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A PRELIMINARY STUDY OF CERTAIN CHEMICAL FACTORS THAT
MAY BE INVOLVED IN THE DELAYED MORTALITY OF RAINBOW

TROUT FOLLOWING LIBERATION

INTRODUCTION

The Oregon Game Commission has placed and does place

considerable emphasis on raising rainbow trout, Salmo

gairdnerli Richardson, and within recent years mortalities

of liberated trout have been observed. The loss has varied

from a few to many trout. These mortalities were not

immediate losses at the time of liberation but usually

occurred two or three days following liberation. Fishery

biologists and hatcherymen in the state refer to this

pattern of loss as "delayed mortalityM.

Excerpts from correspondence of Game Commission biolo

gists give some idea of the magnitude of the problem. "On

July 5th, 1951, 2500 legal size rainbow trout were planted

in the South Fork of the John Day River approximately 9

miles above the town of Dayville. At the time the plantings

were made, no dead fish were observed A check for dead

fish was made on the South Fork on July 11. Twenty-nine

dead fish were found. The total dead figure shown does not

represent all that died out of the total dumped, but it is

felt that not too many were missed during the search."

"In Harney County, 5,654 yearling rainbow were liber

ated with temperatures ranging from 60° to 70°. A small

delayed mortality resulted from each planting, with one



exception where the temperature was 60°." "in Lake County,

7,950 yearling rainbow were liberated in water with temper

atures from 47° to 68°. The first 4,700 were afternoon

plantings, in Deep Creek at 64°, Chewaucan River at 65° and

68° and Elder Creek at 72°. There was no immediate loss

apparent in the Chewaucan River and Elder Creek, but within

a few hours fish began to die and continued to die for the

next 24 hours. A total of 800 were counted as mortalities

from the liberations on July 12."

"in Harney County, 7,847 yearling rainbow were

liberated with no loss found in any of the stream plantings

where temperatures were 54° and under. However, the first

load going into Delintment Lake sustained a heavy loss."

An accurate measure of the delayed loss following

planting is usually difficult to obtain. Often the fish

are released, a few at a time, along a swift stream. Pish

that die often become lodged under brush, washed downstream,

eaten by animals, or otherwise become unobtainable. When a

few dead fish are found after a planting many other fish

may have died also but are not seen. In other words, the

problem could be more pronounced than is realized at

present. This does not mean that delayed losses always

follow a liberation or even occur after most liberations,

but losses have occurred often enough and of such magnitude

that an investigation was considered essential by the

Oregon State Game Commission.



The Study was made under the auspices of the Oregon

Cooperative Wildlife Research Unit. Nearly all of the

field work was conducted at the Roaring River fish hatchery

near Scio and at the Alsea fish hatchery near Alsea,

Oregon. The field work covered the period from April

through September of 1952.

The approach to the problem was to make hauls similar

to those made by the liberation trucks but return the fish

to the hatchery for observation. The hauled fish were

retained in holding ponds or live boxes where they were

observed for a period of one week. A chemical analysis of

the water in the liberation truck was made before and at

the completion of each haul. Details of the water analyses

will be discussed later.

At the beginning of the study it was not known what

would be the most desirable weight of fish to carry and the

proper time limit for each haul. After considerable trial

and error, four combinations for load weight and duration

of haul were determined. Loads of both 150 and 250 pounds

of fish were transported for 3 and 6 hour periods. The

trout transported were legal-sized fish averaging about

three to five fish per pound with an average length range

of seven to eleven inches. A typical 150 pound load may

have contained 400 to 500 fish. A 250 pound load probably

contained about 600 to 700 fish. It is on the basis of

19 such hauls that this thesis was written. More than



19 hauls were made but most of the preliminary hauls were

made transporting different weights of fish for various

periods of time. These hauls were not comparable for this

reason and are not included here, although they did estab

lish what load weights and hauling times would be further

investigated. Additional hauls were made which are not

considered here, involving such physical tests as starving

and prehauling. As the weather became warmer In June, both

250 pound hauls were discontinued. At about the same time,

the three hour haul of 150 pounds was discontinued to

standardize all hauls at six hours with a 150 pound load

of fish.

A one-ton fish liberation truck was provided for the

study by the Oregon Game Commission. Approximately 250

gallons of water were carried and aeration was by means of

an overhead spray system.

The study of the delayed loss of hatchery-reared trout

was undertaken jointly with Mr. J. Curtis Simes, graduate

assistant of the Oregon Co-operative Wildlife Research Unit,

It was decided at the completion of the field work that

Mr. Simes would evaluate and incorporate the results of the

physical tests made during the study into his thesis. This

report is concerned primarily with the chemical aspects of

the study. It is emphasized that both reports supplement

each other and should be considered together by anyone

interested in a complete understanding of the mortality



under study.

METHODS USED IN CHEMICAL ANALYSIS

Sampling

Water samples were obtained from the hatchery ponds

and the liberation truck by means of a bucket designed to

contain two 250 ml. sample bottles. The sampler used was

essentially the same as the standard dissolved oxygen

sampling device (1, p.125). The water samples from the

liberation truck were taken near the bottom in the center

of the forward compartment. A total of four sample bottles

were filled and the tests were conducted immediately. The

water sample, when taken from a hatchery pond, was obtained

near the center and about two feet below the surface. It

was found that the dissolved oxygen was highest at the

intake and lowest at the outlet end of the pond. For this

reason the midpoint station was chosen since it gave a more

nearly average value for the dissolved oxygen in the pond.

Water samples were taken at mid-depth from the pond to

avoid an unusually high dissolved oxygen reading caused by

wave action at the surface, or a very low reading caused by

organic decomposition taking place near the bottom.

Chemical Tests

The dissolved oxygen in the water samples was
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determined by the sodium azide modification of the basic

Winkler method (1, pp.129-130). The presence of organic

matter in the form of regurgitated food made some modifica

tion of the basic Winkler method desirable. The sodium

azide method gave dissolved oxygen values comparable with

the Rideal-Stewart method in preliminary tests and was

adopted in preference to the latter method because of its

greater simplicity. The sodium azide modification is

designed to be used where nitrites are present and it was

thought that such could be present in the water being

analyzed.

The quantity of free C0g in the samples tested was

determined by titrating a 100 ml. sample of water to which

ten drops of phenolphthalein had been added with N/44 NaOH,

Details of this method are outlined in standard references

on water analysis (18, pp.9-10). A stirring rod was made

from a piece of glass tubing, one end of which was heated

over a Bunsen burner and twisted into a flat coil. This

was found to have been satisfactory for mixing the sample

during titration.

The alkalinity of the water samples was determined by

the method described by Ellis, Westfall and Ellis (7,

pp.47-48). No phenolphthalein alkalinity was found to

exist. All alkalinity was in the bicarbonate form and

xylene-cyanole methyl-orange was used as the indicator.

The xylene-cyanole methol-orange was used since it gave



a sharper end point than ordinary methyl-orange.

The quantity of ammonia present in the samples tested

was determined by the direct Nesslerization method

described in the Laboratory Manual (18, pp.35-36). Perman

ent color standards were prepared as described. The direct

Nesslerization method expresses the ammonia nitrogen as

nitrogen. The nitrogen value multiplied by 1.216 expresses

the value of ammonia (NH3) present in parts per million

(p.p.m.). The 1.216 is obtained by dividing the molecular

weight of the NH3(17) by the atomic weight of the nitrogen

(14). The permanent ammonia standards were carried in a

cardboard box which had circular holes cut in the top to

hold the Nessler tubes.

The pH of the water tested was determined by the use

of a Hellige pocket comparator, model 605, using a brom-

thymol blue color disc. The bromthymol blue disc was the

only one used since the pH of all water tested fell within

the 6.0 to 7.6 range of this disc. Eight water samples

were collected for zinc analysis. The analyses were made

by Dr. Harry Freund, of the Chemistry Department of Oregon

State College. The method used was that outlined by Ellis,

Westfall, and Ellis (7, p.76).
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DISCUSSION

Comparison of Hauls of Different Poundages of Fish

Transported for Different Periods of Time

It was desirable to know whether the losses encounter

ed were produced by the effects of crowding or by the

cumulative effects of longer exposure to inimical factors

in the environment. By varying the duration and poundages

of fish hauled, this information was obtained. Table 1,

page 9, presents a comparison of losses which resulted from

the different types of hauls. The per cent loss column Is

based on the number of fish dead and is not a per cent of

the weight figure. The table shows that the larger losses,

10$ or greater, occurred when the hauls were for a six hour

period, regardless of the weight of fish hauled. This

would imply that handling of the fish during the loading

and unloading operations was of little or no importance in

the delayed mortality under study. If handling was an

important factor in the losses, the fish hauled for three

hours should have shown losses to about the same extent as

those hauled for six hours since both groups experienced

similar amounts of handling.

Hauls numbered 7 through 11, conducted through July

and August, showed fewer losses than those made in May.

Ice was used on these later trips but the temperature

increased just as much as during the May hauls, as may be



TABLE 1.

THE WEIGHT OF FISH, DURATION, AND MORTALITY
FOR EACH OF THE TEST HAULS MADE

Haul Hours We:Lght Number of Per Cent
Number Date Hatchery Hauled of Fish Fish Loss of Fish

1 May 7 Alsea 3 150 lbs. 330 7.9
2 May 16 Roaring River 3 150 lbs. 555 6.5
3 May 21 Alsea 3 150 lbs. 300 1.3

4 May 9 Alsea 6 150 lbs. 330 31.8

; May 17 Roaring River 6 150 lbs. 600 20.7
6 May 22 Alsea 6 150 lbs. 300 45.0
7 July 2 Ro aring River 6 150 lbs. 870 13.3
8 July 7 Roaring River 6 150 lbs. 960 22.5
9 July 9 Roaring River 6 150 lbs. 735 10.5

10 July 21 Roaring River 6 150 lbs. 615 16.5
11 Aug. 5 Roaring River 6 150 lbs. 675 0.0

12 May 14 Roaring River 3 250 lbs. 775 2.7
13 May 21 Alsea 3 250 lbs. 500 .6
14 May 28 Roaring River 3 150 lbs. 600 1.0
15 May 31 Roaring River 3 250 lbs. 1025 .6

16 May 8 Alsea 6 250 lbs. 550 27.6
17 May 16 Roaring River 6 250 lbs. 675 26.5
18 May 20 Alsea 6 250 lbs. 500 24.8
19 May 27 Roaring River 6 250 lbs. 950 10.4

CO
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seen in the section on temperature. The table further

shows that severe losses from both the Alsea and Roaring

River hatcheries occurred. The severity of the loss at

each hatchery was about the same.

Role of the Chemical Factors in Delayed Mortality

The literature contains many references to mortality

of fish caused by various chemical phenomena such as rapid

fluctuations in pH, low dissolved oxygen, high carbon

dioxide, high alkalinity, lead poisoning, zinc poisoning,

etc. In many cases a single chemical factor was the cause

of the loss. Unfortunately, in our study no one single

factor could be singled out immediately as the cause of

the loss and then a remedy applied. The following trends

took place in the course of a typical haul: the dissolved

oxygen showed a decrease, the carbon dioxide increased,

the ammonia and the alkalinity also increased. In other

words, each of the four chemical factors mentioned would

tend to become progressively more abnormal during the haul.

The approach to the problem then was to study each of these

and other factors singly and devise specific hauls and

experiments in that direction and then, secondly, to learn

as much as possible of the inter-relationships between the

various chemical factors considered.
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Dissolved Oxygen

The dissolved oxygen showed a decrease, as would be

expected, during the hauls. A single exception to this

statement occurred on one occasion, when the dissolved

oxygen was 6.4- p.p.m. both at the start and at the end of

the haul. Table 2, page 12, shows the change in dissolved

oxygen content which occurred during the nineteen typical

hauls previously discussed. The oxygen at the start was

generally in the 8 to 10 p.p.m. range. This is more than

ample oxygen to support trout. The dissolved oxygen at the

completion of each haul was generally in the 5 to 7 p.p.m.

range. The lowest value recorded for the dissolved oxygen

at the end of a haul was 3.8 p.p.m. Table 2 shows that

more oxygen was used up by the 250 pound loads than by the

150 pound loads. The 250 pound - 6 hour hauls depleted

the oxygen to a greater extent and the losses were 13 per

cent or greater of the total number of fish for each of

these four hauls. On the other hand, in considering hauls

numbered 4, 5, 6, 7, and 10, the dissolved oxygen at the

end of each of these hauls was at least 5.2 p.p.m. therefore,

no definite relationship was found to exist between the

more severe losses and the lower dissolved oxygen readings

after transportation.

A number of references are available in the literature

which indicate the minimum oxygen levels suitable for



TABLE 2.

THE DISSOLVED OXYGEN CHANGES DURING THE HAULS

AND THE LOSS OF FISH FOLLOWING TRANSPORTATION

Haul Weight Per Cent

Number of Hours Dissolved Oxygen p.p.m,, Loss

Fish Start End Decrease of Fish

1 150 lbs. 3 10.7 6.8 3.9 7.9
2 150 lbs. 3 7.4 6.8 .6 6.5
3 150 lbs. 3 10.5 7.0 3.5 1.3

4 150 lbs. 6 11.3 7.0 4.3 31.8

5 150 lbs. 6 9.0 5.2 3.8 20.7

6 150 lbs. 6 10.8 6.4 4.4 45.0
7 150 lbs. 6 8.6 6.0 2.6 13.3
8 150 lbs. 6 9.2 5.5 3.7 22.5

9 150 lbs. 6 9.3 5.6 3.7 10.5
10 150 lbs. 6 7.8 6.4 1.4 16.5
11 150 lbs. 6 6.4 6.4 0.0 0.0

12 250 lbs. 3 10.4 6.2 4.2 2.7

13 250 lbs. 3 10.3 6.6 3.7 .6

14 150 lbs. 3 9.2 5.0 4.2 1.0

15 250 lbs. 3 10.4 5.0 5.4 .6

16 250 lbs. 6 11.1 5.1 6.0 27.6
17 250 lbs. 6 10.8 4.3 6.5 26.5
18 250 lbs. 6 8.8 5.4 3.4 24.8
19 250 lbs. 6 8.6 3.8 4.8 10.4

trout. Concerning this, Hewitt (ll, pp. 23-24) quoting from

another worker said that an oxygen content in the water of

5.5 p.p.m. was critical for trout. He found that trout

breathe faster at 4.0 p.p.m. and at 3.0 p.p.m. they suffer

and become sick. Gutsell (10, p. 90) reported that an

oxygen content of 3.0 p.p.m. or less caused labored

breathing or distress to trout introduced from well

oxygenated waters. At 2.5 p.p.m., he found that rainbow

12
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and brown trout were asphyxiated.

The oxygen content at the end of our hauls was gener

ally greater than the foregoing authors consider to be

critical for trout. Decreasing oxygen values cannot be

dismissed as a contributing factor in the loss being

studied, however, as more than oxygen, per se, could be

involved. It is generally known that an increase In

temperature increases respiration and more oxygen is needed

by the fish, ^ess dissolved oxygen can be held as the

water temperature rises which can also work to the detri

ment of the fish. Concerning the decrease in the affinity

of the blood for oxygen at increasing temperatures, Irving

and co-workers (12, p.16) stated: "The effect of rising

temperature upon the combination of oxygen with the blood

in vitro of Salvelinus fontinalis, Trutta trutta, and

Trutta Irldea is to diminish the oxygen affinity. At 15°C,

(59°F) their blood is half saturated at 17, 17, and 18 mm.

tension of oxygen respectively, and changing temperature

increases the oxygen tension required for half saturation

about 1 mm. per degree." It is well known that high carbon

dioxide causes a decrease in the availibility of oxygen

for fish.

Summarizing the information regarding oxygen, the

quantity of oxygen at the end of each haul was sufficient

provided it was available. While six or seven p.p.m. of

oxygen may seem sufficient, it does represent a decrease



14

from the original starting level of dissolved oxygen. It

may be possible for fish to suffer from oxygen deficiency

when the oxygen is approximately 6 p.p.m. if other factors

such as rising temperature or high carbon dioxide reduce

the availability of much of this oxygen. Unfortunately, no

tests were conducted in which the dissolved oxygen was at a

very high level such as 11 p.p.m. at the end of a trip.

A number of such tests with the water kept cool by using

ice would establish the role of oxygen in this study.

Losses from this type of test could be compared with losses

from fish hauled in the usual manner where the oxygen

dropped to 6 to 7 p.p.m. Such tests are strongly recom

mended for future studies of this problem. The method for

maintaining the high level of oxygen will have to be worked

out.

Carbon Dioxide

Carbon dioxide was immediately considered as a cause

of loss when the study was initiated. Carbon dioxide alone

or associated with low dissolved oxygen is responsible for

much of the fish mortality reported in the literature.

Unfortunately, less agreement exists among fishery workers

regarding the lethal limits of carbon dioxide than regarding

the minimum dissolved oxygen levels. Just what levels of

carbon dioxide can fish tolerate without ill effects?

Gutsell (10, p.92), working with brook, rainbow and brown



15

trout in New York, found that water deficient in oxygen was

no more fatal with 39 p.p.m. of carbon dioxide than with

24 p.p.m. A carbon dioxide content of 24 p.p.m. was not

markedly harmful. Shelford and Allee (16, p.224), working

in Illinois, reported the following concerning rainbow

trout: "Up to about 15 cc. per liter acted as a stimulant

to respiratory movements. Beyond this, breathing did not

become stronger. Staggering occurred with a concentration

of from 23.0 to 41.0 cc. per liter and a total loss of

equilibrium at from 44.0 to 53.5 cc. per liter."

An interesting study was made by Powers (14, p.273) in

which the effect of gulping air by rainbow trout and a

centrarchid was noted. He found that fish which were not

allowed to gulp air reduced the oxygen to a lower level at

a higher CO2 tension than did those that were in an open

bottle and could gulp air. Experiments made by Powers

indicated that when a fish rises to the surface and gulps

air in water with a high carbon dioxide tension, it is at a

disadvantage physiologically. In the liberation truck with

the overhead spray system and open top, fish could gulp

air. A series of tests with some sort of screen device at

the water surface to prevent gulping would have been

desirable. No such tests were made. On occasions when the

water temperature rose abnormally, gulping at the surface

was noted.

Fry and his co-workers (8, pp. 217-224) indicated that



cold water fishes such as trout fail to take up as much

oxygen in the presence of lower tensions of carbon dioxide

than do warm water species such as the brown bullhead.

They found that fish which are more sensitive to carbon

dioxide are found in colder habitats. The physiological

effect of the carbon dioxide was to decrease the affinity

of the hemoglobin for oxygen. Fry and his co-workers

acclimated goldfish at different temperatures. They found

that those fish acclimated at colder temperatures showed a

decrease in the ability to use oxygen at a lower carbon

dioxide tension than did those fish acclimated at a higher

temperature. If we assume that trout behave in a manner

similar to goldfish we might expect rainbow trout raised in

60°F. water to be less susceptible to the effect of higher

carbon dioxide than fish raised in 50°F. water. This

interesting information has no immediate application to

our problem but points out the possible value of investi

gating water temperature when considering carbon dioxide

as a possible cause of trout loss in hatcheries.

Table 3, page 17, shows the carbon dioxide values for

the hauls with the per cent of fish mortality for each of

the hauls. No references were noted in the literature that

indicate initial carbon dioxide or the increase in carbon

dioxide.

Readings are included in the table to point out the

initial carbon dioxide and the magnitude of the carbon

16



TABLE 3.

THE CARBON DIOXIDE CHANGES DURING THE HAULS AND

THE LOSS OF FISH FOLLOWING TRANSPORTATION

17

•

Haul Weight Hours Carbon Dioxide p.p.m.. Per Cent

Number of

Fish

Start End Increase Loss

of Fish

1 150 lbs. 3 9.0 15.0 6.0 7.9

2 150 lbs. 3 10.0 11.0 1.0 6.5

3 150 lbs. 3 5.0 18.0 13.0 1.3

4 150 lbs. 6 7.0 21.0 14.0 31.8

5 150 lbs. 6 5.0 16.0 11.0 20.7

6 150 lbs. 6 8.0 15.0 7.0 45.0

7 150 lbs. 6 6.0 23.0 17.0 13.3
8 150 lbs. 6 9.0 30.0 21.0 22.5

9 150 lbs. 6 9.0 31.0 22.0 10.5
10 150 lbs. 6 15.0 39.0 24.0 16.5
11 150 lbs. 6 9.0 16.0 7.0 0.0

12 250 lbs. 3 10.0 27.0 17.0 2.7

13 250 lbs. 3 7.0 14.0 7.0 .6

14 150 lbs. 3 6.0 15.0 9.0 1.0

15 250 lbs. 3 7.0 17.0 10.0 .6

16 250 lbs. 6 9.0 25.0 16.0 27.6

17 250 lbs. 6 4.0 23.0 19.0 26.5
18 250 lbs. 6 12.0 17.0 5.0 24.8

19 250 lbs. 6 8.0 22.0 14.0 10.4

dioxide increase. The column headed carbon dioxide at

"End" is of primary importance in our consideration.

It can be seen that in both groups of six hour hauls,

the carbon dioxide was higher generally than in the three

hour hauls. This would be expectedwith the longer period

of transportation. The highest carbon dioxide reading

obtained was 39 p.p.m. at the end of haul 10. The fish

loss was 16.5 per cent. In seven other hauls, (4,5, 6,
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16, 17, 18, 19), losses in excess of this figure were noted

when the carbon dioxide was less than 25 p.p.m. Consider

ingthe six hauls in which the loss was 5 per cent or

less, (3, 11, 12, 13, 14, 15), the carbon dioxide content

ranged from 15 to 27 p.p.m. In hauls 8 and 9, 30 and 31 p.p.m.

of carbon dioxide resulted in a 22.5 and 10.5 per cent loss

respectively. Table 3 does not show a consistent correlation

between high carbon dioxide and high mortality.

The effects of excessive carbon dioxide on fish are

discussed by Rogers (15, p.286). He stated: "When a fish

is left for some time in water which contains an excess of

carbon dioxide, a characteristic series of symptoms of

narcosis, a state of stupor or arrested activity, are

produced. There is a cessation of voluntary movements,

except when stimulated; this is followed by the loss of

the head-to-stream reflex, and later a loss of equilibrium.

If this poisonous effect is not allowed to go too far, the

fish will recover when placed in water containing oxygen

and free from carbon dioxide." In no case were the symp

toms described by Rogers noted in the fish during transpor

tation. The trout were active at the completion of every

trip and were active when they were returned to the

hatchery ponds and afterward.

Carbon dioxide as encountered in the hauls made did

not appear to be an important factor in the loss under
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study. The literature surveyed would indicate that

somewhat higher values of carbon dioxide are necessary to

cause mortality. The minimum carbon dioxide tolerance of

fish is not specified definitely in the literature. The

fact that the fish being transported did not follow Roger's

(15) symptoms of fish suffering from excess carbon dioxide

gives added weight to the belief that carbon dioxide was

not an important factor as a cause of the mortality being

studies.

The likelihood of less oxygen being available in

respiration due to the presence of high carbon dioxide Is

still a possibility. A test designed to evaluate the

effect of insufficient oxygen was mentioned under the

section headed Oxygen.

Alkalinity

The only form of alkalinity obtained in any of the

analyses was methyl-orange alkalinity which is the

bicarbonate form. Alkalinity can cause loss to fish,

probably through a change in the permeability of the gill

tissue. Wells (20, pp.244-245) stated: "The physiological

effect of the acid, neutral, and alkaline water upon the

organism very probably has to do with decrease or increase

in the permeability of the exposed tissue cells (especially

gills in cases of fishes)."

Table 4, page 18, shows the change in alkalinity



TABLE 4.

CHANGES IN THE METHYL-ORANGE ALKALINITY DURING THE HAULS

AND THE LOSS OF FISH FOLLOWING TRANSPORTATION

Haul Weight Hours Methyl-prange Alkalinity Per Cent

Numbers of

Fish

Start End Increase Loss

of Fish

1 150 lbs. 3 19 32 13 7.9
2 150 lbs. 3 24 27 3 6.5
3 150 lbs. 3 27 26 -1 1.3

4 150 lbs. 6 25 39 14 31.8

5 150 lbs. 6 19 43 24 20.7

6 150 lbs. 6 30 38 8 45.0
7 150 lbs. 6 18 41 23 13.3
8 150 lbs. 6 18 35 17 22.5

9 150 lbs. 6 20 36 16 10.5
10 150 lbs. 6 24 45 21 16.5
11 150 lbs. 6 28 40 12 0.0

12 250 lbs. 3 18 32 14 2.7

13 250 lbs. 3 28 36 8 .6

14 150 lbs. 3 23 28 5 1.0

15 250 lbs. 3 19 30 11 .6

16 250 lbs. 6 18 49 31 27.6

17 250 lbs. 6 18 49 31 26.5
18 250 lbs. 6 27 42 15 24.8

19 250 lbs. 6 25 42 17 10.4

during the hauls and the loss following each haul. The

range in alkalinity at the end of all hauls was from 26.0

to 49.0 p.p.m. The cause for the increase in alkalinity

(HCOo) must have been from the addition of CO2 to the water.

Under ordinary circumstances, all of the C02 would form

HpCOo. If buffering had been taking place and some of the

hydrogen ions were being taken up, some of the original

free COg would become HCOo. The pH values did remain
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nearly the same throughout the hauls as will be seen, and

buffering was apparently taking place.

In hauls 3, 11, 12, 13, 14, and 15 the fish loss was

only 5 per cent or less. The alkalinity ranged from 26 to

40 p.p.m. Haul 11, with 40 p.p.m. of alkalinity, had no

mortality whatsoever. Hauls 16, 17, 18, and 19 had heavy

losses and the alkalinity was in excess of 40 p.p.m. These

four hauls would seem to indicate the importance of alka

linity to mortality. On the other hand, many of the hauls

had alkalinity in the 30.0 to 45.0 p.p.m. range and did not

show a consistent correlation with the greater mortality.

No specific bicarbonate alkalinity minimum levels could be

found in the literature so it is not known what constitutes

the threshold value. A number of chemical tests were made

by Game Commission personnel in August, 1951, at the Oak

Springs and Wizard Falls trout hatcheries. The methyl-

orange alkalinity of the pond water at these two locations

was 60 to 52 p.p.m. respectively. Trout were held in these

ponds with apparently no ill effects. The alkalinity in

our study did not reach a value as high as this. Since no

definite correlation was found between alkalinity and

mortality and since fish are known to live in water more

alkaline than that encountered at the end of the hauls

made, alkalinity, per se, was not considered to have been

the limiting factor in this study.
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pH

Rapid changes in pH or extremes in pH can kill fish.

For this reason, pH readings were taken together with the

other chemical tests. As nearly as can be determined from

the literature, trout are not especially sensitive to the

effects of pH change. Wiebe and his associates (21, pp.444-

446) ran tests with rainbow trout of two groups, one 5 to 6

inches and one 1.5 to 2 inches In length. The dissolved

oxygen content at the start of the experiment was about

11.0 p.p.m. The dissolved oxygen of the water was lowered

until the fish died (1.0 to 1.5 p.p.m.). This was done at

different pH values from 4 to 9. Fish died at about the

same oxygen concentration in all cases within this pH range.

Somewhat different results were obtained by Townsend and

Cheyne (19, p.465) working with silver salmon. They stated;

"The pH of the water has a definite effect upon the ability

of small silver salmon to withstand low dissolved oxygen

concentrations. Near the limit of low dissolved oxygen

concentration tolerance, increasing the hydrogen ion concen

tration produces the same effect as lowering the oxygen."

Table 5, page 23, shows the pH change during the hauls

and the loss following the hauls. The pH progressed toward

the acid side from near neutrality In twelve hauls, toward

the alkaline side on four occasions and remained unchanged

after three hauls. The pH was at or near neutrality in all



TABLE 5.

THE pH CHANGES DURING THE HAULS AND THE LOSS OF FISH
FOLLOWING TRANSPORTATION

Haul Weight
of Fish

Hours pH Per Cent

Number Start End Loss of Fish

1 150 lbs. 3 7.2 6.9 7.9

2 150 lbs. 3 6.8 6.8 6.5

3 150 lbs. 3 7.2 6.8 1.3

4 150 lbs. 6 7.2 7.0 31.8

5 150 lbs. 6 7.1 7.0 20.7

6 150 lbs. 6 7.2 7.0 45.0

7 150 lbs. 6 6.8 6.9 13.3

8 150 lbs. 6 6.9 6.9 22.5

9 150 lbs. 6 6.9 7.0 10.5

10 150 lbs. 6 6.8 7.0 16.5
11 150 lbs. 6 6.8 7.0 0.0

12 250 lbs. 3 7.0 6.8 2.7

13 250 lbs. 3 7.2 6.9 .6

14 150 lbs. 3 7.0 6.8 1.0

15 250 lbs. 3 7.0 6.8 .6

16 250 lbs. 6 7.1 6.8 27.6

17 250 lbs. 6 7.0 6.8 26.5
18 250 lbs. 6 7.2 7.0 , 24.8
19 250 lbs. 6 6.9 6.9 10.4

instances and the change was very slight during all hauls.

This slight change was not what might have been expected

with increasing carbon dioxide. An increase in carbon

dioxide in the absence of carbonates would have ordinarily

produced carbonic acid which would have increased the

hydrogen ion concentration. The hydrogen ion concentra

tion remained nearly constant during the hauls. Something

other than carbonates was apparently present which acted

as a buffer and prevented rapid fluctuation in the pH.
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Eicher (5, p. 84) pointed out a case in which trout

died due to a rapid change in pH. A stream had a pH of

7.6 in the early morning and a pH of 9.4 by 5:00 P.M.,

" easily enough to quickly kill fish fresh from

neutral hatchery water". The change in pH during these

hauls occurred over a 3 to 6 hours period but was much

less of a change than that reported by Eicher. Then, too,

the pH from our hauls varied very little from neutrality.

The greatest change in pH on any haul was from 7.2 to 6.8

(haul no. 3), and the fish loss was only 1.0 per cent.

The magnitude and the pH range at which pH changes occurred

in this investigation do not warrant the belief that pH

change was a factor of any consequence in this study.

Ammonia

Ammonia, as a by-product of metabolism, has been shown

to be toxic to fish and aquatic organisms. Tests were

conducted to determine the quantity of ammonia present at

the start and at the completion of each haul. The ammonia

tests made determined the quantity of nitrogen in the form

of ammonia, ammonium hydroxide, and the ammonium ion. Such

nitrogen is termed "ammonia nitrogen".

An excellent discussion of the role of ammonia as a

product of the metabolism of fish is found in Brockway's

paper (3, p.127). Portions of the paper are quoted below:

"In fish, excretion of metabolic products occurs
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mainly through the gills. The products eliminated by this

route include ammonia, urea, and amine and amine-oxide

derivatives. The remaining products which include creatine,

creatinine, and uric acid, are excreted through the kidneys.

"Ammonia is one of the chief products of protein

metabolism in trout, and it has been shown that fish are

very sensitive to both ammonia and ammonium compounds

In the preliminary work reported in this paper, ammonia was

used as the criterion of the concentration of these

products. Ammonia was chosen because of the ease and speed

with which this substance could be analyzed. Ammonia,

itself, may not be the culprit, but there is reason to

believe that the other metabolic products will fluctuate

proportionately. While in the resting state, a trout

excretes ammonia at a fairly constant rate. This rate,

however, increases with the activity of the fish and with

a rise in water temperature, as well as immediately after

feeding. A rise of 13° in water temperature (47° to

60°F.) may cause a tenfold increase in the rate of excre

tion. If the products of excretion are allowed to

accumulate, they may exert a detrimental effect on the fish.

"As the ammonia concentration rises, the fish lose the

ability to use oxygen and the blood picture becomes dras

tically altered. As the concentration of ammonia increases

in the water to approximately 1 p.p.m., the oxygen content

of the blood decreases to about one-seventh of its normal
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value, and at the same time the carbon dioxide content of

the blood increases about 15 per cent. In other words,

the hemoglobin of the blood loses the ability to unite with

oxygen or to liberate carbon dioxide. Because of this

failure in the ability to utilize available oxygen, the

fish actually suffer from suffocation..."

Much of the ammonia exists as ammonium carbonate,

which is toxic to fish. Concerning this compound, Ellis

(6, p.8) stated: " the toxic effects of ammonium

compounds have been the subject of many investigations and

animals have been shown to be particularly sensitive to

ammonium carbonate, the form in which ammonia is found most

frequently in Inland water."

Table 6, page 27, presents the changes in the water

chemistry at the end of the hauls; the water chemistry at

the start was essentially the same. A study of the columns

labeled "Ammonia" and "Per Cent Loss of Fish" does not

indicate that the severe losses necessarily follow high

ammonia concentrations. In hauls numbered 4 and 6, the

largest losses were encountered. In both of these tests

the ammonia content rose no higher than 3.6 p.p.m. Both

were made at the Alsea hatchery. High ammonia content was

not the cause of mortality in these two instances. The

temperature increased about ten degrees during both of

these tests which may have contributed to the loss.

However, in hauls made at the Roaring River hatchery where



TABLE 6.

THE ClflJGES IN THE AMMONIA CONTENT DURING THE HAULS
AND THE LOSS OF FISH FOLLOWING TRANSPORTATION

haul Weight
of

Hours Ajnmpma _ prp.m. Per Cent

Number Start End Increase Loss

Fish of Fish

1 150 lbs. 3 0.6 2.4 1.8 7.9

2 150 lbs. 3 0.7 3.0 2.3 6.5

3 150 lbs. 3 0.7 1.7 1.0 1.3

4 150 lbs. 6 0.6 3.6 3.0 31.8

5 150 lbs. 6 0.6 7.3 6.7 20.7

6 150 lbs. 6 0.7 3.6 2.9 45.0

7 150 lbs. 6 0.6 6.1 5.5 13.3

8 150 lbs. 6 0.6 3.9 3.3 22.5

9 150 lbs. 6 0.6 5.4 4.8 10.5

10 150 lbs. 6 0.6 7.3 6.7 16.5

11 150 lbs. 6 0.6 3.4 2.8 0.0

12 250 lbs. 3 0.7 3.6 2.9 2.7

13 250 lbs. 3 0.7 3.0 2.3 .6

14 150 lbs. 3 0.7 2.4 1.7 1.0

15 250 lbs. 3 0.7 2.4 1.7 .6

16 250 lbs. 6 0.5 7.3 6.8 27.6

17 250 lbs. 6 0.5 7.3 6.8 26.5

18 250 lbs. 6 0.7 6.1 5.4 24.8

19 250 lbs. 6 0.5 6.1 5.6 • 10.4

both the temperature change and ammonia content were

greater (numbers 5 and 8), the losses were smaller, 20.7 per

cent and 22.5 per cent respectively. In trips numbered 1, 2,

3, 4, 6, 8, 9, 11, 12, 13, 14, and 15, the loss varied from

0 to 45 per cent. The table further shows that when the

ammonia reached a concentration of 6 p.p.m. or more (hauls

5, 7, 8, 9, 10, 16, 17, and 18) the loss of fish was 13 per

cent or greater. The indication is that the greater losses
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were associated with a greater quantity of ammonia but the

small number of tests do not warrant further comment.

To further determine the role of ammonia in the study

of delayed mortality, specific tests were conducted to

determine what effect ammonia alone had, if any, on the

mortality under study. Table 7, page 29, shows the results

of seven hauls made specifically to determine the role of

ammonia in the loss under study. In number 1 and 2, the

ammonia content of the water was built up to 4.9 p.p.m.

and 6.1 p.p.m. respectively by the addition of measured

amounts of ammonium chloride. In haul 3, the ammonia was

produced in a different manner. A total of 300 pounds of

fish were first hauled three hours to build the ammonia up

to 4.9 p.p.m. The fish were then netted out, the power

take-off was run for 20 minutes to return the dissolved

oxygen to normal and 100 test fish were added. In hauls

number 4 and 6, the ammonia was built up by adding

measured amounts of ammonium hydroxide.

All the other chemical factors in the hauls shown In

table 7 were ideal for fish survival, or nearly so, with

the possible exception of the alkalinity. Grouping all

tests together, the range of the chemical data is as

follows:

pH - 7.0 to 7.2
7.4 to 7.6 in hauls 4 and 6 where
greater ionization of the NH/0H
probably took place, increasing



TABLE 7.

A COMPARISON OF THE LOSSES OF PISH HAULED UNDER HIGH AND LOW

CONCENTRATIONS OP AMMONIA

NH3 Haul
Number

Date Number

of Pish

Hauled

Size

No./lb l

Time NH3 at
Start

NH3 at
End

No. Dead

(One Week)
Per Cent

Loss

of Fish

1

2

3

June 3

June 6

June 13

100

100

100

3.7 £
3.5

3.7

2

4

2

hours

hours

hours

4.9 p.p.m.
6.1 p.p.m.
4.9 p.p.m.

5.6 p.p.m.
6.1 p.p.m.
5.1 p.p.m.

2

2

0

2.0

2.0

0.0

4

5

Aug. 14
Aug. 15

200

200

4.5

4.5

4

4

hours

hours

1.9/p.p.m.
0.6* p.p.m.

2.4 p.p.m.
0.8 p.p.m.

7

22

3.5

11.0

6

7

Aug. 20
Sept. 2

200

200

35.0

35.0

4

4

hours

hours

3.0 .p.p.m.
0.6C p.p.m.

3.4 p.p.m.
0.7 p.p.m.

156

185

78.0

93.0

to
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the hydroxyl concentration

C02 - 4.0 to 12.0 p.p.m.

Dissolved Oxygen - 8.6 to 10.0 p.p.m.

Alkalinity - 23.0 to 44.0 p.p.m.

The range in water temperature during the seven hauls was

from 51°F. to 60°F., however, the average temperature range

of most of the hauls was from 52°F. to 56°P. In only one

haul was there as much as a 5° rise in temperature.

Hauls numbered 5 and 7 were designed as controls and

in these, all factors including ammonia were kept as ideal

as possible throughout the transportation. In the other

five hauls, the water chemistry was kept ideal with the

exception of the ammonia which was deliberately increased.

The loss columns in table 7 indicates that over 6.0 p.p.m.

of ammonia for a four-hour period resulted in no more than

a 2 per cent loss. Haul number 3, with an ammonia content

of 4.9 to 5.1 p.p.m., was the only load made in which no

loss whatsoever occurred. While this was only a two-hour

haul it suggests that water conditioned by holding other

fish may be less toxic than water not so conditioned.

Until more study has been made as to the length of time

necessary to condition water and the effects of condition

ing, this remains just a suggestion.

It is impossible to explain the results of control

hauls 4 and 5 on the basis of ammonia. Over three times as

many fish were lost in the control tank as in the test tank.
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Some factor other than ammonia, not identified at present,

must have been responsible for this loss.

The high loss in haul 6 and control haul 7 cannot be

explained on the basis of ammonia. In these cases, too,

losses were higher In the control than in the test tank and

in both cases the mortality v/as severe. At the completion

of hauls 6 and 7 the fish were placed in live boxes in the

ponds where little shade was available. These fish from

hauls 6 and 7 were small, 3 to 4 inches In length, and were

probably more susceptible to inimical factors in their

environment than larger mature fish would have been.

In summary, table 7 shows that ammonia in the concen

trations produced artificially was not markedly harmful to

trout. The table further indicates that loss in the seven

hauls made was not associated with high ammonia.

In nature and in a situation produced by confining

fish to a tank on a liberation truck, chemical factors are

not found operating Independently of each other. Ellis

(6, pp.8-9) pointed out the relationship between pH and

ammonia. He stated, "....pH is a large factor in regulat

ing the toxicity of ammonium compounds for aquatic animals,

the ammonium salts becoming more toxic in more alkaline

media, which explains the relatively high toxicity to

aquatic organisms of ammonium carbonate as compared with

other ammonium compounds. From experiments involving over

11,000 cladocerans, 2,500 gammarids and 300 goldfish,
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curves were drawn showing that the toxicity of ammonium

compounds increases 200 per cent or more between pH 7.4

and 8.0. The lower limit of toxicity (death in 10 days

or less depending upon conditions of experiment) was found

to be near 2.5 p.p.m. of ammonia. Some acclimatization

was possible and it is well known that individuals of

various species of fish may be found in water containing

3 to 10 p.p.m. of ammonia. However, the existing litera

ture and the data from our experiments indicate that under

average stream conditions with a pH value between 7.4 and

8.5, 2.5 p.p.m. of ammonia will be harmful to many indi

viduals at least of the common aquatic species."

Consideration of the work of Ellis is important since

it is from his paper that the lethal level for ammonia of

2.5 p.p.m. is obtained. This figure is used by fishery

biologists rather freely, but is it applicable in our

study? The ammonia in all but the very short hauls rose

above the 2.5 p.p.m. level. The pH during the hauls

showed very little fluctuation, however, and stayed at

about pH 7.0. This is considerably below the pH range of

pH 7.4 to pH 8.5 for which the 2.5 p.p.m. figure is given.

It has already been pointed out that ammonia is more toxic

in more alkaline media. For this reason a greater

concentration of ammonia than 2.5 p.p.m. could probably be

tolerated by fish at a pH of about 7.0 without inimical

effect. Ellis further points out that his basis for
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determining this lower limit of toxicity is "....death in

ten days or less....". The minimum concentration of

ammonia necessary to kill fish was 2.5 p.p.m. with exposure

possible as long as ten days with a range of pH from 7.4 to

pH 8.5. Knowing this, it does not seem logical that the

more severe losses shown in table 6, page 27, would come

about from only a few hours exposure at a concentration of

ammonia somewhat above 2.5 p.p.m. but at a pH of only about

7.0. Further evidence that ammonia was of minor importance

in our study is found in the work of Shelford (17, p.225).

Shelford obtained information from an earlier paper that

reported ammonia at concentrations of from 10 to 17 milli

grams per liter (10.0 to 17.0 p.p.m.) had no effect on small

trout and carp and even 30 milligrams per liter had no

effect on larger fish but smaller ones were affected by

this amount. No data regarding temperature, pH, or length

of exposure were available In this paper regarding this

particular test. Ammonia in concentrations of 10.0 to 30.0

p.p.m. were never noted on any of our hauls. The maximum

ammonia reading ever obtained at the end of a haul was

7.3 p.p.m.

An excellent discussion of the effects of ammonia Is

contained in the thesis of Chipman (4, pp.22-23). Consid

erable portions of that paper are quoted in following

paragraphs. "The characteristic of ammonia poisoning in

fish is a quiet behavior of the fish during the first few
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moments after placing them in water containing ammonia.

This is then followed by an increased excitation with

strong hypersensitivity to concussions and optical rays.

This irritability gradually Increases until the fish swims

about In the container with spontaneous darts and awkward

jerks. Suddenly there Is a loss of equilibrium and the

development of strong convulsions. When completely

poisoned the fish will drive about the container in most

violent spasms. The animal then sinks to the bottom of the

jar with widely opened mouth, fins outspread, and extended

gill covers. The approaching death now makes itself evi

dent by flickering of the gills and quivering of the body.

There is also a vibration of the jaw muscles. Death

usually results shortly after the heavy convulsions and

the quivering of the body that follows."

The symptoms described above are somewhat similar to

those observed in our study immediately proceeding death of

our fish. Until the symptoms of approaching death are

definitely known, it is not possible to say that ammonia

is involved. On the basis of the symptoms alone this seems

possible.

Ammonia is insidious in that its presence cannot be

detected by the fish. It readily permeates animal mem

branes. Chipman (4, p.8) stated: "The ease with which

ammonia enters living cells is one of the well established

facts of permeability studies. The tendency of this
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compound to enter more readily at more alkaline pH values,

and its observed effect of rendering the Internal pH of the

cell more alkaline, indicate that ammonia enters as the

base, NH4OE, rather than as a salt. It probably enters as

undissociated ammonia, NH„, although it could enter as the

ion pair, NH4 and OH."

A number of generalizations concerning ammonia can be

gleaned from the paper of Chipman (4, pp.18-132). They are

not listed in his paper numerically as these below:

1. Ammonium carbonate Is more toxic than ammonium

chloride, sulfate, or acetate.

2. The toxicity of the various ammonium salts
was directly proportional to the amount of
NH3 present and the greater the ratio of
NHg to the salt, the smaller was the minimum
lethal dose.

3. Young fish are more sensitive to ammonia
than large ones.

4. Ammonium carbonate (and probably other forms
of ammonium compounds and ammonia alone) are
more toxic at higher temperatures.

5. Disagreement exists as to whether or not a
cumulative effect is possible.

6. Ammonium compounds are more toxic at more
alkaline conditions - 100 minutes £
required to kill fish at pH 7.1 and 25
minutes £ at pH 8 £ (in 0.05 N.HH4CI).

7. Ammonium hydroxide was fatal to carp,
shiners, and suckers in fifteen minutes at
slightly over 10 p.p.m.

8. Ammonia and ammonium salts kill by injury to
the respiratory center and the resultant
suffocation.

9. Action of ammonium carbonate and carbonate
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(salts) is due to the action of the free
ammonia formed.

10. Generally in unpolluted waters the amount
of ammonia is usually less than 0.1 p.p.m.

11. The toxicity of ammonium salts is directly
related to the concentration of undissoci

ated ammonia (NH^OH and NH3) in the solution.

While the evidence at hand indicates that ammonia is of

minor importance in the mortality under study it was decided

that tests should be conducted to eliminate ammonia entirely

If possible. Losses of fish hauled in this ammonia-free

water would be compared with losses from regular hauls in

which the ammonia was not removed. These studies have just

been started at this date. A resin is to be used which

will unite with the ammonia and remove it from the water.

By comparing losses from regular hauls and from hauls In

ammonia-free water the role of ammonia as a cause of loss

can be accurately established. At the present time ammonia

is considered of minor importance from the haul data avail

able. The literature considered also indicates that

prolonged exposure to high concentrations of ammonia was

experienced by other fish with minor or no loss. The

apparent correlation between ammonia production and loss of

the Roaring River fish shown in table 6 is unexplainable.

The fact that the most severe losses were not associated

with high ammonia production seems to indicate that ammonia

is of secondary or negligible importance as a cause of the

mortality under study.
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Zinc

Eight samples of water were collected for zinc anal

ysis. The water samples were collected In May from the

Alsea, Roaring River, and Bandon hatcheries. Table 8,

page 38, presents the findings of the zinc analyses in

fractions of a part per million. Samples taken were from

the 250 gallon tank truck with the exception of a single

sample taken at the Bandon hatchery from a 500 gallon tank

truck. The table shows that in no case did the zinc reach

a concentration of as much as 0.3 p.p.m. Due to an

unfortunate accident in which the sulfuric acid bottle

tipped over and spilled on the zinc analysis sheet, the

dates of the two hauls from the Roaring River hatchery were

obliterated. It was thus impossible to learn the mortality

resulting from these two hauls and this explains the ques

tion marks in table 8. The range in zinc content was from

0.06 to 0.29 p.p.m. These figures are accurate to within

approximately 0.03 p.p.m. according to Dr. Freund. All

readings are about what would be expected with the

exception of the 0.24 and 0.29 p.p.m. readings. These were

a little higher than would be expected but are accurate as

both were checked a second time by Dr. Freund. The complex

nature of the zinc test and the fact that another person

conducted the tests made it necessary to make only eight

tests. It is unfortunate perhaps, that a larger number of

samples could not have been taken and analyzed. The zinc



TABLE 8.

THE ZINC CONTENT OF A POND AND OP THE TRUCK TANK
AFTER VARIOUS HAULS

Haul

Number

Hatchery Date Sample Taken From Zinc

p.p.m.

Mortality
of Fish

6

14

19

Alsea

Alsea

Alsea

Alsea

May 7
May 22
May 21
May 20

Pond Fish held In

Truck - after haul 3 hrs./l50 lbs.
Truck - after haul 3 hrs./250 lbs.
Truck - after haul 6 hrs./250 lbs.

0.12

0.06

0.24

0.18

45.0

.6

25.0

?

?

18

Roaring River
Roaring River
Roaring River

May ?
May ?
May 16

Truck - after haul 3 hrs./l50 lbs.
Truck - after haul 6 hrs./150 lbs.
Truck - after haul 6 hrs./20 lbs.

0.06

0.06

0.29

9
i

26.3

Bandon May 1 Truck (500 gal.) after haul
5 hrs./400 lbs.

0.12 no loss

reported

03
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content of haul 6 was 0.06 p.p.m., which is as low as any

zinc concentration determined. The loss at the end of this

same haul was 45$ which was the highest loss encountered

from any haul. This single haul points out that zinc was

of no consequence in our study. Haul 18 had a zinc content

of 0.29 p.p.m. and a loss of 26.3$. However, haul 14 had a

zinc content of 0.24 p.p.m. and only a 0.6$ loss.

Goodman (9, p.194) made a study of the losses of rain

bow trout at the Steinhart Aquarium in California. He

concluded that six p.p.m. of zinc was fatal to trout.

Young fish, 2 and 4 weeks old, could not tolerate 4 p.p.m.

but with increasing age showed a tendency to develop a

tolerance to solutions of this concentration. Newton (13,

pp.8-10) considering sticklebacks which are sensitive to

heavy metals found no effect of toxicity at a concentration

of 0.3 p.p.m. or less. In this very Interesting study it

was pointed out that fish killed by zinc or lead are not

killed by the metal producing clogging or inflammation of

the gills. The real cause of death is the formation of an

absorption complex of the heavy metal upon the gills,

together with an excess secretion of mucus causing suffo

cation following acute respiratory distress. It was found

in her study that the effects of lead and zinc to the fish

were nullified when calcium nitrate was added to the water.

Zinc in the samples tested in no case reached the

0.3 p.p.m. which was the lowest zinc value found in the
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literature reported to be toxic to fish. This, plus the

fact that table 8 shows haul 6 with a 45 per cent fish

mortality and only 0.06 p.p.m. of zinc, lead to the conclu

sion that zinc was not a factor in the loss under study.

The differences in zinc content between 0.06 and 0.29

p.p.m. cannot be explained as a gain or loss in zinc

content during the haul on the basis of the information at

hand. The single sample taken at the Bandon Hatchery was

obtained to determine if the zinc content of the water built

up after a haul In the 500 gallon truck. The 0.12 p.p.m.

at the end of a five hour haul in the larger truck indicated

that the zinc content was not the cause of mortality of

fish hauled in this truck either.

Water Temperature

Water temperature is mentioned here briefly, the

subject being more thoroughly discussed in the thesis of

J. Curtis Simes. Table 9, page 41, shows the temperature

changes during the hauls and the losses following trans

portation. The water temperature range at the completion

of each test period was from 52° to 66°F. The increase in

water temperature ranged from 2° to 16°P. No correlation

could be found in table 9 between water temperature and

high fish mortality. Higher water temperature does

influence, and usually increases the toxicity of certain

chemical factors. Water temperature will be considered



TABLE 9.

THE WATER TEMPERATURE CHANGES DURING THE HAULS

AND THE LOSS OF FISH FOLLOWING TRANSPORTATION

Haul Weight
of Fish

Hours Temperature °F. Per Cent

Number Start End Increase Loss of Fish

1 150 lbs. 3 51 54 3 7.9
2 150 lbs. 3 58 62 4 6.5

3 150 lbs. 3 54 56 2 1.3

4 150 lbs. 6 46 57 11 31.8

5 150 lbs. 6 50 64 14 20.7

6 150 lbs. 6 53 62 9 45.0

7 150 lbs. 6 51 63 12 13.3

8 150 lbs. 6 50 66 16 22.5

9 150 lbs. 6 54 60 6 10.5
10 150 lbs. 6 53 60 7 16.5
11 150 lbs. 6 53 58 5 0.0

12 250 lbs. 3 49 52 3 2.7

13 250 lbs. 3 51 54 3 .6

U 150 lbs. 3 51 54 3 1.0

15 250 lbs. 3 50 53 3 .6

16 250 lbs. 6 47 53 6 27.6

17 250 lbs. 6 49 61 12 26.5

18 250 lbs. 6 54 57 3 24.8

19 250 lbs. 6 54 64 10 10.4

further in the section below.

Combined Chemical Factgrg

In the preceding sections an attempt was made to see

if any single factor was primarily responsible for the loss

being studied. Since no single factor appears to be

associated with high mortality, the possibility of a

combination of chemical factors plus temperature changes

a



42

was considered as a possible cause of the mortality. A

suggestion by Mr. Carl Bond was adopted to see If a combin

ation of factors was responsible for the loss. Essentially,

the idea was to give each haul a numerical rating. A

perfect haul based on chemical data indicating ideal

conditions would be numbered 500. The dissolved oxygen,

carbon dioxide , alkalinity, ammonia content, and tempera

ture for each haul would each be given from 0 to 100 points.

Table 10, below, shows the range covered by the factors

considered.

TABLE 10

THE RANGE IN CERTAIN CHEMICAL FACTORS

AND IN TEMPERATURE DURING THE HAULS

Factor Considered Range
Start End

Dissolved Oxygen 11.3 p.p.m. 4.3 p.p.m.
Carbon Dioxide 4.0 p.p.m. 39.0 p.p.m.
M. 0. Alkalinity 18.0 p.p.m. 49.0 p.p.m.
Ammonia 0.5 p.p.m. 7.3 p.p.m.
Temperature 46° F. 66° F.

The highest oxygen measurement (11.3 p.p.m.) is

considered the most desirable and is given a rating of 100.

The lowest value (4.3 p.p.m.) is the least desirable and is

given a rating of 0.

The difference between 11.3 p.p.m. and 4.3 p.p.m. is

7.0 p.p.m. One-hundred divided by 7.0 is approximately

14.3. For a decrease in dissolved oxygen of 1.0 p.p.m.
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14.3 points were subtracted from the 100. If the oxygen

at the end of a haul were 5.2 p.p.m. the score would be

13 (11.3 - 5.2 = 6.1, 6.1 x 14.3 = 87, 100 - 87 = 13).

All of the ratings for the other chemical factors and

temperature were obtained in a similar manner.

Too few samples from which the zinc content was

obtained were available so zinc was omitted from consider

ation. The pH values also were omitted since they were

all so nearly alike and no range from good to bad was

available for comparison. The 4.0 p.p.m. value for the

carbon dioxide was given a rating of 100 and the 39 p.p.m.

value was rated 0. The exact status of the alkalinity is

not too well known but since the literature indicates that

some substances are more toxic under alkaline conditions

(especially ammonia), the lower alkalinity value of 18.0

p.p.m. was rated 100. The ammonia value of 0.5 p.p.m. Is

of course more desirable than 7.3 p.p.m. and was therefore

rated 100. Temperature is a difficult factor to classify.

Since hatchery water is normally warmer than 46°F. and the

fish do well, a temperature higher than 46°F. was believed

permissable for the 100 rating. Somewhat arbitrarily,

52° was selected as ideal. All temperatures from 46° to

52° were designated 100. The 66° reading was then

designated 0.

Table 11, page 44, gives the cumulative score for all

of the hauls based on the ranges shown in table 10 and on
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the numbering system discussed previously. Haul 3 received

the highest rating. The three-hour hauls received high

scores. Figure 1, page 46, based on table 11, shows more

clearly the relationship between score number and per cent

loss. It can be seen that the three hour hauls, shown by

the / and o, were all high number hauls. The loss on these

hauls was low. The six-hour hauls, shown by the - and #,

showed losses ranging from 0 to 45 per cent and a range in

numerical rating from 103 to 303. There is little if any

relation between high numerical rating and small loss for

the six-hour hauls. The data have not been tested statis

tically because the small number of hauls of each type did

not warrant statistical treatment. It can only be said

that the possibility of a combination of chemical factors

plus the temperature factor still exist as a possible cause

of the mortality being studied. Until additional study is

made, and a larger number of comparable hauls are completed,

no definite conclusions can be made concerning combined

chemical factors.

OUTLINE FOR A FURTHER STUDY OF DELAYED MORTALITY

After the field work had been completed and some of

the results analyzed, certain weaknesses and omissions of

procedure followed during the study became apparent. It

is for this reason that an outline suggesting fields for



so

40

in

z
ui
u

cr

UJ
a.

30

20

10

3

a.150 pounds, 3 hour*
b= ISO pounds, 6 hours
c= 250 pounds, 3 hours
d- 250 pounds, 6 hours

I
Oo

4 15 14

c Oc

2
Oo

13
Oc

5
Ob

o7„

18
dO

10
Ob

9
Ob

Jfc

II
Ob

8
Ob

O,

340 325 300 275 250

Q b
225 200 175 150 125

TOTAL POINTS FOR HAUL

FI6URE I. THE PER CENT LOSS AND THE NUMERICAL RATING FOR EACH OF THE NINETEEN

MAULS CONSIDERED. NUMBERS INDICATED ARE HAUL NUMBERS. SOURCE OF DATA

IS TABLE II.

19
Od

100

^P



47

further study is included. The seven suggestions listed

below with the exception of number six, were not investi

gated at all, or only superficially.

1. Analysis of fish blood:

Blood from a number of fish killed by trans

porting should be examined to see if pathogenic

organisms are present. Conceivably, fish so

infected could be weakened and would be unable

to withstand the rigors of transportation.

A second reason for an analysis of fish blood

would be to establish what the normal blood

counts should be and compare these with a

series of counts taken from fish that had died

following transportation.

2. Examination of dead fish:

The spleen sizes and weights of a number of

fish should be determined immediately after

death and these compared with similar deter

minations made from fish not transported.

Fish should be examined for internal

hemorrhage. Suehiro (17, p.36) stated:

"Fishermen who handle bait fish know very

well from experience that when fish are

caught and held In captivity the mortality

is extremely small at first and that the peak

of mortality appears after 1 or 2 days have
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passed." Suehiro pointed out that the cause

of such loss Is hemorrhage from subcutaneous

wounds induced by handling. In cases where

the fish undergo rough handling and little

bleeding occurs, death may result from another

cause. Such loss may be due to poisoning by

the intermediate products of the decomposition

of protein. Concerning this, Suehiro (17,

p.40) stated: "The protein that, when an

animal is in a healthy state, would already

be changed into a nontoxic final product of

metabolism before being transported through

the arteries invades the circulation from the

injured tissues while it is still in the

toxic stage of an intermediate metabolic

product or visceral poison." In other words,

internal injuries may produce mortality of a

delayed nature and this possibility should be

investigated.

3. Comparison with a different lot of fish:

It would probably be very difficult to obtain

enough wild fish to give comparable results

with our normal loads (400 to 600 8" fish).

A second best method would be to transport

fish from a different lot from those hauled

to date. This may even involve going into
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another state and conducting tests there.

By the use of fish from a different parent

stock, it could be determined if inherent

weaknesses were present in the fish that have

been hauled.

4. Diet studies:

At least one hatchery superintendent In Oregon

believes that the diet of the fish has contri

buted to their subsequent demise. Different

lots of fish could be fed different diets and

later transported and their losses compared.

5. Behavior studies:

Fish should be examined at intervals during

the haul and frequently on days following

transportation. An accurate account of

whirling behavior, loss of equilibrium and

other symptoms which precede death should be

noted. Belding (2, p.243) points out that

hydrogen sulfide in the water produces

characteristic breathing symptoms in the

fish. He believes that other toxic substances

cause characteristic breathing symptoms. A

somewhat new approach to our problem would be

to study the behavior of the fish before

death and see if it fits any pattern of

behavior that precedes death from known
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causes.

6. Specific tests or hauls:

Such tests as thought of should be carried

out with enough repetitions being made to

give significant results. Such tests as using

a resin to remove ammonia or a haul whereby

the dissolved oxygen is maintained at an

extremely high level would be in this category.

7. Information from other states:

An effort should be made to learn from other

states their experience with delayed mortality,

if any, and obtain any suggestions from them

that may have a bearing on the solution of

the problem at hand.

SUMMARY AND CONCLUSIONS

A study was started in the spring of 1952 to find the

cause of mortality of hatchery reared rainbow trout

following liberation. Such loss has been noted by person

nel of the Oregon Game Commission in recent years. A fish

liberation truck was provided for the study by the Oregon

Game Commission. Trout were transported in this truck in

a manner similar to that used in the regular liberations

but the fish were returned to the hatchery where they could

be observed for seven days.

Loads of 150 pounds of fish were transported for 3 and
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6 hour periods and 250 pounds of fish were transported for

similar periods of time. By comparing losses from these

two groups, it was found that greater losses usually

occurred in the six hour haul group. This would suggest

cumulative effects from longer exposure to inimical factors

during the transportation. Handling the fish during the

loading or unloading operations did not appear to be the

critical factor since all fish transported experienced

the same amount of handling.

Certain chemical tests were conducted before and

after each haul to see what changes had taken place and to

see If these changes were associated with the mortality.

The tests used to determine the various chemical factors

are given in the section on Methods Used in Chemical

Analysis. Single factors were studied first and the

mortality from each haul was compared with the increase or

decrease in that particular factor.

The oxygen content of the water at the start of each

haul was high, usually 8 to 10 p.p.m. The oxygen decreased

during the hauls and was generally 5 to 7 p.p.m. at the

completion of the hauls. References were cited which

indicated that the oxygen content of the water was ample

at the end of the hauls to support trout. Table 2 did not

indicate that low dissolved oxygen values were followed by

high mortality. It is concluded that the single factor of

diminished oxygen at the end of the trips was not the
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causative factor In the loss being studied. If a consider

able portion of the oxygen found to exist at the completion

of the haul was not available to the fish due to high

carbon dioxide or some other factor, the fish could

conceivably suffer from a lack of oxygen. This is only a

suggestion at the present time and has not been tested.

The fact that the lower dissolved oxygen content found at

the end of the hauls was not associated with increased

mortality would Indicate that some factor or factors other

than low dissolved oxygen alone caused the loss.

Carbon dioxide was studied as a possible cause of fish

mortality. Agreement seems to be lacking among fishery

biologists as to what constitutes the minimum tolerance

limits of carbon dioxide for trout. The literature is

conflicting due to the different conditions under which

various studies were conducted. The maximum carbon dioxide

encountered was 39.0 p.p.m. Literature was cited which

indicates that this concentration is not critical. The

fish transported were not subjected to high concentrations

of carbon dioxide for a prolonged period of time. These

circumstances, plus the fact that high concentrations of

carbon dioxide were not necessarily associated with high

fish mortality, indicate that the single factor of carbon

dioxide was not the causative factor of the loss.

Alkalinity was considered as a possible indirect cause

of the mortality since such factors as ammonia are more
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critical to fish under alkaline conditions. The alkalinity

increased during the hauls but high alkalinity values were

not necessarily followed by high fish mortality. The alka

linity never increased to beyond the 40 to 50 p.p.m.

Trout in eastern Oregon and in other similar regions are

able to do well under water conditions of high bicarbonate

alkalinity. For these reasons, alkalinity alone was not

considered to be the causative factor in the mortality

study.

The pH was measured along with the other chemical

factors. The literature cited indicated that wide ranges

of pH can be tolerated by trout. The pH change during any

haul was slight and was always at or very near neutrality,

pH 7.0. The pH range is used as an indication of the

presence of adverse factors in the environment. Since the

pH change was so slight, nothing could be deduced from the

changes noted. The factor of pH can be omitted from

consideration as the cause of the loss but the lack of pH

change may Indicate that a buffering effect is taking place,

In other words, more H ions may be formed but these are

taken up immediately and the pH remains relatively stable.

Ammonia is known to kill fish and the quantity present

before and after each haul was determined. The literature

contains conflicting statements as to the critical limits

of ammonia for trout. The ammonia present at the comple

tion of each haul reached values as high as 7.3 p.p.m.,
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which is well above that considered critical for fish by

some workers. No correlation was found in the 19 hauls

between high ammonia and increased mortality. Since the

ammonia did on some occasions reach levels that are

considered critical by some workers, additional hauls were

conducted in which ammonia was considered. High concentra

tions of ammonia were produced artificially and losses

under these conditions were similar to those noted in hauls

where very little ammonia was present. No greater loss

resulted from the transportation of fish In water having

higher concentrations of ammonia. The data at hand

indicate that ammonia was not the causative factor in the

loss. Since the completion of the field work, it was

learned that a particular kind of resin would effectively

remove ammonia from the water. The resin is to be used

in future studies to remove ammonia as it is released into

the water by the fish. If losses similar to those already

encountered continue, ammonia can be eliminated without

question as a causative factor since no appreciable amounts

of ammonia will be present.

A total of eight water samples were tested for zinc

content. In no case did the zinc occur in sufficient quan

tity to cause mortality. No evidence was found of

increased zinc content following a haul. Zinc was not a

factor in the loss under study since the literature

indicates that the minute amount of zinc present would not
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be enough to produce mortality.

Water temperature is considered only briefly In this

thesis. The hauls with the greater losses of fish result

ing after transportation were not necessarily the hauls In

which high water temperatures occurred at the end of the

transportation period.

The factors of dissolved oxygen, carbon dioxide,

alkalinity, ammonia, and temperature were considered

together. Each haul was given a 0 to 100 rating for each

one of these five factors. A perfect haul was rated 500.

Nothing definite could be determined but the combined

factor idea merits further study. Enough hauls should be

made to make the results significant.

Few definite conclusions can be drawn from the study

started in 1952. One reason for this is that much time was

spent in the early stages of the study before the hauls

were standardized at a specific poundage of fish transported

for a definite period of time. It was definitely estab

lished that delayed losses were an almost inevitable result

of trout transportation operations conducted during the

study. Certain factors have been eliminated as the cause

of the mortality while others bear further investigation.

Since the study is to be continued, an outline for a

future study is included which should prove helpful in the

further study of this problem.
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4-52-500

APPENDIX A

FISH SURVIVAL OBSERVATIONS

Name of Release Water
Location of Area Observed(Describe)

Live Box Used?
No./Lb.Species

Hatchery
Load Wt.
Hour Released
Driver Other Observer
How Removed from Truck: Bucket Hose Dry Net_

Lot No.

Miles Hauled

Hours Hauled

Date

Fish Mar:

Ave .Lgth._
No.Hauled_

_Hour Loaded
Truck Used

58

At Hatchery Truck at Release Release Point

Air Temp.
Water Temp.
Dissolved 0£
C02
pH
MOA

NH3
Blood Count

Other

Mortality Table

Dates

Loss

Water Temp.
(Show Hour)

During
Haul

Weather: Previous

Total

During Haul -
Changes during Observation Period_

Days
Observed

Was truck water tempered? To what point?
Was ice used? Length of time between last feeding

and release

Describe losses, if any, in detail_

Other remarks

Signed by_

OREGON STATE GAME COMMISSION
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APPENDIX B

Conversions

Dissolved oxygen:

1. Cubic centimeter per liter• to parts per

million.

Multiply by 1.43

2. Parts per million
liter.

Multiply by 0.70

to cubic centimeter per

Carbon Dioxide:

1. Equivalents

One millimeter of mercury (partial pressure)
of carbon dioxide is equivalent to parts per
million as follows:

1 mm.= 4.1 p.p.m. at o°c (32°F.)
1 mm.« 3.8 p.p.m. at 5°C (41©P.)
1 mm.= 3.1 p.p.m. at 10°C (50°F.)
1 mm.= 2.6 p.p.m. at 15°C (590F.)
1 mm.= 2.1 p.p.m. at 20°C (680F.)

Source of carbon dioxide data is Fry, F.E.J.
Some environmental relations of the speckled

trout (Salvelinus fontinalis). Proceedings
of the Northeast 'iAtlantic Fisheries Confer-

ence. May, 1951.




