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ABSTRACT

High pH (near 10.0) has been a perennial problem 
during the summer months in the mountain lakes of the 
southwestern United States. Rainbow trout stocked in these 
lakes are subject to pH shock and mortalities have occurred 
Experiments were conducted to, determine if trout can be 
safely and rapidly acclimated to a condition of high pH 
similar to what occurs in the lakes. Preliminary slow- 
acclijnation tests indicated that rainbow trout can be 
safely acclimated to a pH near 9.8 if they are gradually 
exposed over a period of several days. However, an attempt 
to acclimate the trout to a pH of 9.5 in 6 hours resulted 
in a high degree of stress and a 54% mortality, demonstrat
ing that acclimation did not occur at this rate to a pH 
this high. These results are tantamount to those of the
9.5 shock test. Rainbow trout experienced only minor 
stress when trout were acclimated to a pH of 9.3 in 6 
hours, this indicates that they, can be rapidly acclimated 
to this lower pH value.



INTRODUCTION

The concentration of hydrogen ions in solution is 
expressed as the negative logarithm of the molar concentra
tion or more simply the pH index.

High pH, a value above 8.8, occurs in fresh water 
systems around the world. It has been reported in India 
(George 1961), Africa (Schutte and Elsworth 1954), and 
various parts of the United States: Minnesota (Philip
1927). , New York (O'Brien and DeNoyells 1972) , and Arizona 
(Richer 1946; Fisher and Ziebell 1980).

Many lakes in the southwestern United States 
exhibit high pH during the summer months. The problem is 
especially prevalent in this region because of extensive 
sunshine, the high levels of nutrients in the water and an 
extended growing season for aquatic plants. High pH in 
lakes and ponds has been reported throughout Arizona in 
areas such as Fort Huachuca's Gravel Pit Lake and Pan Am 
Lake (Halstead 1979), most of the lakes of the White 
Mountain Apache Indian Reservation, (fisher 1979; Fisher and 
Ziebell 1980), and several lakes near Flagstaff and Prescott 
(Richer 1946).

Most natural water systems have a pH range of 
6.7-8.6 (RIFAC 1964). The pH can be extended above this, 
range by direct discharge of certain wastes or more commonly



as a secondary effect of vigorous photosynthesis. During 
the day plants use carbon dioxide as their major carbon 
source for photosynthesis. When algae or aquatic vascular 
plant populations are dense» COg becomes depleted and plants 
begin to utilize the bicarbonates present in the water as 
their carbon source. This reaction requires hydrolysis. 
Hydroxyl ions are the by-product of such a reaction, and 
this causes the pH to increase.

High pH can either fluctuate or remain relatively 
stable over a 24-h period. At night when COg from the 
respiration of plants and animals is returned to the water, 
the pH usually decreases from daylight conditions. This 
normal diel fluctuation occurs if the high pH is due largely 
to the activity of phytoplankton (George 1946; Philip 1927). 
If, however, aquatic vascular plants or filamentous algae 
predominates, diel fluctuation may not occur because most 
of the COg from respiration is not returned to the water 
(Halstead 1979). Some vascular plants are able to store 
respired €©2 in their lacunal systems for recycling in 
photosynthesis during the day (Bold 1978; Halstead 1979). 
Filamentous algae mechanically trap CO2 within the algal 
mat. Here it is either recycled or diffused through the 
mat and into the atmosphere. Regardless of the plant type, 
if the carbon dioxide is not returned to the water, the pH 
does not decrease, which creates the phenomeh of continuous 
high pH.



Every organism has a. pH range that can be tolerated 
more or less indefinitely called the tolerance zone. Above 
or below this zone is a zone of resistance where the hydro
gen or the hydroxyl ion concentration is eventually lethal. 
For rainbow trout (Salmo gairdneri) the tolerance zone for 
pH is 5.0 to 9.0 (EIFAC 1964).

In Arizona, rainbow trout are reared in hatchery 
waters at a nearly neutral pH. Many of these fish are 
stocked in mountain lakes and streams as "catchables" during 
the summer. Trout introduced from the hatcheries into 
heavily vegetated waters often undergo pH shock and high 
mortality, this reduces the number of fish returned to the 
creel (Eicher 1946; Fisher 1979; Fisher and Ziebell 1980).

Currently, copper sulfate and Diquat are used as 
herbicides to control algae growth and rooted vascular 
plants, respectively. This decreases photosynthesis and 
causes the pH to drop. These treatments are costly and must 
be repeated periodically. If only limited lake restoration 
is economically feasible for most lakes exhibiting high pH, 
and if trout stocking programs are to continue in these 
waters, a method to acclimate hatchery fish to high pH 
conditions, thus lessening the potential for stress and 
subsequent mortality, would be valuable. Such a method 
would have to be rapid, inexpensive,and. easy to accomplish.

Acclimation is the biochemical, physiological, and 
behavioral adjustment of an organism to environmental



variables (Warren 1971). An animal's recent experience 
with a sublethal factor is often important in determining 
its degree of tolerance of that factor at a later time. 
Usually the ability of an animal to tolerate a lethal 
factor is increased by recent exposure to levels of the 
factor that do not kill but are great enough to cause 
stress. This stress brings about homeostatic responses 
within the animal, this renders the animal more tolerant 
not only of these conditions but also of more critical ones 
(Warren 1971).

Fish are able to acclimate to many environmental 
conditions which may change their tolerance range. Jordan 
and Lloyd (1964) showed that 24-h median lethal pH values 
increase as the acclimation pH increases. Acclimation had 
no effect, however, on the resistance of rainbow trout to 
pH values high enough to kill in a few hours. This indi
cates that acclimation to high pH, within certain limits, 
is possible and that such acclimation may increase the 
ability of stocked rainbow trout to survive, if the pH 
does not cause rapid mortality.

The purpose of this study was to (.1) determine 
if rainbow trout can be acclimated to pH values high enough 
to be stocked safely into mountain lakes exhibiting contin
uous high pH and (2) to determine a safe and rapid rate of 
acclimation prior to stocking.
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In my experiments I tested the following hypotheses

1. Rainbow trout, 14-23 cm long, can be rapidly 
acclimated to a pH near 9.5.

2. Rainbow trout, 14-23 cm long, acclimated to a pH 
near 9.5 will survive and feed at this pH.



MATERIALS AND METHODS

Acclimation and shock tests were performed in 
oblong galvanized steel tanks with a volume of 420 liters. 
One control and three test tanks were used for each experi
ment. Dilution water was chlorine-free tap water. A 
diluted sodium hydroxide (NaOH) stock solution (mixed in 
separate 500-liter tanks) was pumped into each of the test 
tanks by means of 115-v evaporative cooler pump and main
tained the desired pH (±0.1). The pumps were supported by 
styrofoam floats which lowered in the stock solution tanks 
as the water level decreased. The rate of flow of the 
stock solution, controlled by a stop-cock, was approximately 
375 ml per min with a total transfer of 500 liters in 24 h. 
The stock solution was added at one end of the test tank at 
a point just above an air stone. To ensure complete mixing 
of the stock solution in the test tanks, a second air stone 
was placed at the other end of each tank. Spot analysis 
confirmed that mixing was uniform (± 0.05 pH units). The 
control tanks contained only tap water.' Water replacement 
time in the test tanks was about 17 h.

The test fish , 14 to 23 cm total length and 50 to 
110 g, were hatchery-reared rainbow trout obtained from the 
Alchesay National Fish Hatchery, White River, Arizona.
They were held in outdoor pools at a pH near 8.0 until they

6



were used in laboratory tests. Five or ten fish were ran
domly distributed among the test tanks in all except pre
liminary tests. Fish were fed a commercial trout ration 
once daily prior to testing; they were fed before starting 
experiments, and offered feed once each day of the test.
Fish were carefully observed during feeding as thier feed
ing behavior was one measurement of stress.

Trout were acclimated to the test tanks approxi
mately 24 h before tests began. Fish mortalities were 
recorded and dead ones removed at 3- to 4-h intervals through
out the tests. Fish were considered dead when there was no 
opercular movement and when there was no response to gentle 
prodding. Total length and weight were measured when dead 
fish were removed and length and weight of survivors were 
measured at the termination of each test. In the 9.3 shock 
test, one fish died in the control tank; no control fish 
died during any of the other tests.

The pH was measured every 3 to 4 h except in the 
preliminary tests. Samples were taken after gently 
stirring the water to ensure an homogeneous mixture. Other 
water chemistry variables were measured once per day in 
each tank during, tests (Table 1) . Ammbnia-N was measured 
colorimetrically with a Modified Nessler Reagent. Tempera
ture was measured with a calibrated mercury thermometer, 
and the pH was measured with a Beckman Electromate meter



Table 1. Chemical characteristics and 
water

Temp.
Type of Test (°C)

9.3 Shock Rep. 1 14-19
Rep. 2 15-19
Rep. 3 14-19
Control 14-19

9.3 Acc. Rep. 1 15-18
Rep. 2 15-18
Rep. 3 15-18
Control 15-18

9.5 Shock Rep. 1 17-19
Rep. 2 17-19
Rep. 3 17-19
Control 17-19

9.5 Acc. Rep. 1 17-19
Rep. 2 17-19
Rep. 3 17-19
Control 17-19

general water quality of the dilution

Initial
pH DO Ammonia-N Chlorine

8.12 8.7-9.2 0 0
8.07 8.9-9.4 0 0
8.14 8.8-9.3 tr 0
8.13 8.7-9.2 0 0

8.24 8.8-9.7 0 0
8.20 8.8-9.7 tr 0
8.30 8.5-9.7 0 0,
8.29 8.0-9.7 tr 0

7.97 8.7-9.5 0 0
8.03 8.7-9.3 0 0
8.10 8.3-9.3 0 0
7.90 8.5-9.6 tr 0

7.90 8.4-8.7 tr 0
8.10 8.5-9.0 0 0
8.08 8.7-9.0 0 0
7.90 8.0-9.5 0 0

oo



Table 1,— Continued

Type of Test
Temp. 
(°C)

Initial
pH DO Ammonia-N Chlorine

Preliminary Tests 
0.4 pH Units/d Acc. 15-18 8.50 8.4-9.3 tr 0
1.0 pH Units/d Acc. 16-19 8.51 8.3-9.5 tr 0

9.75-5 h Acc. 18 8.30 8.7-9.7 0 0
9.70-3 h Acc. 14.5-16 8.30 8..6-9.3 0 0
9.65-3 h Acc. 18 8.30 8.5-9.7 0 0

^Alkalinity: Range 98-120; Average 107



standardized with buffer solutions of pH 7.0 and 10.0. 
Dissolved oxygen was measured with a YSI Model 54 meter.

Prior to the tests an index of the degree of stress 
suffered by the fish was developed;

1. Normal; high degree of activity, chasing and fin- 
nipping

2. Distress; lethargy, little or no fin-nipping and 
no feeding

3. Loss of Equilibrium; high degree of agitation, 
rapid and sporatic swimming and little or no 
response to touch

4. Total Loss of Equilibrium and Death; swimming 
upside down, laying on side, no opercular movement 
and no reaction to gently prodding.

Preliminary Experiments

Slow-Acclimation
Two slow-acclimation experiments were performed in 

which the pH was increased at a rate of 0.4 of a pH unit 
per d and 1.0 pH unit per d. Ten fish were used in each 
test. Tests were not replicated. The pH was increased 
gradually by pumping a stock solution into the test tank 
until the desired level was achieved in 20 to 24 h. The 
pH was allowed to increase at these rates until 50% of the 
fish were dead.



Rapid-Acclimation
Three preliminary rapid-acclimation tests were done 

at pH values and acclimation times of 9.75 in 5 h, 9.70 in 
3 h, and 9.65 in 3 h. Four or five fish were used in each 
test and tests were not replicated. The pH was raised by 
adding 1 ml sodium hydroxide mixed in 8 liters of tap water 
to the test tanks in 15- to 30-min intervals until the 
desired pH was reached. This pH was. maintained (± 0.15 pH 
units) by pumping a stock solution into the test tanks.
The 9.75 and 9.70 tests ran for 24 h, and the 9.65 test 
ran for 72 h.

9.3 and 9.5 pH Shock Tests 
Fish were temporarily removed from the test tanks 

while sodium hydroxide was added to achieve the desired pH 
(9.3 or 9.5). Fish were then returned to their original 
tanks and the stock solution pumps were started. The pH 
was monitored intermittently during the 72-h tests. Five 
fish per replicate were used in the test at pH 9.3 and ten 
fish per replicate in the test at pH 9.5. There were three
replicates and one control for each experiment.

9.3 and 9.5 pH 6-h Acclimation Tests
Acclimation of the fish was accomplished in two

steps in the 6-h acclimation test to pH 9.3 and in three 
steps in the 6-h acclimation test to pH 9.5. The first 
step in both tests was to add 1 ml of sodium hydroxide
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mixed in 8 liters of water to each of the test tanks every 
15 min until a pH near S.8 was reached„ Total time for this 
step was about 30 min.

The second step in the 9.3 test was to raise the pH 
from 8.8 to 9.3 in 5.5 h (a rate of 0.1 pH units/h) The 
second step in the 9.5 test was to raise the pH from 8.8 to
9.3 in 2.5 h (a rate of 0.18 pH units/h), and the third step
was to raise the pH from 9.3 to 9.5 in 3 h (a rate of 0.075
pH units/h).

In both 6-h acclimation tests the pH was raised from
8.8 pH value by the addition of the stock solution into the
test tank. During acclimation, the pH was measured every 
15 to 20 min. If an adjustment in the pH was needed it was 
made at these times by adding a few drops of NaOH diluted 
in 8 liters of water to the test tank. When the desired pH 
was attained (9.3 or 9.5), it was maintained at this level 
(± 0.1 pH unit) for 5 d. Five fish per replicate were used 
in the 9.3 test and ten fish per replicate in the 9.5 test. 
There were three replicates and one control for each 
experiment.



RESULTS

Preliminary slow-acclimation tests (Tables 2 and 
3) showed that rainbow trout can tolerate a pH of 9.5 to
9.8 for a minimum of 3 d without visible signs of distress. 
Mortalities were high in the preliminary 3- and 5-h rapid- 
acclimation tests at pH values of 9.65 to 9.75 (Table 4). 
Because of these high mortalities, acclimation time was 
increased to 6 h and the pH was decreased to 9.5.

. Shock vs. Acclimation 
Rainbow trout in the 9.5, 6-h acclimation test 

exhibited a similar degree of distress and mean percent 
mortality as that seen in the fish of the 9.5 shock test 
(Tables 5 and 6) demonstrating that acclimation did not 
occur. In both tests fish ceased to feed by 24 h, and the 
survivors resumed feeding within 72 h. All fish began to 
exhibit a high degree of stress early in both tests (about 
10 h). This stress increased and many (65-85%) of the 
fish began to lose equilibrium. By 24 h a total of 11 
(37%) fish had died in each of the experiments. The only 
observed difference between the two tests was an improve
ment in the condition of the surviving fish in the 9.5,
6-h acclimation test approximately 12 h earlier than a 
similar improvement in the 9.5 shock test fish. This

13
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Table 2, Reactions of 10 rainbow trout to various pH levels 

during a preliminary slow-acclimation test and 
determination of upper lethal pH. —  Acclimation 
rate increase was 0.4 pH units.

Day
Change 
in pH . 
.(d)

Elapsed
Time
(h) PH

Description of the 
Condition of the Fish

1 8.67-8.90 0—24 8.67-8.90 Fish normal

2. 8.90-9.19 30 9.05 Activity decreasing
37 9.10 Fish feeding, less chas

ing, and fin-nipping

3 -9.19-9.70 50 9.20 Slight distress
63 9.27 Fish feeding, activity 

decreasing
4 9.70-9.88 74 9.73 All fish feeding no loss 

of equilibrium
83 9.82 Distress increasing

5 9.88-10.30 98 9.88 All fish maintaining 
equilibrium

100 9.90 Minor loss of equilibrium 
still feeding

102 9.92 No feeding
104 9.98 Stress increasing, loss 

of equilibrium increas
ing

106 10.15 Eyes beginning to frost
108 10.25 4-5 with total loss of 

of equilibrium
112 10.30 Three dead
117 10.34 Total of six fish (60%) 

dead
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Table 3. Reactions of 10 rainbow trout to various pH levels 

during a preliminary slow-acclimation test and 
determination of upper lethal pH.—  Acclimation 
rate increase was 1.0 pH units per day

Day
Change 
in pH 
(d)

Elapsed
Time
(h) pH

Description of the 
Condition of the Fish

1 8.25-9.25 12 8.90 Fish normal

2 9.25-10.25 24 9.25 Activity decreasing, less fin-nipping
32 9.60 Activity reduced
35 9.82 First signs of distress
38 9.88 All fish loosing equilibrium
39 9.92 First fish with total losi 

of equilibrium
40 9.97 Seven fish with loss of equilibrium
42 10.01 One dead
43 10.10 Three fish with total 

loss of equilibrium
45 10.25 Total of five fish (50%) 

dead



Table 4. Mortalities of rainbow trout during preliminary rapid-acclimation tests 
for determining a safe pH and a safe rate of acclimation

Acclimation
Test

Length 
of Test in h

.Range
pH

Number of 
Fish in Test

Number of 
Mortalities

Percent
Mortality

5 h 9.75 24 9.55-9.78 5 4 80

3 h 9.70 24 9.60-9.80 4 3 75

3 h 9.65 72 9.50-9.72 5 2 40



Table 5. Mortalities..of rainbow trout in replicated tests at pH 9.3 and 9.5 
in shock tests and 6-h acclimation tests

pH
Value

Shock Test (72 h) Acclimation Test (120 h)
No. of Fish 
per Rep

Range
pH

Rep
1

Rep
2

Rep
3

Mortality 
X %

Range
PH

Rep
1

Rep
2

Rep
3

Mortality
X.% .

9.3 .5 9.25-9.40 0 0 1 7 9.26-9.40 0 0 0 0
Control 5 7.89-8.20 1 7.65-7.90 0

9.5 10 9.40-9.62 4 . 5 8 7 9.40-9.75 5* 5 5
Control 10 7.65-7.90 0 7.65-7.90 0

*Two fish jumped out of tank on the fourth day of test. Mean percent mortality 
figure on the basis of 28 fish in test.
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Table 6. Selected cumulative observations of rainbow trout 

.subjected to a pH of 9.5 in shock and acclimation 
test

Elapsed
Time
(h) Shock Test 6-h Acclimation Test

10 Two fish with total loss of equilibrium, others 
showing stress

One fish with total loss 
of equilibrium, others 
stressed

15 Six dead, 2 with total 
loss of equilibrium

Ten dead, 2 with total 
loss of equilibrium

20 Five dead, 10 severely 
stressed, no feeding

One dead, 2 with total 
loss of equilibrium, no 
feeding

24 Total of 11 dead Total of 11 dead
30 Three dead, 2 with 

total loss of equili
brium

One dead, 1 with total 
loss Of equilibrium

36 Two dead fish still 
stressed

One dead, 2 severely 
stressed, remaining fish 
becoming less stressed

48 No feeding, fish appear 
less stressed

One dead, fish continue 
to show improvement

60 One dead, no feeding One dead, no feeding
72 Survivors fed Survivors fed
108 --- Fish becoming very active
120 Fish continue to feed and 

their condition continues 
to improve

Mortality and stress totals:
17 dead (57%) 15 dead (54%)
1 frosted eyes (3%) 2 frosted eyes (7%)
2 no response to 1 no response to

touch (7%) touch (4%)
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improvement in the condition of the trout consisted of an 
increase in activity, an improvment in color and an increase 
in response to me when I took water samples.

Fish in the 9.3 shock test exhibited all the symp
toms of pH shock but to a lesser degree than that seen in 
fish in the 9.5 shock and acclimation tests (Tables 6 and 
7). Mortality was low (7%), but all fish demonstrated some 
loss of equilibrium, lethargy and lack of feeding. Fish 
in the 9.3, 6-h acclimation test exhibited no signs of 
stress except that they temporarily ceased to feed and 
showed a decrease in activity. All fish in the acclimation 
test remained in excellent condition throughout the test, 
while some fish in the shock test had slightly frosted 
eyes, did not feed and did not respond when they were 
touched.

Symptoms of pH Stress
Early in all tests, except the slow-acclimation 

test, fish began to show signs of lethargy (Table 6). 
Activity steadily decreased as the pH increased. Fish 
ceased to chase each other and all fin-nipping stopped.
After 3 h in the two 6-h acclimation tests and by 1 h in 
the two shock tests, all fish that were not severely 
distressed or exhibiting loss of equilibrium were resting 
on or near the bottom of the tank. Fish remained inactive 
for 4 d at these high pH values. On the fifth day, at
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Table 7. Selected cumulative observation of rainbow trout 

subjected to a pHof 9.3 in shock and acclimation 
tests

Elapsed
Time
(h) Shock Test 6-h Acclimation Test

10 Minor stress, lethargy No stress
15 Stress increasing Activity decreasing
20 Severe stress, no 

feeding
No feeding

24 No change Lethargy is the only 
sign of stress

30 Two fish do not respond 
to being touched

No change

36 75-80% of the fish 
showing minor loss 
of equilibrium

Fish stil lethargic

48 No change -Fish fed, activity 
increasing

50 One fish dead No change
72 No feeding All fish continue to 

feed, condition 
continues to improve

90 -- Fish becoming very 
active

120 --- All fish i&i good condition
Mortality and stress Total:
1 dead (7%) 0 dead (0%)
2 minor-' frosting of 0 stressed (0%)
eyes (13%)

2 no response to 
touch (13%)
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approximately 100 h in the 9.3 and the 9.5, 6-h acclimation 
tests, the fish began to show an increase in chasing and 
fin-nipping and began to feed more readily than they had 
previously. In all ways the test fish, except those that 
appeared blind or had become unresponsive, began to 
resemble the control fish. The condition of the fish 
continued to improve until the test was terminated at 120 h.

Fish in all tests, except the preliminary slow- 
acclimination tests, ceased to feed within 24 h. Feeding 
resumed at 48 h in the 9.3, 6-h acclimation test and at 
72 h in the 9.5 shock and 6-h acclimation tests. Feeding 
did not resume in the 9.3 shock test (Table 7). When fish 
began to feed, they fed passively by picking the trout 
pellets up from the tank bottom and often dropping them 
several times before finally consuming them. Furthermore 
the fish's appetite was poor. At approximately 100 h the 
fish began to feed actively, by taking the pellets as they 
fell through the water or at the water surface. At this 
time their appetites also improved.



DISCUSSION

The pH value to which rainbow trout can be accli
mated is dependent upon the rate of acclimation and the 
upper lethal pH limit. If acclimation is too rapid or the 
pH too high, shock and mortalities occur. My data plus 
data from Eicher (1946), Jordan and Lloyd (1964), and 
Witschi and Ziebell (1979) substantiate these findings.

Effects of Acclimation Rate and pH Level 
The preliminary slow-acclimation tests indicate 

that rainbow trout can be safely acclimated to a pH of 9.5 
and possibly to a pH as high as 9.8 if they are gradually 
exposed over a period of 2 to 4 days. Fish that were 
acclimated at a rate increase of 0.4 pH units per day 
showed a gradual decrease in activity as the pH increased. 
Lethargy was the only symptom of distress observed until 
a pH of 9.9 was reached, at which time fish began to show 
minor losses of equilibrium. Eicher (1946) reported a pH 
of 10.2 in Ashurst Lake where rainbow trout had been 
stocked earlier in the year. The following spring a 
"majority” of the trout that survived still exhibited 
signs of exposure to high pH. They were blind in one or 
both eyes and had frayed fins and gills. A gradual acclima
tion could account for the survival of these fish since
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they were stocked before the high pH occurred. Apparently 
the fish had the time necessary to acclimate to the high 
pH condition.

Slow acclimation of large numbers of trout may not 
be feasible in most hatcheries. Several days would be 
required to bring the nearly neutral pH of hatchery water 
up to a pH of 9.5. Most hatcheries rely on a flow through 
system to prevent an accumulation of fish metabolic wastes 
(Burrows 1964) and provide well-oxygenated water. An 
attempt to slowly raise the pH in such a system would be 
expensive and difficult. For these reasons experiments were 
conducted to determine if rainbow trout could be rapidly 
acclimated to high pH.

Preliminary rapid-acclimation test results indi
cated that rainbow trout are unable to safely acclimate to 
as high a pH as they can when acclimation is more gradual. 
Fish were unable to acclimate to a pH of 9.8 in 5 h or to 
a pH of 9.7 in 3 h. At these pH values 75 to 80% of the 
fish died in 24 h. When the pH was decreased to 9.6, with 
an acclimation time of 3 h, mortality decreased to 40% in 
72 h. A 40% mortality is unacceptable. Therefore, the pH 
was decreased to 9.5, a common pH value in waters of 
continuous high pH, and the acclimation time was extended 
to 6 h for the replicated acclimation tests.

The results of the 9.5, 6-h acclimation test were 
comparable to the 9.5 shock test results demonstrating



24
that the fish underwent little or no acclimation. There 
was no statistically significant difference (p > 0.1 Chi- 
square test) in the mortalities nor did the behavior or 
the condition of the fish differ in either test. The tests 
varied only in the time necessary for the fish to recover 
from pH stress. The surviving fish in the 6-h acclimation 
test began to show improvement in their condition approxi
mately 12 h earlier than those in the shock test. These 
data demonstrate that when an attempt is made to acclimate 
rainbow trout to a pH of 9.5 in 6-h acclimation does not 
occur and the fish undergo pH shock.

A pH of 9.3 will cause stress and mortality in 
rainbow trout if they are subjected to it rapidly, as 
demonstrated in the 9.3 shock test. These fish became 
lethargic and did not feed. Some lost equilibrium and one 
died. At 72 h four of the remaining fish were in poor 
condition. Two of these fish had some frosting of the 
eyeballs. All four fish remained near the water surface 
and showed little or no response when they were touched.
In lakes and streams these fish would fall prey to pre
dators. The fish in the 9.3, 6-h acclimation test, how
ever, remained in good condition throughout the test. A 
temporary loss of appetite and some lethargy were the only 
signs of stress observed. Activity increased and they 
began to feed readily at 100 h. The condition of the fish 
continued to improve until the test was concluded. These
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data indicate that rainbow trout can acclimate to a pH of
9.3 in 6 h. .

Influence of pH on Feeding 
Sustained feeding is essential for fish to remain 

in good health and to maintain a good return to the creel. 
Fish in all tests, except the preliminary slow-acclimation 
tests, had ceased to feed within 24 h. Feeding did not 
resume until 72 h in any test except the 9.3, 6-h acclima
tion test where fish resumed feeding at 48 h.

Fish fed passively in both 6-h acclimation tests 
for the first 24 h after feeding resumed, but began to 
feed more actively at about 100 h. These data indicate 
that rainbow trout will not feed for at least 3 d and will 
not feed actively for an additional 2 d when they are 
subjected to too rapid an increase in pH. Thus, hatchery 
trout stocked into waters with a pH above 9.0 would 
probably not feed or accept the bait of fishermen for a 
minimum of 5 d after stocking. If feeding resumed, as in 
my experiments, no long-lasting deleterious effects would 
be expected.

Biological Variability in Rainbow Trout 
The tolerance of rainbow trout to a high pH is 

variable. Data from my study were compared to the data of 
Jordan and Lloyd (1964) and Witchi and Ziebell's (.1979) 
studies to show these differences. Jordan and Lloyd
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calculated, by probit analysis, a 50% mortality in 24 h 
at a pH of 10.13 if fish were acclimated for 5 d at a pH 
of 8.4. Fish in my preliminary rapid-acclimation tests 
showed a higher percent mortality in 24 h at a lower pH 
than that indicated by these calculations. Fish acclimated 
from a pH of 8.3 to a pH of 9.7 in 3 h showed a 75% 
mortality in 24 h. They had been held at a pH of 8.0 to 
8.5 for a period of one to several weeks before they were 
used in tests. There are two possible explanations for 
the differences in the response of the two fish-groups to 
the high pH. The first is size, Jordan and Lloyd used 
trout that ranged in size from 4.5 to 8.4 cm, whereas the 
trout in my tests ranged from 14 to 23 cm. Thus, large' 
rainbow trout may be more susceptible to pH shock than 
fingerlings.

The second explanation is genetic variability in 
the two trout strains. This possibility is substantiated 
by the significantly higher (p < 0.005, chi-square test) 
48-h mortality (.53%) in my 9.5 shock test than that (.32%) 
observed by Witschi and Ziebel in their 48-h 9.5 shock 
test. The rainbow trout for both studies were obtained 
from the Alchesay National Fish Hatchery, White River, 
Arizona. The eyed-eggs, however, were originally obtained 
by the hatchery from two different sources. Therefore, 
the fish used in my study were a different strain than the 
fish used by Witschi and Ziebell in their study.
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The differences in the resistance of the rainbow 

trout to high pH in these studies may, at least in part, 
be attributed to differences in their genetic makeup.
Such a possibility indicates that given time, it might be 
possible to selectively breed for a variety of rainbow 
trout resistant to a pH of 9.5 and above. Furthermore, 
these fish would probably require acclimation since it is 
likely that they would undergo pH shock if the change 
were too rapid.

Management Implications
In waters where natural reproduction of a desired 

game fish does not occur, the fish have to be stocked. 
Stocked fish in a put-and-take fishery are not given fhe 
time necessary to acclimate to a new environment. If this 
environment differs greatly from that of the hatchery in 
temperature, pH or other types of water quality the fish 
may undergo shock and mortality.

Several possibilities exist to maintain a rainbow 
trout fishery in lakes during the summer when pH is high 
and fishing pressure is at its peak. The first is 6-h 
acclimation of the trout to high pH conditions prior to 
stocking. This method should prevent all but a small 
(< 10%) mortality due to pH stress, if the pH does not 
exceed 9.3 during stocking.
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The second method to maintain the fishery is to 

stock large numbers of "subcatchables" for a put-and-grow 
fishery. These fish should be stocked in the early spring 
before the pH starts to rise. Thus, the fish will be able 
to acclimate to the slowly rising pH.

The third method is long-term and possible only if 
the genetic variability exists. Selectively breed for 
rainbow trout resistant to high pH, and acclimate these 
trout before stocking them into high pH waters.

Regardless of the management plan chosen, the pH 
regimes need to be determined for each lake prior to 
stocking. The pH should also be monitored throughout the 
critical summer period, particularly if catchable size 
trout are to be stocked.
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