since the average depth of the pond 

was only 3.5 feet, a substantial percentage of 

the antimycin was not released before the 

sand sank into the mud, Therefore, we do not 

recommend lowering hatchery-type ponds 

prior to treatment if their average depths 

are not in excess of 5 feet. 

The calculations of benefits cannot be based 

simply on the difference in total weights of 

catfish harvested from each group of ponds 

for two reasons; (1) Pond 6 was stocked much 

later than any of the others, and survival of 

the fish was by far the poorest in this pond; 

and (2) Pond 2 was harvested far earlier than 

the others, Thus, the most conservative ap- 

proach to assessing the benefits derived 

from the treatment appears to be that of di- 

rect comparison of weight gains made by cat- 

fish in each pair of ponds after the time of 

treatment, 

In comparing catfish populations and pro- 

duction in the first pair of ponds, we find that 

untreated Pond 2 was stocked on September 6, 

1965, or about 47 days before Pond 1. Thus, it 

is not surprising that the average weight of 

catfish in the untreated pond was 0.16 pounds 

or 22,9 percent greater at the August sam- 

pling. The advantage of earlier stocking, how- 

ever, was largely negated by the tremendous 

increase in competition from hundreds of 

scalefishes which grew large enough to con- 

sume food pellets. 

Although treated Pond 1 was harvested 101 

days later than Pond 2, the following adjust- 

ment can be made to permit a meaningful 

comparison of the gains in weight after the 

time of treatment. The average weight of cat- 

fish in Pond 2 increased by 9.3 percent be- 

tween sampling time on August 1 and harvest 

time on October 3, hence the weight gain of 

the entire catfish population during this 63- 

day period was about 130 pounds. By sub- 

tracting this figure from the harvest figure 

we can calculate that their total weight on 

August 1 was about 1,397 pounds. If we then 

make the generous assumption that the cat- 

fish in Pond 2 would have continued to gain 

weight at the same rate during the increas- 

ingly cold months of October, November, and 

December, their total gain from August 1 to 

January 12 would have been 338 pounds, and 

their adjusted total weight in January would 

have been 1,735 pounds. By comparison the 

total weight of catfish in Pond 1 on August 1 

was about 1,425 pounds, and their weight at 

harvest was 2,438 pounds. Thus, their gain 

amounted to 1,013 pounds, or 675 pounds 

more than the adjusted weight gain by the 

Catfish in Pond 2, 

> 

The comparison of catfish production in the 

second pair of ponds is complicated by the 
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fact that Pond 3 was stocked on October 23, 

1965, and untreated Pond 4 was stocked 109 
days later on February 9, 1966. Catfish in 

the latter pond were further handicapped, be- 

cause it contained by far the greatest popula- 

tion of adult green sunfish throughout the year 

as indicated both by seining in August and by 

the recovery of scalefishes at harvest. Under 

these circumstances it is not surprising that 

less than half of the original stock of catfish 

survived, that their average weight in August 

was only 0,22 pounds, or that 96.9 percent of 

them failed to reach marketable size by har- 

vest time. Catfish in treated Pond 3 gained a 

total of 332 pounds following treatment while 

those in Pond 4 were able to gain a total of 

only 120 pounds. Thus, the fish in the treated 

pond gained 212 pounds more, though the same 

amounts of feed were offered and there were 

723 fewer catfish in the untreated pond. The 

catfish in Pond 3 gained only 38.5 percent in 

weight following treatment as compared to 

71.4 percent in Pond 1 and 138.7 percent in 

Pond 5. There was no apparent reason for 

their comparatively slow growth. 

Ponds 5 and 6 were nearly identical in 

area, were stocked on the same day, were 

harvested only 9 days apart, and had almost 

identical rates of catfish survival. Hence, 

analysis of their production may afford the 

most clear-cut comparison of the benefits 

derived from treatment, For some unknown 

reason, the growth of catfish in Pond 5 prior 

to treatment was much poorer than that in 

Pond 6, At the time of August sampling, fish 

in the untreated pond were 32.3 percent 

heavier, the average weights of fish in the 

two ponds being 0,31 and 0.41 pounds, re- 

spectively. Following elimination of the 

scalefish in Pond 5, the fish grew at a much 

faster rate, and their average weight at har- 

vest was 0.74 pounds as compared to an 

average of 0.76 pounds in Pond 6, Thus, the 

percentage difference in average weight was 

reduced from 32,3 to 2.7 percent, Further- 

more, only 114 fish in the treated pond were 

too small for table use, while 235 of those in 

the untreated pond were undersize. Catfish in 

Pond 5 gained 696 pounds following treatment, 

while those in Pond 6 gained 568 pounds, for 

a difference of 128 pounds. 

At the time of harvest, the local price for 

pond-reared catfish in the round was $0.50 

per pound, hence calculations of the value of 

the total weight of fish harvested whether of 

usable or unusable size are based on this 

figure. Antimycin costs are those of the first 

treatment only, because it reduced scalefish 

populations by nearly 99 percent even under 

the adverse water quality conditions which 

prevailed when the tests were made, 

The greater amount of weight gained by 

catfish in treated ponds following treatment 

amounted to a total of 1,015 pounds of fish 

worth $507.50 (table 8), The cost of antimycin 

used in the first treatment was $145,79, leav- 

ing a net profit of $361.71. Thus, for each 

dollar invested in antimycin there was a 

minimum net return of $2.48, 

Another rather easily estimated, but com- 

paratively minor, benefit derived from treat- 

ment is the saving in the cost of food required 

to feed out undersize fish from both groups of 

ponds. Pond 3 yielded the smallest usable 

size fish, which had an average weight of 0,72 

pounds. The 421 undersize fish from the three 

treated ponds were underweight by 138 

pounds, while the 1,183 small fish from the 

two untreated ponds were underweight by 431 

pounds, Thus, if we assume that 1.8 pounds of 

food are required to produce each additional 

pound of catfish, and that food cost $125.00 

per ton, it would cost $15.52 to feed out fish 

from the former group of ponds, and $48,47 

to feed out those from the latter group, a 

difference of $32.95. The costs of labor, 

transportation, pumping of water and other 

factors attendent upon the greater length of 

time required to feed out the smaller fish 

TABLE 8.--Increase in total yield and market value of 
channel catfish resulting from use of antimycin to reduce 

scalefish populations in three ponds 

Differential Value of 

increase in increased 

yield (lbs.)+ yield 

Cost of Net 
antimycin profit 

Pond 

Sep eds 675 $337.50 $58.49 $279.01 
Boacsan 212 106.00 54.71 51.29 
Dielaiviaie 128 64.00 32.59 31.41 

TOTAL 1,015 $507.50 $145.79 $361.71 

1 Derived by subtracting adjusted total weight gains in 
untreated ponds following date of treatment from those in 
treated ponds. 
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from the untreated ponds would be difficult to 

compute, but they undoubtedly would be much 

greater than the cost of food. 

Another interesting approach to evaluation 

of the economic loss caused by the presence 

of competing scalefishes is possible if we 

arbitrarily assume that the amount of food 

required to produce one pound of scalefish 

might have produced a pound of catfish in- 

stead. On this basis, the untreated ponds 

could have produced an additional 1,474 

pounds of catfish. 

We recovered 1,155 fewer catfish from the 

untreated ponds, a significant factor which 

alone could spell the difference between 

operating the ponds at a profit or at a loss. 

Under the circumstances, we could not de- 

termine to what extent survival was reduced 

by scalefish predation on fingerling catfish, 

the vastly greater amount of competition of 

scalefish with catfish in untreated ponds, or 

factors of disease and accident which un- 

accountably operated to a much greater ex- 

tent in the untreated ponds. Whatever the 

cause, the results were similar to those 

observed by Swingle (1959), who found that 

the presence of wild fishes in his experi- 

mental ponds reduced channel catfish pro- 

duction. 

CONCLUSIONS 

1. Nearly 99 percent of the scalefishes in 

three ponds used for channel catfish pro- 

duction were eliminated by an application 

of 5.0 p.p.b. of antimycin in two of the 

ponds and 7.5 p.p.b. in the third pond. 

2. A followup treatment with 10 p.p.b. of 

antimycin further reduced the scalefish 

populations in all ponds and eliminated 

26.4 pounds per acre of tadpoles in Pond 

3. 

3. The channel catfish were not harmed by 

the toxicant. 

4, Two factors which prevented total eradi- 

cation of the scalefish were: (a) pH of the 

water rose to high levels each afternoon 

and caused rapid detoxification of the 

antimycin, and (b) average depth of the 

water in Pond 5 was only 3.5 feet, and full 

release of the toxicant was not achieved 

before the sand upon which it was formu- 

lated sank into the soft, muddy bottom. 

5S. The 5.0 and 7.5 p.p.b. concentrations of 

antimycin degraded to a level harmless to 

golden shiners and small green sunfish 

within 24 hours after application, and the 

10 p.p.b. concentration degraded within 

48 hours, 

6, The untreated ponds, which produced an 

estimated 184,000 scalefish weighing 

nearly 1,474 pounds, yielded 1,155 fewer 

catfish than did the treated ponds. 

7. If the second pair of ponds (Ponds 3 and 

4) in which stocking was done at widely 

different times is excluded from con- 

sideration, the average yield per acre of 

channel catfish from the treated ponds 

was greater than the adjusted yield per 

acre from untreated ponds by about 464 

fish weighing 558 pounds. 

8. The increase in yield of channel catfish 

resulting from treatment amounted to 

1,015 pounds of fish worth $507.50, while 

the cost of Fintrol-5 for initial treatment 

was only $145.79 -- a net return of $2.48 

for each dollar invested in toxicant. 

9. Selective removal of scalefishes from cat- 

fish ponds can be accomplished safely and 

economically through the use of antimycin. 

REFERENCES 

Berger, Bernard L,, Robert E, Lennon, and James W, 
Hogan, 

1969. Investigations in Fish Control: 26, 
Laboratory studies on antimycin A as a fish 
toxicant, U,S, Bureau of Sport Fisheries and 
Wildlife, 

Bureau of Commercial Fisheries, 

1966, Pond-reared catfish has good market poten- 
tial, Commercial Fisheries Review, vol, 28, 
No, 6, p. 15-16, 



12 Investigations in Fish Control 25; Bureau of Sport Fisheries and Wildlife 

Meyer, Fred P, Swingle, H. S. 
1965, The experimental use of Guthion ® asa 1959, Experiments on growing fingerling channel 

selective fish eradicator, Transactions of catfish to marketable size in ponds, Proceedings 
the American Fisheries Society, vol, 94, of the 12th Annual Conference of Southeastern As- 
No, 3, p, 203-209, sociation of Game and Fish Commissioners, Louis- 

ville, Kentucky, October 12-22, 1959, p. 63-72, 



INVESTIGATIONS IN FISH CONTROL 

26. Laboratory Studies on Antimycin A 
as a Fish Toxicant 

By Bernard L. Berger, Chemist, 

Robert E. Lennon, Fishery Biologist, and 
James W. Hogan, Chemist 

United States Department of the Interior 

Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 

Washington, D.C. . February 1969 



CONTENTS 

ADSUEACES eae asda ic oiler bila te lave aleve Mevener one ements 

Methods and materiais. <2)... 24s. © osie ete 

Amthimiy Cline: ocoshavs tenes! overs: see cup ent eet ee 

Stability s oaks od eh olen oka uae uses te noses 

Detoxification) .).).< «5 ews ‘sus. a seus hs © 

Bioassay Proceduces, .\./\<) lems isielalenel oie 
Column testS..... 

Simulated field tests. .....2..ccecccec 

WACEL ce si6 ei ianeis eco ah ee. aiuerret siete) ej teneliomentere 
Temiperature’. crac ccshe enerenoraiemoneneters 

Hardnesis” .\s:stc:are's seeueversnemeneeeaoneieme 

DELS) se. ah aise ie. entovteme cetanconie: ode or eaten wares 

PUR bDiddty’ co. 's: ete jo vere ae. oy Os feteeoeneeeiee 

EUS RS Wei cierc cn ieny oloweliaste tel tel enetionemene emer. 

Fingerlings:,. :0..ne ee wei she semereterenene 

AGUILES 5), 5 iden snteav olsen oie: wureitonenerrerene ie ane 
TOXICIEY GS accise'\e see eyiecira. to, alballo ekel oteiee: ah ene 

Effective concentrations ........ee.6 

Effective contact time (ECT) ....... 

Toxicity of injected antimycin. ...... 

RESUS Tc d ike oc ohbrauetetoltenen enctielpe en eiten aaoiememeere nes 
Bioassays with fingerlings.........c.ce-. 

Pemperacune..., scales selean eter emereenens 

Water hardness = > -). .scjeeicicrensienenene 

Purbidity, ce oi, osewsrsiron chawemenotorer enemas 
Effective contact time. ......e.eceoce 

Sand-formulated toxicant, 

Column EStS sieves accel eves crenel ere 

Bioassays with other life stages ........ 

FEY oS eles ara tesco fe: cet eases ll ewrelreemel omens 

Juveniles and:adults ...0% 06 06 «sere 

Simulated fielditrials 25.2 sere eel cleecnene 

Toxicity of injected antimycin, .......... 

Stability iofjantimiyciny od \;.cueyets Gasleele os 

Detoxification with potassium permanganate 

Discussion, iszusvdete ooo aie ene oc eine 

Conclusions... 2! 6.6 ics \ele ars « 0146 lee. ane neuen emer 

RefEFENCES: ji jons.sivgneilecsie vores wel anenenec creme tener omen 

Page 

20 

ait 



LABORATORY STUDIES ON ANTIMYCIN A AS A FISH TOXICANT 

By Bernard L, Berger, Chemist, Robert E, Lennon, Fishery Biologist, 

and James W, Hogan, Chemist 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratories 

La Crosse, Wisconsin and Warm Springs, Georgia 

ABSTRACT,--Liquid and sand formulations of antimycin A were tested 

in laboratory waters of various temperature, hardness, pH, and turbidity 

against 31 species of fresh-water fish of various sizes and life stages, 

Each formulation of toxicant was lethal under all water conditions to fish 

eggs, fry, fingerlings, and adult fish, Trouts are the most sensitive and 

catfishes the least sensitive, Of the 31 species, 24 succumb to 5 p,p.b, or 

less of the toxicant; only certain catfishes survive 25 p.p.b, The order of 

toxicity to various species of fish suggests that antimycin has possibilities 

for selective or partial control of certain unwanted fish, Although toxic to 

fish under ice, antimycin is more active in warm water than in cold, It is 

slightly more active in soft water than in hard; it is more active and per- 

sists far longer in water at pH 5 to 8 than at pH 9 or 10, It is active on fish 

in either clear and turbid waters, and it can be detoxified by potassium 

permanganate, The results contributed to registration of antimycin A in 

Fintrol-5 formulation as a fish toxicant, 

Antimycin A in a formulation called Fintrol- 

5 was approved and registered as a fish 

toxicant in the United States and Canada in 1966, 

Its early promise as a fishery tool was men- 

tioned by Derse and Strong (1963) and Loeb 

(1964), It was patented as a piscicide by 

Strong and Derse in 1964, Concurrently Walker, 

Lennon, and Berger (1964) made preliminary 

observations on its toxicity to fish and other 

aquatic organisms, 

The subsequent intensive testing against 

fish in the laboratory which contributed to 

approval of antimycin as a fishery tool is 

discussed in this report, The studies in- 

cluded 31 fishes of various life stages in 

waters of different qualities and tempera- 

tures, indoor and outdoor bioassays, and liquid 

and sand formulations of the toxicant, The 

objectives were to define lethal concentrations 

338-447 O- 69 -3 

for fish under a variety of conditions, to 

assess factors which contribute to degrada- 

tion of the toxicant, and to find a substance 

which might be used to detoxify it, 

Generous cooperation was afforded through- 

out the investigation by Wisconsin Alumni 

Research Foundation, owner of patents on 

antimycin; Ayerst Laboratories, New York, 

producer of antimycin; national fish hatch- 

eries; and the Iowa, Minnesota, and Wisconsin 

Conservation Departments, 

METHODS AND MATERIALS 

ANTIMYCIN 

The toxicant used in these investigations 

was supplied by the Wisconsin Alumni Research 

Foundation and by Ayerst Laboratories as 
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crystals of antimycin A, 96 to 98 percent 

pure, or in formulations of antimycin A coated 

on sand, Stock solutions were prepared by 

dissolving 10 mg, of crystals in 100 ml, of 

acetone or ethanol, Although the solutions 

remain stable for several months if kept in 

cool, dark storage, fresh stocks were made 

biweekly, 

The sand formulation Fintrol-5 contains 

1 percent of antimycin A, 24 percent of Carbo- 

wax (polyethylene glycol 6000), and 75 percent 

of 40-mesh sand by weight, It is designed 

to release the toxicant into the water within 

a depth range of 0 to 5 feet as the particles 

sink to the bottom, Fintrol-15 is an experi- 

mental formulation, and the proportions of 

antimycin, Carbowax, and sand have not been 

released to us, It is supposed to release the 

toxicant within the first 15 feet of depth, 

Other formulations, such as a Fintrol-30 for 

greater depths, are under consideration, 

Stability.--The effect of heaton the stability 

of antimycin was investigated, Quantities of 

crystalline and sand-formulated toxicant were 

subjected to dry heat at 200° C, in a forced- 
air oven for 15, 30, 60, and 120 minutes, 

Samples of the heated materials were then 

tested against fingerling rainbow trout in 96- 

hour bioassays, Results were tabulated at 

0225, O50, 1, 2,3, 245 and’ 96 hours, 

Detoxification.--Potassium permanganate 

(KMnO, ) was selected for preliminary testing 

as adetoxifier for antimycin in solution, Five 

to 500 p.p.b. of KMnO, were added to solu- 

tions which contained 5 p.p.b, of antimycin. 

Fingerling bluegills were placed in the solu- 

tions 6 or 24 hours later and their responses 

were noted at 6, 12, 24, 48, 72, and 96 hours 

‘to detect the extent and rate of detoxification, 

BIOASSAY PROCEDURES 

Static bioassays of antimycin were con- 

ducted as described by Lennon and Walker 

(1964) and Walker, Lennon, and Berger (1964), 

Some special tests required innovations, 

Column tests.--A plexiglass column 8 feet 
high and 1 foot in diameter, with walls one- 

fourth-inch thick, was set up to determine 

the uniformity and strength of antimycin re- 

leased by the sand formulation at selected 

depths, The column was filled with recon- 

stituted water at 12° C,, and quantities of 
Fintrol were applied at the surface andallowed 

to sink to the bottom, Water from various 

depths was sampled by siphon and analyzed 

for the toxicant by 96-hour bioassays with 

rainbow trout and goldfish, 

Simulated field tests.--The availability of 

greater quantities of antimycin in the spring 

of 1966 enabled us to initiate trials against 

communities of small and large fish in 0,01- 

acre concrete pools, Each pool contained 

43,000 liters of pond water at a 3,5-foot 

depth or 24,668 liters at a 2-foot depth, 

Selected wild and hatchery-reared fish were 

stocked in pools 3 to 7 days before treatment 

with antimycin, Stocking densities ranged from 

less than 100 to 2,000 pounds per acre, Dead 

fish were removed daily, and the ponds were 

drained after each experiment to obtain full 

tallies of fish, 

A series of warm-weather tests was made 

using 12 species of fish at densities from 

1,000 to 2,000 pounds per acre, The concen- 

trations of antimycin applied were 1, 2, 3, 4, 

5, 10, and 20 p.p.b, at 11° to 21° C, 

Juvenile and adult fish of four species 

were used in the cold-weather tests in the 

pools, Tests were made using both clear and 

turbid water, at 3,4° to 5.5° C, 

WATER 

Most bioassays were run in reconstituted 

deionized water (Lennon and Walker, 1964) 

but well water or pond water was used in 

some of the outdoor tests, 

Temperature,--Heated or chilled water 

baths were used as needed to control the 

temperatures of indoor bioassays at 2° to 

27°°G. Bioassays in outdoor pools were run 

at ambient temperatures; some under 6 inches 

of ice andothers at temperatures up to 30° C, 

Hardness,--Total hardness of bioassay 

waters ranged from 20 to 400 p.p.m, Most 

tests took placein our standard, reconstituted 
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water, which has a total hardness of 40 

p.p.m, 

PpH.--The range of pH in bioassay media 

was 5 to 10, The desired levels were attained 
by adding buffers to reconstituted water (table 

1). Because the contrived levels tended to 

regress toward neutral, they were restored 

each 24 hours by adding small amounts of 

the buffer reagents, Close monitoring of con- 

trol vessels which contained fish but no 

toxicant indicated the extent of change and 

the amount of readjustment necessary, 

TABLE 1.--Buffer reagents added to reconstituted water 
to yield 15 liters of bioassay media of various pH 
levels 

Volume of buffer reagent? 

0.1M 
KHCgH,0, 

1 NaOH = Sodium hydroxide. 
KHCgH,0, = Potassium acid phthalate. 
KHaP0, = Potassium phosphate (monobasic). 

H3B03 = Boric acid. 

Turbidity.--The activity of antimycin in 

the presence of suspended clay was checked 

in 96-hour bioassays with rainbow trout, 

Weighed portions of the clay were stirred 

into the bioassay media to produce turbidities 

of 1,000 and 5,000 p.p.m. (Secchi disk read- 

ings of 10 and 4 inches), The concentrations 

of antimycin ranged from 0,04 to 0.30 p.p.b. 

and the temperature was 1 C, All vessels 

were stirred for 30 seconds during each hour 

of the first 6 hours of the bioassay and at 

each 24 hours thereafter to keep the clay in 

Suspension, 

The performance of Fintrol-5 was tested 

against brown trout, goldfish, carp, bluegill, 

and largemouth bass in turbid water in out- 

door, concrete pools at 3,49 to 5,59 C, Each 
pool contained about 25,000 liters of water 

at a depth of about 2 feet, Four pools had 

2 inches of clay-loam on the bottom and a 

Secchi disk reading of 6 inches, Four pools 

had no soil on the bottom, and the water 

remained clear, Three turbid pools were 

treated with 5.0, 7.5, and 10.0 p.p.b. of anti- 

mycin respectively; the fourth served as a 

control, Similar concentrations of antimycin 

were applied in three clear pools, and the 

fourth pool served as a control, Observa- 

tions on mortalities of fish were made daily 

up to 18 days at which time we drained the 

pools and made a final assessment, 

FISH 

Most of the fish were obtained from National 

and State fish hatcheries, but wild specimens 

were used in certain tests (table 2), All were 

held under conditions of quarantine and pretest 

evaluation as described by Lennon and Walker 

(1964), 

Eggs.--We studied the effects of antimycin 

on fertilized eggs of rainbow trout, northern 

pike, goldfish, carp, white sucker, and channel 

catfish, At first, groups of eggs of certain 

ages, green and eyed, were counted and placed 

in petri dishes, The dishes were then im- 
mersed in solutions of antimycin for certain 

lengths of time, Later, aluminum wire or 

saran mesh baskets, approximately 2 by 2 by 

2.5 inches were used, Containers of this size 

were capable of holding 100 rainbow trout eggs. 

The baskets of eggs were either exposed for 

specific periods or remained in the solutions 

of antimycin until the eggs perished or hatched, 

Those removed after short exposures were 

rinsed and placed in hatching jars, troughs, 

or Heath egg incubators, Groups of control 

eggs were exposed to solutions of the solvent 

in water and otherwise handled similarly. 

Fry.--Bowfin 21 to 56 days old andrainbow 

trout 3 to 60 days old were exposed to anti- 
mycin in 1- or 5-gallon bioassay vessels. 

Channel catfish less than 1 day old and large- 

mouth bass 1 to 2 days oid were placed in 

petri dishes containing various concentrations 

of toxicant, Following exposure, the fish were 

removed, rinsed, and placed in fresh water 

for observation, 
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TABLE 2.--List of 31 fishes exposed to antimycin 

Species 

Shortnose gar, Lepisosteus platostomus-...........-. 
Bowfin,: “Amia Calvan ccsdecccdsienisescioccssecvedecslee 

Rainbow trout, Salmo gairdneri....ssseeseeeesevesces 
Brown trout, Salmo trutta....ceesesseceeccrccesscecs 

Brook trout, Salvelinus fontinalisS......cssescseccsee 
Lake trout, SalvelinuS namayCcuSh......seeeeeecereves 
Northern pike, (ESox JMCTUS Ses ojo. cise. clelcls wictsle wleiclslele's 
Goldfish, Carassius auratus...... 

Northern redbelly dace, ChroSomus €0S......e+essseeee 
Carp, Cyprinus Carplo......sseereceesceveccvsccveces 

Fathead minnow, Pimephales promelas............ secs 
Quillback, Carpiodes CyprinuS......ssccccencccescrcs 

White sucker, Catostomus commersoni........ssssseeee 
Bigmouth buffalo, Ictiobus cyprinel. HipoebhaMwiso 6 Ao oaascc oou6 

Spotted sucker, Minytrema 1 MELANOPS ..ccesecvecssscces 
Whttercabhl shi) Letalumuisi Cabs ietelstelel lelalelele olulata c/elstela) <i 

Black bullhead, Ictalurus melaS.........s.eeesereeeee 

Channel catfish, Ictalurus "punctatus PbOIOCO 8s OP O.O0.0 Ge 

Flathead catfish, “Pylodictis OLAS Stepney cfeieielsheleie iste, ¢ 

Brook stickleback, Hucalia inconstans............... 

Green sunfish, Lepomis Cyanellus. ...ccssensenrens ees 
Pumpkinseed, Lepomis GibbDOSUS. s+... scseeeeeecereree 

Bluegill, Lepomis macrochirus........sssessescecsees 
Longear sunfish, Lepomis megalotis................-. 

Redear sunfish, Lepomis microlophus.............++.- 
Smallmouth bass, Micropterus dolomieui.............. 
Largemouth bass, Micropterus salmoides........... svete 
Black crappie, Pomoxis nigromaculatus... aerate elaiere e <° 

VeMilowsperchy bere aa tlaves CONUS sreldetaleleteielelslelsicleteletelreters 
Walleye, Stizostedion v. vitreum..........eseseeeees 
Freshwater drum, Aplodinotus grunniens.............. 

1 May include juvenile as well as adult fish. 

Fingerlings.--Routine bioassays were made 

with small fingerlings which usually range 

from 0,5 to 2,0 grams each, At least 10 fish 

of each species were used with each concen- 

tration of chemical and in each control, The 

loading in 5-gallon jars containing 15 liters 

of test solution or in 1-gallon jars containing 

2,5 liters of solution was 1 gram or less of 

fish per liter, Observations on the responses 

of the fish to the toxicant were made at 3, 6, 

24, 48, 72, and 96 hours, 

Adults,--Since it is possible that the re- 

sponses of adult fish to a toxicant ~.y differ 

from those of younger fish, we exposed adults 

of 17 species to antimycin in 500-gallon con- 

crete tanks, in 1,000-gallon vinyl tanks, or 

in 0,0l-acre concrete pools. Most of them 

were obtained from the wild, and many of the 

tests were of the community type, involving 

two Or more species at a time, All specimens 

were held in quarantine for several days to 

Life stage 
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x oe xX ss 
cs i 

determine whether they were in satisfactory 

condition for bioassays. They were stocked 

in the pools 3 to 7 days before exposure to 

antimycin, 

TOXICITY 

Effective concentrations,--Results of most 

of the bioassays of antimycin with fish are 

expressed as 24-, 48-, 72-, and 96-hour 

EC,, EC,,, or EC jo), that is, the concentra- 

tions of toxicant in parts per billion which 

kill 0, 50, or 100 percent of the fish within 

24, 48, 72, or 96 hours, In deriving the ex- 

pressions, the responses observed in early 

tests were subjected to probit analyses to esti- 

mate the effective concentrations (Litchfield 

and Wilcoxon, 1949), The estimates were 

corrected or confirmed by subsequent bio- 

assays with replications, Confidence intervals 

(C.I.) for EC,.'s are given where possible, 
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Effective contact time (ECT),--Antimycin 

kills fish slowly, and we suspect that speci- 
mens have had lethal exposures well before 

they showed signs of distress or death, More- 

over, ECs 's and ECig9 's at 24 through 96 

hours in static bioassays do not pinpoint the 

minimum exposures necessary to kill fish, 

Nine species of fish were used in trials to 

define the durations of minimum lethal ex- 

posures in given concentrations of antimycin, 

Following the exposures at 12° C,, the fish 

were transferred to fresh water and observed 

for at least 96 hours, 

Toxicity of injected antimycin,--Six- to 

12-inch rainbow trout, carp, and black bull- 

heads were injected intraperitoneally with 

ethanol solutions of antimycin to determine 

toxicities which might possibly be compared 

with the immersional toxicities, The amounts 

of toxicant in milligrams were selected ac- 

cording to the body weights of the fish in 

kilograms, The injected volumes ranged from 

0.2 to 1 ml, per fish, Control fish were given 

injections of ethanol in water, with the quan- 

tity of solvent equaling the greatest amounts 

used to dissolve the antimycin, The fish 

were held at 12° C, for 5 days, except that 

dead fish were discarded daily, 

RESULTS 

BIOASSAYS WITH FINGERLINGS 

The majority of bioassays of antimycin in 

the laboratory in waters of various qualities 

involved small fingerlings, The responses 

of these fish, therefore, serve as standards 

by which the responses of other life stages 

are evaluated, 

Temperature,--In general, fish are more 

susceptible to antimycin at warmer tempera- 

tures (table 3), There were twofoldto fivefold 

differences between EC,),'s at 7° and 22° C, 

Less than 1 p.p.b. of toxicant killed all 

individuals of 14 species at one or more 

temperatures, The more Sensitive fish are 

rainbow trout, brown trout, brook trout, lake 

trout, and walleye, The often undesirable 

carp, green sunfish, and pumpkinseed are 

also among the more sensitive fish. In con- 

trast, the catfishes are relatively resistant. 

At temperatures from 22° to 7° C,, 8 to 22 
p.p.b, of antimycin are needed to kill channel 

catfish and 50 to 120 p,p.b, to kill black 

bullheads, 

Water hardness,--Tests of antimycin against 

rainbow trout in waters of 20, 48, 90, 180, 360, 

and 400 p.p.m, total hardness demonstrated 

that the toxicant is slightly less effective in 

harder water, For example, 0,06 p.p.b, of the 

antibiotic killed all fish at 20 p.p.m, total 

hardness but none at 360 p.p.m,; and 0,08 

p.p.b, killed less than half the fish at 360 

p.p.m, total hardness, 

In later tests, the 96-hour ECj99's for rain- 
bow trout, goldfish, and bluegill at 20 and 

400 p.p.m, total hardness confirmed that 

antimycin is a little less effective in hard 

water, 

pH.--The effectiveness of antimycin against 

fish is influenced substantially by the pH of 

the medium, Preliminary 96-hour bioassays 

were conducted with goldfish, at pH 5 to 10, 

The results indicated that EC 99's increased 

three fold between pH 5 and 8; six fold be- 

tween pH 8 and 9; and fourteen fold between 

PH 9 and 10, More definitive experiments 

with goldfish in 15-liter solutions of toxicant 

at pH 5 to 10 at 12° gave 96-hour ECj)'s of 
0.20 p.p.b, at pH 5; 1.10 p.p.b, at pH 8; and 

60 p.p.b, at pH 10 (table 4 and fig, 1). 

Subsequently we attempted to conduct experi- 

ments with rainbow trout at various levels of 

PH, but the species were intolerant to the 

buffers at pH 6 and 10, The results at pH 7, 

8, and 9 at 12° indicate that the toxicity of 
antimycin is reduced at higher pH levels, 

The 96-hour EC jo) at PH 7 was 0,04 p.p.b., 

whereas it was 0,18 at pH 9, 

A similar trend was evident in tests with 

carp at pH 7 through 10, The 96-hour EC, 99's 

of antimycin ranged from 0,6 p.p.b, at pH 7 

to 4,0 p.p.b. at pH 9, At pH 10, there was a 

sharp increase in the EC,,, to 20,0 p.p.b. 
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TABLE 3.--Effective concentrations of antimycin on 22 species of fish in 96-hour exposures at selected temperatures 

Average size Concentrations expressed in p.p.b. 

Nanbee Temperature a 
Species font Length Weight (°c. ) EC EC EC, and 95-percent 

(inches) (grams) 4 100 curs 

Shortnose gar........ 120 AA) 0.8 12 0.10 1.00 0.36- 0.65 

Rainbow trout........ 180 -- 1.9 7 0.06 0.20 0.07- 0.09 

Welk osoncobAdaanc 180 -- al 3) 12 0.02 0.60 0.03- 0.04 
DON atereiniaialatelstaletels 204. -- 1.6 17 0.01 0.04 0.02- 0.04 

BOOK auuOliGarclalelelnielelste 180 -- A=) 12 0.02 0.03 0.06 0.06- 0.07 

DO siarerevetevarsvereisterere 148 -- 155) a, 0.01 0.04 0.03 0.03- 0.04 

Lake trout... ...cesc 60 i535) 4.0 12 0.06 0.10 0.07 0.06- 0.08 

Northern pike........ 72 -- 1.4 ff 0.40 >0.60 0.55 0.50- 0.57 

DO pyetatatsreiateiatals sieve 176 -- 0.8 12 0.10 0.40 0.26 0.23- 0.30 

Wek eracccun coe oe 176 -- 2.0 aye 0.08 0.20 0.14 0.12- 0.34 

DO eae moa cocena 168 -- it, 2) 22 <0.10 0.14 0.11 0.08- 0.16 

GollGiia!Shicterctelulstalelelotetels 192 -- 2a) i: 0.20 2.00 1.00 0.83- 1.20 

Deohicsaagepoecse||. | ol) -- 2.0 12 0.20 1.00 0.50 0.42- 0.60 
Doe cadons AO UODOo 192 -- 2.0 aly? 0.10 0.40 Os35 0.25- 0.49 

DOHA dorod Blaielesalats 216 A 0.4 22 0.10 0.40 0.20 0.16- 0.25 

Northern redbelly dace 120 age} aie aL VY 0.10 >0.50 0.52 0.37- 0.73 

DO sodsaacudcoad 120 Uae) Ibs 12 <0.10 0.60 0.18 0.15- 0.21 

DO wratsteinielalalarele ee 60 Iie) bal 17 0.04 0.30 0.09 0.07- 0.12 

WO o5ocqngoabuGs 60 2.5 2.4 22 0.04 0.10 0.09 0.08- 0.11 

Calrsalapetateletetetatatatetatatstctats 120 -- 2.0 uf 0.20 0.80 0.43 0.36- 0.51 

Dosnscccacd Socod| 220) -- 2.0 12 0.10 0.60 0.35 0.30- 0.40 
DOterareloteletteteteratats 120 -- 20) aly 0.10 0.40 0.25 0.21- 0.30 

DO hye iaceteraistetsiete errs 96 -- 2.0 22 0.04 0.20 0.12 0.09- 0.16 

Fathead minnow..... ao 120 Pack (O)=4/ 7/ <0.20 0.40 0.20 0.17- 0.23 
Devic oocanccooUCt 120 2oak 1.6 12 0.08 0.40 0.21 0.16- 0.28 
Doleycte sree ctoxsia Sod). 20) 2.1 0.7 17 0.06 0.12 0.09 0.08- 0.10 
Wessccaocooce seal” 2120 2.1 5 7/ 22 0.04 0.08 0.06 0.05- 0.08 

Black bullhead....... 120 Acs) 2.4 7 40.00 120.00 88.00 73.00-105.00 
Ooccnooradq0don p 216 By oak 12 40.00 100.00 45.00 38.80- 52.20 

Don eemeron COoee 156 2.2 Boal aly 20.00 60.00 32.00 27.60- 37.20 
DOsa5acaqcc0qacod|  I1Z0 2.4 2.3 22 <20.00 50.00 21.00 15.50- 28.00 

Channel catfish......| 120 = 1.9 7 6.00 22.00 10.50 9.50- 11.70 
DIE Rei ano moCOmE 120 -- a2) 12 4.00 16.00 9.00 7.30- 11.60 

Doe ococsosaecee -| 180 -- 1.9 17 2.00 >10.00 7.40 6.60- 8.40 
DOsooncadcdsosged|  B24O -- 1.9 22 4.00 8.00 5.20 4.90- 5.60 

Brook stickleback.... 120 Boal Ibpal if 0.40 >0.60 (G)-315) 0.52- 0.58 

Ble om eno ae a8 180 eal alae 12 0.10 0.40 OL 0.18- 0.24 

Ds acocossesdisa 6 120 Baal ab al 17 0.10 0.25 0.16 0.14- 0.18 

Ds ces goes Sioyatel 120 Pak pli iL 22 <0.06 0.08 0.04 0.04- 0.05 

Green sunfish........ 120 1.4 0.7 1, 0.20 0.80 0.50 0.43- 0.59 
Wehanodsaodoxcas|  al&fo) 1.4 0.7 12 0.10 0.40 0.20 0.15- 0.24 
DO wera cats cvateretste soll. BUS 1.4 0.7 17 0.08 0.25 0.15 0.11- 0.18 
DGhatatstaistetsteteiereta love 120 it S) 0.6 22 0.06 0.20 0.11 0.10- 0.12 

Pumpkinseed.......... 120 1.8 e3} 7 0.10 0.40 0.24 0.20- 0.29 
DGeretarer ce Soomedod 180 1.8 1.4 12 0.08 0.20 0.14 0.12- 0.17 

Doierate «ite ooDoDDD Oo 120 1.8 4 17 0.06 0.20 0.09 0.08- 0.10 

DO preieteratetelaiaitatals 120 1.8 ays} 22 0.04 | 0.10 0.05 0.05- 0.07 

Bilweciadsl sce wee eeialavelate 120 -- P3e2) ue 0.20 0.60 0.50 0.45- 0.56 

Wo conoheosoebod 120 -- 7253) 12 0.08 0.20 0.14 QO.11- 0.17 

Dehepapsisleiazstacebareterers 180 -- ies} il7/ 0.06 0.15 0.07 0.06- 0.14 

Dose ocaedsocKeT -| 180 -- 0.8 22 0.04 0.10 0.06 0.05- 0.07 

Longear sunfish...... 120 2.0 1.0 12 0.05 0.20 0.08 0.07- 0.11 

Redear sunfish....... 120 1.8 1-3} 17 0.05 0.25 0.09 0.08- 0.11 

Smallmouth bass...... 120 pleas 5) 12 0.01 0.10 0.04 0.03- 0.05 
Dolaee can cadocco d 120 anys) One 17 0.02 0.08 0.04 0.03- 0.04 
DO eisisielatelelsvelalelnta 5 120 Is 3 0.5 22 0.01 (jake 0.06 0.04- 0.07 

Largemouth bass...... 120 1.6 0.8 12 0.08 0.20 0.14 0.09- 0.20 
Dome ereters lel atatels sal} azo) 1.6 0.8 17 0.06 0.20 0.10 0.07- 0.10 
DOS eg ba aos Bon 120 TG) 0.8 22 0.04 0.20 0.09 0.07- 0.11 

Yellow perch......... 180 2.0 LP 7 0.06 0.20 0.12 O.11- 0.14 
De So oem otro Aocbad 204 -- O55 12 0.02 0.10 0.05 0.04- 0.06 

WES Sdc cece Sone 204 2.0 2.0 aly) 0.04 0.06 0.04 0.04- 0.05 
Dosercretetateretote Bdos|| 20's -- 0.5 22 0.02 0.04 0.03 0.03- 0.04 

WESC ereletetave aielaveterete 204 10si3) Os? 12 0.04 0.08 0.04 0.04- 0.05 

Deo se rir cek ooo 120 URS) 0.7 ay, >0.01 0.03 0.02 0.02- 0.03 

Freshwater drum...... 120 Dae) 3)c8} rt 0.08 0.25 0.14 0.12- 0.17 
Oe re-eteretermre $5904 60 Zee) )53) 12 0.04 0.15 0.07 0.06- 0.09 

Do Sets etapa ete doyatae 60 2.9 323) 17 0.02 0.06 -- -- -- 

DOs sdocothaoadoo 60 2-8) 33) 22 0.01 0.04 0.02 0.01- 0.03 
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TABLE 4.--Concentrations of antimycin in p.p.b. which 
caused O- and 100-percent mortality in fingerling 

rainbow trout, carp, and goldfish at pH levels 5 
through 10 at 12° C. 

96-hour 

Rainbow trout 

7) 340 ee 0.04 

SrRCR Leila wis a ois Ss 0.07 

DF +Orl.wweccesee 0.18 

Carp 

> 0.60 

EEO) Sllais niece's ss 1.00 

Setedawcncceess 4.00 

Lo ae 20.00 

Goldfish 

: oe 0.20 

RE ns aon 

PEO etl: cie's sicie ® 

MEO A otainc cinle.e «6 

Turbidity,.--The presence of 1,000 and 5,000 

p.p.m, of clay in suspension influenced the 

toxicity of antimycin to 2,5-inch rainbow 

trout at 12° C, The medium with 1,000 p.p.m, 

of clay turbidity was only slightly less toxic 

than the control to the fish at 24, 48, and 96 

hours, The high turbidity medium had 24-, 

48-, and 96-hour EC,,'s of 0,40, 0.14, and 0,10 

p.p.b., while those of the control were 0,16, 

0.10, and 0.05 p.p.b. 

Some additional observations on the per- 

formance of antimycin in turbid water are 

given under Simulated Field Trials, 

Effective contact time.--Only brief expo- 

sures to antimycin are needed to kill fish 

(table 5), At 10 p.p.b, of toxicant, the ECT j99's 

are 1 hour for green sunfish and bluegill, 

and 4 hours for carp, longear sunfish, and 

black crappie, In contrast, black bullheads 

require a minimum exposure of 3 to 4 hours 

to a concentration of 500 p,p.b. fora complete 
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Figure 1,--Relation between various concentrations of 

antimycin and levels of pH necessary to produce 

EC io9's for selected fishes at 12° C, 

kill, These data are especially pertinent if 

the toxicant were to be used in the reclama- 

tion of streams or in situations where high 

PH contributes to rapid degradation. 

Sand-formulated toxicant,--Preparations of 

antimycin coated on sand were obtained rather 

late in the experimental program, Fintrol-5 

and Fintrol-15 were compared with crystalline 

antimycin in acetone solutions for effective- 

ness against fingerling rainbow trout and 

carp. 

Fintrol-5 contains 10 mg, of antimycin per 

gram of formulation, Its 96-hour EC,,'s for 

rainbow trout and carp at 12° C. were 0,04 

and 0,20 p.p.b. respectively, By comparison, 

the EC,,'s of acetone-antimycin under the 
same circumstances were rainbow trout 0,03 

p.p.b, and carp 0.20 p.p.b. 
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TABLE 5.--Effective contact time (ECT) of antimycin against selected fishes at 12°C in standard reconstituted water? 

Average size 

Species Weight 
(g.) 

DOadqadcddn sooodo0e 

NWO ORMRM OAD KPRRHrF OOO bo wh EES NORNORORO RS) 

wees e ee oes eesees 

Doe Asanogbooooncac 

Oo fo) 

VYN WWW WH PRPRPEP PREP UND BPP PRPREF ri ien Seal waiel:. Parish eM Oki tpl eMMCER CR ce Musts joven”, shiek: ceicien te ell ve WYN DAD PE ANNAN FRR YONNM OO DADA wu PRP NNN NN PRPRPRP PRE ©NiD FPF OOOO Urata ager oo Ge Oe eT SOR See OLN REGGIE OME Mery oer wae fopaerte 

1 {11 test animals were observed for a minimum of 96 hours after transfer to fresh water. 

Fintrol-15 has 26 mg, of antimycin per 

gram of formulation, Its EC;)'s at 96 hours 

of 0.07 p.p.b. for rainbow trout and 0,15 p.p.b. 

for carp compare very favorably with those 

of acetone-antimycin or Fintrol-5 solutions, 

Column tests,--The release of antimycin 

from Fintrol-5 is apparently uniform but not 

complete within the first 5 feet of depth in the 

8-foot plexiglass column, Samples siphoned 

at depths of 1 to 5 feet were toxic to all 

rainbow trout within 24 hours, Four of 16 

trout survived in a sample taken at 6 feet, 

and all trout lived in a sample at 7 feet, 

There is obviously some further release of 

toxicant from sand lying on the bottom, be- 

cause a sample of water drawn at 8 feet 

killed all trout, 

We were unable to test the release of 

antimycin from Fintrol-15 at depths greater 

than 8 feet, The bioassays of samples taken 

at 1 through 8 feet in the column demon- 

strated a uniform release of toxicant, 

Some of the first samples of Fintrol had a 

tendency to lie on the surface film when 

sprinkled lightly at the top of the column, 

This was corrected by the manufacturer, 

and later samples penetrated the film, sank 

readily to the bottom, and gave a good dis- 

persion of the toxicant, 

BIOASSAYS WITH OTHER LIFE STAGES 

Eggs.--Antimycin is toxic to fertilized eggs 

of rainbow trout, northern pike, goldfish, 

carp, white sucker, and channel catfish, Re- 

cently, Valentine (1966) demonstrated that 

the antibiotic also kills fertilized eggs of 

zebra fish (Brachydanio rerio), 

The first experiments included newly fer- 

tilized, water-hardened eggs of rainbow trout 

which had developed to about the 32-cell 

stage during the first 24 hours, Groups of 

100 eggs were exposed to 1 and 100 p,p.b. 

of antimycin for 30, 60, and 120 minutes 
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and then transferred into a Heath egg in- 

cubator, Control groups were handled simi- 

larly but not exposed to the toxicant, Embry- 

ogeny was compared by removing several 

eggs per day from treated and untreated groups, 

After 2 weeks, the eggs were sampled each 

2 to 4 days, The samples were fixed in 5- 

percent formalin in l-percent saline, Chorions 

were removed, and the embryos were stained 

in Harris hematoxylin and examined, 

Within 24 hours, the eggs exposed to 100 

p.p.b. of toxicant for 120 minutes ceased de- 

velopment at about the 64-cell stage, Among 

control eggs, the blastoderms were well de- 

veloped, Coagulation of protein was evident 

in dead eggs on the fourth day after treat- 

ment, and all eggs in the group were opaque 

by the seventh day, 

The eggs exposed for only 60 minutes to 

100 p.p.b, of toxicant developed somewhat 

further, Cell division in some continued for 

2 days, Protein coagulation in dead eggs con- 

tinued from the fourth to the 11th day, 

Some eggs exposed to 100 p.p.b, of antimycin 

for 30 minutes showed development comparable 

to that of controls for 8 to 13 days after treat- 

ment, In others, development terminated at 

the blastoderm stage, The greater number 

of opaque eggs appeared after 7 days, Micro- 

scopic examination of the embryos revealed 

no gross morphological or anatomical 

changes attributable to the toxicant, 

The eggs exposed to 1 p,p.b, of toxicant 

and control eggs were "eyed" 15 days after 

fertilization, and they hatched 16 days later, 

There was no significant difference in the 

hatching success of the treated and control 

groups, 

Long-term exposures to small concentra- 

tions of antimycin effected eggs of rainbow 

trout, Acetone solutions or sand formula- 

tions of toxicant were added to l-gallon jars 

which contained approximately 100 fertilized 

eggs each, The medium was reconstituted 

water at 12°C,, pH 7.2 to 7.6, and total hard- 
ness of 40 p,.p.m, The eggs remained in the 

jars throughout incubation and swim-up, 

338-447 O- 69-4 

The eggs became eyed after 15 days and 

hatched at 29 days, and the sac fry reached 

swim-up Stage at 42 days, Observations con- 

tinued through 67 days, at which time the 

control fish were of routine bioassay size, 

that is, approximately 500 per pound, None 

of the eggs exposed to 0,5 p,p.b, or more of 

acetone-antimycin survived to the eyed stage 

(table 6), Most embryos from eggs exposed to 

0.1 p.p.b, lived through the eyed and hatching 

stages, but mortalities were heavy at swim- 

up, as the fry seemed unable to take food, 

Only 7 percent survived through 67 days, All 

fry from eggs exposed to the sand formulation 

at 0,1 to 1.0 p.p.b. of antimycin perished 

within 42 days, Eggs treated with acetone- 

antimycin solutions survived through 67 days, 

The control group had a survival of 55 per- 

cent at 67 days, Bioassays with fingerling 

rainbow trout in eggless control solutions 

of the toxicant demonstrated that both formu- 

lations had degraded within the first 14 days 

of the experiment, 

In another series of tests at 12°, the eggs 
of northern pike exhibited greater sensitivity 

to antimycin than those of rainbow trout and 

white sucker (table 7), The green eggs of 

trout were more sensitive than eyed eggs, 

The eggs of goldfish and carp also proved 

susceptible to antimycin, All goldfish eggs 

were killed by 2-hour exposures to 7,5 and 

10 p.p.b. of toxicant, and only 1 percent 

survived 5 p.p.b, (table 8), All eggs of gold- 

fish andcarp died when exposed to 2,5 p.p.b. 

TABLE 6.--Mortality of rainbow trout eggs incubated in 
solutions of antimycin at 12° C. 

+ Eggs eyed. 
2 Eggs hatched. 
3 Swim-up. 
4 Fingerling stage. 
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TABLE 7.--Survival of fish eggs after exposure to aqueous 
solutions of antimycin in acetone at 12° C. 

[The postexposure period of observation was 3 to 30 days] 

Percentage 

Species survival 

and age of of at concentrations 

eges eges (in p.p.b.) 

Rainbow trout 

(24 hours after 
fertilization) 

Rainbow trout 
(3 days before 
hatching ) 

Northern pike 

(24 hours after 
fertilization)* 

White sucker 

(8 days before 
hatching) Ooo .o oo oO 0 © 

1 Not feasible to hold 30 days. 

TABLE 8.--Survival of 24-hour-old eggs of goldfish 
after 2-hour exposure to antimycin at WP Ge 

Percentage 

hateh 

or more throughout the 7-day incubation period, 

Further experiments at 19° to 23° showed 

that 10 p.p.b, of antimycin which were allowed 

to degrade for 96 hours were no longer toxic 

to goldfish eggs. However, a solution which 

originally contained 20 p.p.b, of toxicant killed 

70 percent of exposed goldfish eggs within 

96 hours, 

The eggs of channel catfish can be killed 

with antimycin (table 9), but they are sub- 

stantially more resistant than those of rain- 

bow trout, northern pike, goldfish, carp, and 

white sucker, Fertilized eggs about 24 hours 

old were placed in small baskets of saran 

mesh, Some were exposed for 2 hours to 

selected concentrations of antimycin; others 

were exposed to the toxicant throughout the 

6-day incubation period, The solutions of 

toxicant were aerated, constantly agitated, 

and temperatures ranged between 25° and 

28.5 C. At 100 p.p.b. or less, over 90 per- 

cent of the eggs survived 2-hour exposures, 

TABLE 9.--Survival of eggs of channel catfish 
following brief and prolonged exposures to 

antimycin at 25° to 28.5° C. 

Percentage Antimycin hatch? 

Two-hour exposure: 

20 p.p.b.. ove 93 
sO etal shel alelelstaldisiets 96 
GON oDsUsisistslatelatatornis 93 
SOPs ps Dale stelsteeistee a 100 

LOOM pais nin sarsuaietetote 97 
PIO Pasi Dalslate eeteleietare 19 
ZOO NPs Pe Deratsieleleleteterate (6) 

(Elo) TesieAlesagcocndnen ) 
OOM Mpa Datslaiesteaietatens (6) 

Controdie patcietetstetsetaretetes 95 

Six-day exposures; 

IOSON PADD sistalatersls| ake 93 
IDAs) Ppl daca o 96 

DRO MD seiDslelevalsisierere 83 
U/eei et elaletetetielslele 90 

AOAC) ieblehAooodose 95 
A240) PERG Mond onooS 26 
AieD) DaleDels c 0 

S050) sds o5cK000a 0 
AOS Ol Pein elaletelalelalel= O 

DO a Ompsrpelstavaretate raters 0) 

COMtrOM ni wins cies nc cesiele 96 

In contrast, all eggs succumbed to pro- 

longed exposures to 27.5 p.p.b. or more 

of antimycin, 

Fry.--Bowfin, rainbow trout, channel cat- 

fish, and largemouth bass fry were subjected 

to antimycin, Because their ages differed, we 

cannot say which species are the more sen- 

sitive at a given age, 

Bowfin exhibited increasing resistance to 

the toxicant with increasing age. The 96-hour 

ECs)'s were 0,13 p.p.b, at 3 weeks of age, 

0,24 p.p.b, at 6 weeks, and 0.35 p.p.b. at 8 

weeks, A comparable trial with 15 p.p.b, 

killed 12 adult fish, 

The responses of rainbow trout sac fry 

and advanced fry to antimycin were approxi- 

mately the same as those of fingerlings 

(table 10), The 96-hour EC;,'s of 5-, 12-, 

and 18-day-old sac fry at 12° C, were 0,04, 
0,03, and 0.05 p.p.b, respectively, whereas 

the EC;, for 44-day-old advanced fry and 

60-day-old fingerlings was 0,04 p.p.b, 

The fry of channel catfish, only a few hours 

old, were more Sensitive than the eggs to the 

toxicant, On the other hand, they were more 

a 
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TABLE 10.--Toxicity of antimycin in p.p.b. to sac and advanced fry of rainbow trout 

at 12°C. 

9OO0O0000000 oooCcocoocoo°o°o 

1 G.I. = 95-percent confidence intervals for ECso's 

2 Approximate age of our standard bioassay fish 

resistant than the fry of bowfin and rainbow 

trout, In standard bioassays at 22° C,, the 

96-hour ECs) was 1 p.p.b, For those fry ex- 
posed to the toxicant for only 2 hours at 26° C., 
the ECs) was 26,9 p.p.b, and the ECj9) was 

50 p.p.b. 

Newly hatched fry of largemouth bass also 

were exposed to antimycin fora 2-hour period 

at concentrations of 0,01 to 0.50 p.p.b, Many 

of the control fry died, however, which makes 

interpretation of the results difficult, There 

was a.100-percent mortality of fry exposed 

to 0,075 p.p.b, within the following 96 hours, 

but there was a 60-percent mortality during 

the same period in the control lot of fry, 

Eighty-two of the 100 fry exposed to the 

lowest concentration of antimycin, 0,01 p.p.b., 

died within the following 96 hours, 

Juveniles and adults,--Most of the tests 
of antimycin against larger fish were run in 

vinyl or concrete pools, An early series in 

1,000-gallon, vinyl pools at 15, Bo to 172 Gu, 

PH 8.4 to 8,6, and total hardness of 252 p.p.m, 

included 10 species of fish, Five p.p.b, or less 

of toxicant killed all goldfish, carp, fathead 

minnow, bigmouth buffalo, green sunfish, 

pumpkinseed, bluegill, and largemouth bass 

within 144 hours (table 11), Most black bull- 

heads and some channel catfish survived 

exposures to 10 and 20 p.p.b, Naiads of damsel 

flies and aquatic plants in the pools were 

unharmed by the antimycin, Subsequent re- 

stocking with small bluegills indicated that 

the toxicant had degraded within the first 

144 hours, 

Followup bioassays in vinyl pools deter- 

mined the concentration of antimycin neces- 

sary to kill black bullheads, Included were 

40, 80, 120, 160, and 200 p.p.b, of toxicant 
at 26,6° C., PH 9.0 to 9.6 and five species 

of fish, The 3.6-inch goldfish, 2,8-inch carp, 

2,7-inch green sunfish, and 4,9-inch bluegills 

were killed within 24 hours by all concen- 

trations, The 5-inch wild black bullheads 

exhibited stress within 3 hours at 160 and 

200 p.p.b., but they recovered fully within 

24 hours, At these relatively high levels of 

PH, the toxicant degraded within 48 hours, 

In contrast, 5-inch black bullheads alone 

in a test at 23° C,, pH 7.8 to 8.6, and 287 
p.p.m, total hardness, died within 24 hours 

in 160 and 200 p,p.b, of antimycin, None 

died at lower concentrations, The toxicant 

lasted longer at this rangeof pH, and degrada- 

tion was not considered complete until 96 

hours, 

Fifteen-inch white catfish and 6-inch green 

sunfish were exposed up to 144 hours inl, 5, 

and 25 p.p.b. of acetone- or sand-formulated 

antimycin in vinyl pools at temperatures 

which ranged between 1° and 16° C,, pH 6,2 
to 7.0, and total hardness of 18 to 40 p.p.m. 

All white catfish survived, but the green 

sunfish died in either formulation at 5 p.p.b, 

The average degradation time for the acetone 

formulation was a little more than 7 days; 

for the sand formulation it was slightly less 

than that, 

A separate series of tests was performed 

with acetone-antimycin against large fingerling 
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TABLE 11.--Toxicity of antimycin to various species and sizes of fish in outdoor, vinyl pools at nh I ro apy yd) C., pH 8.4 to 

8.6, and 252 p.p.m. total hardness 

per i Pak asad Totala 
Antimnycin ecies of SP sien | Tength| Weight | (p.p.v.) | 6 24 48 72 | 96 a ee poe en ees 

(in.) |] (g.) hours | hours | hours } hours | hours | hours 

10 GOLGEL SNS cisinieva cieleleieels 30 2.5 4.2 Control (6) (e) (0) (0) 0 (6) (6) 2 20 
DO erataieratarorafetalatetata 30 a m 0.5 {0} 0 0 (0) (0) P 17 1 12 
DO latatatelafataata/avelefers 30 " ul 1.0 (0) 0 (0) (0) (6) P 17 af 12 
Desonnncocannodn 30 u iy 5.0 le} (0) (0) P P P ie) 20 10 
Dearie aisle utarereiateta 30 Li hi 10.0 0 12 P P P P 0 16 14 

DOmeuistaitsislalalaistels 30 w u 20.0 (0) P P P P P (0) 17 13 

TOatatateleloreltstelevaters 30 4.1 24.1 Control 0 (6) 0) 0 (¢) (0) 26 io) 4 
DOmeraalelsietaleintstevate 30 ip uy 0.5 ) 0 ) fe) (0) P 20 ib 9 
Do sie ieietnialy:a/aiaierinls 30 Bi a 1.0 (6) 0 0 0 0 i 21 EE 8 

DOeieteletsletetalstatetaters 30 0 u 5.0 (0) (0) P P P P (e} 26 4 
OBO COOOOOOROD 30 Wi tu 10.0 0 Ie) {PJ 1p) P Fi 0 29 1 

Do aietafelerstslotelsleteret 30 a i 20.0 (0) P P P P P fe) 27 3 

Carry erateteretetetatetatetels/ateters 30 2.2 2.5 Control (0) (0) 0 12) P iP 12 2 16 

DS) concaeoaDdDOo 30 im i 0.5 oO P P P P i 5 17 8 
DO steisteieveleveretsielatere 30 v Ms 1.0 fe) P P 1 ip T (e) 30 fe) 
DOpistatatelstetetebelateters 30 a a 5.0 P ae T T T T (6) 30 (6) 
DO aretatetatateletslateleral= 30 i Wy 10.0 A T T ae T T 0) 30 fe) 
DOeremietia steteteieiaris 30 MA My 20.0 P wy at dE T T ie} 29 a 

DerondcccocooadG 30 6.4 56.4 Control (0) 0) ) (0) te) ) 30 fo) re) 
[Do sreyaatayateta etutesaver 30 uu Ww 0.5 fe) te) (0) le) 0 (0) 30 ie) fe) 
Wenocnapocoaesoe 30 a Y 1.0 fe) (0) (e) (e) fo) P 22 6 2 
DOagodacaccssads 30 D Wy 5.0 (0) P P P P T ) 30 (6) 
Do memisetetetersieriars 30 ay u 10.0 P P P P a T ) 30 (e) 
IDO statatetevelsiciatalsiatele 30 vy u 20.0 ) P T T Tt T ) 30 fe) 

Fathead minnow....... 30 2.2 4.0 Control (0) fe) fe) P iP P 28 2 ) 
DOnisteiaveleletstataletelet= 30 iW uy 0.5 (0) Pi P le P T (0) 30 0 

Deiseoogsocesooce 30 iM wy 1.0 (6) Pp P Ay T de fe) 30 fe) 
DOlereratetelotetatetetslstore 30 W ot 5.0 P T T T iT ap fe) 30 fe) 
Detetatsteteiatetele! aiarore 30 uy ty 10.0 P T T at T dy fo) 30 (6) 
DO steisteistatdleteteleteiata 30 u wv 20.0 Tt T Ae ay de T 0) 30 fe) 

Bigmouth buffalo..... 20 7.2 102.0 Control (o} 0 (0) fo) 0 ie} 18 1 1 
DO ahetatefntataieisl es evefata 20 M i 0.5 (0) (e} (0) (0) (e} {0} 19 al ie} 
DO isicieia!«\s\0\s\<(rieisie 20 W tu 1.0 0 0 0 0 0 iP. 12 eL 7 
WO 40000000Q0000 20 i in 5.0 (0) P P P P ay 0) 20 ie) 
We sooceacodoade 20 W mn 10.0 (0) P oy T T He fe) 19 1 
DO mielotaletatelelatataratere 20 uu ul 20.0 0 P a Je T ae 0 17 eS 

Black bullhead....... 30 2.3 2.6 Control (0) 0 0 (e) fe) le} 16 ie} 14 
DO elatatatsterstetstetelaver= 30 ) Mt 0.5 0 (0) (e) (0) te) ) 14 0 16 
Doo nccooca0cdo0ed 30 Wy Wy 1.0 0 (0) ) (0) (0) 0 20 (0) 10 
DeonoononooodCG 30 G au 5.0 (0) 0 (0) 0) (0) ) 18 il Tat 
Dolatersiets ateistaleieletete 30 Ww iu 10.0 fe) (0) fe) (0) (0) (e) 18 al! 11 

DO \ataletatstetateloteteletale 30 1H Ww 20.0 0 (0) fo) 0) (0) (6) 21 (0) 9 

Black bullhead....... 30 5.7 30.1 Control (0) (6) 0) fe) (e) (0) 27 le} 3 
DOmeteleieieleiveleleretets 30 u v 0.5 (0) (0) (0) (e) 0. 0 28 fe) 2 
Dolererererstevetarekstereyats 30 a W 1.0 0 fe) (0) fe) 0 ) 25 fe) 5 
DOptetetatetotavetetsiettere 30 wv uu 5.0 ) (0) (0) (0) 0 ie) 25 (0) 5 
DO's rerere\stapaicielereisiels 30° m w0 10.0 0) 0) (0) (e) 0) ) 30 fo) ) 
Dene Sann000Go005 30 wy iu 20.0 (0) 0 (0) () (0) fe) 30 le} fe) 

Channel catfish...... 30 2.4 1.8 Control 0 (0) P P 12) P 19 11 ie} 
Deo 5c0000000000C 30 iB p 0.5 0 0 0 0 te} iB aL 20 9 
Der nooaconoc00dd 30 wu u 1.0 (0) fe) (0) ) (e) P 4 26 fo) 
Do nreteleteletietalelotelene 30 wv u 5.0 (0) 0 (0) (e) 0 0 17 13 0 
DscncccddeGo0aE 30 B wu 10.0 (0) (0) (0) (0) ) (6) 13 15 2 
Dsinnagcooouao0Ke 30 a au 20.0 P P P P @ P 2 28 ie} 

Green sunfish........ 30 1.5 1.0 Control (0) 0 0 (0) (e} 0 30 (0) ie} 
¢ DOleretaisetelavetereteietalle 30 Wy n 0.5 0 fe) P P iS ue 0 30 ie} 

DOL eEsobcodbSoGedod 30 iW W 1.0 (0) P P T dE ay fe) 30 0) 
DO setetetadstataietsteletats) 30 W " 5.0 12) iP i T T ay 0 30 (0) 
Dalat alatacaivinfevets atate 30 WU W 10.0 12) uy T ae aL a, 0 30 0 

DOpraretareteislereretersvere 30 wy 1» 20.0 T We fe a He Tr ) 30 0 

Green sunfish........ 30 2.8 5.4 Control (0) le) (0) te} ) (0) 27 ie} 3 
DOsteialempareisterelastale 30 ay mn 0.5 (0) ce) fe) P P P 15 12 3 
DO eiatetate: wichalstete,ate te 30 ny mu 1.0 0 0 P P ip P 10) ity) 13 

DOS Hoe ODO. On ° 30 u W 5.0 ie) iP 12 P P P 0) 18 12 

DO cratainin sietaialalpials’a 30 iM i MH 10.0 12) P Ie) P T AP 0 18 12 

DOeretererercletelcievereyers! 30 iH a 20.0 P P P Ht T T (0) 20 10 

Pumpkinseed.......... 30 3.0 8.4 Control 0 0 0 (0) (e) ie} 24 ce) 6 
Do mrereteieielneters teeters 30 iu ym 0.5 (0) (e) fe) fe) P P 7 13 10 
DO miatals afatsye’atetetstats 30 a Wy 1.0 (0) (9) (e) P P P (0) 26 4 
DO atarapatafaveteys utalntars 30 a um 5.0 fe) (6) P P P P fe) 30 (e) 

DO eisteleteletelerolnteletere 30 My iu 10.0 0 1p P P P T 0 26 4 

DO utefatatefalatelateialatere 30 Mg wu 20.0 (e} ip P P P T fe) 25 5 

See footnotes at end of table. 
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TABLE 11.--Toxicity of antimycin to various species and sizes of fish in outdoor, vinyl pools at 15.5° to 17.2° C., pH 8.4 to 

8.6, and 252 p.p.m. total hardness--continued 

Average size 
Number 

Length| Weight 

(in.)} (g.) 

Antimycin Species of 
(p-p-b. ) 

6 

hours 

Control 10) 
0.5 0 
1.0 10) 
5.0 P 

10.0 P 
20.0 P 

Control 0 

0.5 0 
1.0 0 
5.0 0 

10.0 0 
20.0 P 

Control 1@) 

0.5 0 
1.0 P 
5e0 P 

10.0 Lb 
20.0 T 

Control 0 
0.5 0 
1.0 0 
5.0 0 

10.0 0 

iss) oO io} (o) 

24 48 72 

hours 

Fish mortality at--* Totals 

9 144 
a Alive 

hours hours hours hours 

ie) t¢) 0 .e) 1e) 30 0 
P T a - a 0 0 
P T 4 i a .e) ie) 
iY T T T T 0 0 
T J T T ie) 0 
Ht T T T T 0 0 

P P e P is 9 11 
is e 2 I P ie) 7 
iB P 1 P ly 0) 4 
iP is P P ty 0 5 
P 13) I P T 0 10 
1p It P WY r 0 5 

0 e) 0) P ie 0) 10 
ie) P P ME P 11 0 
P P P T T 0 0 
P J T a uk fe) 0 
T a tt T z (0) 0) 
us HY T T a ie) 0) 

0) 0 .e) 10) 0) 9 1 
10) ie) ie ie P 6 0 
0) 0 ie ir z 0 2 
10) P In P P te) (0) 
0) ie P P T ie) Q 
P 1b P P de 0) 2 

20 = no mortality, P = partial mortality, T = total mortality. 

2 Unaccountable loss from pools, due in part to predatory birds. 

flathead catfish in vinyl pools which contained 

water of 42 to 48 p.p.m, in total hardness and 

PH 6.6 to 7,0, One group of 4,5-inch fish 

survived 96-hour exposures to 50 p.p.b, of 

antimycin at 21° C, The 96-hour ECs, for a 
group of 5,8-inch flatheads was 54 p.p.b, at 

27° G, In a test at 28° C., the 24-, 48-, and 
72-hour EC ,,'s for 5.8-inch fingerlings was 

33 p.p.b. Most of the deaths at 27 and 28° C, 
were within the first 6 hours of thetest,In a 

separate experiment, the 96-hour EC,, for 

adult flathead catfish at 179 C, was 182 p,p.b. 
(95-percent C,I, = 158-209), 

Eight species of fingerling and larger fish 

were exposed to 0,1, 1.0, and 5.0 p.p.b. of 

antimycin under ice cover, Thesand formula- 

tion was applied in viny] pools containing water 

at 190 and 282 p.p.m, total hardness and pH 

8.5 to 9.0. The activity of the toxicant was 

influenced far more by the temperature under 

5 to 6 inches of ice than by water quality, 

Concentrations of 0,1 and 1.0 p.p.b, caused 

no significant mortality of fish, Five p.p.b. 

of toxicant killed 5,8-inch rainbow trout and 

5.9-inch brown trout within 72 hours, and 1.6- 

inch carp and 3,l-inch longear sunfish within 

120 hours (table 12), There were some deaths 

among 1,4-inch goldfish, 2,1-inch fathead 

minnow, and 1,4- and 2,8-inch bluegill, No 

deaths occurred among 3,8-inch goldfish, 7,2- 

inch carp, and 2,6-inch pumpkinseeds, At 

the relatively high pH, the toxicant degraded 

to a point harmless to brown trout within 

120 hours after application. 

Some tests with adults of resistant species 

were made indoors in concrete tanks with 

well water at total hardness of 300 p.p.m., 

PH 7.6, and 14,5° C, Some of the shortnose 
gar died at 15 and 20 p.p.b, of sand-formu- 

lated antimycin, but 25 p.p.b. were required 

for complete kills within 96 hours (table 13), 

All bowfin died at 20 p.p.b, Insharp contrast, 

black bullheads showed 50-percent mortality 

at 140 p.p.b. and 100-percent died at 220 p.p.b. 

Their resistance to the toxicant, therefore, is 

at least 10 times that of gar and bowfin. 

SIMULATED FIELD TRIALS 

Community bioassays with juvenile and adult 

fish in 0,0l-acre concrete pools provided 

further evidence on the concentrations of 

antimycin needed to kill certain species, The 

pools were 3.5 feet deep, the water tempera- 

tures were 11° to 21° C., pH ranged from 
7.9 to 8.6, total hardness from 252 to 290 

p.p.m., and total alkalinity from 211 to 250 

p.p.m, The concentrations of dissolved oxygen 

ranged from 8,1 to 11.2 p.p.m, Under these 
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TABLE 12.--Toxicity of 5 p.p.b. of antimycin in sand formulation to fish in vinyl pools under 5 to 6 inches of 
ice cover, total hardnesses of 190 and 282 p.p.m. and pH 8.5 to 9.0 

Average size 
Number oe 

Species 

Cumulative kill (hrs. ) Cumulative kill (hrs. ) 

Hardness of 282 p.p.m. 

Rainbow trout....... 10 

Brown trout..cccscce 10 

Goldtashiviveleiniclalsinietelere 10 

orf OO 

er Oo ON O 

Number 

per Species 
concen- 
tration 

Shortnose gar.........4. 

loyal Gacy dosadaqeoands c 

eee esersoe 

1 There was no mortality among controls of each species. 

conditions, 1 p.p.b. of sand-formulated anti- 

mycin killed all rainbow trout and 86 percent 

of the bluegills but failed to affect the two 

size groups of goldfish and thecarp (table 14), 

Two p.p.b, killed all spotted suckers and 

green sunfish as well as the trout and blue- 

gills. Four p.p.b, was the lowest concentra- 

tion at which all carp perished, but a small 

number of the larger goldfish survived both 

4 and 5 p.p.b, All fish of the 12 species 

were eradicated by 10 p.p.b. 

Caged rainbow trout of fingerling size were 

placed in the pools each 24 hours, Their 
survival showed that the toxicant degraded 

to a safe level for the species within 8 days 

in every test in all pools, 

A cold-weather test in the 0,01l-acre pools 

demonstrated that Fintrol-5 is effective against 

fish in cold, shallow, clear, or turbid waters, 

The pools were maintained at 2 feet deep 

during the 3-week trial, Water temperatures 

ranged from 3,4° to 5,59 C.,pH from 7.4 to 

20.0-26.0 

16.0-24.0 

5.5- 9.0 

8,2, total hardness from 260 to 320 p.p.m., 

and alkalinity from 235 to 260 p.p.m, The 

Secchi disk reading was 6 inches in four 

turbid pools and to the bottom in four clear 

pools, 

Juvenile or adult brown trout, carp, blue- 

gill, and largemouth bass in clear pools 

succumbed within 2 to 7 days to 5 p.p.b. of 

antimycin and within 1 to 3 days at 10 p.p.b, 

Death was delayed in turbid water; the fish 

died within 7 to 12 days at 5 p.p.b, and within 

3 to 7 days at 10 p.p.b, Large goldfish were 

the most resistant fish, but all were killed 

by 5 p.p.b. of antimycin within 15 days in 

clear water and within 18 days in turbid 

water; the kill at 10 p.p.b. occurred within 

11 days in clear water and within 16 days 

in turbid water, 

Fingerling yellow perch in live cages were 

used to detect the degradation of Fintrol-5 

in the pools, The process was slow in the 

cold water, but degradation occurred sooner 
ee 
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TABLE 14.--Toxicity of sand-formulated antimycin to juveniles or adults of 12 species of fish in 0.0l-acre pools 

Number 

Species per con- 

HeITHOW, CLOUL. «asicccencce 9. 

cen “CTOU Gs ccccsecvecss 

Northern pike.....c.cccee 

Goldfish... cere ccevccccs 
re 

SRA DAC Koic:c cic nwe vec cecies 

Spotted sucker........... 

Green sunfish............ 

RING sl a iwc S:0\0 ojsi0/6 0 oleic vie 

Largemouth bass.......... 

Dnnwor 0oO8 ON UY © 

Black crappie.......scecs 

in clear water than in turbid water, Five and 

10 p.p.b, of antimycin disappeared within 8 

and 13 days respectively in clear water and 

within 9 and 17 days in turbid water, 

Water temperature has greater influence 
than turbidity on the response of fish to 

antimycin, but mortality of the fish is merely 

retarded rather than reduced in cold and 

turbid water, 

TOXICITY OF INJECTED ANTIMYCIN 

Injections of antimycin into the peritoneal 

cavities of fish are toxic, and the order of 

toxicity is similar to that observed when 

fish are immersed in solutions of antimycin, 

Moreover, the behavior of injected and im- 

mersed fish is similar, 

Of three species, rainbow trout arethe most 
Sensitive to the injected toxicant, Some trout 

died at 0,01 mg. of antimycin per kg, of body 

weight, and all died within 24 hours at 0,02 

mg./kg. (table 15), Carp are intermediate in 
sensitivity to injected antimycin, with some 

dying at 0,14 mg./kg. and all dying at 0,40 

mg./kg. or more within 72 hours, In contrast, 

not less than 20 mg./kg. cause mortalities 

Length (in. ) 

NO OO 7OF Ss Ww oS 

Percent mortality at concentrations of (p.p.b.) 

2 4 

100 100 

among black bullheads, and 30 mg./kg. or more 

are needed for complete kills within 24 hours, 

There were no deaths among the control 

fish of the three species which were injected 

with the ethanol-water solvent, 

STABILITY OF ANTIMYCIN 

The shelf life of acetone-antimycin in stock 

solutions is good in cool, dark storage, Sam- 

ples held for 2 years were checked periodically 

for potency against fingerling rainbow trout, 

The 96-hour EC ¢, 's and confidence intervals 

at 12° C, exhibited no greater differences in 
range than expected when using different lots 

of the same test species, Similarly, the shelf 

life of the sand formulation appears to be 

good if it is kept cool and dry, but the shelf 

life has not been measured specifically, 

Antimycin can be destroyed by exposure to 

high heat for an adequate period of time, 

Crystalline antimycin which had been sub- 

jected to dry heat at 200° C, for 60 minutes 
or longer, and then dissolved in acetone and 

bioassayed was not toxic at 5 or 25 p.p.b. 

‘to fingerling rainbow trout within 96 hours 

(table 16), Crystals which were heated at 

200° for only 15 or 30 minutes remained as 
toxic to fish as the unheated control, 
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TABLE 15.--Toxicity of intraperitoneal injections of antimycin at 12°C. 

Species 

TABLE 16.--Effects of oven-heating at 200° C. on the 
fingerling rainbow trout at 12°. 

Weight (grams) Injection 

24 48 72 96 

a ee ee oe 

Fish alive/dead at-- 

30-34 0.002 = 
30-34 0.010 o- 
30-34 0.020 == 
30-34 Control 5/0 

300-330 0.100 = 
290-390 0.140 2/3 
300-430 0.160 2/3 
280-360 0.180 0/5 
300-370 0.200 4/1 
280-320 0.400 =: 
265-310 0.600 == 
310-350 1.000 == 
306-340 Control 5/0 

240-300 10.00 4/0 
100-130 20.00 2/3 
110-130 25.00 1/4 
120-170 30.00 ay 
90-140 35.00 =o 

105-120 Control 

toxicity of crystalline and sand-formulated antimycin 

[Results presented in numbers of fish alive/dead at selected intervals] 

Crystals at 5 p.p.b. 

Bioassay 

time 

(hours ) 
Controls Heated (min. ) 

Non- 

heated 

24.00. cece 

96.00....... 

DETOXIFICATION WITH POTASSIUM 

PERMANGANATE 

Although antimycin degrades rapidly in water 

(Derse and Strong, 1963; Walker, Lennon, and 

Berger, 1964), it may sometimes be desirable 

to detoxify treated waters, Potassium per- 

manganate was included among candidate de- 

toxifiers because of its activity as a strong 

oxidizer and the fact that fishery managers 

are familiar with it, 

Non- 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

Crystalline potassium permanganate was 

dissolvedin water and added at concentrations 

of 5 to 500 p.p.b, to 15-liter bioassay solu- 

tions which contained 5 p.p.b. of antimycin at 
12° C, Fingerling bluegills were added to the 
vessels 6 or 24 hours later, and their re- 

sponses were noted over the following 96 

hours, The results reveal that 300 p.p.b, of 

potassium permanganate detoxifies 5 p.p.b. of 

antimycin within 6 hours. On the basis of 

these results, a detailed investigation was 
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initiated on the detoxification of antimycin 

by potassium permanganate; this will be re- 

ported separately, 

DISCUSSION 

These studies provide abundant evidence 

that antimycin has a fine potential asa fishery 

tool, It is a pure compound which fortunately 

can be formulated simply and with great 

integrity. The crystals are easily dissolved 

in quantities of acetone or ethanol which 

themselves are not harmful to fish, The 

formulations in Carbowax coated on fine sand 

also are precise and uniform, Consequently, 

fish can be exposed easily to exact quantities 

of active ingredient and with no influence 

from the carriers, 

Because of these advantages, we are using 

antimycinas a reference compound in routine 

bioassays of unknown chemicals, Fish of any 

species may vary from lot to lot and from 

season to season in their sensitivity to a 

chemical, Also, fish within a lot may in- 

crease or decrease in sensitivity to a chem- 

ical depending on stresses involved in their 

holding and acclimation at the laboratory, 

These possible variations in sensitivity are 

not apparent in tests with compounds of un- 

known activities, We expose all lots of 

bioassay fish to antimycin, therefore, 

as a check on their sensitivity to a toxi- 

cant, 

The order of toxicity of antimycin to 3l 

species of fish is summarized in table 17. 

In static 96-hour bioassays, 1 p.p.b., of the 

toxicant kills the most susceptible fishes, 

including trouts, walleye, and yellow perch. 

Five p.p.b, kill fish of intermediate sen- 

sitivity, including carp and green sunfish 

which are often target coarse fish, Of the 

31 species, 27 are eliminated by 10 p.p.b., 

but up to 25 p.p.b, are needed to kill short- 

nose gar, bowfin, and channel catfish, White 

catfish, flathead catfish, and black bull- 

heads are comparatively resistant to anti- 

mycin and up to 200 p.p.b, is required for 

eradication. 

338-447 O- 69-5 

TABLE 17.--Order of toxicity of antimycin to 31 
fishes, including various life stages at different 
water temperatures and qualities 

1.0 p.p.b: 

Rainbow trout 

Brown trout 

Brook trout Green sunfish 

Lake trout Fathead minnow 

Walleye Northern redbelly dace 
Yellow perch Brook stickleback 

Largemouth bass 

5.0 p.p.b:--Continued 

Redear sunfish 

Pumpkinseed 

5.0 p.p.b.: 

White sucker 7.5 - 10.0 p.p.b.: 
Smallmouth bass Goldfish 
Freshwat d shwater drum 25 pspeb.: 
Black crappie 

Bigmouth buffalo Shortnose gar 

Quillback Bowfin ; 
Spotted sucker Channel catfish 

Northern pike 200 p.p.b.: 

Carp White catfish 
Longear sunfish Flathead catfish 
Bluegill Black bullhead 

In addition to the species above, other fish 

are known to be killed by antimycin, Walker, 

Lennon, and Berger (1964) listed gizzard shad 

(Dorosoma cepedianum), stoneroller (Campos- 

toma anomalum), golden shiner (Notemigonus 

crysoleucas), yellow bullhead (Ictalurus 

natalis), brown bullhead (Ictalurus nebulosus), 

white crappie (Pomoxis annularis), and Iowa 

darter (Etheostoma exile), Howell! found that 

antimycin at 9 p.p.b. is toxic to larvae of the 

sea lamprey (Petromyzon marinus) within 

21 hours, Lowe (1966) determined that the 

48-hour EC,, for acetone-antimycin against 

spot (Leiostomus xanthurus) at 25° C, is 
0.23 p.p.b. In his trials of sand-formulated 

antimycin on juvenile fish, Lowe also found 

that 10 p.p.b. killed all longnose killifish 

(Fundulus similis) within 48 hours, and that 

the 48-hour EC, 's for sea catfish (Galeichthys 

felis) and sheepshead minnow (Cyprinodon 

variegatus) at 19° and 23° C, are 10 and 32 
p.p.b, respectively, Meyer ” reported that grass 

carp (Ctenopharyngoden idellus) are killed 

by 3 p.p.b, of antimycin and tilapia (Tilapia 

mossambica) by 5 p.p.b. within 24 hours in 

aquaria at room temperature, 

1 Letter from John Howell, Supervisory Fishery 

Biologist, Hammond Bay Biological Station, Bureau of 

Commercial Fisheries, Millersburg, Mich,, 1966, 

2 Letter from Dr, Fred P, Meyer, Chief, Fish Farming 
Experimental Station, Bureau of Sport Fisheries and 

Wildlife, Stuttgart, Ark,, 1966, 
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Antimycin has another advantage as a fish 

control agent; fish are not repelledor excited 

by its presence in water. This, coupled with 

the order of toxicity and effectiveness on 

various life stages, suggests that the toxicant 

has possibilities for partial or selective con- 

trol of fish, The lethal effects on fish eggs, 

for example, indicate that it might be em- 

ployed effectively in spawning areas for partial 

control of unwanted species, Or it might be 

useful for control of trash fish in catfish 

production ponds, There are also possibilities 

worth investigating that the sand formula- 

tions, Fintrol-5 and Fintrol-15, might be 

used in littoral zones or epilimnions of 

thermally stratified lakes to remove stunted 

or unwanted fish, 

Certain facts disclosed by the studies point 

to a possible usefulness of antimycin in re- 

claiming streams, They include the lack of 

color, odor, or repellency in the toxicant, 

the relatively brief exposures needed to kill 

fish, the relatively rapid rate of degradation, 

and the susceptibility of the antibiotic to 

detoxification with potassium permanganate, 

Also, from the point of view of fishery 

management, the toxicant is effective in a 

variety of water qualities, High pH contributes 

to more rapid degradation of antimycin, but 

this might be an advantage in certain situa- 

tions so long as the concentrations applied 

persist through an effective contact time, 

Temperature has less effect on the activity 

of the toxicant than pH, but somewhat greater 

concentrations may be required in very cold 

waters and under ice than in waters of 

moderate temperature, Water hardness has 

less influence on antimycin than pH or tem- 

perature, but toxicity is slightly greater in 

Soft water than in hard water. 

A mineral turbidity may retard or reduce 

the toxicity of antimycin to fish, depending 

on the amount of material in suspension and 

whether it remains in suspension or settles 

out, Similarly, Ferguson et al, (1966) re- 

ported that muds reduce the bioactivity of 

chlorinated hydrocarbon insecticides on fish. 

As an outgrowth of these laboratory trials, 

the development of antimycin as a fishery 

tool has begun to include comprehensive 

tests of its toxicity to birds and mammals 

(Vezina, 1967), and experimental applica- 

tions against fish in lakes and streams 

(Lennon, 1966; Berger, 1966), Lennon, 

Berger, and Gilderhus (1967) adapted seed 

spreaders for distributing sand-formu- 

lated antimycin in field operations, Powers 

and Bowes (1967) used antimycin to con- 

trol predaceous fish in a grebe refuge in 

Guatemala, Hogan (1967) and Burress 

and Luhning (1969) investigated the utility of 

antimycin in channel catfish production. 

Walker (1967) has further defined the amounts 

of potassium permanganate needed to de- 

toxify various concentrations of antimycin 

in water, 

CONCLUSIONS 

1, Antimycin in water or injected intra- 

peritoneally is toxic to fish, Various life 

stages of some species of fish were in- 

cluded in tests, and the antibiotic was 

toxic to all, egg through adult, 

2. Solutions of antimycin crystals in acetone 

or ethanolor dry preparations in Carbowax 

onsand arestable in storage, irreversibly 

toxic to fish in waters of various qualities 

and temperatures, and subject to detoxifi- 

cation by potassium permanganate, 

3, Natural degradation occurs sooner in hard, 

alkaline waters than in soft, acid waters, 

The degradation products are not toxic 

to fish, The exposure of the antibiotic to 

dry heat at 200° C, for short periods of 
time reduces or destroys its toxicity to 

fish, 

4, The purity of the compound, the integrity 

of its formulations, and its lack of re- 

pellency to fish arecharacteristics which 

enhance its use for general, partial, or 

selective control of unwanted fish, 
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FIELD TRIALS OF ANTIMYCIN A AS A FISH TOXICANT 

By Philip A. Gilderhus, Bernard L. Berger, and Robert E. Lennon 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La Crosse, Wisconsin 

ABSTRACT.--Antimycin A was subjected to field trials as a fish tox- 

icant in 20 ponds and lakes and 5 streams in the East, Midwest, and West 

of the United States. The formulations of toxicant included three on sand 

grains which are designed to release antimycin uniformly within certain 

depths, and one formulation in a liquid. Ten parts per billion or less of 

the toxicant were effective against most of the 54 species of fish we en- 

countered, including carp, suckers, and green sunfish. Differences in 

sensitivity among fish suggest possible use of antimycin as a selective 

toxicant. The efficacy of the toxicant is influenced by pH and water tem- 

perature, with slightly higher concentrations necessary at high pH or in 

cold water. Antimycin does not repel fish, and its toxic action on fish ap- 

pears to be irreversible. It degrades rapidly, usually within a week. Fish- 

killing concentrations have little or no effect on other aquatic animals. 

The development and registration of a fish 

toxicant require that the candidate chemical 

be tested thoroughly in the laboratory and in 

the field to evaluate its toxicity to different 

forms of invertebrate and vertebrate life, its 

efficacy on fish, and its residues in water and 

fish. The trials in the field must involve at 

least three ecologically different sites, and 

target and other organisms typical of those 

sites. Also, they must be organized, executed, 

and reported as controlled experiments, and 

the data from them are reviewed in detail by 

regulatory agencies at Federal and State 

levels before the toxicant may be registered 

for use. Notably, the regulatory authorities 

warn against submitting the once-common 

testimonial type of reports on field trials. 

The field trials of antimycin A followed in- 

tensive testing in the laboratory which demon- 

strated its potential as a toxicant specific to 

fish (Walker et al., 1964; Vezina, 1967; 

Herr et al., 1967; and Berger et al., 1969). 

The sites were chosen and the trials con- 

ducted with the requirements for registration 

in mind. Thus, waters in the East, Midwest, 

and West of the United States were included. 

Soon after each of the early trials, a report 

was submitted to the Pesticide Regulation 

Division of the U.S. Department of Agricul- 

ture for review and for suggestions on points 

to consider in subsequent trials. 

The objectives of the field trials were: 

1. to evaluate the efficacy of antimycin A in 

several formulations against as many 

species of fish as possible in cold and 

warm waters, acid and alkaline waters, 

and clear and turbid waters, 

2. to determine concentrations of antimycin 

which are effective against such prime 

target fish as carp, suckers, and green 

sunfish, 

3. to observe any effects of the toxicant on 

other aquatic animals, 

4, to detect whether or not the toxicant repels 

fish, 
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5. to find out if the toxic action in fish is ir- 

reversible, 

6. and to observe the rates of natural and in- 

duced degradation of antimycin in water. 

The early trials were conducted on very 

small ponds for two reasons, First, the tests 

were easier to control and evaluate than in 

larger waters, Second, the quantities of 

formulated antimycin were limited because 

pharmacologists of the producing company 

were then in the midst of developing and per- 

fecting the Fintrol formulations. 

Concurrently, field trials by other investi- 

gators bolstered the development of antimycin 

as a fish toxicant (Loeb, 1964; Lennon, 1966; 

Lennon et al., 1967; Powers and Bowes, 1967; 

Powers and Schneberger, 1967; Radonski, 

1967; Burress, 1968; and Burress and 

Luhning, 1969a and 1969b). 

The successful accomplishment of field 

trials was made possible only through the 

generous cooperation of many people. We are 

indebted especially to fishery personnel of 

State conservation departments who provided 

experimental sites, stocked fish, and man- 

power; to fishery and wildlife personnel in 

Bureau hatcheries, refuges, and laboratories 

who also provided trial sites, fish, and aid; to 

Wisconsin Alumni Research Foundation, 

owners of antimycin, for advice and aid; to 

Ayerst Laboratories, producers of antimycin, 

for supplying the pure and formulated toxicant 

at no Charge; and to personnel of the Pesti- 

cide Regulation Division, U.S. Department of 

Agriculture, for counsel on the scope and 

depth of experimental data needed for regis- 

tration of antimycin as a fishery tool. 

MATERIALS AND METHODS 

Antimycin A 

The early development of antimycin A as a 

fish toxicant included much consideration and 

investigation of formulations to meet the re- 

quirements of fish managers. A liquid formu- 

lation was needed for application in streams 

and in the very shallow waters of ponds and 

marshes, Accordingly, an experimental 

Fintrol-Liquid was prepared, consisting of 

crystalline antimycin dissolved in acetone or 

ethanol with a small amount of surfactant 

added, 

We recognized the long-standing problem 

that fish managers have experienced in getting 

adequate distribution of liquid or powered 

toxicants into the deeper waters of ponds and 

lakes, especially when thermal stratification 

exists. We sought granular formulations, 

heavier than water, which would release 

antimycin within selected depths. Thus, the 

cumbersome and often imperfect job of pump- 

ing a toxicant into the depths of a lake would 

be avoided, As a result of cooperative efforts 

among scientists of Ayerst Laboratories, 

Wisconsin Alumni Research Foundation, and 

the Bureau of Sport Fisheries and Wildlife, 

experimental formulations of antimycin on 

sand were developed. 

The sand formulations consist of antimycin 

incorporated in Carbowax‘) and coated on 

sand in such a way that the toxicant is re- 

leased into the water within certain depths as 

the sand grains sink toward the bottom. Be- 

cause we expected that most of the early ap- 

plications of antimycin would be in production 

ponds, farm ponds, and small lakes, we chose 

formulations on sand which would release the 

toxicant evenly within the first 5, 15, and 30 

feet of depth. They are called Fintrol-5, 

Fintrol-15, and Fintrol-30, respectively. Of 

them, only Fintrol-5 is registered and on the 

market. Formulations for release of toxicant 

over greater depths or for delayed release 

on the bottom are possible and may be de- 

veloped later. 

All of the formulated antimycin used in the 

field trials was prepared and furnished by 

Ayerst Laboratories, New York, N.Y. 

The liquid formulation of antimycin was 

applied to streams and shallows of ponds by 

means of spray apparatus or metering pumps. 

In most cases, a strong solution of Fintrol- 

Liquid in water was prepared on site and 

promptly dispensed. Metering pumps of the 

type described by Anderson (1962) gave the 

best performance, 
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The formulations of antimycin on sand were 

broadcast by hand, by hand-operated seed 

spreader, or by powered seed spreaders 

mounted on boats (Lennon et al., 1967), An 

attempt was made on each job to achieve as 

rapid and as even distribution as possible. 

Degradation or Detoxification 

of Antimycin 

The degradation of the toxicant in ponds 

was determined by field bioassays. Fingerling 

rainbow trout or bluegills were placed in live 

cages and submerged at selected sites and 

depths in the ponds at least 24 hours prior to 

the application of antimycin. Each live cage 

contained at least 10 specimens of a species 

and size of fish. 

Following application of the toxicant, the 

fish in live cages were checked frequently 

during the first 36 to 48 hours to detect the 
rate and amount of mortality. As soon as all 

specimens of a species in a live cage were 

dead, a replacement lot was provided. The 

survival of all specimens in a live cage for 

at least 48 hours was indicative that the toxi- 

cant had degraded below the lethal concen- 

tration or had flowed from the vicinity. 

Potassium permanganate was used during 

two field trials to detoxify the antimycin in 

effluent waters, Solutions or crystals of 

KMnO, were applied to obtain concentrations 

of 1 to 2 p.p.m. in the water, 

Sites of Field Trials 

The 13 sites selected for field trials of 

antimycin included 20 ponds or lakes and 5 

streams (tables 1 and 2), The first trials were 

conducted on Bureau property and involved 14 

ponds which are not subject to public fishing. 

These selections were made not only to ob- 

tain good tests of the toxicant, but also as a 

precaution against undue risks to the public 

until we knew more about the performance of 

antimycin in the field. 

The ponds and lakes ranged in area from 

0.25 to 63 surface acres and in volume from 

0.45 to 787 acre-feet (table 2), The streams 

were small and ranged in volume of flow 

from 2 to 20 c.f.s. The ranges in water con- 

stituents were: pH, 7.0 to 8.8; total hardness, 

10 to 350 p.p.m.; and total alkalinity, 13 to 

350 p.p.m, (tables 2 and 3), Water tempera- 

tures ranged from SB to 20> C., and all tem- 

peratures in this report are expressed in 

Celsius, 

Fifty-four species of freshwater fish were 

represented in the trials, and they included 

such problem species as carp, white suckers, 

and green sunfish (table 4). In the early trials 

in small ponds, known numbers and sizes of 

fish were stocked to facilitate evaluations on 

the performance of the toxicant. 

TABLE 1.--Sites of field trials with antimycin A 

Town and state 

Ponds and lakes 

Berlin NFH? 
Cape Vincent NFH 

@ Berlin, Nel sjejciwieiiac 
- Cape Vincent, N.Y.. 

- Stuttgart, Ark..... 
Valentine, Neb..... 

- Saratoga, Wyo...... 

- West Salem, Wis.... 
. Madison, Wis....... 
- Oxford, Wis... ....- 

Valentine NWR? 
Saratoga NFH 

Venterans Memorial Park 

Lake Katrine 

Parker Lake ANA URWNEH 

Streams 

9. Viroqua, Wis....... 
10. Plymouth, Wis...... 
1l. Cataract, Wis...... Rathbone Creek 

. Westfield, Wis..... Westfield Creek 
- Marshall, Wis...... Waterloo Creek 

Sidie Hollow Creek 

Mullet River 

1 National Fish Hatchery 
2 National Wildlife Refuge 

Warmwater Fish Cultural Laboratory 

Owned or managed by 

Bureau of Sport Fisheries and Wildlife 

Bureau of Sport Fisheries and Wildlife 
Bureau of Sport Fisheries and Wildlife 
Bureau of Sport Fisheries and Wildlife 

Bureau of Sport Fisheries and Wildlife 

La Crosse County, Wisconsin 
State of Wisconsin 
State of Wisconsin 

State of Wisconsin 

State of Wisconsin 

State of Wisconsin 

State of Wisconsin 

of Wisconsin 
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Site 

1. Berlin NFH.. 

2. Cape Vincent NFH 

3. Warmwater Fish 
Cultural 
Laboratory. 

4. Valentine NWR... 

5. Saragoga NFH.... 

6. Veterans 

Memorial Park. 

7. Lake Katrine.... 

8. Parker Lake..... 

a ayere Pl -- 0.45 12 9.6 0.1 7.0 

P2 -- TEELG 13 9.4 0.1 Vie 

P3 = 0.55 12 9.0 0.1 IED 

Pl 1.00 2.93 12 8.9 2.5 8.1 
P2 1.00 2.55 12 8.7 3.0 7.9 
P3 1.00 2.74 12 8.0 3.2 8.1 

Pl 0.25 0.58 are 9.6 1.0 8.0 

P2 0.25 0.58 17 10.4 1.0 8.1 
P3 0.25 0.58 17 9.6 1.0 8.2 
P4 0.25 0.58 17 0.4 1.0 8.2 
P5 0.25 0.58 17 9.6 1.0 8.1 

P6 0.25 0.58 17 0.4 1.0 8.2 

iti 19.40 42.68 12 8.6 
12 0.25 0.58 12 7.9 

Pil 1.80 3.24 19) 8.4 

P2 0.50 1.95 20 7.9 

= 1.79 5.84 9 Tee 

= 4.78 Plas 13 7.8 

a 2.707 10.01 W/ 
= 30.00 118.00 18 

= 63.00 787.00 9 

TABLE 2.--Physical and chemical characteristics of ponds and lakes 

hemical characteristics 
Pond Surface z 

Date or area 
lake (acres) 

(p.p.m.) | (p.p.m.) PY 

1 Total dissolved solids 
2 partial treatment (small bay) 

TABLE 3.--Physical and chemical characteristics of streams 

Chemical 

Length of characteristics 

Site Flow treated 
(OARS) section Total 

hardness 

(p-p-m. ) 

Sidie Hollow Creek. 
10. Mullet River....... 210 

ll. Rathbone Creek..... 24 

12. Westfield Creek.... 170 

Waterloo Creek..... 

Total 

alkalinity 
(p.p.m. ) 
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TABLE 4.--Fish exposed to antimycin in field trials 

Common name 

American brook lamprey... 

Paddlefish........ ‘ 

Atlantic salmon. 

Brown trout.... 

Brook trout.... i 

Central mudminnow,...... Wiuereva on 

Northern pike..... 

Stoneroller.. 

Goldfish...... a 
CATPseteccuecvecces . 

ConMMoN SHINE icecasnctvnensace 

Bluntnose minnow........... dyatels 

Fathead minnow.......... 
Blacknose dace.... 

Longnose dace..... 

Creek chub. 

ei elatelS Unie atalels oltais! s\eie) a 
White sucker...... 
Northern hog sucker... 

Smallmouth buffalo..... 

Bigmouth) bULLALG. <6 <i. eie ees onc 

BE Leo) by breldiags aie ars, shots) olere! <ley=i=)e 
WEE Ge CaibitSie ate oiclen s\n) sieves 

BRWE CeGE ESS el. cielais wilelapene 

Blacks ud UNead or se: ose aieel ie sca 

Yellow bullhead........ 
Brown bullhead.... 
Channel catfish. 

Tadpole madtom............ 
Flathead catfish.... 

Mosquitofish......... Se CeO O mos 
Brook stickleback....... aoneors 

White bass. 

ROCK PASS ayai<)<.cieisie/« 

Warmouth........ 

Green sunfish...... 
Pumpkinseed...... 
Orangespotted sunfish.......... 
Bluegill.. 

Smallmouth bass..... 

LAT Pemowthy DASSieye a\e/nie)«lelnie\claje le «> 

White crappie.. 5b elete 
Black Grapple ccs «mile a> « Maaccds 
Iowa darter... 

Rantaiil. darters isleic as\cicles oss 

Johnny darter........ 

MET MCT PSHE pir occoenod 

VEGI 6 congcan 

Freshwater drum... 

Mottled sculpin. 

eee eseee 

Seientific name 

Lampetra lamottei 

Polyodon spathula 

Amia calva 
Dorosoma cepedianum 

Salmo gairdneri 

Salmo salar 

Salmo trutta 

Salvelinus fontinalis 

Umbra limi 

Esox niger 

Esox lucius 

Campostoma anomalum 

Carassius auratus 

rinus carpio 

Notemigonus crysoleucas 

Notropis cornutus 
Pimephales notatus 

Pimephales promelas 
Rhinichthys atratulus 

Rhinichthys cataractae 

Semotilus atromaculatus 
Semotilus corporalis 

Catostomus commersoni 
Hypentelium nigricans 

Ictiobus bubalus 

Ictiobus cyprinellus 

Ictiobus sp. 

Ictalurus catus 

Iectalurus furcatus 

Ictalurus melas 

Ictalurus 

Ictalurus nebulosus 
Ictalurus punctatus 

Noturus gyrinus 

Pylodictus olivaris 

Gambusia affinis 

Eucalia inconstans 

Rocecus chrysops 

Ambloplites rupestris 

Chaenobryttus gulosus 

lepomis cyanellus 

Tepomis humilis 
Lepomis macrochirus 

Micropterus dolomieui 

natalis 

Micropterus salmoides 

Pomoxis annularis 
Pomoxis nigromaculatus 

Etheostoma exile 

Etheostoma flabellare 

Etheostoma nigrum 

Perca flavescens 

Stizostedion vitreum vitreum 

Aplodinotus grunniens 
Cottus bairdi 

PWN WE ~ a 

~ 

~~. 

rPMwW OD KrPOoOr nN 

a) ~~. ~- 

OrRPREH 

~ 

BWOrRKRPH 

. 

WWW ww . 

~. 

WWWrH Ww 

~ 

WHONnM OW 

. 

ves 

“ 

PRPwWEW . 

= tO 

Sites where found 

(by number) 

DOs 

Ga ten LOW ees 
6 

10, 12 

SMG), tit) a2), AE) 

12 

SER ION ae 

TOs 2 
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Pre- and Post-treatment Surveys 

STANDING WATER 

The ponds and lakes were mapped carefully, 

including depths and contours. Their volumes 

in acre-feet were calculated from measure- 

ments of area and depth. Analyses of water 

chemistry were made on site and correlated 

with any historical data available, The spe- 

cies, abundance, and sizes of fish were as- 

sessed before the trials from stocking rec- 

ords, or by netting or electrofishing. The 

post-treatment presence of fish was detected 

by netting, electrofishing, or by draining the 

ponds. 

The populations of bottom fauna and plank- 

ton were sampled by standard techniques be- 

fore and after applications of antimycin, and 

attempts were made to correlate changes in 

composition or abundance with causative 

factors. 

FLOWING WATER 

The streams were mapped and sounded, and 

the volumes and velocities were measured 

with a current meter. Measurements of 
stretchout and dilution were accomplished in 

soft water by the salt-resistivity technique 

(Lennon, 1959; Lennon and Parker, 1959) and 

in hard water by use of the rhodamine- 

fluorometer technique (Buchanan, 1964). The 

losses in concentration of salt or rhodamine 

dye between selected stations on a stream 

were assumed to equal the losses of a tox- 

icant in the same flow and distance. On the 

basis of these data, the sites of fortifying 

Stations were located and the amounts of tox- 

icant to be added at each station were deter- 

mined, 

Analyses of the water were made routinely 

by standard techniques. The populations of 

fish were sampled before and after applica- 

tions of antimycin by electrofishing. 

RESULTS 

Trials in Ponds and Lakes 

BERLIN, NEW HAMPSHIRE 

Three, small earth ponds were selected at 

the Berlin National Fish Hatchery as typical 

of cold, soft, trout water in northern New 

England (tables 2, 5, and 6), Sixteen species 

of wild and hatchery-reared fish were stocked 

in known numbers at least 1 week prior to the 

experimental reclamation. 

We chose a wide range of concentrations of 

antimycin because this was the first trial in 

soft water. One pond was treated with 0.13 

p.p.b., another with 1.22 p.p.b., and the third 

with 12.00 p.p.b. It was also the first field 

trial of the sand formulation, Fintrol-5, 

Nine of the 12 species exposed to 0.13 

p.p.b. suffered mortalities. Only common 

shiners had a complete kill; the other species 

had partial mortalities ranging from 18 to 75 

percent. The fish in this pond, however, re- 

ceived only a 24-hour exposure to the toxi- 

cant. There was a large loss of water from 

the pond because of seepage, and fresh water 

had to be added each 24 hours. The fish un- 

affected by the relatively brief exposure to 

the low concentration were chain pickerel, 

brown bullheads, and bluegills. 

The toxicant at 1.22 p.p.b. caused complete 

kills of 12 species within 72 hours, and it de- 

graded in 120 hours. A few bluegills and 

smallmouth bass and all brown bullheads 

survived, 

The 12 p.p.b. of antimycin killed the most 

sensitive species within 10 hours and all fish 

except brown bullheads within 48 hours. 

More than 2 weeks were required for this 

concentration of toxicant to degrade below 

fish-killing levels. 
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TABLE 5.--Applications of antimycin and rates of degradation in field trials 

Conc. of 
Pond Formulation ‘ Degradation 

Antimycin 
Site or (percent om Jie etsy time 

lake active) (e.) ayes (hrs. ) 
(p.p.b.) 

L. Berlin NFU. scccasse Fintrol-5, 0.19 0.07 24 
Fintrol-5, 0.19 0.76 120 
Fintrol-5, 0.88 8.22 >330 

2. Cape Vincent NFH... Fintrol-5, 0.10 3.70 1.02 96 
Fintrol-5, 0.29 9.85 3.12 96 
Fintrol-5, 0.96 35.40 10.40 96 

3. Warmwater Fish Fintrol-5, 1.0 3.60 5.00 168 
Cultural Fintrol-5, 1.0 3.60 5.00 168 
Laboratory Fintrol-5, 1.0 5.40 7.50 168 

March 1965 Fintrol-5, 1.0 5.40 7.50 168 
Fintrol-5, 1.0 7.20 10.00 168 
Fintrol-5, 1.0 7.20 10.00 168 

December 1965.... Fintrol-5, 1.0 526.64 10.00 120 
Fintrol-5, 1.0 4.00 10.00 120 

4. Valentine NWR...... Fintrol-5, 1.0 40.18 10.00 24 
Fintrol-5, 1.0 24.80 10.00 120 

5. Saratoga NFH....... Fintrol-5, 1.0 17.20 10.00 -- 

6. Veterans Memorial Fintrol-5, 220.00 10.00 144 
Park. 

7. Lake Katrine 

May 1966.05. ciewin Fintrol-5, 50.00 4.00 96 
Ob. IGG ee cee cies Fintrol-5, 4,313.00 7.50 120 

G. Parker Lakes. .cscn. Fintrol-5, 2,883.00 10.00 -- 
Fintrol-15, 1.5 2,647.00 -- -- 
Fintrol-30, 3.2 5,130.00 -- 168 
Liquid 100.00 -- -- 

9. Sidie Hollow Creek. Liquid -- 15 for -- 

5 hours 
10. Mullet River....... Liquid, 206.50 Ferre Lor 

(Plymouth Pond) 0.37-0.52 8 hours -- 

11. Rathbone Creek..... Liquid, 10.0 154.00 eo £Or 
8 hours -- 

(Cataract Pond) Fintrol-5, 1.0 115.70 fa -- 

12. Westfield Creek.... Liquid, 10.0 625.00 10 for 

10 hours -- 

13. Waterloo Creek..... Liquid, 10.0 182.00 10 for 

5 hours -- 

TABLE 6.--Effects of antimycin on fish at Berlin NFH 

3 Percent killed at 
Size 

Species (aeneey 

Rainbow trout......sss0c= 
Atlantic salmon.......... 
Brook trout........ iw staverals 

Chain pickerel........0.. 
Golden Shimer... cnculs owe 

Common shiner............ 
Blacknose dace....-..sees 

CEECK CHUB. vin cjeis0n:e'e afa/einia 

NeW sam co chatcoocrics 

WHAGGS SUCRE. cis wine's wlelnl= 
Brown bullhead........... 

Pumpkinseed.......ssse00- 
DY Sea A OOOO COEICIOCG 
Smallmouth bass........6. 
Largemouth bass.........- 
Meller peWeMee sosodeddcer 

1 

BANFIANPEFHROMOrELWUY 

1 aN 

(2) 

Kee * we 

i) 

RNIORWUY 1 Or: * 

b 

NIWEFAIUOOFW 

1 

OOe-«. U1 OV 

S Durin UOBA&D QR0OhW 
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The results at Berlin NFH were important 

to subsequent field trials and to further de- 

velopment of the toxicant, Although the 0,13 

p.p.b. of antimycin was too small a concen- 

tration for a large kill of fish, the no-kill and 

partial-kill of certain species confirmed 

laboratory findings that some species are 

more sensitive than others, and that anti- 

mycin has potentials for selective control of 

sensitive fish. The concentration of 1,22 

p.p.b. was also too small for a complete kill 

of scale fish. On the other hand, the concen- 

tration of 12 p.p.b. was too high. We concluded 

that the optimum concentration for scale fish 

in the cold, soft water might have been 4 or 

° p.p.b. 

The results also confirmed laboratory ob- 

servations that bullheads are very tolerant of 

concentrations of antimycin which kill most 

scale fish. This could be an advantage in 

some Situations, and a disadvantage in others. 

We concluded, however, that the presence or 

absence of bullheads could be ignored in most 

of our field trials because the amounts of 

toxicant used would be too small to affect 

them. 

This first test of antimycin formulated on 

sand, Fintrol-5, demonstrated that the prep- 

aration is easy and clean to handle and dis- 

tribute, and the results supported a decision 

to continue development of sand formulations. 

We did recommend that a coarser grade of 

sand be used as the carrier because the fine 

sand could float on surface film of water or 

could be blown from the path or distribution 

by the wind. The manufacturer then changed 

from 60-mesh sand to 40-mesh., 

The pond waters were clear and colorless 

and afforded good observation of the fish dur- 

ing and after the application of antimycin. 

The formulation contributed no color or odor 

to the water, and the fish were not repelled by 

it. Moreover, it killed the fish slowly and un- 

spectacularly. 

CAPE VINCENT, NEW YORK 

Three l-acre ponds at the Cape Vincent 

NFH were stocked with 20 species of fish and 

treated with the sand formulation of anti- 

mycin, The water was harder and more fer- 

tile than at Berlin NFH, and the ponds con- 

tained substantial amounts of rooted, aquatic 

vegetation. 

We narrowed the range of test concentra- 

tions to 1.02, 3.12, and 10.4 p.p.b. of anti- 

mycin (table 7). The lowest concentration 

killed all trouts, certain minnows, white 

suckers, and yellow perch. Seven species had 

partial mortalities ranging from 17 to 97 per- 

cent, and seven species had no mortalities, 

Only bowfin and brown bullheads and some of 

the pumpkinseeds, smallmouth bass, large- 

mouth bass, and black crappies survived 

TABLE '7.--Effects of antimycin on fish at Cape Vincent NFH 

Size 
Species (inches ) 

Bleeds sogocasadoaododdd 16.2-18.8 

Rainbow trout........00. 7.7-9.0 

Brown) GTOUWG. 60 clea cession 9.0-10.3 

BNO Keto lluiataleteialetelalete erate 9.9-10.7 

Northern pike........... 14.5-17.1 
Carp, small. .....ceceee 2.3-2.5 
Camphy arco ye civeleraletlelersts 16.8-17.4 

MINOW Siielelsle ie lsisielatsl=felelels!= 2.4-3.0 
Golden shiner........... 2.9-3.1 

White sucker............ 17.1-19.2 
Brown bullhead.........- 4.2-5.3 

White DASS...<:c).\c.0/e sia «isfams 15.4 

ROCK: DAGSeretsieleletateiotelaialetere 7.0-8.0 
Pumpkinseed...........-. 4.5-6.2 
BME Aaa dooncdc so 7.6-8.2 
Smallmouth bass........-- ila) 

Largemouth bass.. 12.0-14.0 
Black crappie.. 6.8-8.0 
Yellow perch... 7.2-8.0 

Sanooonbad 12.1-16. 
elolarcicteretats 16.0-1 

Percent killed at 

1.02 a 3.12 p.p.b 10.4 p.p.b. 

(0) (0) 0) 

100 100 100 
100 
100 
100 
100 

100 
100 
100 

0) 

100 
100 
100 
100 
100 
100 
100 
100 
100 
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exposure to 3.12 p.p.b. Notably, the species 

eliminated by this concentration included 

juvenile and adult carp, minnows, and white 

suckers, 

Exposure to 10.4 p.p.b. of antimycin killed 

17 of the 19 species, leaving only bowfin and 

brown bullheads. Comparing the results ob- 

tained with 3.12 and 10.4 p.p.b., we concluded 

that the latter concentration was too high for 

most of the species involved in the trials. 

The sand formulation worked well in the 

presence of aquatic plants. The sand sank 

through the submerged weeds, and it sifted 

nicely through some dense patches of emer- 

gent vegetation with no sticking to leaves and 

stalks. Its advantages over liquid toxicants in 

weedy water were very apparent. 

Among the abundant invertebrates in the 

ponds, the fresh-water shrimp and aquatic 

insects were unaffected by the antimycin. 

Rotifers, copepods, and cladocerans, how- 

ever, were reduced in numbers in ponds 

treated with 3,12 and 10.4 p.p.b., but there 

was question whether the declines of the 

autumnal pulses were natural or caused 

wholly by the toxicant. 

STUTTQUART, ARKANSAS 

Two series of trials were conducted in 1965 

at the Bureau's Warmwater Fish Cultural 

Laboratory. The first, in March, included 

three pairs of one-quarter acre ponds which 

were stocked heavily with fish. We narrowed 

the range of concentrations further, and 

treated the ponds with 5.0, 7.5, and 10.0 p.p.b. 
of antimycin in sand formulation. The lowest 

concentration eliminated 12 of the 14 species, 

including such important target fish as gold- 

fish, carp, and green sunfish (table 8), There 

was a partial kill of channel catfish and 

warmouth, The concentrations of 7.5 and 10,0 

p.p.b. removed all species but channel catfish 

which suffered 3-percent mortalities at each 

concentration. An examination of the dead 

catfish disclosed that they were hosts to 

heavy infestations of Ichthyophthirius. 

The second series of trials took place in 

December in a 20-acre reservoir and a 

0,25-acre pond, The fish in the reservoir 

were well-established populations, some of 

which were seined and stocked in the small 

pond, The waters were turbid, and colder and 

harder than during the March trials. Conse- 

quently, we elected to try a concentration of 

10 p.p.b. of antimycin in each body of water. 

The experimental conditions were height- 

ened because the reservoir had been drawn 

down to an average depth of about 2 feet, and 

the bottom was very soft mud. The small 

pond, on the other hand, ranges from 3 to 4 

feet in depth, and the bottom is relatively 

firm. A comparison of results with Fintrol-5 

would indicate whether there was significant 

loss of antimycin in the reservoir because 

the sand particles sank into the soft muck be- 

fore releasing all of the toxicant. 

Arrangements also were made to determine 

the minimum duration of exposure necessary 

to kill a species of fish. Live cages were 

TABLE 8.--Effects of antimycin on fish at the Warmwater Fish Cultural Laboratory, March 1965 

Size 
Species (inches ) 

Percent killed at 

Rainbow trout............ 4.9-9.1 159-176 
Gotdtsshs “snag oa. ve. ciele 0.8-1.4 237-321 
Goldfish, large.......... 3.0-8.5 643-728 
Carp (Israeli), small....| 3.5-6.0 530-688 
Carp (Israeli), large....| 23.0-26.0 2=6 
Golden shiner....-..cecee- 2.8-4.5 302-511 

Smallmouth buffalo....... 5.5-13.0 32-72 
Bigmouth buffalo......... 12.0-20.0 76-99 

Channel catfish.......... 12.0-18.0 43-99 

WARIO GES a Grae State vivinia) otalele 3.5-5.5 14-26 
Green \SUNEA Se cholo a. sn wile 2.5-7.0 171-273 

Orangespotted sunfish.... 2.5-3.0 39-59 
ISU eae | os > Ree CS SIOr Cn 4.0-6.5 46-56 
Largemouth bass.......... 10.0-12.0 28-40 
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placed in the reservoir and each contained 

10 adult bigmouth buffalo. After a 2-, 3-, 4-, 

5- or 6-hour exposure to antimycin, the fish 

were transferred to an untreated pond, Sub- 

sequent observations revealed that the fish 

exposed to antimycin for 2 hours survived. 

Those fish exposed to the toxicant for 3 or 

more hours died, 

Among the 19 species present in the reser- 

voir, gizzard shad were the most sensitive to 

the toxicant, and all died in about 24 hours 

(table 9). The carp, buffalo, and most other 

species died within 72 hours. Survivors in- 

cluded paddlefish, catfishes, mosquitofish, 

and a few warmouth. 

The toxicant produced a much quicker kill 

of fish in the 0,25-acre pond, with heavy mor- 

talities occurring within 24 hours. All species 

except paddlefish and catfishes were dead at 

48 hours, All of the paddlefish, however, suc- 

cumbed in about 72 hours in contrast with no 

kill of that species in the reservoir. 

The trial demonstrated that antimycin 

works well in hard, cold, turbid water against 

scalefish without harm to 7 species of cat- 

fish. Among the scalefish, mosquitofish and 

warmouth were relatively tolerant to the 

toxicant, 

The more rapid and complete kill of fish in 

the deeper, 0.25-acre pond was attributed to 

a better release of toxicant than occurred in 

the reservoir. We believe that the sand par- 

ticles sank into the soft bottom of the reser- 

voir before releasing all of the antimycin. 

Thus, there is risk of an incomplete kill if the 

5-foot-release formulation is used in very 

shallow water over soft bottom. 

VALENTINE, NEBRASKA 

The first tests of antimycin in natural ponds 

occurred at Valentine NWR. Pond 1 has an 

average depth of only 1.8 feet and a relatively 

soft bottom, The target fish were wild, 

yearling carp and green sunfish. In addition, 

some northern pike and largemouth bass 

from a nearby lake were stocked prior to the 

trial (table 10), Pond 2 is an old dugout pond 

with an average depth of 4.2 feet, and at the 

time, it had overflowed its banks onto ad- 

jacent pasture. This pond receives heavy use 

by range cattle, and it is highly polluted by 

manure in the water and along the shore. It 

contained seven species of stocked fish, in- 

cluding large carp. 

Both ponds were treated with the Fintrol-5 

formulation although the average depths were 

less than 5 feet. A concentration of 10 p.p.b. 

was selected because of the relatively high 

total alkalinity. 

Five species of fish were eliminated from 

Pond 1 within 48 hours. They included the 

TABLE 9.--Effects of antimycin on fish at the Warmwater Fish Cultural Laboratory, December 

Reservoir (10 p.p.p.) 
Size 

Species (inches ) 

Pond (10 p.p.b.) 

Percent 

killed 

Percent 

Tadpole madtom.......... 
Flathead catfish........ 
Mosquitofish............ 
WeirmOlbhisveie'sioje lela sin=)<lcletate 

BWC PTO oielefays aa /ssistaveiete 

Largemouth bass......... 

BIACKNCrADpLe crater i= sleieisis 

scarce 

abundant 

scarce 

common 
common 

scarce 
scarce 

common 
scarce 

scarce 

common 
scarce 
common 
abundant 
common 

common 

scarce 

common 

scarce 

scarce 100 

scarce 100 

abundant 100 

abundant 100 

scarce ie} 

scarce ie} 

searce 16) 
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TABLE 10.--Effects of antimycin on fish at Valentine NWR 

Size 

Species (inches ) Number 

present 
Number Percen 

present killed 

Largemouth bass......... 
Black crappie.........+. 

ZELIOW PEvCh. ccccccceccs 

fathead minnows, carp, and green sunfish. 

There were partial kills of northern pike, 

largemouth bass, and black crappies ranging 

from 33 to 64 percent. Black bullheads sur- 

vived. 

The kill of fish was more rapid and com- 

plete in the deeper water of Pond 2, indicat- 

ing a better release of the toxicant from the 

sand formulation. Most of the carp and other 

species were dead within 24 hours. We were 

unable to determine what influence the pol- 

lution by manure may have had on the activity 

of the toxicant. 

There was no evidence of harm to aquatic 

insects in the ponds, and daphnia remained 

abundant, especially in Pond 2, after the 

treatment. 

The principal highlights of the trial at 

Valentine were that antimycin is effective 

in alkaline water, in cattle-polluted 

water, and may eradicate carp and green 

sunfish at a concentration which permits 

survival of adult northern pike and large- 

mouth bass, 

SARATOGA, WYOMING 

The Bureau's Division of Fish Hatcheries 

requested that we attempt to eradicate fish 

with antimycin in Lake Creek Lake at the 

Saratoga NFH. The 1.79-acre lake is spring- 

fed and serves as the water supply for the 

hatchery. The average depth is 3.25 feet, the 

maximum depth is 6 feet, and the water is 

clear and colorless. Thus, the lake afforded 

an excellent opportunity to further test the 

non-repellency of antimycin to fish and the 

performance of the sand formulation in 

mabe * 

+ - 

2DWOAOC 50° OOL,OO OOO Ww Ww oO ra) C 

bottom springs. The hatchery's objective was 

to rid the lake of fish which might serve as 

vectors for diseases (table 11). Previous at- 

tempts with rotenone and chlorine had failed 

because the fish were repelled and fled into 

the springs to avoid contact. 

The springs cause a complete exchange of 

water in the basin of the lake every 27 hours. 

Because of this, adequate exposure of fish to 

the toxicant was a critical consideration. 

Thus, we arranged to maintain at least 10 

p.p.b. of antimycin in the cold, relatively 

hard water for a minimum of 8 hours. This 

dose was achieved by making an initial ap- 

plication of 10 p.p.b. of Fintrol-5, followed 

by light applications at 6 and 8 hours later to 

compensate for spring inflows. Uniform dis- 

tributions of the sand formulation over the 

surface were obtained by means of a seed 

spreader, and the sand grains sank readily 

into the large, bottom springs. 

The water remained clear and colorless 

during and after the distribution of toxicant. 

The fish were easy to observe, and they ex- 

hibited no alarm or tendency to escape from 

the treated water. The first evidence of toxic 

effects was apparent 2 hours after the initial 

application. The dense schools of large, 

northern creek chubs began to break up. 

Otherwise normal in appearance, the chubs 

TABLE 11.--Effects of antimycin on fish at Saratoga NFH 

Percent 

killed at 

10 p.p.b. 

Number Species 
present 

Brook trout, small 3.2- 
Brook trout, large id. 

Fathead minnow..... 
Creek chub......... 

Towa darter.....eee 

several hundred 

Eyad2 
10 

100 
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seemed to lose their orientation with respect 

to schooling. None sought relief in springs. 

Most of them were dead within 24 hours, and 

all were dead within 48 hours. 

Brook trout in the lake ranged from one- 

third ounce to 6.6 pounds, and we watched 

them carefully throughout the operation. They 

began to die after 3 hours of exposure, and 

all were dead within 24 hours. None had 

moved into the springs or tried to escape via 

the outlet. The responses of the numerous 

fathead minnows and the small numbers of 

Iowa darters were similar to those of the 

creek chubs and brook trout. 

The antimycin on sand produced a complete 

kill of fish in Lake Creek Lake. The toxicant 

was flushed from the basin by spring flows 

within 40 hours, and it was detoxified effec- 

tively in the 3-c.f.s. outlet stream by a con- 

tinual application of 1 p.p.m. of potassium 

permanganate for 40 hours. 

WEST SALEM, WISCONSIN 

Park Pond is a 4.78-acre, impounded oxbow 

of the La Crosse River in Veterans Memorial 

Park, and it is managed for trout on a put- 

and-take basis. It is fed by bottom springs 

and an artesian well with cold, very hard 

water. Occasionally, however, the pond is in- 

undated by the river and becomes contami- 

nated with carp and panfish (table 12). When 

abundant, the invaders are considered a 

nuisance, and attempts are made periodically 

to reduce or eliminate them. 

TABLE 12.--Effects of antimycin on fish in Veterans Memorial 

Park Pond 

Percent 

killed at 

10 p.p.b. 

Number 
present 

Size 

SEERES (inches) 

Rainbow trout.......... 6 

Brown trout....cccecoes 54 100 

Central mudminnow...... 3 100 

Northern pike.......... 44 100 

(Camper smadslertarelalatetelelelete 5,968 100 
Carp), Parcels. «pisieia. aisle 61 100 
Goldens Shiney y)~\sisteis raisins 49 100 

Fathead minnow......... thousands 100 

WHEGe SUCKET. 5/5 bivleiwis}ain’n 1 100 

Black bullhead......... 100+ 0 
Channel catfish........ 2 0 

Green SUMEGH sc x smjeres ain ab 100 

Pumpkinseed....sscscese 106 100 
Bie ee 1d Satna aieeilebelaraiels 19 100 

White crappie.......... 3 100 

We cooperated with the Wisconsin Conser- 

vation Department to test antimycin in the 

Fintrol-5 forumlation in Park Pond against 

the numerous carp, minnows, ans stunted pan 

fish. The trial also afforded an opportunity to 

observe any effects of the toxicant on a large 

flock of semi-tame mallards on the pond. 

The treatment consisted of 10 p.p.b. of 

antimycin and the sand formulation was dis- 

tributed by seed spreader from a boat. Rain- 

bow trout, brown trout, and northern pike 

were the most sensitive, and many were dead 

within 5 hours. Large numbers of carp and 

tens of thousands of fathead minnows died 

within 12 hours. The kill of scale fish was 

complete within 48 hours, and only catfishes 

survived. 

The mallards gorged themselves on dead 

fathead minnows and suffered no ill effects 

from the toxicant or the poisoned fish. The 

toxicant degraded in 6 days. 

Nine days after the application of anti- 

mycin, Park Pond was treated with 5 p.p.m. 

of rotenone to check on the kill of carp and 

other fish. The treatment confirmed that no 

scale fish survived the antimycin, and only 

bullheads and a few channel catfish had re- 

mained. 

MADISON, WISCONSIN 

Lake Katrine, a 30-acre natural lake with 

warm, soft water, was selected for trials of 

antimycin against carp eggs in the spring and 

for total eradication of carp and fathead min- 

nows in the fall. 

Two days after the commencement of 

spawning by carp, a 2.7-acre bay was treated 

with 4 p.p.b. of antimycin in Fintrol-5. It, 

and an adjacent bay serving as a control, con- 

tained hundreds of thousands of fertilized 

carp eggs. Within 48 hours, the treated eggs 

had turned white and opaque, and many were 

covered with fungus. In contrast, the untreated 

eggs were alive and reaching the eyed stage. 

At 96 hours, most of the treated eggs had 

disintegrated, and extensive sampling failed 

to disclose any live eggs or fry. The eggs in 

the control bay, however, were hatching nor- 

mally and fry were abundant. 
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During the course of the test, some eggs 

from the treated and untreated bays were 

taken to the laboratory. Only 2 percent of the 

treated eggs hatched, and the fry died within 

24 hours. Ninety-seven percent of the un- 

treated eggs hatched, and the fry lived for 

several weeks until discarded. We concluded 

that antimycin has potential for killing the 

spawn of carp in the field. 

Several months later, all of Lake Katrine 

was treated with 7.5 p.p.b. of antimycin in 

Fintrol-5 to kill carp and fathead minnows. 

The distribution was made in an hour by seed 

spreaders mounted on two boats. A heavy kill 

of fish was apparent within 24 hours, and 

sampling with large seines two weeks later 

indicated that the carp and fatheads had been 

eliminated. 

OXFORD, WISCONSIN 

We were asked by the Wisconsin Conserva- 

tion Department to try antimycin on the carp 

in Parker Lake, a 63-acre natural body of 

water with a maximum depth of 40 feet. The 

problem was the abundance of young-of-the- 

year carp which followed an incomplete 

reclamation with toxaphene the previous year 

(table 13). 

The cold, hard water was treated with 10 

p.p.b. of antimycin in October. Fintrol-5 was 

applied in the littoral zone, O to 10 feet deep. 

Fintrol-15 and Fintrol-30 were applied to 

areas of the lake ranging from 11 to 20 feet 

deep and 21 to 40 feet deep, respectively. 

Some Fintrol-Liquid was sprayed on very 

shallow areas along the shore. 

The water in the lake was clear and per- 

mitted good observation of fish. Thousands of 

carp and some rainbow trout and bluegills 

TABLE 13.--Effects of antimycin on fish in Parker Lake 

Percent 

killed at 

10 p.p.b. 

Size 
(inches) Abundance Species 

common 100 
Cee letateletatelsietatetatal alate very abundant 100 
Pumpkinseed........ abundant 100 
Iulia Soe sooo common 100 

rare 100 Yellow perch 

were dead within 24 hours. Although we esti- 

mated that 60 percent of the fish were dead 

within 48 hours, the heavy mortality continued 

for 2 weeks. One month after treatment, one 

fingerling bluegill was caught in a fyke net. 

Intensive netting during the following spring 

failed to capture any fish, and we concluded 

that the antimycin had eradicated carp and 

other species, 

The good performance of the deeper water 

formulations, Fintrol-15 and Fintrol-30, 

justified their further development for man- 

agement use, 

Trials in Streams 

VIROQUA, WISCONSIN 

The Wisconsin Conservation Department 

wanted to rid Sidie Hollow Creek of rough 

fish before filling a new impoundment which 

is to be managed for trout. The job offered an 

Opportunity to test antimycin against a variety 

of fish in the cold, hard water of a small trout 

stream, 

We formulated the liquid toxicant at the 

site by dissolving technical-grade antimycin 

in ethanol. By means of drip stations, a con- 

centration of 15 p.p.b. of antimycin was main- 

tained for 5 hours at any given site on the 

stream. 

The concentration was too high, and it pro- 

duced rapid results. Some fish exhibited dis- 

tress within an hour. Most species were in 

distress within 3 hours, and mortality of fish 

was nearly complete in 12 hours (table 14). 

The bolt of toxicant moving downstream did 

not repel fish, and there was no evidence of 

fish fleeing ahead of the bolt. Rather, fish 

tended to drift involuntarily downstream when 

they became distressed and unable to main- 

tain their positions in the current. 

A post-treatment survey with electrofishing 

gear demonstrated that the 11 species of fish 

had been exterminated. This success led to 

further development and testing of Fintrol- 

Liquid for field application. 
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TABLE 14.--Effects of antimycin on fish in streams 

Sidie Hollow Creek Mullet River 

-p-b.-5 hrs. 
Species eth Z 

American brook lamprey.. -- 

Rainbow trout........... scarce 

BOW) DLOWU.isinic vin eiaeleis 0 scarce scarce 

Brook browt.cicacscw conse -- 

Central mudminnow....... common 

Northern pike.......c.e0. scarce 

Stoneroller....sccccsess — 

CAD iriiata sie «! stelsvoleiaslstelethyela abundant 

Fathead minnow.......... -- 

Blacknose dace.......... abundant 

Longnose dace.........+. common 
CrRECKNCDUD erslereteieielslolejole’s common 

Whibe SUCKET siciate o1« sinjaja'sie common 
Northern hog sucker..... scarce 
Brook stickleback....... common 

BOCK DAS Steiwieiaisiacsiwialebeelnivle scarce 

Green Sunfishve cen sas ste s scarce 

Pumpkinseed......ssssece -- 
BNE pein el ev evaleteletatelevelererels lee scarce 

Largemouth bass......... scarce 

Black crappie: ....ce..00 scarce 
Fantail darter.......... -- 

Johnny darter.........0. common common 

Mottled sculpin......... scarce 

PLYMOUTH, WISCONSIN 

The sport fishery on a portion of the Mullet 

River had deteriorated because of an abun- 

dance of carp, suckers, green sunfish, and 

other non-game fish. We cooperated with the 

Wisconsin Conservation Department in re- 

claiming a 2.5-mile portion of the river, in- 

cluding two small impoundments, with 

antimycin. Prior to the treatment, one im- 

poundment was drained to stream bed, and 

the other was lowered to a pool containing 

3 acre-feet of water. 

The test section was characterized by a 

slow flow of warm, very hard water. The 

speed of flow was measured between applica- 

tion stations by use of fluorescein dye. Esti- 

mates were made on the stretchout and dilu- 
tion of a toxicant between stations. 

A liquid formulation of antimycin in acetone 

was prepared at the-site. We installed drip 

stations and tried to maintain a concentration 
of 7.5 p.p.b. for a minimum of 8 hours at any 

given point along the stream. The 3 acre-feet 

of impoundment were treated with Fintrol-5 

coincident with the arrival of the flowing bolt 

of toxicant. When the toxicant reached the 

downstream dam, both dams were closed. The 

7.5 p.p.b.-8 hrs. 

Percent Percent Percent Percent 
Abundance b killed Abundance killed Abundance killed Abundance killed Abundance killed 

100 50 

Westfield Creek 

10 p.p.b.-10 hrs. 

Waterloo Creek 

10 p.p.b.-10 hrs. 

Rathbone Creek 

7.5 p.p.b.-8 hrs. 

Percent 

common -- 

scarce -- 

scarce 100 

abundant 100 
abundant = 5 

common ats 
abundant — 

common == am 

abundant abundant 100 

scarce == 

scarce -- 

common -- 

common -- 

common - 

common -- 

common -- 

refilling of the impoundments thus allowed 

dilution and degradation of the toxicant. 

Creek chubs, white suckers, green sunfish, 

and small black crappies began to die after 2 

hours of exposure. Carp were distressed 

within 2 to 5 hours near sites where the 

toxicant was introduced. Many adult carp 

moved into shallow water and took up to 72 

hours to die. Nine tons of carp were collected 

from less than 2 miles of the stream. 

An electrofishing survey made 5 days after 

the reclamation turned up seven carp, two of 

which appeared to be in distress from anti- 

mycin. We estimated that more than 99 per- 

cent of the carp and 100 percent of the other 

fish had been eliminated by the toxicant 

(table 14). 

The relatively slow and imcomplete kill of 

carp indicated that the concentration of toxi- 

cant was marginal. We surmise that the loss 

of toxicant between fortifying stations was 

greater than estimated. Thus, the concentra- 

tion of antimycin was less than 7.5 p.p.b. in 

places. This error points up the necessity of 

accurately measuring the stretchout and dilu- 

tion of a toxicant in streams and fortifying as 

indicated to maintain an effective concentra- 

tion along the entire course of target water. 
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CATARACT, WISCONSIN 

Rathbone Creek provided a different ex- 

perimental situation than the previous 

streams, It is a small, soft water, trout 

stream flowing through an infertile sand 

plain. The object of the reclamation was to 

reduce or eliminate white suckers to enhance 

intensive management of the stream for brook 

trout. 

The 6 miles of test water were character- 

ized by sand bottom and boggy shoreline. Two 

ponds were included; the upper one was 

drained to stream bed; and the lower pond, at 

the downstream limit of test water, was par- 

tially drained to a pool of 12 acre-feet. The 

salt-resistivity technique was used to esti- 

mate the amounts of toxicant needed at 

several stations to maintain a concentration 

of 7.5 p.p.b. of antimycin for a minimum of 

8 hours at any given point in the stream. The 

pool in the lower pond was treated with 

Fintrol-5 coincident with the arrival of the 

bolt of toxicant in the stream. The selection 

of concentration and duration of exposure was 

based on the fact that the water temperature 

was only 5°C. 

Dead and dying fish appeared in the follow- 

ing order after the treatment commenced; 

brook trout in 2 to 3 hours, white suckers in 

3 to 6 hours, brook sticklebacks and minnows 

in 5 to 6 hours (table 14). All rainbow trout 

and fathead minnows in live cages throughout 

the treatment area were dead within 24 hours. 

The results, however, were assessed by 

electrofishing several days later. One fin- 

gerling white sucker, two brook sticklebacks, 

and numerous mudminnows were collected in 

four sample areas totalling 0.75 miles of 

stream. 

An incomplete distribution of antimycin in 

the numerous spring seeps and backwaters 

may have enabled the sucker and sticklebacks 

to survive. It was apparent, nevertheless, 

that more than 99 percent of each species 

succumbed to the toxicant. On the other hand, 

the mudminnows were unaffected by the treat- 

ment. A subsequent bioassay of antimycin 

against mudminnows from Rathbone Creek 

showed that an 8-hour exposure to 15 p.p.b. 

was necessary to kill them. Since mudmin- 

nows were eliminated by 10 p.p.b. of anti- 

mycin in other field trials, we concluded that 

the Rathbone strain was relatively resistant. 

WESTFIELD, WISCONSIN 

The experimental reclamation of a 3-mile 

portion of Westfield Creek was an attempt to 

eradicate the abundant carp and suckers 

(table 14). Power dams are located at the 

upper and lower ends of the test portion, and 

the volume of stream flow ranged from 

8 c.f.s. at the upper end to 22 c.f.s. at the 

lower end. The pool of the lower pond was 

drained to stream channel. Rhodamine-B dye 

was used to estimate the stretchout and dilu- 

tion of a toxicant, 

Because of the relatively high pH and total 

hardness of the water, we elected to apply 

10 p.p.b. of antimycin in Fintrol-Liquid 

formulation and to maintain the concentration 

for at least 10 hours. Most of the toxicant was 

metered into the stream, but two crews in 

boats endeavored to spray antimycin on 

backwaters and pockets off the mainstream. 

The target carp and suckers began to ex- 

hibit distress in about 8 hours, and many 

were observed swimming slowly with the cur- 

rent. In the meantime, large numbers of 

creek chubs, other minnows, bluegills, large- 

mouth bass, and darters were drifting help- 

lessly downstream. We estimated that 98 

percent of the fish in the stream were dead 

at 24 hours, and all were dead at 96 hours. 

Approximately 23,000 pounds of fish were 

collected and carp comprised 95 percent by 

weight. 

An electrofishing survey a week after the 

reclamation resulted in the capture of one 

brook stickleback and a few small minnows. 

We believe that these specimens had passed 

through the upper power dam after the treat- 

ment. The target species, carp and suckers, 

were absent. 
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MADISON, WISCONSIN 

Waterloo Creek was selected to test the 

effects of a brief exposure to antimycin on 

carp. A 1-mile portion of the small, very 

slow stream was blocked off by anchored 

seines, and observations on flow character- 

istics were made with rhodamine-B dye. The 

experimental nature of the reclamation was 

accented by the fact that the water contained 

a heavy load of effluent from a municipal, 

sewage-treatment plant. 

A concentration of 10 p.p.b. of antimycin 

was maintained for 5 hours in the test portion 

of stream. Fish reacted rapidly, and carp and 

white suckers began to die within 2 hours. 

Within 24 hours, thousands of dead carp and 

suckers and a few northern pike littered the 

shores, and we found no survivors (table 14). 

No other species were present. 

Although the water at 25° C. was warmer 

than in any of the previous field trials, we 

believe that it was not the sole cause for the 

rapidly toxic action of the antimycin. The 

sewage effluent may have enhanced the activ- 

ity of the toxicant or reduced the resistance 

of the fish. 

The dose of antimycin at 10 p.p.b. for 5 

hours was considered very effective on carp 

in this situation. 

Effects on Non-target Animals 

Every opportunity was taken to observe any 

effects of antimycin on invertebrate and 

vertebrate animals. In most Situations, the 

fish-killing concentrations of antimycin had 

no significant effects on invertebrates (table 

15). The first of two exceptions occurred at 

Cape Vincent NFH when autumn pulses of 

rotifers, water fleas, and copepods were 

greatly reduced in ponds treated with 3 and 

10 p.p.b. of antimycin. Although we are in- 

clined to believe that the toxicant contributed 

to the loss of zooplankton, the season's first 

killing frosts at the time of the experiment 

may have played some part in the declines. 
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TABLE 15.--Effects of antimycin on invertebrates 

Technical 
name 

Rotatoria,,.... 

Tubificidae.... 

Cladocera...... 

Daphnia 

Ceriodaphnia 

Bosmina 

Ostracoda...... 

Amphipoda...... 

Decapoda......- 

Ephemeroptera..- 

Odonata........ 

Hemiptera 
Corixidae.... 

Notonectidae. 

Diptera 
Tendipedidae. 

Concentration 

Common name Effect of antimycin 
(p.p-b. ) 

Rotifers 99 percent kill 3.12 

Aquatic earthworms no effect 3.12 

Water fleas 
99 percent kill 3.12 
99 percent kill 10.40 

no effect 3.12 
99 percent kill 10.40 

no effect 3.12 

Copepods 99 percent kill 3.12 

Seed shrimps no effect 10.40 

Scuds Partial mortality 4.0 
no effect 1.04 

Crawfish no effect 10.0 
Freshwater shrimp Partial mortality 10.0 

Mayflies no effect 10.4 

Damselflies no effect 10,0 

Water boatmen no effect 10.4 

Backswimmers no effect 10.4 

Midge 12.0 no effect 

TABLE 16.--Effect of antimycin on vertebrates exposed to treated water 
or which fed on fish killed by antimycin 

Concentration 

Technical name Common name Effect of antimycin 

(p.p-b. ) 

Ambystomidae..... Mole salamanders no effect 10.0 

Ranidae.......... Frogs 
Tadpoles no effect 10.0 

Adults no effect 10.4 

Chelydridae...... Turtles no effect 10.0 

Colubridae....... Water snake no effect 10.0 

Ardeidae......... Herons no effect 10.4 

Anatinae........- Surface feeding ducks no effect 10.0 

Aythyinae.......- Diving ducks no effect 10.0 

Larinae........0- Gulls no effect 10.4 

Sterninae.......- Terns no effect 10.0 
ieee eal 

The second exception involved the fresh- 

water shrimp at Saratoga NFH. Most of the 

shrimp in the pond were exposed to 10 p.p.b. 

of antimycin without harm. Some, however, 

were exposed to temporarily higher concen- 

trations in springs, and they perished. 

Vertebrates exposed to antimycin during 

the field trials have included frogs, sala- 

manders, water snakes, turtles, waterfowl, 

and wading birds (table 16). Many were ob- 

served eating antimycin-killed fish. We saw 

no evidence of mortality or harm among these 

animals. 
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DISCUSSION 

Antimycin proved to be an effective toxicant 

for many species of fish in lakes and streams. 

We endeavored to estimate a minimum effec- 

tive concentration for the target species in 

each trial, and as might be expected, we were 

too high with some concentrations and too 

low with others. The results, however, per- 

mit some generalizations. For example, less 

toxicant may be required in soft water then 

in hard water; less is required in warm 

water than in cold water; and less is re- 

quired in water with low pH than high pH. 

Prime target species such as carp and suck- 

ers can be eliminated by concentrations of 3 

to 10 p.p.b. of antimycin, depending on water 

quality and temperature. Goldfish, bowfin, and 

gar are more resistant and may require con- 

siderably more than 10 p.p.b. for control. 

Bullheads and catfish are the most resistant, 

and they were relatively unharmed by the 

concentrations used in the trials. The differ- 

ences in sensitivity of various species to 

antimycin are leading to tests of the chemical 

as a selective toxicant. 

The reactions of fish to antimycin are slow 

and unspectacular. The first stages of dis- 

tress are characterized by the fish losing 

their orientation and swimming slowly along 

the shore or near the surface. They have 

progressively less reaction to stimuli until 

they can be picked up easily by hand. In 

streams, they drift involuntarily downstream, 

feebly trying to maintain their position. They 

soon lose their equilibrium and turn over on 

their sides or backs. The final stages are 

characterized by short alternate periods of 

quiescence and feeble, erratic swimming. In- 

frequently, a fish will thrash about on the 

surface for short periods of time. 

The most sensitive species such as trout 

and yellow perch usually show symptoms of 

distress in a few hours whereas more re- 

sistant ones such as largemouth bass and 

carp may not be affected for 10 to 24 hours. 

Mortality of fish is usually complete within 

72 to 96 hours after treatment. 

Our trials to date have indicated that the 

effects of antimycin are irreversible. Once 

fish exhibit symptoms of distress, they die, 

even if placed in fresh water. In some 

streams where the chemical moved on past 

the fish, they lived for many hours in fresh 

water before dying. 

In no case did we see fish exhibit an avoid- 

ance reaction to antimycin. They do not seek 

out springs or untreated areas. The lack of 

repellency is a significant advantage in 

spring-fed lakes and in streams. 

The formulations of antimycin on sand are 

effective, easy to apply, and safe to handle. 

They are almost dust-free when broadcast 

by hand or by means of mechanical seed 

spreaders. Fintrol-5 was registered in the 

United States and Canada, largely as a result 

of the trials reported here. The formulations 

for deeper water, Fintrol-15 and Fintrol-30, 

are to be developed further and registered. 

The results in one pond at Stuttgart, 

Arkansas, and another at Valentine, Nebraska, 

demonstrated that Fintrol-5 should not be 

used in water less than 3 feet deep when the 

bottom is very soft. Under such conditions, 

the sand grains may sink into the mud before 

releasing all of the antimycin. The concen- 

tration of toxicant in the water may be less, 

therefore, than desired. A liquid formulation 

would be better in these circumstances. 

The liquid formulation of antimycin per- 

formed well in shallow waters of ponds and 

marshes and in streams. It can be sprayed 

over the water or dispensed into the water by 

a metering pump. A surfactant in the formu- 

lation aids dispersion in the water. We are 

confident that Fintrol-Liquid will be regis- 

tered by the U.S. Department of Agriculture 

in the near future. 

The evaluation of a candidate fish toxicant 

in the field is difficult because the techniques 

involved in the reclamation of lakes or 

streams are primitive, inexact, or unproven. 

The volumes of lakes are more often estimated 

than measured. Estimates on the volume 

of flow and velocity in streams are fre- 

quently and seriously inaccurate. The salt- 

resistivity and dye-fluorometer techniques 
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for detecting the flow characteristics of (1959) and in anesthetizing fish in the field by 

streams need further development to make Schoettger and Julin (1967). 

them more widely applicable and useful. The 

influences of water chemistry and tempera-= 

ture on toxicants are not well understood, and CONCLUSIONS 
additional research is required. The means of 

dispensing toxicants in various formulations 1. Antimycin is effective as a fish toxicant 

need improvement. Also, more attention must in standing and flowing waters. 

be given to defining the best ways for meas- 

uring pre- and post-treatment populations of 

fish to improve the assessment of reclama- 

tions. And, field techniques must be developed 

for detecting and measuring concentrations 

of toxicants in lakes and streams. 

2. The effective concentration for most 

species, including such prime target 

species as carp, suckers, and green sun-= 

fish, is 10 p.p.b. or less in waters below 

PH 8.5. Catfishes are not vulnerable, 

however, to concentrations which are 

The deficiencies in the technology of lethal to scale fishes. 

reclamation have caused fishery managers to 

resort to overdoses of toxicants to obtain 

satisfactory results. This is a poor and 

hazardous solution to the problem, and it is 

unacceptable to authorities who regulate 

3. Fish eggs are killed by the same concen- 

trations used to control free-swimming 

fish. 

pesucides. 4, Antimycin degrades rapidly, especially 

under alkaline conditions, and most 

In retrospect, the outstanding lesson de- waters can be restocked with fish within 

rived from the field trails was that lakeside 2 weeks after treatment. 

or streamside bioassays of a toxicant should 

be made against target species immediately 

prior to a reclamation. Preferrably, the fish 

and the water in the bioassays are taken from 

the target lake or stream. Also, the tempera- 

tures of the bioassays and the target water 

should be approximately the same. Moreover, 

several concentrations of the toxicant which 

bracket the proposed concentration should be 

tested. The results of such bioassays should 7. The toxicant in liquid or sand formula- 

indicate the concentration and formulation of tions does not repel fish. 

toxicant which are most likely to produce the 

desired results in the reclamation; the pres- 

ence of favorable influences of water quality 

or temperature; and the presence of un= 

-usually sensitive or resistant strains of 

target fish. 

5. Antimycin in water can be detoxified by 

1 p.p.m. or less of potassium permanga- 

nate. 

6. The effects of antimycin in fish appear to 

be irreversible. 

8. The concentration of toxicant to be used 

in a reclamation should be determined by 

preliminary bioassays on site against 

target fish in target water. 

9. Antimycin in fish-killing concentrations 

is largely specific to fish and causes no 

harm to most of the other aquatic ani- 

The routine use of lakeside or streamside 

bioassays would benefit efficiency and econ- 

omy because the number of imperfect 

reclamations would be reduced or the over- mals 

dosing of target waters would be decreased. 

The idea of on site bioassays is not new. The 10. Concentrations greater than 10 p.p.b. are 

procedure was recommended, for example, required in waters of high pH and 

in reclaiming streams by Lennon and Parker alkalinity. 
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USE OF ANTIMYCIN FOR SELECTIVE THINNING 
OF SUNFISH POPULATIONS IN PONDS 

By Ralph M. Burress, Fishery Biologist 

and Charles W. Luhning, Physical Science Technician 

Bureau of Sport Fisheries and Wildlife 

Southeastern Fish Control Laboratory 

Warm Springs, Georgia 

ABSTRACT.--Selective removal of bluegills, redear sunfish, and red- 

breast sunfish was accomplished in six soft-water ponds in west central 

Georgia by applications of 0.4, 0.6, 0.8, and 1.0 parts per billion (p.p.b.) 

of antimycin in the Fintrol-5 formulation. Successful treatments were 

made during winter, spring, and late summer at water temperatures 

ranging from 46° to 75° F, and under a wide variety of weather condi- 

tions. The amount of toxicant applied per treatment was calculated ac- 

cording to total pond volume. The 0.4—p.p.b. treatment made at 75° F. 

removed 2.9 pounds per acre of largemouth bass less than 6 inches long 

and 69 pounds per acre of all sizes of sunfishes. The 0.6 p.p.b. applied at 

47° F, reduced the numbers of bluegills less than 4 inches in length by 

about half with very little effect on largemouth bass or larger bluegills. 

Bass, bluegills, and redear sunfish which survived multiple exposures to 

antimycin in concentrations up to 1.0 p.p.b. were able to reproduce nor- 

mally. The toxicant is easy to apply, and costs only $0.64 per acre-foot at 

the 0.4-p.p.b. concentration. 

During the past 15 years, fishery managers 

have made increasing use of the technique of 

selectively thinning overcrowded sunfish 

populations in small impoundments by apply- 

ing rotenone in shallow areas (Swingle, 

Prather, and Lawrence, 1953; Hooper and 

Crance, 1960; Bennett, 1960; Thomaston, 

1962). Although the technique is fairly effec- 

tive under favorable circumstances, its use- 

fulness is rather seriously limited by weather 

conditions, water temperatures, and other un- 

controllable factors which strongly influence 

fish behavior and distribution within the im- 

poundment. Because of these limitations, 

there is only a relatively short time each year 

when the method can be employed. The results 

of this study indicate that light applications of 

antimycin can be used to accomplish selective 

thinning of sunfish populations over a much 

longer period of time each year and under a 

much wider range of weather and water con- 

ditions than previously has been possible. 

The purpose of the tests was threefold: 

(1) To determine what segments of the fish 

population would be eliminated by different 

concentrations of antimycin, (2) to measure 

the effects of given concentrations of anti- 

mycin under different experimental condi- 

tions, and (3) to learn whether fish exposed to 

sublethal concentrations of antimycin would 

reproduce normally. 

The tests were conducted from December 

1966 to September 1967 in six privately owned 

ponds which contained unbalanced fish popu- 

lations. The ponds are in the vicinity of Warm 
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Springs, Ga., and they were referred to us by 

the Work Unit Conservationist, Pine Mountain 

Soil Conservation District. 

Our sincere thanks are expressed to the 

following whose cooperation made this study 

possible; Mr. P. A. Gantt, whose help in ob- 

taining the use of ponds for experimental pur- 

poses was invaluable; Messrs. W. A. Biggers, 

Joe Henry, Render Hill, J. F. Reynolds, 

W. S. Slaughter, and R. A. Todd, owners of 

the ponds; Wisconsin Alumni Research Foun- 

dation, owner of antimycin; and Ayerst Lab- 

oratories, New York, producer of antimycin. 

METHODS AND MATERIALS 

Surface areas of most larger ponds were 

determined by measuring aerial photographs, 

and volumes were estimated from soundings. 

Areas and volumes of the remaining ponds 

were calculated from field-drawn contour 

maps. The ponds were treated with one or 

more of the following concentrations of anti- 

mycin; 0.4, 0.6, 0.8, and 1.0 parts per billion 

(p.p.b.). Not more than three concentrations 

were used in a single pond, and treatments 

were made at intervals of not less than 1 

month. Intensive efforts to recover dead fish 

were continued from 4 to 22 days after each 

application depending upon water tempera- 

tures. Surface water temperatures were taken 

each day, and average values were calculated 

for the time during which fish were collected. 

Henry Pond contained a dense growth of cat-= 

tails and supported such a heavy plankton 

bloom that it was lowered to about half its 

original depth prior to the first treatment to 
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enhance recovery of dead fish. All other ponds 

were overflowing when treated. Final evalua- 

tions of the effects of treatment were made in 

different ways, as explained below. 

PONDS AND FISH POPULATIONS 

The ponds contained soft water, were spring 

fed, and were relatively infertile (table 1). 

They ranged in size from 0.69 to 9.80 acres, 

were from 3 to 6 feet in average depth, and 

overflowed at rates from 3.5 to 106.0 gallons 

per mintue (g.p.m.). 

Henry Pond contained a dense stand of cat- 

tail (Typha latifolia), and it was lowered about 

3 feet prior to the first treatment to facilitate 

recovery of fish. Only sparse growths of 

rooted aquatic vegetation were present in the 

other ponds. 

Each pond contained largemouth bass 

(Micropterus salmoides) and overcrowded 

populations of one or more of the following 

species of sunfishes; bluegill (Lepomis 

macrochirus), redear sunfish (Lepomis 

microlophus), and white crappie (Pomoxis 

annularis). Other species encountered in= 

cluded redbreast sunfish (Lepomis auritus), 

orangespotted sunfish (Lepomis humilis), 

golden shiner (Notemigonus crysoleucas), 

brown bullhead (Ictalurus nebulosus), channel 

catfish (Ictalurus punctatus), and mosquito- 

fish (Gambusia affinis), (table 2). All of the 

ponds except Reynolds Pond were to be 

drained eventually and converted to production 

of channel catfish, hence their fish populations 

were expendable. 

TABLE 1.--Some physical and chemical characteristics of six ponds treated with antimycin 

Characteristics Henry Pond* Todd Pond eee woeue pe 

Dates of treatment..... 12/05/66 1/13/67 3/08/67 | 12/08/66 1/09/67 3/07/67 | 1/31/67 3/07/67 3/27/67 | 9/11/67 
Surface area (acres)... 0.16 0.16 0.77 -- 0.69 -- 22D pi 2.48 
Average depth (feet)... 3.0 3.0 4.0 -- 5.0 -- 5.0 = 4.7 
Volume (acre-feet)..... 0.48 0.48 3.08 -- 3.45 -- 4 11.67 
Overflow rate (G.P.M.). 255} S)o8! Bas! -- 356 == 5 106.0 

CCCHa GH SKicierersieleleleleilele 60 ihe 

transparency (inches) 
Surface temperature (°F. ) 6 46 75 
Total hardness (p.p.m.) 8.0 10.0 10.0 12.0 12.0 tO 10.0 
Total alkalinity (p.p.m.)| 11.0 11.0 9.0 12.0 I-10) 12.0 14.0 

Diet nae 4 6.90 7.09 ; 

+ Pond area, depth, and volume increased as pond filled during period of treatment. 
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TABLE 2.--Species of fisn indicated by X were present in six ponds treated 
with antimycin 

eh = - = it 

Henry | Todd | Hill Slaughter Reynolds Biggers 

Species Pond Pond | Pond Pond Pond Pond 
+ } + +— + 

LIargemouth bass........ x x x xX X x 

Bluegill......eeeeeeees xX X xX x x xX 
Redear sunfisnh......... x -- X X Xx X 

White crappie.........- -- -- - ae x 

Redbreast sunfish...... x >» 

Orangespotted sunfish. . x 

Golden shiner.......... -- -- -- oe = x 

Brown bullnead......... -- -- -- = 9 x 

Channel catfish........ -- Xx -- -- -- x 

Mosquitofish.........-- -- -- -- =< x nase 

APPLICATION OF TOXICANT 

In each case, antimycin in the Fintrol-5 

formulation was used. The toxicant, which 

was supplied by Ayerst Laboratories, was a 

1-percent formulation of antimycin coated on 

sand with Carbowax. The amounts of toxicant 

applied per treatment ranged from 0.8 ounces 

to 6.56 pounds, and were based on pond vol- 

ume without regard to maximum depth or 

amount of overflow. A boat was used to dis- 

tribute the toxicant from a beaker, a hand- 

operated seed spreader, or a powered 

spreader such as described by Lennon, 

Berger, and Gilderhus (1967), depending upon 

the size of the area to be treated. We were 

able to make applications of antimycin with- 

out regard to the time of day since diurnal 

elevations in pH were small in each pond. 

TREATMENT EVALUATION 

Henry and Todd ponds were drained as 

much as possible soon after the last applica- 

tion of antimycin, and the remaining fish 

were recovered by seining and heavier ap- 

plication of toxicant. The percentages of the 

populations recovered after each application 

were calculated, and comparisons of relative 

effectiveness of each treatment made. 

Draining of Hill and Slaughter ponds was 

postponed until September, so that reproduc- 

tive success of the treated fish could be 

evaluated. Upon draining, the fish were re- 

covered, processed, and the effect of the 

treatment was assessed. 

Reynolds Pond could not be drained. The 

effectiveness of its treatment was judged by 

the numbers and sizes of bass and sunfishes 

killed and collected within 5 days. Since the 

pond was large, a representative sample of 

small fish was picked up along segments of 

shoreline amounting to about one-fourth of 

the total. All larger bass and sunfish were 

picked up around the entire pond margin. The 

pond was seined 5 months later, in late August 

and early September, to measure reproductive 

success of treated fish and to check on the 

general condition of the fish population. 

Biggers Pond will not be drained until fur- 

ther tests are made, hence the results of 

treatment were evaluated simply by compar- 

ing the numbers and sizes of bass and sun- 

fishes recovered. 

RESULTS 

Because there were such wide variations in 

pond characteristics, dates and conditions of 

treatment, and methods of evaluating results, 

we will discuss each pond separately. 

HENRY POND 

The first treatment with 0.4 p.p.b. of anti- 

mycin killed about 10 pounds per acre of 

bluegills and redear sunfish, 99.5 percent of 

which were less than 4 inches long (table 3). 

Although 50 percent more antimycin was 

used in the second treatment, results were 

virtually nil because of rain which caused the 

pond to discharge through the overflow pipe 

which had been lowered to dewater the pond. 

In addition to diluting the toxicant consider- 

ably, the runoff water caused turbidity that 

hampered recovery of the few fish which 

were killed. 

The final application of 0.8 p.p.b. of anti- 

mycin was made under better conditions, and 

it killed all of the sunfishes except for one 

redear sunfish, About three-fourths of the 

small largemouth bass and one-third of the 

larger bass also died. 

TODD POND 

The 0.4-p.p.b. application killed no fish 

other than 30.1 percent of the small bluegills 

(table 3). Throughout the 2-week-long re- 

covery period many of these fish were ob- 

served in distress. Their moribund condition 
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TABLE 3.--Numbers and weights in pounds per acre and percentages (in parentheses) of various size groups of fishes recovered in 

six ponds following treatment with antimycin and at draining* 

Combined sunfish species Largemouth bass 

Average 03st. | Lengths Lengths Lengths ga 
Pond Date temp. Treatment . 03st. | 3.9 in. 4.0 or more in. 1.0-5.9 in. 6.0 or more in. Peres 

(CF) (days ) 

Weight Weight Number | Weight 

Henry...... 12/05/66 Antimycin 7 
(0.4 p.p.b.) 

1/13/67 54° Antimycin 11 
(0.6 p.p.b.) 

3/08/67 69° Antimycin 7 
(0.8 p.p.b.) 

3/20/67 Drained 

12/08/66 48° Antimycin 14 
(0.4 p.-p.b.) 

1/09/67 47° Antimycin 22 
(0.6 p.p.b.) 

3/07/67 62° Antimycin Zi 
(0.8 p.p.b.) 

3/20/67 Drained 

1/31/67 ape Antimyein 13 
(0.8 p.p.b.) 

3/07/67 65° Antimyein 6 
(1.0 p.p.b.) 

9/18/67 Drained 

Slaughter... | 3/13/67 65° Antimycin 9 
(0.6 p.p.b.) 

9/07/67 Drained 

Biggers.... | 9/11/67 "” Antimyein 4 263.7 19 264.5 4 
(0.4 p.p.b.) 

Reynolds... | 3/27/67 

TR. = trace, or less than 0.1 pounds per acre. 
This group included fish up to 4.9 inches in length. 

was evidenced by blotchy discoloration and 

\ by shreds of mucus which hung from their 

bodies giving some of them a very ragged ap- 

pearance. Large bass were observed feeding 

on moribund bluegills on several occasions. 

The 0.6-p.p.b. treatment killed an additional 

17.5 percent of the small bluegills, 2.5 per- 

cent of the sparse population of larger blue- 

gills, and 5.4 percent of the bass less than 6 

inches long. Behavior and appearance of the 

larger bass were normal, but some of the 

smaller bass which did not die became much 

This group included only fish 5.0 inches or more in length. 

epee 

Reynolds and Biggers ponds were not drained following treatment. 

darker in color and their eyes became some- 

what grayish and opaque in appearance. 

The 0.8-p.p.b. treatment eliminated nearly 

all remaining bluegills, and left only 8.0 per- 

cent of the small bass. About 87 percent of 

the adult bass survived, and more than a 

third of these exhibited the same darkening of 

body color and change in eye color previously 

shown by the smaller bass. 

When the pond was drained, several adults 

were sent to the National Fish Hatchery in 
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Marion, Alabama, for breeding tests. None of 

the scores of channel catfish in the pond 

were harmed by the treatments, 

SLAUGHTER POND 

We recovered 85 pounds of fish per acre 

following a 0.6-p.p.b. application of antimycin 

(table 3), Approximately 90 percent of the 

bluegills of all sizes were killed, as were 

about a third of all sizes of bass. 

We recovered 71.4 pounds of fish per acre 

when the pond was drained. Survival of adult 

redear sunfish was greater than that of adult 

bluegills, as was true in all ponds in which 

both species occurred. Reproductive success 

of largemouth bass and sunfishes had been 

good. 

HILL POND 

The first treatment on January 31 with 0.8 

p.p.b. of antimycin killed about 96 percent of 

the sunfishes of all sizes, nearly 79 percent 

of the bass less than 6 inches in length, and 

12 percent of the larger bass. Since the water 

was cold and deep, the recovery of fish un- 

doubtedly was not as complete as it was fol- 

lowing the other tests. 

The second treatment amounted to 1.0 

p.p.b., and was made on March 7. It killed a 

few more sunfish, and an additional 16 percent 

of the small bass and 67 percent of the larger 

bass. 

The few surviving fish reproduced success- 

fully during the summer, and at draining we 

found a total population amounting to 26.7 

pounds per acre. Large bass fingerlings com- 

prised the largest single group by weight in 

the population, amounting to 11.5 pounds per 

acre, while fingerling sunfishes amounted to 

8.0 pounds per acre. 

REYNOLDS POND 

We recovered 64.5 pounds of sunfishes and 

2.3 pounds of largemouth bass per acre fol- 

lowing a single application of 0.6 p.p.b. on 

March 27 (table 3). A few mosquitofish were 

killed, but none of the brown bullheads were 

affected by the treatment. 
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Reproductive success of bluegills and red- 

ear sunfishes was very limited in that only 

four sunfish fry were taken in six short hauls 

with a small-mesh seine on August 29, On 

September 12, four 100-foot hauls made after 

dark with a 75-foot, 1/2-inch-mesh seine took 

131 fingerling bass, 6 bass 5 to 7 inches long, 

28 redear sunfish about 5 inches long, 2 blue- 

gills 6 inches long, and 11 brown bullheads 4 

to 8 inches long, but no sunfish less than 5 

inches long or adult bass were taken. 

BIGGERS POND 

Following a single application of 0.4 p.p.b. 

of antimycin to this 2.48-acre pond on Sep- 

tember 11, we recovered the following weights 

of fish per acre; 2.9 pounds of largemouth 

bass less than 7 inches long; 69 pounds of 

sunfishes including bluegills, redear sunfish, 

redbreast sunfish, and orangespotted sunfish; 

9.0 pounds per acre of fingerling crappie; and 

50.5 pounds of golden shiners from 4 to 9 

inches in length. The treatment had no effect 

on channel catfish or brown bullheads. The 

surface temperature was 75° F. at time of 
treatment and conditions for recovery of fish 

were good, hence the effectiveness of this 

treatment was considerably greater than that 

measured in similar trials conducted in win- 

ter. Further tests are to be conducted in this 

pond before it is drained, hence we have no 

way at present to determine what percentages 

of the various groups of fishes were removed 

by the treatment. 

DISCUSSION 

The results of our exploratory attempts to 

evaluate the use of antimycin in selective 

thinning of sunfishes in small impoundments 

were quite encouraging. Trials made in six 

pounds under a wide variety of weather con- 

ditions and temperatures demonstrated that 

low concentrations of antimycin are quite 

selective against populations of panfishes as 

compared to those of largemouth bass, espe~ 

cially at lower temperatures. Treatments 

with a concentration of 0.4 p.p.b. of antimycin 

in December killed up to 8.4 pounds per acre 

of bluegills less than 4 inches long without 

killing larger bluegills or bass of any size. 
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The same concentration applied in September 

killed 2.9 pounds of small bass and 69 pounds 

of sunfishes of all sizes per acre. Remedial 

stocking with fingerling bass can be done 

easily if it is deemed necessary. 

The 0.6-p.p.b. treatments made in small 

ponds less than 8 feet deep in cold weather 

removed up to 13.8 pounds per acre of the 

bluegills less than 4 inches long while killing 

only 0.01 pounds of the small bass. Similar 

treatments in warmer weather killed 80.6 

pounds per acre of bluegills and only 4.4 

pounds of bass in Slaughter Pond, and 64.5 

pounds per acre of sunfishes and 2.3 pounds 

of bass in Reynolds Pond. 

The 0.8=p.p.b. treatment proved to be ex- 

cessively high for use in soft-water ponds in 

which pH values at time of treatment ranged 

from 6.75 to 6.98. Sunfish populations were 

virtually eliminated in three ponds by this 

concentration, bass less than 6 inches long 

were reduced by 78.7 to 94.7 percent, and 

larger bass were reduced by 12.2 to 31.6 per- 

cent 

The 1.0-p.p.b. treatment at a temperature 

of 65° F. was entirely too severe, leaving 

only 6.7 percent of the sunfish and 26.1 per- 

cent of the bass population. 

The costs per acre-foot for treatments re- 

ported above when based on the list price of 

$48.00 for an 8.25-pound can of Fintrol-5 

were as follows: 0.4 p.p.b., $0.64; 0.6 p.p.b., 

$0.97; 0.8 p.p.b., $1.28; and 1.0 p.p.b., $1.60. 

If treatments of soft-water ponds such as ours 

were made in warm weather, there is a dis- 

tinct possibility that concentrations even 

- lower than 0.4 p.p.b. would be adequate. A 

treatment in summer might be especially ap- 

propriate in ponds in which neither bass nor 

sunfish reproduction was adequate, and in 

which selective removal of a sizeable per- 

centage of the sunfishes could be followed 

shortly by supplementary stocking of bass 

fingerlings. 

Trials in which fish were held in live boxes 

in water below the 5-foot level showed that 

mortality usually occurred more slowly and 

sometimes was reduced in the deeper water. 

Thus, the concentration of antimycin should 

be calculated on the basis of pond volume 

above the thermocline rather than on total 

pond volume if lower levels were stratified or 

uncirculated by wind or other factors. Other- 

wise, the concentration might be higher than 

intended, with a correspondingly greater re- 

duction in the fish population. In the case of 

Biggers Pond, for example, the 578 grams of 

toxicant used to produce a 0.4-p.p.b. concen- 

tration of antimycin in the entire pond volume 

would have produced a 0.5-p.p.b. concentra= 

tion if all of the antimycin had been confined 

to the area above the 5-foot depth at which the 

thermocline was located. Had this occurred, 

the concentration would have been 25 percent 

greater than intended, which would have made 

a considerable difference in results. In any 

case, conservative calculation of the volume 

of water to be treated is preferable to reduce 

the possibility of overdosage. 

Weather and water conditions were re- 

garded as major causes for poor results fol- 

lowing the 0.4- and 0.6-p.p.b. treatments of 

Henry Pond. However, there also is a definite 

possibility that little benefit was derived from 

the antimycin which was not released before 

the sand-formulated material sank into the 

soft, muddy bottom of the partially dewatered 

pond. Thus, lowering a pond prior to treat- 

ment with a given amount of Fintrol-5 will not 

necessarily yield better results than would 

have been achieved if the pond had not been 

lowered. Furthermore, complete eradication 

of fish often is easier to achieve in a full pond 

than in one which has been drained. This is 

true because pond bottoms usually contain 

irregularities which may hold enough water to 

keep fingerling fish alive for several days, 

and it is difficult to be certain that fish in all 

pockets of water have been eliminated. 

We found conclusive evidence that large- 

mouth bass, bluegills and redear sunfish were 

able to reproduce successfully after one or 

more exposures to antimycin. Adult bass 

which were exposed to successive treatments 

of 0.4, 0.6, and 0.8 p.p.b. of antimycin during 

the period December 8, 1966, to March 7, 

1967, were able to reproduce normally in 
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broodponds at the National Fish Hatchery, 

Marion, Alabama in April 1967+. Bass, blue- 

gill and redear sunfish which survived ex- 

posure to concentrations of 0.8 and 1.0 p.p.b. 

on January 1 and March 7, 1967, spawned 

successfully in Hill Pond, as did the same 

species in Slaughter and Reynolds ponds 

which were treated with a concentration of 

0.6 p.p.b. of antimycin. One interesting ob- 

servation was made in relation to the effect 

of antimycin on adult fish. During the period 

from March 7 to March 28, 30 of 39 adult 

bass found dead in five ponds were gravid 

females. Thus, females apparently are more 

vulnerable than males just prior to the spawn- 

ing season. 

We found no difference in results obtained 

by the three methods used to apply Fintrol-5 

during these trials. The simplest and easiest 

method was to dribble the material out a 

small hole in a container held over the bow of 

the boat. Dispersion of toxicant was adequate 

in open water of the larger ponds even when 

successive passes of the boat were about 30 

feet apart. However, in shallow, weedy areas 

where circulation was restricted we applied 

the material at intervals of not more than 10 

feet in an effort to avoid gaps in coverage. 

The Fintrol-5 formulation of antimycin 

gives very good selective control of sunfishes 

in soft-water ponds at comparatively low cost. 

The material is easy to apply, and applica- 

tions can be made over a very wide range of 

water temperatures and with a minimum of 

regard for weather conditions. Much remains 

to be done in working out techniques suited to 

waters of different qualities and in devising 

variations in methods for application. Possi- 

bly liquid formulations of antimycin could be 

introduced well below the surface to reduce 

populations of crappie or other species that 

inhabit deeper water; manipulation of water 

flows might be used to attract or to concen- 

trate certain species which then could be 

treated; concentrations of spawning fishes or 

nest areas might be treated; shoreline appli- 

cations of antimycin might be used to cut 

treatment costs even further. 

1 Personal communication from Jack R, Snow, 

Station Director, Marion NFH, Marion, Alabama, 1967, 

Antimycin for Thinning Sunfish Populations 

SUMMARY 

plished in six soft-water ponds in west 

9 

Selective removal of sunfishes was accom- 

central Georgia by applications of 0.4, 0.6, 

0.8, and 1.0 parts per billion (p.p.b.) of 

antimycin in the Fintrol-5 formulation. 

The treatments were made during winter, 

spring, and late summer at water tem- 

peratures ranging from 46° to 75° F. and 
under a variety of weather conditions. 

Smaller fish of each species are more 

susceptible than adults; redear sunfish 

are more resistant than bluegills; and 

even fingerling bass are more resistant 

than adult sunfishes. 

Response to treatment occurred more 

slowly in colder water, and all species, 

especially largemouth bass, appeared to 

be more resistant to antimycin at low 

temperatures. 

The 0.8=- and 1.0-p.p.b. concentrations 

were too high even in winter, and there 

are indications that concentrations less 

than 0.4 p.p.b. might be adequate when 

water temperatures are 75° F. or more 

and the pH is about neutral. 

The toxicant is easy to apply, and costs 

only $0.64 per acre-foot at a concentra- 

tion of 0.4 p.p.b. 

antimycin were able to reproduce nor- 

mally. 

Use of antimycin for selective thinning of 

sunfishes will enable fishery managers to 

Largemouth bass, bluegill and redear sun- 

fish which survived multiple exposures to 

utilize this valuable technique for a longer 

time each year than previously was pos- 

sible. 
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EFFICACY OF METHYLPENTYNOL AS AN ANESTHETIC 
ON FOUR SALMONIDS 

By Robert M. Howland and Richard A. Schoettger, Fishery Biologists 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La Crosse, Wisconsin 

ABSTRACT.--Effective concentrations of methylpentynol for anesthetizing 

rainbow trout, brown trout, brook trout, and lake trout were determined by a 

series of tests. Concentrations of 1.5 to 8 parts per thousand induced anes- 

thesia in 4 to 57 minutes. Increase in water temperature accelerated anes- 

thesia. Changes in pH or in water hardness had no significant effect on the 

rate of anesthesia. Repeated anesthesia had little effect on rate of response. 

The efficacy of anesthetic solutions was reduced by continuous use. 

Approximately 1 kilogram of rainbow trout could be effectively narcotized 

per milliliter of drug. Methylpentynol was compared with MS=-222 as a fish 

anesthetic. Fifty - times as much methylpentynol was necessary to yield the 

equivalent effect of 100 parts per million of MS-222. Methylpentynol may be 

more appropriate as a sedative or soporific for salmonids than as an anes- 

thetic. 

The demand for anesthetics in stripping, 

marking, and transporting fish has led to 

experimentation with various drugs used in 

human medicine, such as methylpentynol. 

Parkhurst and Smith (1957) found that the 

compound worked well to quiet fish for strip- 

ping. Since then, a number of investigators 

have found that methylpentynol is a potent 

fish anesthetic and is also useful as a seda- 

tive in fish transport (Norris et al., 1960; 

McFarland, 1959, 1960; Carlson, 1965). How- 

ever, fish entering anesthesia may struggle 

violently and are not completely immobilized 

under narcosis, according to reports cited by 

Bell (1964). They may also go into respiratory 

arrest, thereby making the maintenance of 

anesthesia difficult (Klontz, 1964). 

Methylpentynol (3-Methyl-1-pentyn-3-o01) 

was originally patented in 1913 by the Bayer 

Company of Germany. Some common synonyms 

of the compound include methylparafynol, 

Oblivon, and Dormison (Stecher et al., 1960), 

During the early 1950's it was introduced as a 

hypnotic in human medicine (Margolin et al., 

1951; Hirsh and Orsinger, 1952; and Perlman 

and Johnson, 1952), but because of its side - 

effects and questionable efficacy (Lasagna, 

1954; Marley, 1958; Kennedy and Marley, 

1959; Goodman and Gilman, 1965) it had only 

a brief period of popularity. 

Lennon (1967) discussed recent amend-= 

ments to the Federal Food, Drug, and Cos- 

metic Act which require that chemicals used 

on fish be cleared and labeled for specific 

uses. We elected to investigate methylpentynol 

as one of the anesthetics because the treated 

fish may be eaten by humans. Information on 

the toxicity of methylpentynol to fish, its effi- 

cacy as a fish anesthetic, and its residues 

in fish tissues is necessary to obtain clearance. 

We centered our investigation on the effi- 

cacy of methylpentynol, specifically the con- 

centrations for practical use on rainbow trout, 

brown trout, brook trout, and lake trout. We 

also measured the effects of water quality, 

size of fish, repeated exposure, and reuse of 

anesthetic solutions on efficacy. 
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METHODS AND MATERIALS 

We purchased a technical grade (Eastman 

grade) of methylpentynol from the Eastman 

Kodak Company, Rochester, N.Y. Its efficacy 

as a fish anesthetic was measured with trout 

of two size-ranges: 2 to 6 inches and 7 to 12 

inches (table 1). The methods of preparing 

test solutions, waters of various qualities, 

controlling temperature, and acclimating the 

test fish were as described by Schoettger and 

Julin (1967). 

The behavioral responses of trout to methyl- 

pentynol conformed reasonably well to those 

reported for fish exposed to MS-222 (Schoettger 

and Julin, 1967). Effectiveness of the drug was 

evaluated by placing the trout in various con- 

centrations and recording the times for all of 

the test fish to exhibit the following behavioral 

responses: sedation; total loss of equilibrium, 

stage 11; and loss of reflex. We also recorded 

the time required for the first fish to enter 

medullary collapse. When all fish reached 

this stage, they were returned to well water 

for recovery. 

Ten fish were used to bioassay each con= 

centration, and in most instances the experi- 

ments were replicated. The amenability of 

trout to handling when in the deeper stages of 

narcosis was tested by removing them briefly 

from the solutions, and simulating the strip- 

ping procedure. 

TABLE 1.--Species and sources of test fish 

Length 

(inches ) Ssitee 
Species 

Rainbow trout 2-6 
(Salmo gairdneri) 

Raised at Fish Control 

Laboratory; eggs from 

Rainbow Ranches, Spokane, 

Washington 

7-12 NFH?, Manchester, Iowa 

Raised at Fish Control 

Laboratory; eggs from 

McNenny NFH, Spearfish, 
South Dakota 

Brown trout 2-6 

(Salmo trutta) 

7-12 NFH, Manchester, Iowa 

Brook trout 2-6 Raised at Fish Control 
(Salvelinus fontinalis) Laboratory; eggs from 

SFH*, Osceola, Wisconsin 

Lake trout 2-6 NFH, Jordan River, Elmira, 
(Salvelinus namaycush) Michigan 

+ National Fish Hatchery 
2 State Fish Hatchery 

The reusability of methylpentynol solutions 

was determined by anesthetizing fresh groups 

of five rainbow trout, 7 to 12 inches long, in 

5 liters of a 5 p.p.t. (part per thousand) solu- 

tion at 12°C. This concentration anesthetizes 
rainbow trout to loss of reflex within 2 min- 

utes. Fresh groups of fish were exposed until 

the drug was no longer effective within 2 min- 

utes. We then calculated the kilograms of trout 

anesthetized per milliliter of the drug. 

The effect of repeated exposure on the sus- 

ceptibility of rainbow trout to methylpentynol 

was measured by anesthetizing 10 individuals 

daily for 10 consecutive days at TZ ce They 

were narcotized to loss of reflex in a concen- 

tration of 5 p.p.t. and then placed in flowing 

well water for recovery. Each day, the re- 

sponses of single-exposure and untreated con- 

trol fish were observed in conjunction with 

the group undergoing repeated exposure. After 

10 days, we made a gross examination for 

pathology in the repeatedly exposed fish, a 

group treated only once, and an untreated 

group. 

RESULTS 

Efficacy 

Methylpentynol was 100 percent effective at 

concentrations of 1.5 to 8 p.p.t. for anesthe- 

tizing rainbow trout, brown trout, brook trout, 

and lake trout (tables 2, 3, 4, 5). These levels 

induce total loss of equilibrium, stage II, 

within 31.0 to 0.8 minutes respectively, de- 

pending on temperature, species, and size of 

fish. Concentrations outside this range either 

were ineffective or produced narcosis at rates 

which would be relatively impractical for 

most fish-handling operations. 

Methylpentynol is considerably less potent 

as a fish anesthetic than MS=-222 (McFarland, 

1959). MS=222 narcotizes the species used in 

this study within 2 to 3 minutes at concentra- 

tions of about 100 p.p.m. at 12°C. (Schoettger 

and Julin, 1967). We found that at least 5,000 

p.pem. of methylpentynol were required to 

produce a similar effect; this concentration 

anesthetized the most resistant individuals in 
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TABLE 2.--Efficacy of methylpentynol on two sizes of rainbow trout at three temperatures 

Mean induction time (minutes) for 
index 

Recovery 

Concen- ; 3 5 : 
All fish into First fish into Sates 

c/a | o/s? | (minutes) | PT? 

Wise 

2 Number 

81.5 Libdcececece 2-6 20 31.0 46.0 0.6 8.0 65 

LeSecccceee 7-12 20 18.0 19.0 15.5 0.9 0.8 6.3 95 

2-6 10 23.0 52.5 3D-o 1.6 0.7 17.0 90 

Dow eeeeeees 2-6 20 7.8 16.5 12.8 1.6 0.8 10.8 90 

2eOnveneceee 7-12 20 18.8 22.3 23.3 1.2 1.0 9.5 80 

DOwececcece 7-12 20 6.3 9.0 8.3 1.3 0.9 5.0 100 

Bre Oiajaie v's.0's\e 2-6 10 8.3 15.8 15.8 aris) 1.0 17.0 100 

Dowceecsees 2-6 20 3.0 6.0 5.5 isis) 0.9 Died 100 

B.O..ereeee 7-12 20 4.8 8.0 950 1.9 1.2 6.5 100 

DO. eeeccaee 7-12 20 3.3 5.0 4.5 1.4 0.9 6.0 100 

AsOcvccsccse 2-6 20 12.5 19.8 20.3 1.6 1.0 27.8 100 

Dow snccccce 2-6 10 4.3 8.0 8.3 i’) 1.0 14.5 100 

Dow ccecccee 2-6 20 2.0 2.8 2.8 1.4 1.0 5.0 100 

A Oeccecces 7-12 20 11.5 18.8 14.0 1.2 0.7 151.3 L100 

7-12 20 4.0 6.5 4.5 1.1 0.7 6.8 100 

7-12 20 1.8 3.0 3.5 2.0 2 6.8 100 

2-6 20 8.5 12.3 12.0 1.4 1.0 32.8 100 

2-6 15 2.8 5.3 6.5 2.4 1.2 15.8 100 
2-6 20 1.3 2-3 2.5 2.0 1.0 8.5 95 

7-12 20 8.3 2-18) 9.0 Mic It 0.9 Us)afes 100 
7-12 20 2.0 2) 3.0 i) Wo? 6.5 100 
7-12 20 1.3 2.5 2.8 2-2 aaa 6.8 100 

2-6 20 4.3 7.3 8.5 2.0 1.2 2B) 52 100 
2-6 10 aa) 3.3 3.3 2.2 1.0 16.3 100 

7-12 20 6.3 8.5 Wee) Ue 2 0.9 15.3) 100 
7-12 20 1.5 2.0 2.5 ay 3 7.0 100 

2-6 20 4.3 7.8 6.8 1.6 0.9 28.3 100 
2-6 10 1.0 2.0 2.8 2.8 1.4 Wats) 100 

7-12 20 4.5 6.5 28) bee 0.8 Wo 33 100 
7-12 20 Wes) 1.8 2-5 2-0 1.4 8.3 100 

2-6 20 3.3 4.5 262) 27 1.2 25.8 90 
2-6 10 0.8 i3 20> By) 2-0 17.5 100 

7-12 20 4.3 Ded 5.5 alas) 1.0 18.3 100 
-12 20 1.0 1.8 203 2.2 1.3 8.5 100 

+ Total loss of equilibrium, stage II 
2 Total loss of reflex 

2 Medullary collapse 

4 Time for Stage C divided by time for Stage A 
> Time for Stage C divided by time for Stage B 

groups of 2- to 6-inch brown trout and lake 

trout within 3.5 minutes and the least resist- 

ant individuals among 7- to 12-inch rainbow 

trout and brown trout within 2 minutes. The 

greater sensitivity of the larger fish is even 

more apparent at lower concentrations (tables 

2 and 3). In our opinion the size-sensitivity 

relation may not be valid. Large and small 

rainbow and brown trout were obtained from 

different sources (table 1); consequently inter- 

action between size and strain may be re- 

flected in the results. 
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TABLE 3.--Efficaecy of methylpentynol on brown trout of two sizes at three temperatures 

Recovery 
Conecen- Temper- 

tration ature 
Length Mean time Delta oir z (p.p ) ( ) (inches ) (minutes) Percent 

I cirechalers 17 2-6 20 20.3 45.0 26.8 alas 0.6 9.5 90 

Tsai istal aieteto\ece ig) Fl 20 11.3 42.0 27.8 245 0.7 10.0 100 

DH OPA RAGE 12 2-6 20 12.8 26.5 19.3 Te O77 23.8 100 
Dothtaowees 17 2-6 20 6.8 113)45) 12.8 1.9 0.8 6.5 95 

DOlaaotenese 12 beat) 20 11.8 51.0 28.3 2.4 0.6 38.0 85 
Domai oe 17 Wale 20 5.0 9.0 7.8 1.6 0.9 5.8 100 

BO teteiacs 7 2-6 20 20.3 35.0 29.3 1.4 0.8 28.8 100 
Donare chine 12 2-6 20 10.0 13.8 11.3 oil 0.8 We 90 
Dobepaneenios 17 2-6 20 3.0 4.5 4.8 1.6 ALaae 5.0 100 

BOM hos 7 ee 10 17.5 28.5 35.5 2.0 a2 21.0 100 
DO see ow 12 eal 20 6.0 9.5 9.3 tLe 1.0 11.0 100 
iDepekoe cone 17 Waal? 20 Des 4.3 5.0 22 2 5.8 100 

ds Otslepeetas i 2-6 20 9.0 14.8 11.8 1.3 0.8 30.8 100 
DOls nase cre 12 2-6 20 5.0 7.0 35 alsal 0.8 12.8 100 
Dowsaceeeee 17 2-6 20 2.0 PES 3.0 Ie ay 5.8 100 

AOL aero 7 Fa 20 8.5 16.8 13.0 1155 0.8 16.3 100 
DOl.-aeapyestnre 12 eal 20 4.0 8.5 (0) 1.8 0.8 10.3 100 
Downwoctooe 17 Paap 20 1.0 U3) 2.0 2.0 1.6 6.8 100 

BOR vicletislave 7 2-6 20 7.3 10.5 10.8 LS 1.0 18.3 100 
Deoporoocte 12 2-6 20 3.5 4.8 5.0 1.4 sil 12.8 100 
DO brevets 17 2-6 20 1,5 2.0 Bini eer?) i153) 6.5 100 

SOR aires 7 7-12 20 4.5 9.5 8.3 1.8 0.9 13.0 100 
Dowcaeeennne 12 7-12 20 2.0 3.8 225 Doh 132 11.8 100 
DOvemonetans 17 7-12 20 0.5 0.8 1il.3} 22 Ia 6.8 100 

620s eponiene 7 2-6 20 4.0 6.5 Bo5} 1.3 0.8 16.5 100 
Doren nee. 12 2-6 20 1.8 D5 PES 1.4 1.0 8.5 100 

Ga Oioccionietere 7 Waal 20 BE0 5) 5.8 1.9 0.8 11.0 100 
DOeee ceaek 12 7-12 20 ed 2.3 3.0 2.0 1.3 7.8 100 

Te Ouysiteorcrtote 7 2-6 20 3.5 6.3 5.8 1.6 0.9 16.5 100 

Wa Oleiavavcrereyave i 7-12 20 2s) 5.8 50) AEB 0.9 14.3 100 

BsOnseence 2 2-6 20 3 1.8 , 2.0 1G dei 9.3 100 

SiOnseranras - 12 7-12 20 1.3 2.0 2.8 2e2 1.4 10.8 100 

+ Total loss of equilibrium, stage II 
2 Total loss of reflex 

a Medullary collapse 

4 Time for Stage C divided by time for Stage A g y g 
5 Time for Stage C divided by time for Stage B 

Temperature had a pronounced effect on the The tractability was not consistent among 

efficacy of methylpentynol. To illustrate, a the four salmonids when anesthetized to total 

concentration of 5 p.p.t. produced loss of equi- loss of equilibrium, stage II, Lake trout and 

librium in all species within 4.5 to 8.5 min- large rainbow trout were relatively immobile. 

utes at TiO within 2 to 3.5 minutes at eh The other species and sizes of fish retained 

and within 0.5 to 1.5 minutes at 17°. Ingen- considerable reflex activity, and were diffi- 

eral, a change in temperature of 59°C, changed cult to handle during simulated stripping pro- 

anesthetizing time by a factor of approxi- cedures. Also, a state of total loss of equilib- 

mately 2 to 3. rium was inadequate for delicate surgical 
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TABLE 4.--Efficacy of methylpentynol on brook trout at three temperatures 

Mean induction time (minutes) for Safety 
index 

Reeth All fish into First fish into 

: Number 4 5 

2-6 

Recovery 

Concen- 
tration 

(p.p.t.) 
Mean time 
(minutes) Percent 

eeece - 20 25.0 54.0 42.0 1.7 0.8 26.0 80 

2-6 20 12.8 31.0 28.5 2.2 0.9 12.5 90 

BO. ceeeee 7 2-6 20 22.3 34.5 34.5 1.5 1.0 26.3 100 
DOwsccccees 12 2-6 20 13.3 18.8 16.0 1.2 0.9 23.3 100 
DO. es eccese 17 2-6 20 4.8 9.5 9.8 2.0 1.0 9.0 100 

K.Oowcccece 7 2-6 20 6.5 12.3 15.5 2.4 1.3 23.0 co 
Dow. weveeee 12 2-6 20 3.5 10.8 10.0 2.9 0.9 19.0 100 
DO. wwcnceee 17 2-6 20 2.5 4.0 4.3 1.7 1.0 10.5 100 

DeOeeeceeee re 2-6 20 4.8 13.8 13.3 2.8 1.0 23.5 100 
DO. ceeeeees 12 2-6 20 2-5 7.3 4.3 1.7 0.6 12.5 100 
DOwcccccene 17 2-6 20 1.3 4.5 4.0 3.2 0.9 11.3 100 

BOs esiecne ib 2-6 20 3.3 8.0 8.3 20D 1.0 21.0 100 
DO cesccere 12 2-6 20 1.8 6.8 4.5 2.6 0.7 15.8 100 

SeO sia ae aiei<: 7 2-6 20 2.) 5.5 4.8 1.9 0.9 17.3 95 
DO. ceceece 2-6 1.3 3.5 2.3 1.8 0.6 ° 

Total loss of equilibrium, stage II 
Total loss of reflex 

Medullary collapse 
Time for Stage C divided by time for Stage A 
Time for Stage C divided by time for Stage B 

1 

2 

3 

4 

5 

TABLE 5.--Efficacy of methylpentynol on lake trout at three temperatures 

Mean induction time (minutes) for : Recovery 
oncen- 

tration All fish into First fish into ‘ 
(p.p.t.) Length | vumber Mean time) percent 

(inches) (minutes ) Stage A’ | Stage B* Stage 0? 

31.5 69.8 30.8 ee a 7 2-6 20 0.4 11.0 60 

28) 7 2-6 10 33.5 84.5 41.0 12 0.5 57.3 100 
Bees ids 2's 12 2-6 20 25.8 53.0 32.5 ab3 0.6 aly 100 
a ee 2-6 20 9.5 23.8 10.8 ile 0.5 TE 50 

BG 2 20 s.. 7 2-6 20 12.8 25.3 19.8 125 0.8 26.8 100 
Bebe 2nicius as b 2-6 20 8.0 15.3 12.3 ce 0.8 12.8 100 
Dac cds cess. 7 2-6 20 1.8 Bere 3.0 aby 0.9 7.5 35 

Pes sie panne 7 2-6 20 9.0 13.5 12.3 1.4 0.9 Lee 100 
Bee eoss.. |" io 2-6 20 4.5 as 6.8 ie 0.9 11.8 100 
Boe teks donc|) 6 17 2-6 20 0.8 0.8 1.3 Lit yi 4.3 80 

2a As eee 7 2-6 20 5.8 5.8 8.0 1.4 LA 14.3 100 
ice eee 2-6 20 3.5 4.0 5.0 1.4 1.3 10.3 100 
prec | Ly 2-6 20 0.5 0.5 1.0 2.0 2.0 7.0 85 

GeO on ais 7 2-6 20 3.0 3.0 5.3 1.8 1.8 1253 100 
Dados ace 12 2-6 20 es 2.5 4.0 1.6 1.6 12.5 100 

7 2-6 20 2.0 200 3.5 1.8 1.8 17.0 100 
Seis 2 2-6 20 1.0 A) 1.5 f5 ies ia 100 

+ Total loss of equilibrium, stage II 
2 Total loss of reflex 

3 Medullary collapse 
4 Time for Stage C divided by time for Stage A 
>? Time for Stage C divided by time for Stage B 

338-452 O - 69 - 2 
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operations on rainbow trout. (Personal com- 

munication from Dr. Joseph B. Hunn, Fishery 

Biologist, Fish Control Laboratory, La 

Crosse, Wis., October 14, 1966.) 

Complete immobility of the trout can be ob- 

tained by continuing exposure to the loss-of- 

reflex stage. With a concentration of 5 p.p.t. 

at 12°C., loss of reflex usually occurs less 

than 3 minutes after loss of equilibrium 

(tables 2, 3, 4, 5). It occurs more rapidly at 

17 C. and more slowly at vie However, we 

must point out that the fish enter medullary 

collapse shortly after loss of reflex, particu- 

larly at higher concentrations and tempera- 

tures. 

The relative risk of overexposing trout 

when attempting to maintain anesthesia is ex- 

pressed by the safe exposure indexes shown in 

tables 2, 3, 4, and 5. The danger is obviously 

greater after the fish have entered loss of 

reflex, since the values are approximately 

1.0 or less. In other words, in a given lot of 

fish, the most susceptible individuals are 

entering medullary collapse at the time the 

most resistant fish are entering loss of reflex. 

The exposure indexes for methylpentynol- 

treated trout do not appear to be correlated 

with concentration, temperature, species, or 

size of fish. By way of comparison, Schoettger 

and Julin (1967) reported safe exposure in- 

dexes of 2 to 3 for similar species and sizes 

of trout anesthetized in MS-222, 

The mean times for recovery of fish from 

anesthesia ranged from 4 to 57 minutes (tables 

2, 3, 4, 5). In general, recovery was most 

rapid at L7Ce and least rapid at a. Most 

mortalities among small rainbow trout and 

lake trout occurred after long exposures to low 

concentrations at 17 . In one instance, 35 per- 

.cent of the rainbow trout died after a pro- 

longed exposure to 1.5 p.p.t. The mortality of 

lake trout varied from 15 to 65 percent at this 

temperature, but the greatest mortalities oc- 

curred following exposures to 3 p.p.t., or less. 

In all of the tests, we attempted to transfer 

the fish to well-oxygenated, circulating water 

for recovery just before their opercular 

movements ceased. With protracted exposures, 

the progression of deepening sopor in the 

more sensitive fish appears to become irre- 

versible prior to medullary collapse. This was 

revealed in preliminary trials at 17° C. when 

deaths occurred among fish which were trans- 

ferred to oxygen-rich water for recovery, 

even though they displayed opercular rhythm 

at the time of removal from the anesthetic. 

The mortality was even greater upon transfer 

to unaerated, static water. 

In order to avoid the rapid onset of medul- 

lary collapse associated with high concentra- 

tions, it is necessary to reduce concentration, 

thus sacrificing rapid anesthesia for longer 

handling time. 

As mentioned above, there also is a risk 

when exposing trout to low concentrations for 

long periods. However, the slower rates of 

anesthesia at these levels permit greater con- 

trol over exposure than at higher concentra- 

tions. 

A good compromise between the rate of 

anesthesia and handling time is achieved at 

concentrations between 2 and 4 p.p.t. at 190 cs 

These relations are demonstrated in figure 1, 

The greatest changes in time to loss of equi- 

librium, stage II, loss of reflex and medullary 

collapse with concentration occur between 2 

and 4 p.p.t. Therefore, depending on the needs, 

Loss of equilibrium, stage I 
Loss of reflex 

= Medullary collapse 
5 Mean recovery time 
E from medullary collapse =.= 

IN MINUTES 

TIME 

EXPOSURE 

SELECTED CONCENTRATION OF METHYLPENTYNOL (PPT) 

Figure 1,--Mean exposures required to induce various 

stages of anesthesia in trout at 12°C, for selected 

concentrations of methylpentynol, Curves for the 

response times were derived from the average of 

response times at each concentration for various 

species and sizes of trout, 
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the fishery worker can modify the concentra- 

tion to produce the type or rate of anesthesia 

and handling time to meet his requirements. 

However, he also must consider the effects of 

temperature on efficacy in making an estimate 

of effective concentrations--a factor of about 

2 to 3 occurs for each 5°C. change in temper- 

ature. 

Effects of Water Quality 

The efficacy of methylpentynol was neither 

enhanced nor decreased in bioassays on rain- 

bow trout at 12°C. in solutions with pH's of 5, 
7, and 9, and those with total hardnesses of 

10, 42, and 180 p.p.m. as CaCO3. 

Repeated Use of Solutions 

Five liters of a 5-p.p.t. solution of methyl- 

pentynol effectively anesthetized 260 rainbow 

trout, 7 to 12 inches long, at 12°C. The time 

required to anesthetize additional fish in- 

creased with each introduction. Thus, approx- 

imately 1 kilogram of rainbow trout can be 

anesthetized effectively per milliliter of drug. 

Meister and Ritzi (1958) reported that about 

14 kilograms of brook trout and 42 kilograms 

of lake trout could be anesthetized per gram 

of MS-222, 

Effects of Repeated Anesthetization 

The repeated exposure of fish to methyl- 

pentynol had little influence on rate of response 

to the drug. From the third exposure on, the 

fish reacted violently upon contact with the 

solution, by thrashing and leaping before nar- 

cosis. Gross internal pathological examina- 

tion disclosed no detrimental effects due to 

the anesthesia. 

DISCUSSION 

Our investigation establishes that methyl- 

pentynol is enigmatic as a fish anesthetic. It 

is capable of inducing profound stupor in four 

salmonids and yet it also appears incapable of 

producing consistently good anesthetization. 

The condition evoked by this drug seems 

closer to inebriation than anesthesia, as evi- 

denced by such side effects as preanesthesia 

and postanesthesia lunging and untoward re- 

actions upon reanesthetization. 

We stress that intractability to handling at 

loss of equilibrium, stage II, is pronounced in 

some species. Large brown trout are difficult 

to grasp because of tail thrashing, and small 

rainbow trout, brown trout, and brook trout 

are affected to a lesser degree. Such behavior 

undoubtedly impedes a practical fish-handling 

routine. 

We corroborate the findings of Bell (1964) 

and Klontz (1964) regarding the struggling of 

fish entering narcosis, incomplete immobil- 

ity, and tendency toward respiratory arrest. 

An explanation for these reactions is sug-= 

gested in the literature. When humans are 

given daily doses of methylpentynol in excess 

of 2 grams, the drug tends to accumulate, and 

symptoms of intoxication appear by the third 

or fourth day (Goodman and Gilman, 1965). 

Kennedy and Marley (1959) reported abnormal 

brain-wave activity with toxic phenomena dur- 

ing a 5-day regime in humans. Also, they 

found a correlation between the degree of elec- 

troencephalic abnormality and the amount of 

physical disturbance produced by the drug in 

patients with toxic manifestations. A high rise 

of acetylcholine in rat brains, related to the 

degree of depression, was reported by Pepeu 

(1960). Margolin et al. (1951) found that methyl- 

pentynol does not possess analgesic or anes- 

thetic properties when tested on mice and dogs, 

and that it lacks antispasmodic action; it was 

proffered solely as a soporific in human med- 

icine. 

The nature and size of the operation should 

determine whether this relatively expensive 

drug is a practical anesthetic for use in fish- 

ery management. A preferred stage of anes- 

thesia cannot be recommended because of the 

aforementioned shortcomings at each level. 

CONCLUSIONS 

1. Methylpentynol is effective for the anes- 

thesia of rainbow trout, brown trout, brook 

trout, and lake trout at concentrations of 

1.5 to 8 p.p.t. 



10 Investigations in Fish Control 29; Bureau of Sport Fisheries and Wildlife 

2. The rate of anesthesia increases as the 

concentration and/or the water tempera- 

ture increases. A 5°C. change in water 

temperature causes a change in the rate of 

anesthesia by a factor of 2 to 3. 

3. Concentrations from 2 to 4 p.p.t. appear 

better suited for handling of fish than do 

higher levels. 

4, Water quality and pH of the anesthetic 

solution have no effect on the rate of anes-= 

thesia. 

5. Methylpentynol does not produce the desir- 

able or consistent characteristics of anes- 

thesia which are acceptable for handling 

fish. Small lake trout and large rainbow 

trout were amenable to simulated strip- 

ping procedures, while small rainbow trout, 

small brook trout, and large and small 

brown trout were not. 

6. Methylpentynol is less potent than MS=222 

as a fish anesthetic. Fifty times as strong 

a solution of methylpentynol is necessary 

to yield the effect of a solution containing 

100 p.p.m., of MS-222, 

7. Methylpentynol appears to be more appro-= 

priate as a sedative or soporific for salmo- 

nids than as an anesthetic. 
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TOXICITY OF METHYLPENTYNOL TO SELECTED FISHES 

By Leif L. Marking, Chemist 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La, Crosse, Wisconsin 

Abstract.--Methylpentynol was tested in 96-hour bioassays for its toxi- 

city to rainbow trout, brown trout, brook trout, lake trout, northern pike, 

channel catfish, bluegills, largemouth bass, and walleyes. The LC50's 

range from 660 to 1,890 parts per million at 129C. Channel catfish are 

the most resistant and lake trout arethe most sensitive. Two-inch rainbow 

trout, brown trout, and lake trout are more sensitive to methylpentynol 

than larger ones in 96-hour exposures. The drug is more toxic to blue- 

gills at 17° than at 12° C. Toxicity was not influenced in different water 

hardnesses of 10 to 180 parts per million. 

Methylpentynol (3-methyl-1-pentyn-3-o01) 

has been used in human medicine as ahypnotic 

and sedative at oral doses of 100 to 800 mil- 

ligrams (Hirsh and Orsinger, 1952) and 250 

to 500 milligrams (Stecher et al., 1960). 

Overdoses, however, may produce acute psy- 

chosis, abnormalities of the nervous system, 

or coma and death in extreme cases. Since 

methylpentynol possesses no unique advan- 

tages as a human hypnotic to outweigh its dis- 

advantages, it is no longer recommended 

(Sharpless, 1965). The oral LD50 for mice, 

rats, and guinea pigs is 600 to 900 mg./kg. 

(Margolin, Perlman, and McGavack, 1951). 

Methylpentynol is a recognized anesthetic 

for fish at concentrations of 0.5 to 0.9 ml./1. 

(Klontz, 1964). Others have reported applica- 

tions of the drug as a hypnotic in transporting 

fish at concentrations of 1 to 3 ml./gal. (Bell, 

1964; Carlson, 1965; Fry and Norris, 1962; 

and McFarland, 1959 and 1960). Bayliff and 

Klima (1962) reported methylpentynol toxic to 

some fish at 6 ml./gal. (approximately 1,580 

p.p.m.) and suggested it was too slow-acting 

for field use. Howland and Schoettger (1969) 
found that 1,500 to 8,000 p.p.m. of methyl- 

pentynol produced anesthesia within 4 to 57 

minutes, but suggest the compound is better 

suited as a sedative than an anesthetic. As an 

anesthetic there is danger of overexposing the 

fish because of the high concentrations re- 

quired to achieve rapid anesthesia. 

Since fish can be overdosed with methyl- 

pentynol, we should determine its toxicity to 

fish. Amendments to the Federal Food, Drug, 

and Cosmetic act also require toxicity data to 

clear the drug for this use (Lennon, 1967). I 

have chosen to determine the toxicity of 

methylpentynol to rainbow trout, brown trout, 

brook trout, lake trout, northern pike, channel 

catfish, bluegills, largemouth bass, and wall- 

eyes with considerations to changes in tem- 

perature, water quality, and size of fish. 

METHODS AND MATERIALS 

Experimental fish were obtained from State 

and Federal fish hatcheries (table 1). Three 

size groups included 1- to 3-inch, 3- to 5-inch, 

and 6- to 9-inch fish. Ten fish were tested at 

each of 10 or 11 concentrations of methylpen- 

tynol in 15-liter, static bioassays according 

to the methods of Lennon and Walker (1964). 
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TABLE 1.--Fishes used in tests of methylpentynol 

Common and scientific name Source 

Rainbow trout Manchester NFH*, Iowa 

(Salmo gairdneri) 

Brown trout 

(Salmo trutta) 

Manchester NFH, Iowa 

Brook trout Osceola SFH*, Wis. 
(Salvelinus fontinalis) 

Lake trout 

(Salvelinus namaycush) 
Jordan River NFH, Mich. 
and St. Croix Falls SFH, 
Wis. 

Garrison Dam NFH, N.D. and 
Gavins Point NFH, S.D. 

Northern pike 
(Esox lucius) 

Channel catfish 

(Ictalurus punctatus) 

Fairport NFH, Iowa 

Bluegill 
(Lepomis macrochirus ) 

Lake Mills NFH, Wis. 

Largemouth bass 

(Micropterus salmoides) 
Genoa NFH, Wis. 

Walleye 

(Stizostedion vitreum) 

Garrison Dam NFH, N.D. 

1 National Fish Hatchery 
2 State Fish Hatchery 

At least 10 of the 1- to 3-inch fish served as 

controls. The bioassays with the 3- to 5-inch 

and 6- to 9-inch fish were conducted in poly- 

ethylene tanks containing 45 liters of aerated 

solution. Five concentrations were tested 

against the 9-inch fish and 10 fish served as 

controls. 

Waters of different hardnesses and pH were 

prepared by adding greater or less amounts of 

reconstituting salts to deionized water (table 2). 

Temperatures of 7°, 12°, 17°, and 22° C. were 
maintained by placing the bioassay vessels in 

thermostatically controlled water baths. All 

temperatures are reported in Celsius. 

Aliquots of Eastman-grade methylpentynol, 

purchased from Eastman Organic Chemicals, 

were pipetted into the bioassays to yield the 

desired concentrations. 

The data on survival and mortality were 

recorded at 24, 48, and 96 hours and were 

analyzed according to the methods of Litchfield 

and Wilcoxon (1949) to determine LC50's, 

variations, slope functions, and 95-percent 

confidence intervals, 

RESULTS 

Species and Sizes of Fish 

The LC50's of methylpentynol range from 

660 to 1,890 p.p.m. in 96-hour bioassays for 

all species tested (table 3). Channel catfish, 2 

and 4 inches long, are the most resistant spe- 

cies while small lake trout are the most sen- 

Sitive. 

Larger brown trout and lake trout are more 

resistant to the lethal effects of methylpen- 

tynol than the 2-inch ones. This is apparent 

with brown trout and lake trout at all obser- 

vation periods, and with one lot of rainbow 

trout at 96 hours. The medium sized brown 

trout and lake trout tolerate concentrations 

which approximate those tolerated by the 

larger individuals. LC50's range from 1,060 

to 1,160 p.p.m. in 96 hours for 3- to 7-inch 

brown trout and lake trout. 

Three- and 4-inch brook trout responded 

uniformly to methylpentynol with 96-hour 

LC50's of 1,200 and 1,280 p.p.m. respectively. 

However, the 6-inch fish appear more sensi- 

tive in the 96-hour bioassay. This may be 

explained by the fact that they contracted fur- 

unculosis just prior to the bioassays. Unfor- 

tunately, the disease was not diagnosed until 

after the tests. 

Methylpentynol acted slowly at the concen- 

trations tested, and little or no mortality oc- 

curred within 3 hours, even at concentrations 

TABLE 2.--Water qualities obtained with different amounts of reconstituting salts in deionized water 

Classification 

of 

water 

SOW CAN DSA dbboonmeased 

+ Standard reconstituted water used in routine bioassay. 

Salt added in mg./l. pH Concentration as p.p.m. Caco, 

Total hardness Total alkalinity 

0.5 6.4-6.8 10-13 10-13 
2.0 7.2-7.6 40-48 30-35 
8.0 7.6-8.0 160-180 110-120 



Leif L. Marking: Toxicity of Methylpentynol to Selected Fishes 

TABLE 3.--Toxicity of methylpentynol to nine species of fish at ie" 'G. 

Species Approximate 
weight (grams) | length (inches) 

LC50 (p.p.m.) and 95-percent confidence interval at 

96 hours 

Rainbow trout.....csecces Le 2 1,220 1,150 870 

1,151-1, 294 1,095-1, 208 753-1,005 

DEMME Riais 0 wa a(cle eu a ae aie 1.6 2 1,340 1,280 1,250 
1,276-1,407 1, 219-1, 344 1,214-1,288 

SEs waweucccasns uc 23.0 6 1,300 1,290 1,260 
1, 204-1,404 1,217-1, 367 1,223-1,298 

BEM GLOUGsswscccesccee 2.6 2 820 750 680 
745-902 714-786 636-728 

Ren ciccie uaccwace es 14.3 4 1,090 1,085 1,060 
1, 048-1, 134 1,033-1,139 1,010-1,113 

DC ee oc cobOre Cae 27.0 6 1,130 1,100 1,100 

1, 100-1, 158 1,028-1,177 1,038-1,166 

Brook GEOWGS cis cic sce cece 123 3} 1,300 1,270 1,200 
1, 250-1, 352 1, 221-1, 321 1, 132-1, 272 

Biciayaiie's pongo noose nogene 20.0 4 1,375 1,300 1,280 
1,317-1,430 1, 250-1, 352 1, 231-1, 331 

DO eiaie aie sioteteoceéandhs Bye, 6 1,210 1,175 1,100 
1,142-1, 283 1, 108-1, 246 1,028-1,177 

Lake trout..... pres reistereyare 2.0 2 900 860 660 
849-954 789-937 584-746 

Sieiebiticttn.« cieientersic.c celes s'= 5.6 3 1,280 1,230 1,160 
1, 143-1,434 1, 108-1, 365 1, 084-1, 241 

Dont cn Gea apa doeecoopes 35.0 7, 1,220 1,200 1,160 
1, 140-1, 305 1,132-1,272 1,094-1, 230 

Northern pike............ 1.8 2 1,050 1,000 <900 
1,012-1,077 943-1,060 --- 

Channel catfish.......... 1.9 2 1,770 1,770 1,700 
1, 702-1, 841 1, 702-1, 841 1, 604-1, 802 

ES lore ne2CnGssaeseeed tS Bsn 4 1,890 1,890 1, 890 
1, 817-1, 966 1, 817-1, 966 1, 817-1, 966 

(ba sslsyeavi 1 A Se s¢eeooe mraiat 3) 2 1,390 1,340 1,340 
1,337-1,446 1, 301-1, 380 1, 301-1, 380 

Dish te CUO CL ALOR See 2.8 3 1,370 1,350 1,260 
1,317-1,425 1, 320-1, 382 1, 189-1, 336 

Largemouth bass.......... 0.5 it 1,250 1,250 1,170 
1, 220-1, 282 1, 202-1, 282 1,114-1,228 

PS. noe Sorc eH OR OCoOCooe 3). 4 1,270 1,185 1,100 
1, 233-1, 308 1, 129-1, 244 1,028-1,177 

DiGhaiat aves) xcalele’s ofa chaheiwiaia ae 63.0 7 1,400 1,300 i251) 
1,321-1,484 1, 250-1, 352 1, 190-1, 312 

WERT CUS a aratulnisleinistaiejeiol= =’ 0.7 2 1,225 1,160 1,140 
1,156-1,298 1, 048-1, 288 1,027-1, 265 

Northern pike appear the most sensitive 

among the warmwater species. The young pike 

require a large supply of food and become 

predacious in the bioassay since no food is 

available. Alsothey become weak when not fed 

for 96 hours and a complete statistical eval- 

uation could not be calculated at that time. 

substantially higher than those required to 

kill fish at 24 hours. Little additional mortal- 

ity occurred among any species after 24 

hours, except the small rainbow trout, brown 

trout, and lake trout. In fact, the LC50's are 

identical, or nearly identical at 24, 48, and 96 

hours for some species, 
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TABLE 4.--Toxicity of methylpentynol to rainbow trout and bluegills at different temperatures 

Temperature 
Species (°c.) 

1,450 
1, 343-1,566 

DO. cccccecscceves 12 1,340 

1,276-1,407 

DO\stetalslsistetaraierelalaiete 17 s= 

BLUCe UU Sis als csierole c's 12 1,390 

1,337-1,446 

DO jsteistoleteialeleiateisvalate 17 1,120 
1,040-1,198 

Effects of Temperature 

Methylpentynol is more toxic to 1.6-inch 

rainbow trout and 1.3-inch bluegills at the 

higher temperatures in 24- to 96-hour bio- 
assays (table 4), The 96-hour LCS50 for rainbow 

trout at 79 C. is 1,330 p.p.m. whereas at 

17° C, the value drops to 930 p.p.m. Although 

bluegills are less sensitive, the toxicity of the 

drug increases about 20 percent with an in- 

crease in temperatures from 129 to 179 C, 

The LC5S0's for bluegills are 1,340 and 1,030 

p.p.m. at 120 and17° C. respectively at 96 

hours. Little additional mortality of either 

species occurred after 24 hours and LC50's 

are fairly consistent throughout the bioassay. 

Effects of Water Quality 

Methylpentynol appears equally toxic to 

1.9-inch rainbow trout in water containing 

about 11, 44, and 170 p.p.m. of total hardness 

at 24 and 48 hours and appears only slightly 

more toxic in the harder water at 96 hours 

(table 5). The difference appears insignificant 

TABLE 5.--Toxicity of methylpentynol to rainbow trout in 
selected water qualities? at 12° c. 

LC50(p.p.m.) and 95-percent confidence interval at 

24 hours 48 hours 96 hours 

Soft... «. 1,260 1,200 920 

1, 202-1, 320 1, 135-1, 268 821-1, 018 

Standard. 1,230 1,190 980 
1, 157-1, 308 1,127-1, 256 905-1, 060 

Medium... 1,210 1,200 780 

1, 163-1, 258 1, 138-1, 265 603-1, 009 

1 Water quality described in table 2. 

LC50 (p.p.m.) and 95-percent confidence interval at 

1,330 1,330 
1,255-1,410 1,255-1,410 

1,280 1,250 
1, 219-1, 344 1,214-1, 288 

== 930 
845-1, 023 

1,340 1,340 
1, 301-1, 380 1, 301-1, 380 

1,070 1,030 
1,009-1, 334 928-1, 143 

in soft and standard water hardness at all ob- 

servation periods. The LC50's ranged from 

780 to 920 in the three water hardnesses at 

96 hours. 

DISCUSSION 

Rainbow trout and bluegills are more sensi- 

tive to the toxic effects of methylpentynol at 

higher temperatures. This corresponds with 

efficacy trials of Howland and Schoettger 

(1969) in which higher temperatures stimulate 

the metabolic activity and the drug is assimi- 

lated much faster. 

Anesthesia is induced by 1,500 to 8,000 p.p.m. 

of methylpentynol (Howland and Schoettger, 

1969). These concentrations exceed LC50's 

for 24- to 96-hour bioassays, but the exposure 

time is only 4 to 57 minutes for effective 

anesthesia. 

Parkhurst and Smith (1957) exposed rainbow 

trout to 2,400 p.p.m. of methylpentynol. Un- 

doubtedly this concentration would become 

toxic to the trout in longer exposures. 

CONCLUSIONS 

The 96-hour LC50's of methylpentynol to 

fish range from 660 to 1,890 p.p.m. Higher 

concentrations are necessary to produce ef- 

fective anesthesia, but exposures are also 

much shorter. 

Larger brown trout and lake trout are more 

resistant to the toxic effects of methylpenty- 

nol than smaller ones. 
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The toxic effects of methylpentynol are 

manifest in 24 hours and little additional mor- 

tality occurs after this time. 

Channel catfish are the most resistant and 

lake trout the most sensitive to methylpentynol. 

Methylpentynol is more toxic to rainbow 

trout and bluegills at higher temperatures. 

Changes in water hardnesses of approxi- 

mately 12, 44, and 170 p.p.m. influence the 

toxicity of methylpentynol very little. 

REFERENCES 

Bayliff, William H., and Edward F, Klima, 

1962, Live-box experiments with anchovetas, 
Cetengraulis mysticetus, in the Gulf of Panama, 
Inter-American Tropical Tuna Commission Bul- 
letin, vol, 6, no, 8, p, 333-436, 

Bell, Gordon R. 
1964, A guide to the properties, characteristics, 

and uses of some general anaesthetics for fish, 
Fisheries Research Board of Canada, Bulle- 
tin 148, 4p. 

Carlson, Frank T, 
1965. Susquehanna River shad study, Pennsyl- 

vania Angler, October, p. 1-17, 

Pry, F. E. J., and K, S, Norris. 
1962, The transporting of live fish, In Georg 

Borgstrom, editor Fish as Food, vol, 2, 
chapter 17, p, 595-608, Academic Press, N.Y. 

Hirsh, Harold L., and William H, Orsinger, 

1952, Methylparafynol - a new hypnotic, Pre- 
liminary report on its therapeutic efficacy and 
toxicity, American Practitioner, vol, 3, no, l, 

p. 23-26, 

Howland, Robert M,, and Richard A, Schoettger, 
1969, Investigations in Fish Control: 29, The ef- 

ficacy of methylpentynol as an anesthetic onfour 
salmonids, U.S, Bureau of Sport Fisheries and 
Wildlife. 

Klontz, George W, 
1964, Anesthesia of fishes, In Proceedings of the 
Symposium on Experimental Animal Anesthes- 
iology, Brooks Air Force Base, December 14-16, 

13 p, 

Lennon, Robert E, 

1967, Clearance and registration of chemical tools 
for fisheries, The Progressive Fish-Culturist, 

vol, 29, no, 4, p, 187-193, 

Lennon, Robert E,, and Charles R, Walker, 

1964, Investigations in Fish Control, 1, Labora- 
tories and methods for screening fish-control 
chemicals, U,S, Bureau of Sport Fisheries and 
Wildlife, 15 p, 

Litchfield, J, T,, Jr., and F, Wilcoxon, 
1949, A simplified method of evaluating dose- 

effect experiments, Journal of Pharmacology 
and Experimental Therapeutics, vol, 96, no, 2, 

p. 99-113, 

Margolin, S,, F, Villani Perlman, and H, McGavack, 
1951, A new class of hypnotics: unsaturated 

carbinols, Science, vol, 114, p, 384-385, 

McFarland, William N. 

1959. A study of the effects of anesthetics on the 
behavior and physiology of fishes, Publication 
of the Institute of Marine Science, University of 

Texas, vol, 6, p, 23-55, 

1960, The use of anesthetics for the handling and 
the transport of fishes. California Fish and 
Game, vol, 46, no, 4, p. 407-431, 

Parkhurst, Z, E,, and M, A, Smith, 

1957, Various drugs as aids in spawning rainbow 
trout, The Progressive Fish-Culturist, vol, 19, 
no, l, p, 39. 

Sharpless, Seth K, 
1965. Hypnotics and sedatives II, Miscellaneous 

agents. In The pharmacological basis of 
therapeutics, Third edition, edited by Louis S, 
Goodman and Alfred Gilman, The Macmillan 
Company, chapter 10, p. 129-142, 

Stecher, Paul G., M, J, Finkel, O, H, Sigmund, and 
B. M, Szafranski, editors, 

1960, The Merck index of chemicals and drugs. 

Seventh edition, Merck & Co,, Inc,, 1,641 p, 



i _ rh Y 

, oh in f l hon ores a) re . cs ae 

PP aicsise OF 1G0VIRSG fol WA 

' Ait nae wale 
MW Sep tered, ott 

PO PON aS ‘ pei) by plerettwenta ‘ 

iy led ~ 26 ie Yoana 3 ASU rer a a 

CMAs? : ir S709 TA, LSA i Riss) We ere 

; = ges 
tne Inwlsans 16007 3H) 8A 

L snsetnat penielt a, tears etspacdh yee 9 ME eet ‘ 
elas |e iso we aaa Ae a 'igal init 
Seivunliy ated vine et a be ‘ Se Pertg! 6 ‘ wotolawigy Shvow pony oe i . 

PLN a Ob Shae | eouheiegmo) fait gnc 

mali 271 PSG S Bit ee Ea eae -txoxgda MG eowasnbuadexaaaye al eoga 
ieie.J in i) foie bod 

pire 2) weiss SOD Gin ~h ted art te ony er pri Ot bag ae 

get | wis 
p an an 

my" At ‘ } al i 
OXOFM oF Die ie aT iiettan 7°” ’ = ase 

rity ve toate ini i pivieheavite F P69! 

RS wes Po has 7s Re & v9 its 
et ynehysubeeir) iiss eos nor Att Giaet aig bison oa had ea) i 

Bik Bednar iv creates 
} Cs raya mi el aan , 

A abe Yond yt Qe’ brea vn asa Wee ret a i i. 
ibe BRaNtRONe), caPpernte! Ti MMSE labled. mt ate ear 4.8 on lena 
CCP ile tad A, Sana Wag oh a rr ate 

; Li A sana a AM el a BA ee eae ie Mn me Mua 
oi “to wero ne My basen. Tee a PRE 4 tyr: pret’ t yet “on bactvernt ‘ya! =" 

OUT URENT  b WES MO. eens bee fear Dahir Vay elit Ra inipoG comaaen 
ly eke ae 6 4 Ap SH mh ie ny WB | Mas ne 8 eau, eG an eg San ie 

. hed ih Se ilo: WP . Hive 16 ce Pe ethers 9 Gt fneais ne 
Lh ki (rans Drei ian ae ass nt SPs Hy Rul ® wr Aha yi ye, 

a init in iss, ert NS Sy Sie ek ) ‘ be Tot be lhe oth itis tap mig 
‘ iy i. ‘ ty ae Fae pray oh eh atticuty, ix Ae HD vttas eet ” . 

AL ‘ v } Ws y a We : 

‘ ‘ siete wy Sets) res aS 

jit Bt al Cy Se. gS ee 5 NST Pan Rik) 

fa ey 

r 

Pio y 

ne} hy jab poh oe 2 vies rv ie ) hg yd pear) *~ tee | i 

etuirie Ley is La? eBay 2D awe: “sey 

\ 

VA ESRD , tamed | ene = 
Vel Sea TUTE ri me mae te inte Vieni cen Rees \ 

ie & aoe! peas: Epes Le A tah * 
x? i Wg (i beatiy, i’ ig iy hk hh meter y Tl? 5 h 

GE LLLIDEEA HTT "inert yute) ae a Titik, {hime tu only My wy 8 7). ying fat of 

c+ pie 7) Ya | Ve nies ; i Boba 
pee i ] ine ; " oyy . A é a aid af r re" bret in das ra J 

c pay iD 4 y és ‘ , i as a tes ay t . i ktt heer Ae bth rH?) pagel eas a ' } 
j 1 ees oh sige b Thi Ae 4 *) ‘3 wate ; i M 

Lah oh Ft eke Ail by OAK ar, ate ne PONe | i “how males Sy: ba aa Ad 

ge AA EY a ana a ae RB oo {ot ei? ii ne van mit ist 

; : by mit Hal ee trevw pei esi 

lies . f 

bin dhe di | SOUCHY 
x tip 

heey parr LOMrae 
ee 

teas mial - ance ant Are mre 
rs \ 



INVESTIGATIONS IN FISH CONTROL 

31. Annotated Bibliography on Methylpentynol 

By Gerald E. Svendsen 

UNITED STATES DEPARTMENT OF THE INTERIOR 

Fish and Wildlife Service 

Bureau of Sport Fisheries and Wildlife 

Washington, D.C. - February 1969 



wy 

miinstnd Jat 3 TAN TAATA 2agATe: seg 
saiviee etilbisW bas Agta” 

stite lly /bne ed terial Trogt 

RdR! yet det) as sa Bhs 



ANNOTATED BIBLIOGRAPHY ON METHYLPENTYNOL 

By Gerald E, Svendsen, Biologist 

Bureau of Sport Fisheries and Wildlife 

Fish Control Laboratory, La Crosse, Wisconsin 

Abstract.--An annotated bibliography containing 26 selected references 

on the biochemistry, physiology, and methods of analysis of methylpentynol. 

Experiments with methylpentynol as an 

anesthetic for four salmonids to describe its 

toxicity and efficacy began in 1964 at the Fish 

Control Laboratory, La Crosse, Wis. TheU.S. 

Food and Drug Administration requires these 

data for clearance and labeling of drugs. 

During the study, a number of selected refer- 

ences on fishery uses of the drug, and on its 

biochemistry, physiology, and methods of 

analysis were annotated. 

BIBLIOGRAPHY 

Bayliff, William H., and Edward F, Klima. 

1962. Live-box experiments with ancho- 

vetas, Cetengraulis mysticetus, in the 

Gulfof Panama. Inter-American Tropical 

Tuna Commission Bulletin, vol. 6, No. 8, 

p. 333-436. 

Four anesthetics--quinaldine, MS-222, 

methylpentynol, and tertiary amyl alcohol-- 

were used to facilitate tagging operations. 

Quinaldine caused some mortalities and proved 

to be chemically unstable. Methylpentynol and 

tertiary amyl alcohol also killed some fish 

and acted too slowly for fielduse. The methyl- 

pentynol was used at a concentration of 6 mil- 

liliters per gallon. MS-222 is the most satis- 

factory of the chemicalstested, although there 

were some mortalities at the higher concen- 

trations. 

Bell, Gordon R. 

1964. A guide to the properties, character- 

istics, and uses of some general anaes- 

thetics for fish. Fisheries Research 

Board of Canada, Bulletin 148. 4p. 

The structural formulas, manufacturers, 

dosages, toxicities, and solubilities are pre- 

sented for 11 chemicals used as fish anes- 

thetics: carbon dioxide, chloral hydrate, 

chloretone, ether, methylpentynol, MS-222, 

phenoxyethanol, quinaldine, sodium amytol, 

tribromomethanol, and tertiary amyl alcohol. 

Methylpentynol is recommended at a dosage of 

1 to 2 milliliters per liter in transportation. 

Bell does not recommend it as an anesthetic 

for surgery because immobilized fish twitch 

when prodded or cut. Methylpentynol immo- 

bilizes fish slowly with occasional violent 

struggling, but recovery is rapid in fresh 

water. 

Carlson, Frank T. 

1965. Susquehanna River Shad study. Penn- 

sylvania Angler, October, p. 1-7. 

Shad were transported in a solution con- 

taining 1 milliliter of methylpentynol per 

gallon of water. They were anesthetized in a 

15-gallon tub of river water containing 3 mil- 

liliters of methylpentynol per gallon. 

Bry) iti E.0J., anduk. S.INOGtIs, 

1962. The transporting of live fish. In 

Georg Borgstrom, Editor Fish as Food, 

Vol. 2, Chap. 17, p. 595-608. Academic 

Press, N.Y. 

The authors suggest methylpentynol for 

use in transporting live fish. 

Hirsh, Harold L., and William H. Orsinger. 

1952. Methylparafynol- a new hypnotic. 

Preliminary report on its therapeutic ef- 

ficacy and toxicity. American Practioner, 

vol. 3, no. 1, p. 23-26. 
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Patients received a 100 to 800 milligram 

dose of methylpentynol as a sedative with no 

after effects on blood pressure, pulse, respi- 

ration rate, blood and urine composition, 

electrocardiogram, or liver and kidney func- 

tion. The authors considered methylpentynol a 

safe, nontoxic, efficient, rapid, and long last- 

ing hypnotic drug in humans. 

Howland, Robert M., and Richard A, 

Schoettger. 

1969. Investigations in Fish Control: 

29. The efficacy of methylpentynol as an 

anesthetic onfour salmonids. U.S. Bureau 

of Sport Fisheries and Wildlife. 

Methylpentynol was tested as an anesthetic 

against rainbow trout, brown trout, brook 

trout, and lake trout. Concentrations ranging 

from 1.5 to 8.0 parts per thousand produced 

anesthesia within 4 to57 minutes respectively. 

They studied the effects of water tempera- 

ture, water quality, and pH on the rate of 

anesthetization and found that only tempera- 

ture had a measurable effect. The authors 

concluded that methypentynol is better suited 

as a sedative than as an anesthetic for sal- 

monids, because fish under anesthesia are 

not completely immobilized. 

Job, C. von. 

1959. Die Beziehungen zwischen der starke 

der narkotischen wirkung und der ther- 

modynamischen konzentration bei estern 

des methylpentinols. Arzneimittel- 

Forschung, vol. 9, no. 1, p. 14-22. 

The author investigated the effects of 

methylpentynol and some of its esters on the 

rat and on the isolated frog nerve. Action po- 

tentials of the isolated frog nerve areretarded 

and interrupted under the influence of methyl- 

pentynol. Methylpentynol blocks conduction of 

stimuli at a concentration of 5 grams per 

liter: 

Kennedy, Walter A., and Edward Marley. 

1959. The electroencephalographic effects 

of methylpentynol. Electroencephalo- 

graphy and Clinical Neurophysiology, 

vol. 2, no. 1, p. 59-64. 

The authors discuss several aspects of the 

drug in clinical work, and cite cases of over- 

dosage and side effects from methylpentynol. 

They found a correlation between the degree 

of electroencephalographic abnormalities and 

the amount of physical disturbance produced 

in patients given 0.5 gram of methylpentynol 

orally for 5 days. 

Klontz, George W. 

1964. Anesthesia of fishes. In Proceedings 
of the Symposium on Experimental Animal 

Anesthesiology. Brooks Air Force Base, 

December 14-16. 13 p. 

Techniques for anesthetizing fish and a 

brief description are given for 15 agents: 

carbon dioxide, electricity, diethyl ether, 

secobarbital sodium, amobarbitol sodium, 

urethane, chloral hydrate, tertiaryamyl 

alcohol, tribromoethanol, chlorobutanol, 

2-phenoxyethanol, 4-styrylpyridine, methyl- 

pentynol, quinaldine, and MS-222. Concentra- 

tions of 0.5 to 0.9 milliliter per liter of meth- 

ylpentynol are suggested to induce anesthesia 

within 2 to 3 minutes. Maintenance of anes- 

thesia is considered fair, and the recovery of 

fish in fresh water occurs in 5 to 20 minutes. 

The author also rated the maintenance of deep 

anesthesia as fair because fish seem to go 

into respiratory arrest. He considered the 

odor of methylpentynol quite disagreeable. 

Lasagna, Louis. 

1954. A comparison of hypnotic agents. 

The Journal of Pharmacology and Exper- 

imental Therapeutics, vol. III, p. 9-20. 

The author used chloral hydrate, pento- 

barbital sodium, methylpentynol, and a placebo 

to determine which doses are most useful for 

inducing prolonged sleep in man. A dosage of 

0.5 to 1.0 gram of methylpentynol induced 

sleep that was undistinguishable from that of 

the placebo. 

Leal, Aluiso Marques, and Maria Helena 

Diniz. 

1956. Assay of methylpentynol in galenic 

preparations. Revista Portuguesa de 

Farmacia, vol. 6, p. 14-17. 

Two titrimetric methods for the assay 

of methylpentynol in body fluids are de- 

scribed. 

Margolin, S., P. Perlman, F. Villani, and 

T. H. McGavack. 

1951. A newclassofhypnotics: unsaturated 

carbinols. Science, vol. 114, p. 384-385. 
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Methylpentynol was studied for use as a 

clinical hypnotic. The LCso9 for mice, rats, 

and guinea pigs is 600 to 900 mg. /kg. (milli- 

grams per kilogram), The animals died in 

coma. Two hundred to 300 mg./kg. had no effect 

on mice, rats, and dogs. One half to 4.6 percent 

of a 200-mg./kg. dose fed to dogs was excreted 

in the urine within 24 hours. Ten minutes after 

an intravenous administration of 200 mg. /kg. 

to dogs, 20 percent of the dose is found in the 

blood, but none is present after 2 hours. 

Tweny percent of an 800-mg./kg. dose is 

found in the muscle and liver tissues taken 

from rats which are still under hypnosis. No 

residues were found in these tissues after the 

effects of anesthesia wore off. Methylpentynol 

was not metabolized by whole blood of dogs or 

rats but it was metabolized by slices of kidney, 

liver, or brain. 

Marking, Leif L. 

1969. Investigations in Fish Control: 30. 

The toxicity of methylpentynol to selected 

fishes. U.S. Bureau of Sport Fisheries 

and Wildlife. 

Toxicity of methylpentynol to rainbow 

trout, brown trout, brook trout, lake trout, 

northern pike, channel catfish, bluegills, 

largemouth bass, and walleyes of various 

sizes ranged from the 96-hour LCso value of 

660 p.p.m. (parts per million), for the more 

sensitive lake trout to 1,890 p.p.m. for chan- 

nel catfish at 120 C, Larger rainbow, brook, 

and lake trout were considerably more re- 

sistant than smaller ones. Rainbow trout and 

bluegills are more sensitive to methylpenty- 

nolin warmer temperatures. Total hardnesses 

of 10.0 to 170.0 p.p.m. produced similar re- 

sults in the static bioassays. Methylpentynol 

is much less toxic than other anesthetics 

tested in the 24-, 48-, and 96-hour static 

bioassays at selected temperatures and water 

qualities. 

Marley, E. 

1959. Pharmacology of methylpentynol and 

methylpentynol carbamate. British Jour- 

nal of Pharmacology, vol. 14, p. 284-306. 

Methylpentynol and methylpentynol carba- 

mate are depressants of monosynaptic and 

polysynaptic reflexes in cats, frogs, rabbits, 

and guinea pigs. Small doses exerted weak 

ganglionic andneuromuscular blocking actions, 
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increased aortic blood flow, diminished sys- 

tolic amplitude, increased coronary flow, and 

stimulated respiration. Large doses depressed 

respiration. 

Marley, E., and W. D, M. Paton. 

1959. The effect of methylpentynol and 

methylpentynol carbamate onthe perfused 

superior cervical ganglion of the cat. 

British Journal of Pharmacology, vol. 14, 

p. 303-312. 

The output of acetylcholine in the perfused 

cervical ganglion is depressed by dosages of 

1 to 5 milligrams of the drugs. 

Marley, E., and J. R. Vane. 

1958. The distribution of methylpentynol 

and methylpentynol carbamate in tissues 

and body fluids of cats. British Journal of 

Pharmacology, vol. 13, p. 364-371. 

The authors present a modified titrimetric 

method for estimating methylpentynol in 

amounts as small as 0.1 milligram. They 

found no difference between plasma concen- 

trations and whole blood concentrations of 

methylpentynol 10 minutes after injection. 

They concluded that the drug has free access 

to allparts of the body, and general anesthesia 

does not inhibit its metabolism and excretion. 

It enters cells easily, where it tends to ac- 

cumulate. 

Marley, Edward. 

1958. Susceptibility to methylpentynol and 

methylpentynol carbamate. British Med- 

ical Journal, Medical Memoranda, Au- 

gust 23, p. 493. 

He compared the toxicities of methyl- 

pentynol and methylpentynol carbamate in 

man. Methylpentynol at 0.5 gram per day for 

5 days causes many toxic effects in man, 

McFarland, William N. 

1959. A study of the effects of anesthetics 

on the behavior and physiology of fishes. 

Publications of the Institute of Marine 

Science, University of Texas, vol. 6, 

p. 23-55, 

The anesthetic effects of 21 chemicals on 

Fundulus parvipinnis, Gambusia affinis, 

Paralabrax alathratus, and Girella nigricans 

were investigated. The effects on behavioral 

patterns are observed in four major stages: 

sedation, loss of equilibrium, loss of reflex, 
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and medullary collapse. These stages are 

compared to the sequence of anesthesia de- 

scribed for higher vertebrates. Narcotic 

potencies are correlated with molecular 

weight of the drugs. Methylpentynol is rated 

highly potent. 

McFarland, William N., 

1960. The use of anesthetics for the han- 

dling and the transport of fishes. Cali- 

fornia Fish and Game, vol. 46, no. 4, 

p. 407-431. 

The author suggested that MS-222, tertiary 

amyl alcohol and methylpentynol are benefi- 

cial for inducting deep anesthesia because the 

drugs act quickly and thefish recover rapidly. 

Recovery is complete, provided the respira- 

tory movements have not ceased for more than 

a few minutes. A concentration of 1.5 to 2.0 

milliliters per gallon of methylpentynolis con- 

sidered desirable for transporting marine and 

freshwater fishes. Methylpentynol lowers 

metabolic rates and therefore increases load 

capacity. He suggests that fishes should be - 

pretreated in the anesthetic to reduce meta- 

bolic rates prior toloading and transportation. 

Nicholls, J. G., and J. P. Quilliam. 

1956. The mechanism of action of paralde- 

hyde and methylpentynol on neuromuscu- 

lar transmission in the frog. British 

Journal of Pharmacology, vol. 11, p. 151- 

155: 

Paraldehyde and methylpentynol block 

neuromuscular transmission by decreasing 

the secretion of acetyl cholinesterase at the 

synapse in the frog. 

Norris, Kenneth S., Frank Brocato, Frank 

Calandrino and William N. McFarland. 

1960. A survey of fish transportation meth- 

ods and equipment. California Fish and 

Game, vol. 46, no. 1, p. 5-33. 

Methylpentynol is suggested as a useful 

anesthetic in fish transportation. 

Parkhurst, Z. E., and M. A. Smith. 

1957. Various drugs as aids in spawning 

rainbow trout. The Progressive Fish- 

Culturist, vol. 19, no. 1, p. 39. 

A methylpentynol concentration of 2,400 

p.p.m. caused sluggishness and relaxation in 

rainbow trout. The trout are ready for spawn- 

ing in 3.5 minutes at a water temperature of 

43° F, Somewhat longer exposures are not 

harmful. Trout remained in good condition 75 

days after spawning. There was an 84,1 per- 

cent hatch from those fish spawned with 

drugs, and an 84.0 percent hatch from con- 

trols. 

Pepeu, Giancarlo, and Nicholas J. Giarman. 

1960. Effect of methylpentynol on acetyl- 

choline in the rats brain. Nature, vol. 

186, p. 638, 
The authors found that methylpentynol did 

not interfere with the synthesis of acetyl- 

choline in the rat brain, nor did it inhibit 

cholinesterase activity. Male rats were given 

intraperitoneal injections of methylpentynol in 

a dosage varying from 200 to 500 milligrams/ 

kilogram. 

Perlman, Preston L., and Carol Johnson. 

1952. The metabolism of Dormison (3- 

methyl-pentyne-ol-3, methyl-parafynol) 

and methods for the estimation of 

Dormison in biological materials. Journal 

of the American Pharmaceutical Asso- 

ciation, vol. 41, no. 1, p. 13-16. 

The authors described a tritrimetric method 

for estimating methylpentynol in biological 

fluids and tissue. They studied the metabolism 

of methylpentynol in dogs. Methylpentynol is 

metabolized by destruction of the ethinyl 

group, which metabolizes quite rapidly. This 

is revealed by the rapid decline in the blood 

level of methylpentynol and the slow level of 

elimination of the chemical in the urine, and 

in vitro by the disappearance of the ethinyl 

group by metabolizing rat tissues. They found 

no evidence of storage or accumulation of the 

drug in tissues. 

Perlman, Preston L., David Sutter, and 

Carol B. Johnson. 

1953. Further studies on the metabolic dep- 

osition of Dormison (3-methyl-1-pentyn- 

3-01) in dogs and man. Journal of the 

American Pharmaceutical Association, 

vol. 42, no. 2, p. 750-753. 

Dogs eliminated 17-27 percent of the ad- 

ministered methylpentynol conjugated with 

glucuronic acid; 1 percent unchanged in the 

urine, and none by way of the lungs or feces. 



Gerald E. Svendsen: 

In man, up to 10 percent is eliminated un- 

changed, and 17-27 percent as conjugates of 

glucuronic acid. The peak levels for elimina- 

tion of the drug are reached within 48 hours. 

Quilliam, J. P. 

1959. Paraldehyde and methylpentynol and 

ganglionic transmission. British Journal 

of Pharmacology, vol. 14, p. 277-283. 

Paraldehyde and methylpentynol block 

transmission of the impulse at preganglionic 

nerve terminals in cats. The author suggests 

that this is caused by a decrease in the se- 

cretion of acetycholine from the preganglionic 

nerve terminals. 

Schafferzich, S., and Beverly J. Brown. 

1952. Anticonvulsant activity and toxicity 

of methylparafynol (Dormison) and some 

other alcohols. Science, vol. 116, p. 663. 

The authors used phenobarbitol, 2-methyl- 

2-propanol, 2-methyl-2,4-pentamediol, 3- 

pentanol, 2-methyl-2-butanol, and methyl- 

pentynol as an anticonvulsant in treatment of 

epilepsy. Rats were not effected by 0.17 

percent methylpentynolin their drinking water 
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for 4 months. The LDso of methylpentynol to 

rats is 300 to 900 milligrams per kilogram, 

They concluded that methylpentynol is the 

least safe of those chemicals studied. 

Sheldon, J. M. 

1965. Plastic bag transport of salmon and 

steelhead by air andcar. The Progressive 

Fish-Culturist, vol. 27, no. 2, p. 86. 

The author used methylpentynol, 0.67 mil- 

liliter per gallon of water, as a sedative to 

transport salmon and steelhead in plastic bags. 

Three milliliters of 10 percent Dow-Corning 

Antifoam emulsion was added to prevent ex- 

cessive foaming. 

Smith, J. N., and R. T. Williams. 

1954. The metabolism of aliphatic alcohols. 

The glucuronic acid conjugation of chlor- 

inated and some unsaturated alcohols. 

Biochemistry Journal, vol. 56, p. 618-621. 

They studied the conjugation of glucuronic 

acid with a number of chlorinated and other 

aliphatic alcohols in the rabbit. About 50 per- 

cent of the methylpentynol is conjugated with 

glucuronic acid and excreted in the urine. 

U.S, GOVERNMENT PRINTING OFFICE : 1969 O - 338-452 
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(Reports 18 through 21 are in one cover.) 

18, Toxicity of 22 Therapeutic Compounds to Six Fishes, by Wayne A, Willford. 1967. 10 p. 

19. Toxicity of Bayer 73 to Fish, by Leif L. Marking and James W. Hogan. 1967, 13 p. 

20. Toxicity of Dimethyl Sulfoxide (DMSO) to Fish, by Wayne A, Willford. 1967. 8 p. 

21. Labor-Saving Devices for Bioassy Laboratories, by Robert J. Hesselberg and Ralph M. 

Burress. 1967, 8p. 

(Reports 22 through 24 are in one cover,) 

22, Efficacy of Quinaldine as an Anesthetic for Seven Species of Fish, by Richard A. Schoettger 

and Arnold M, Julin. 1969. 10 p. 

23. Toxicity of Quinaldine to Selected Fishes, by Leif L. Marking. 1969. 10 p. 
24, Quinaldine as an Anesthetic for Brook Trout, Lake Trout, and Atlantic Salmon, by 

David O. Locke. 1969. Sp. 

(Reports 25 through 28 are in one cover.) 

25. Field Trials of Antimycin as a Selective Toxicant in Channel Catfish Ponds, by Ralph M. 

Burress and Charles W, Luhning. 1969. 12p. 
26. Laboratory Studies on Antimycin A as a Fish Toxicant, by Bernard L. Berger, 

Robert E. Lennon, and James W. Hogan. 1969. 19 p. 

27. Field Trials of Antimycin A as a Fish Toxicant, by Philip A. Gilderhus and Robert E. 

Lennon. 1969. 21 p. 
28. Use of Antimycin for Selective Thinning of Sunfish Populations in Ponds, by Ralph M. 

Burress and Charles W. Luhning. 1969. 10 p. 



As the Nation's principal conservation agency, the Department of 

the Interior has basic responsibilities for water, fish, wildlife, 

mineral, land, park, and recreational resources. Indian and Ter- 

ritorial affairs are other major concerns of this department of 

natural resources, 

The Department works to assure the wisest choice in managing 

all our resources so that each shall make its full contribution to a 

better United States now and in the future. 

UNITED STATES 

DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 

BUREAU OF SPORT FISHERIES AND WILDLIFE 

WASHINGTON, D.C. 20240 F 
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