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ABSTRACT 

A unique natural habitat in southeastern Arizona 

(lat. 32° N.) was utilized to determine methods for measur

ing the genetic limits of maximum temperature tolerance in 

a native fish, the Gila topminnow. Field and laboratory 

variables in measuring temperature tolerance were evaluated 

by comparing fish from a spring of constant conditions with 

those from an adjacent highly variable pond habitat. 

By obtaining the same maximum tolerance values in 

the laboratory for fish from both of these field habitats 

at a given season irrespective of differences in size, sex, 

pH, oxygen content, breeding condition, field temperatures, 

preacclimation, natural diet, and other variables, it was 

concluded that maximum values so obtained represent the 

genetic maximum for the natural population. Differences in 

the critical thermal maximum on the order of 0.3° 0. were 

found to be statistically significant for small sample sizes 

(n = 10 to 15) and thus genetic differences of this magnitude 

between populations are detectable. 

Determinations of the upper limits of the critical 

thermal maximum as a function of acclimation temperature and 

acclimation time took the form of a surface having four areas 

of distinctive physiological and ecological characteristics. 

This surface shows that for a given season the maximum rate 

xll 



o±' gain o±' tolerance occura at tn.e aauie acclimation tem

perature as does the maximum degree of tolerance. Also it 

shows that in this species maximum tolerance forms a plateau 

over an interval between 35.0° and 36.0° C. Gain of maximum 

tolerance with acclimation temperature is linear up to the 

plateau and has a characteristic slope regardless of season. 

The plateau values provide the best criteria for tolerance 

comparisons between populations since these values are the 

maximum for the genotype. 

A method for finding the tolerance plateau, which 

represents the genetic limits of temperature tolerance, was 

established and requires a 24-hour experiment. Resulting 

values of the critical thermal maximum after subsequent 

complete acclimation (four to five days) are the genetic 

limits sought. The acclimation temperature at which the 

critical thermal maximum plateau occurred also resulted in 

the highest values of resistance-time, indicating the occur-

rance of genetic tolerance maxima for both measurements. 

Even though the fish were living at constant tem

perature in nature all year, and in spite of using the same 

laboratory acclimation procedures and temperatures, a con

sistent significant difference in tolerance between summer 

and winter was determined. Photoperiod was considered to be 

the primary factor causing this seasonal difference. 

For a given season, fish from different thermal 

environments reached the same new tolerance levels but they 

xiii 



required different acclimation times. Fish from the same 

environments but at different seasons failed to reach the 

same tolerance. Therefore, differences in natural thermal 

environments primarily affect the rate of adjustment to 

stress, rather than the final degree of resistance achieved. 

xiv 



INTRODUCTION 

The literature of biology has long been concerned 

with elucidating examples of genetic adaptation through 

natural selection where adaptations are either morphological, 

behavioral, or physiological. V/hile studies on morphological 

and behavioral material historically occupy the bulk of such 

work, concern for the prevalence of physiological adapta

tions has recently become more intense. Thus, of the 485 

references cited in Physiological Adaptation (C. Ladd Prosser, 

Editor, 1958), only four percent were published before 1930 

and only twenty-three percent before 1950. And yet there 

can be no question of the long-standing importance of phy

siological adaptation in the evolution of many groups 

(Goldschmidt, 1938; Mayr, 1942; Bullock, 1955; Prosser, 

1955; Dobzhansky, 1957; Prosser, Editor, 1958). 

If a physiological adaptation is defined as "any 

functional property of an individual which favors continued 

successful living in an altered environment" (Prosser, 1958), 

an enormous variety of physiological functions may consti

tute adaptations when considered within the context of 

their natural environments. However, certain of these which 

have received a preponderance of attention include tolerance 

to extreme conditions, rate functions, the ability to compen

sate, and controlling mechanisms (Fry, 1947, 1957, 1958; 
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Bullock, 1955; Prosser, 1955; Precht, Christopherson, and 

Hensel, 1955; Prosser, 1958). 

While different forms of terminology have been 

elaborated and applied to physiological functions involved 

in adaptation (Fry, 1947; Bullock, 1955; Prosser, 1955; 

Precht, 1958; Prosser, 1958), the concepts involved are 

remarkably straightforward. Two organisms which differ 

in the measurement of a given function may owe this 

dissimilarity either (1) to a genetic difference (adapta

tion), (2) to environmental differences during development 

(ontogenetic), or (3) to differences in the recent environ

mental histories of the individuals (adjustment or accli

mation), as elaborated in Prosser (1955), Precht (1958), 

and Grainger (1958). Therefore one of the central problems 

in the measurement of physiological adaptation is to 

distinguish between results due to genetic differences 

(true adaptation) and those resulting from ontogenesis and 

acclimation (adjustment). 

To make this distinction was one of the early ad

vances in determining the role of physiology in evolution. 

Early workers (Davenport and Castle, 1895; Dallinger, 1887; 

Loeb and Wasteneys, 1912; Jacobs, 1919; Hathaway, 1927; 

Benedict, 1932; Sparck, 1936; Thorson, 1936; Fox, 1936; 

Sumner and Doudoroff, 1938; Wingfield, 1939) all treated 

the phenomenon of acclimation to some degree. In some, 

acclimation was the primary consideration; in others 
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(Dallinger, Fox, Sparck, Thorson), physiological "adapta

tion" was clearly demonstrated. 

More recent work in the poikilothermal vertebrates 

was begun in the late nineteen thirties (Sumner and Doudor-

off, 1938) and in the nineteen forties (Doudoroff, 1942, 

1945; Fry, Brett, and Clawson, 1942; Cowles and Bogert, 

1944). Sumner and Doudoroff clearly demonstrated compen

sation in metabolism due to temperature acclimation in fish, 

establishing metabolism as an avenue through which tempera

ture is effective on the organism. 

Doudoroff (1942, 1945) measured thermal tolerance 

to heat and cold in relation to the effect of acclimation 

and the relative hardiness of fish species. Physiological 

adaptation was indicated in that a very hardy species had 

much wider tolerances than a very delicate species. Fry 

and his students, with attention given to statistical 

methods in Bliss (1935, 1937), began an extended program 

of studies on fishes that is still in progress, treating 

the effects of temperature acclimation on maximum tolerance, 

metabolism, and behavior. 

The heat tolerances and preferences of several spe

cies of reptiles were studied by Cowles and Bogert (1944). 

In addition to apparent adaptational differences in toler

ance (for example between nocturnal and diurnal forms), adap

tations reflecting behavioral thermal regulation were found. 

The occurrence of acclimation in reptiles was first 



demonstrated by Lowe and Vance (1955) in which an increase 

in both critical thermal maximum (Cowles and Bogert, 1944) 

and resistance-time (Fry, et al.; Doudoroff; etc.) resulted 

from exposure to a higher acclimation temperature (35° C.). 

It was found that a relatively small increase in critical 

thermal maximum (1.4° C.) is accompanied by a doubling of 

resistance-time, with associated adaptational implications 

for poilcilothermal vertebrates. 

Taking acclimation into account, studies were con

ducted in fishes (Hart, 1952; McCauley, 1958) and in 

amphibians (Zweifel, 1957; Hutchison, 1961) to determine 

the relation of genetic differences in tolerance to natural 

distribution. Hart was not able to find physiological 

differences between groups that were not also morphologi

cally distinct; but some morphologically different genotypes 

had similar tolerances; in other cases morphological 

distinction was accompanied by differences in tolerance. 

McCauley found genetic physiological differences at the 

subspecies level but not between races in two species of 

Salvelinus. In salamanders both Zweifel and Hutchison found 

that, in general, forms with wider distributions in nature 

had higher temperature tolerances and that a correlation 

exists between the critical thermal maximum and habitat. 

With genetic differences in physiological functions 

recognized and measured with some degree of confidence in 

the above examples (and elsewhere), the importance of 
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physiological adaptation is evident. Many groups other than 

vertebrates have also been investigated with notable results 

(Bullock, 1955; Roberts, 1957; Went, 1958; Vernberg, 1959; 

Vernberg and Tashian, 1959). In view of abundant additional 

evidence in the literature, a generalization that some 

acclimation and physiological 'Adaptation"may commonly be 

present seems in order. 

In the Southwest the recent drying up of natural 

drainages during approximately the last 100 years has been 

accompanied by the formation of isolated remnant aquatic 

populations stranded in ponds, springs, and partly flowing 

creeks where thermal extremes are common. The opportunity 

to study any short-term gain in physiological adaptation is 

therefore evident. The shortness of this time for evolution 

suggests that the genetic differences may be subtle and 

require sensitive measurement; it is to provide a basis for 

such measurements that the present work has been designed. 

In evaluating the significance of slight differences 

in tolerances the masking effects of many variables between 

the natural habitat and the laboratory need to be considered. 

Thus, studies are required in which the variables of the 

laboratory method are compared against some form of natural 

environmental standard. To do this the system at Monkey 

Spring was chosen. This locality is oak-grass woodland 

(Upper Sonoran Life-zone) at approximately 4,200 feet eleva

tion at 5.6 miles southwest of Sonoita, Santa Cruz Co., 

Arizona. I-Iere a constant temperature spring source (27.3° C.) 
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flows into a pond highly variable in temperature with a 

continuous population of the Gila topminnow (Poeciliopsis 

occidentalis) extending throughout. Thus, by comparing 

laboratory results for fish from the constant conditions 

at the spring source with the variable situation at the 

pond at different seasons, the reliability and sensitivity 

of the laboratory measurements of tolerance are deter

minable. In the work that follows it is shown that genetic 

differences in critical thermal maximum as small as those 

on the order of 0.3° C. can be clearly detected. 

METHODS 

Habitat.--Fundamental to the method of the present 

work has been the selection of the habitat, which is the 

unique situation provided at Monkey Spring. Here the 

effects of a relatively constant spring source environment 

(hereafter referred to as "source") can be compared with 

those of a more highly variable pond habitat one-half mile 

distant. The source conditions are essentially constant 

for the four measurements given in Table 1 while the pond 

is more variable in both temperature and oxygen. The pond 

has approximately four times the oxygen level as that of the 

spring and is a unit higher in pH. Photoperiod given in 

Table 1 is that interpolated for Monkey Spring (about 32° 

latitude) from the American Ephemeris, 1946. Aquatic vege

tation differs distinguishably both between the spring and 



TABLE 1* Field data takan at the time of collection of experimental animals from Monkey Spring, Santa Cruz; 
Co., Arizona, (i.e.., from both spring source and pond). Values for photoperiod are interpolated 
from the American Ephemeris, 19U6, for the latitude at Monkey Spring. Photoperiod is taken as 
time from sunrise to sunset* 

PHOTO
PERIOD 
(hr:min) 

Mil 
and 
TIME 

Jan. 31, 1959 10:36 
(3:30pm) 

Feb. 2, 1958 10:1*0 
(H:l5pm) 

Feb. 3, 1958 10:1*1 
(3:00pm) 

Feb. 13, 1959 10:57 
(l|.:00pm) 

May 28, 1959 Hi:0 
(3:30pm) 

June 1, 1958 lU: 3 
(U:30pm) 

July 2k, 1959 13:53 
(k:00pm) 

July 31, 1959 13:U6 
(noon) 

Aug. 13, 1959 13:23 
(1:00pm) 

Aug. 21, 1959 13:10 
(2:30pm) 

Aug. 2U, 1958 13:U 
(2:30pm) 

Sept. 1, 1959 12:53 
(2:30pm) 

Nov. 9, 1958 llsUU 
(2:00pm) 

Dec. 6, 1959 10:10 
through 

Dec. 15, 1959 10:7 
(6-7am) 
(2-3pm) 

S O U R C E  P O N D  

TEMP. 
(°C.) 
27.3 

27.3 

27.3 

27.3 
(2U.ii-27.3) 

27.3 
(27.1-27.U) 

27.3 
(27.3-28.6) 

27.3 

27.3 
(27.3-28.6) 

27.3 
(27.3-27.5) 

27.3 

27.3 
(27.3-27.8) 

27.3 

27.3 
27.3 

02 
(ppm) 

pH 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

TJ 

6.5 

6.5 

6.3 

6.8 

6.5 

6.5 

7.0 

6.5 

6.5 

6.5 

HARDNESS 

Jjz/SI r / ra l )  

U5 

kk 

kk 

k3 

hS 

kk 

kk 

U3 

kk 

k2 

TEMP. 
(°C.) 

0, 
(PP111) 

pH 

19.2-23.5 

17.8-22.2 

17.5-22.9 

25.3-27.0 

29.1-30.7 

27.6-29.8 

27.5-28.5 

28.5-31*6 

22.8-23.0 

10-19 
16-21 

11 

11 

7.8 

7.5 

HARDNESS 

10 7.5 U2 

9 7.5 U3 

9 7.5 U2 

10 7.5 hh 

11 7.8 k2. 

1*3 
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pond and with season. Breeding behavior and reproduction 

is maintained all year at the source but ceases from No

vember through February in the pond. 

In bringing topminnows from the Monkey Spring area 

to the laboratory, a two to three day adjustment period at 

26 + 1° C. was usually allowed. During this interval they 

were conditioned to eating nutritionally balanced commercial 

tropical fish food, any deleterious effects were noted, 

ample aeration was given, and the spring water was diluted 

in half with dechlorinated aerated Tucson tapwater (see 

Fig 9C). Mo more than 17„ mortality occurred for any of the 

collections used in the subsequent experiments. 

Field Collections.--A total of over 3100 Poeciliop-

sis occidentalis from the Monkey Spring population was used 

in the work reported here. Individual collections usually 

included 200 to 500 fish. The natural populations numbered 

on the order of 5000 at the spring, as an estimated minimum, 

and many thousands in the pond. 

The sizes captured by using a plastic screen seine 

ranged in standard length from 15 to 50 mm. IThen captured 

they were placed in non-toxic transport cans or 3-gallon 

glass jars with approximately ten fish per gallon of spring 

water. Oxygen levels invariably rose from approximately 

3 to 6 ppm in the spring water and remained at 6 to 10 ppm 

in the pond water, during the 60 mile trip to the laboratory. 

Oxygen, pH, total dissolved salts, and temperature 



were recorded during the collections. Water analysis field 

kits from the Mach Chemical Co. and a U.S. Bureau of Stand

ards calibrated Schultheis rapid adjusting thermometer were 

employed. The accuracies involved were +0.5 ppm C2, +0.25 

unit of pll, + 2 gr./gal. dissolved salts, and + 0.05° C. 

The dates, time of day of measurements, photoperiod, and the 

values obtained are recorded in Table 1. 

Acclimation Apparatus.--Acclimation was carried out 

in ten gallon glass aquaria freshly lined with washed poly

ethylene plastic sheeting. The plastic eliminated the 

possibility of contamination from previous occupants of the 

aquaria. Forty to fifty fish averaging approximately 25 mm. 

in standard length were transferred into 7.5 gallons of half 

spring water and half tap water, which was aerated, filtered, 

stirred, heated, and covered. Food was administered twice 

daily or more frequently, depending on the acclimation 

temperature, in the amount that could be consumed in 10 to 

15 minutes. Kinne (I960) notes that at high temperatures 

food intake may be far in excess of actual requirements. 

Filters were cleaned daily and the organic debris in the 

tanks was removed more frequently. 

The maintenance of constant water temperature was 

provided by mercury-contact thermoregulators, an electronic 

relay, and sets of 30 to 50 watt immersion heaters. The 

number of heaters per tank was adjusted to provide a total 

of 100 to 150 watts. Several small heaters per tank gave the 
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advantage of continued temperature control in spite of 

failure in one or two heaters and considerably better heat 

distribution throughout the tank. 

The outside of each tank was covered with aluminum 

foil and covered with a one-inch layer of fiberglass insula

tion. A double layered transparent top insulation allowed 

external placement of the light bulbs, while ports in the 

top cover accommodated the suspension of stirrers, thermore-

gulators, and heaters. The bottom filter worked efficiently 

as both filter and aerator. As a result of very sensitive 

relays, the maximum fluctuation of temperature in any 

aquarium was + 0.04° C. as measured by a U. S. Bureau of 

Standards calibrating thermometer estimated to the nearest 

0.01° C. 

Testing Apparatus. --Critical thermal maximum (CIT'I) 

determinations were carried out in a ten-liter, variable 

temperature, stainless steel water bath, continuously 

stirred and aerated. A constant rate of increase in tempera

ture of approximately 0.6° C. per minute (Stebbins, 1954; 

Rosenthal, 1957) was provided for all CTM determinations. 

This rate gave assurance that fish samples from the five 

acclimation tanks could be compared in CTM at essentially 

the same point in acclimation time, since a maximum of four 

hours was required for a set of five CTM tests. The data of 

Table 3, Fig. 2,indicates that no significant lag between 

body and water temperature occurred at this heating rate. 



Response Points.--The measurements of temperature 

tolerance employed include both the critical thermal maxi

mum (CTK) and resistance-time. The CTK (Cowles and Bogert, 

1944) is a reaction to high temperature in which control of 

locomotory activity is lost. If the response is sufficient

ly sudden for the form considered, the temperature at which 

it occurs can be recorded. The arithmetic mean, plus-minus 

two standard errors of the mean, and the range for a sample 

of such thermal readings constitute the measurement accord

ing to the definition of Lowe and Vance (1955). It is 

graphed in accordance with the method in Dice and Laraas 

(1936), where the mean is surrounded by a rectangle of two 

standard errors on each side of the mean, and a line re

presenting the range. Sample sizes varied from C to 22 for 

CTM values and from 11 to 72 for resistance-tine determina

tions. The response adopted for the CT.I in this species 

is a sudden loss of coordination accompanied by gyrations 

through the water. Host fish at this stage revive if trans

ferred to a lower temperature, but if not, total immobility 

follows in a matter of seconds. A gradual blanching in 

color begins at the anterior end and proceeds posteriorly 

to the tail. Usually in a matter of 10 to 15 minutes 

(depending on previous acclimation levels) a weakening in 

swimming ability follows with a forward paralysis of the 

pectoral fins soon occurring (see also Cocking, 1959). There 

is then an uncontrolled drifting of the body in the water as 
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opercular movements gradually become spasmodic and then stop. 

The latter is the most objective criterion for resistance-

time in this species and has therefore been adopted (see 

Brett, 1952). 

RESULTS 

Resistance-time 

The negative exponential relation of temperature 

and resistance-time, so characteristic for fishes (Fry, 1947; 

Hart, 19^2), is shown in Table 2 and Fig. 1 for Poeciliopsis 

occidentalis (3aird and Girard) from Monkey Spring, Santa 

Cruz Co., Arizona. In this experiment all of the 235 ani

mals were acclimated together for seven days at 23+1° C. 

previous to being placed at the experimental temperatures 

shown (35.5°, 36.0°, 36.5°, and 37.0° C.). Sample sizes 

are respectively, 42, 59, 52, and 73. Inspection of the 

four samples for mortality every two hours was carried on 

throughout the experiment. 

In presenting the regression lines of both means and 

medians it is shown experimentally what has been assumed 

elsewhere by other authors (Fry, Brett, Hart, etc.) that the 

same experimental results are obtained with either measure

ment. However, from the technical viewpoint a much greater 

investment of time is required for obtaining the means 

than this difference in accuracy may warrant for most work. 



TABLE 2. Mean and median temperature tolerance of Poeciliopsis occidentalis. Resistance-time 
for acclimation at 23 + 1° C. for 7 days. 

TEMPERATURE MEDIAN (LD$0) MEAN RANGE N 

35.hc C. 119.5 hrs. 12H.9 + 6.0 hrs. 167.5 - U7.5 hrs U2 

35.9 75.5 67.8 + 1.95 85.5 - 37.5 59 

3&.h ia.5 39.U 1 0.9U U7.5 - 21.5 52 

37.0 22.0 20.9 • 0.59 32.0 - 12.0 73 
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Critical Thermal Maximum 

The preponderant method of temperature tolerance 

measurement in this work is the CTM, and the measurement 

of resistance-time has been incidental to it. The effect 

of using different heating rates in obtaining the CTM is 

shown in Table 3 and Fig. 2, where data is given for groups 

of animals having two different thermal histories. It is 

seen that for animals just arriving in the laboratory from 

the field (Monkey Spring, winter, water temperature 27.3° C.) 

lower heating rates result in higher CTM, indicating that 

significant acclimation occurs during the CTM test. But 

for animals acclimated three days in the laboratory at 

35° C. a lower heating rate results in a lower CTM, suggest

ing that maintenance at the upper limit of the acclimation 

range diminishes the ability to acclimate further during 

the CTM test. Iso differences are detectable between CTM 

for heating rates higher than approximately 0.4° C./min. 

Rates in excess of 0.6° C./min. do not allow sufficient 

time for recording the CTM responses as they occur. 

Lowe and Vance (1955) first compared resistance-

times and CTM in relation to acclimation with additional 

work having been done by Lowe (unpublished) since then. To 

determine such relationships between resistance-time and 

CTM in Poeciliopsis similar experiments have been conducted 

in which the two regression lines were crossed experimentally 

(see Table 4 and Fig. 3). Thus, the first temperature at 

which the fish responded in the CTM test was also used as 
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TABLE 3. Effect of heating rate on CTM for fish directly from the field 
(source-winter, 1-27-62) and for fish held three days at 35° C. 

ACCLIMATION HEATING RATE 
(°C./min.) 

CTM 
(°C) 

N 

Field 
(source-winter) 

27.0° C. 

0.10 

0.31 

I4.O.86 + .08 
(Uo.2 -"la.3) 

1+0.29 + .15 
(39.1 - la.3) 

16 

15 

0.57 Uo.iU + .11 
(38.9 - iiO.8) 

18 

0.02 la.21; + .17 
(Uo.3 -"la.7) 

10 

3 days 
at 35° C. 

0.09 la.58 + .03 
Oa.u - ia.7) 

15 

0.59 U2.06 + .06 
(U1.7 -~ta.U) 

17 



43 

35°C. Acclimation 

42 

d o 

5 Field Acclimation 
o 

40 

39 
6% 2 3 .4 5 

HEATING RATE (°C./min.) 

Fig. 2. Effect of heating rate on the critical thermal mBTlnwim (CIM). GTM far field 
aoclimation compared with acclimation three days at 35° C- in winter>souroa 
fish (Table 3). The C7M is graphed shoving mean (horizontal line) plua-minus 
two standard errors of the mean (rectangles), and the range (vertical line). 



TABLE LU Resistance-time for fish from field (source-winter, January, 
1962). 

TEMPERATURE RESISTANCE-TIME 
LDc;q (Kin.) 

N 

37.6 11U1+ 25 

38.1 U8o 31 

39.0 222 29 

39.H5 Uo 29 

Uo.o 10 30 
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the highest temperature for the resistance-time determina

tion. When this is done it is seen that the CTM falls on 

the resistance-time line at a time corresponding to 

approximately ten minutes. More extensive work by Lowe 

(unpublished) on several other species suggests that the 

value (10 min.) for Poeciliopsis is an approximation for 

this species. 

Figure 4 illustrates the way in which the CHI has 

been used to determine the rate of acclimation for each 

of several acclimation temperatures and the time required 

for complete acclimation to occur. At 24-hour intervals 

a sample of 10 to 15 from each of four acclimation tempera

tures (35.5°, 35.0°, 36.5°, and 37.0° C., as in Fig. 1) was 

tested for the critical thermal maximum. The resulting 

values (Table 5) are plotted in Fig. 4 in such a way that 

those CTM (x + 2 sfor a given acclimation temperature 

are interconnected by lines. The acclimation temperature 

to which each line of CTM corresponds is indicated by a 

number and an arrow. 

Through this particular experimental design (Fig. 4) 

several characteristics of temperature acclimation are made 

evident. The rate of acclimation is indicated by the steep

ness of the slope for the CTM. It is seen that the higher 

acclimation temperatures in this case give lower acclimation 

rates. Complete acclimation is indicated by a leveling off 

of the CTM as occurs in 36.0° and 35.5° C. acclimation. 



TABLE 5. Change in CTM over a four day acclimation period for four acclimation temperatur® with source-
winter fish (February, 1959). 

ACCL. 
TIME 
(DAYS) 

S O U R C E - W I N T E R  SOURCE-SUMMER 
ACCL. 
TIME 
(DAYS) 35.5° c. 36.0° c. 36.5° c. 37.0° c. 37.0° C. 

0 
(30° C. 
accl.) 

X lil. 16° C. 1+1.16° C. 1+1.16° C. 1+1.16° C. 
R la.64+0.7 1+1.6-4+0.7 1+1.64+0.7 1+1.6-1+0.7 
s- .0961 .0961 .0961 .0961 
s .319 .319 -.319 .319 
n 11 11 11 11 

2*0.51 
la.1-1+0.0 

.076 

.301+ 
16 

1 

x 1+2.05° C. 1+1.36° C. 1+1.33° C. 1+0.92° C. 
R 1+2.64+1. h 1+2-74+1.3 1+1.8-1+0.9 1+1.3-Uo.l 
s- .111 .169 .0755 .103 
s .368 .560 .261 .386 
n 11 11 12 ll+ 

U2.05 
l+2.64a.S 

.061 

.227 
11+ 

2 

x 1+2.29° C. 1+2.38° C. la.65° c. 
R 1+2.74a.7 i+2.9-la.9 1+2.7-1+0.3 
s- .0911+ .081+2 .151+ 
s .321+ .326 .652 
n lit 15 18 

3 

x 1+2.69° C. 1+2.60° C. 
R l+3.3-li2.0 1+3.0-1+2.0 
s- .121 .092 
s .1+21 .319 
n 12 12 

h 

x 1+2.82° C. 
R 1+3.14+2.5 
S- .051 
s .191 
n ll+ 
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This indicates that the animals at the higher acclimation 

temperatures (36.5° to 37.0° C.) died before complete 

acclimation was achieved, suggesting that above a certain 

acclimation temperature (35.5° to 36.0° C.) stress is too 

intense and death occurs before adequate resistance is 

attained. This experiment, therefore, limits the upper 

dimensions of acclimation and tolerance for this species. 

One of the more useful aspects of the design in 

Fig. 4 is that a method is presented to determine the mini

mum acclimation time in which acclimation is completed for 

a given acclimation temperature. Thus, at 36.0° C. accli

mation the minimum time for complete acclimation is three 

days. A slightly longer minimum acclimation time is re

quired for 35.5° C. acclimation. Further e:-:periments have 

shown that acclimation temperatures below 35.0° C. have 

progressively longer minimum acclimation times; i.e., 

complete thermal acclimation takes a longer time (see Fig. 

13). In the work that follows, the highest CTM for a given 

acclimation temperature represents the value attained after 

complete acclimation. This is determined by experimental 

acclimation periods of four to seven days or longer (Fig. 

10). Similar relationships have been found in other species 

(Doudoroff, 1942, 1945; Brett, 1946). 

uf special note is the evidence in Fig. 4 that 

acclimation of the CTM apparently does not occur to a sig

nificant degree in the animals held at 37.0° (in winter). 
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Therefore, resistance-times should be determined at tempera

tures sufficiently high (above 37° C. in winter in this case) 

to eliminate acclimation effects. Of similar importance is 

the evidence in Fig. 4 that when long resistance-times 

(2 days or more) are involved, a very significant amount of 

acclimation may occur during the test time. This means 

that the resistance-times so derived are much longer than 

if acclimation had not occurred and, therefore, are definite

ly biased. 

The CTK Plateau 

The occurrence of the upper limit of CTM found in 

Fig. 4 led to experiments designed to detect exactly what 

acclimation temperatures accounted for it. The open 

Dice-Leraas graphs in Fig. 5 are CTM for fish completely 

acclimated (four to five days) to the temperatures on the 

abscissa. An apparent plateau between 35° and 36° C. re

sulted which indicated the maximum CTM for the fish. A 

similar plateau is seen in the polygons of tolerance (based 

on resistance-time) in Fry, Brett, and Clawson (1942), and 

Brett (1944). To facilitate finding this CTM plateau in a 

short-term e;:periment, fish were held at acclimation 

temperatures in their estimated upper range of tolerance 

for 24 hours. The pattern of the resulting increase in CTM 

(black graphs in Fig. 5) clearly points to the plateau 

region. Twelve hours or less of acclimation suffices to 
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indicate the region of the CTM plateau, thus providing a 

convenient tool when investigating species not previously 

studied. The plateau maximum shown in Fig. 5 also coin

cides, in acclimation and CTM temperatures, with the minimum 

acclimation time data of Table 5, Fig. 4. 

Experimental Location of CTM Plateau 

If the 24-hour CTM response is to be useful in 

tolerance studies, then the effect of season and habitat 

on it should be determined. Data in Table 6 (Fig. 6) shows 

that fish from the pond in winter (field water tempera

tures 10 to 24° C. for the preceding two weeks) have a more 

reduced level of the 24-hour response than those from any 

other habitat or season. It is possible that this large 

difference was due to contamination since more animals than 

usual died previous to the experiment. It was later found 

that if organic debris from the pond were accidentally in

cluded in the collection in even small quantities, fouling 

of the water occurred with a resulting abnormally high 

mortality. It is noted, however, that this data is con-

sistant with that of the five day trend shown in Fig. 10C. 

The significant feature of the evidence in Table 6, Fig. 6, 

is that regardless of season, habitat, quantitative magni

tude of the response, or contamination, the same plateau 

region is indicated by the 24-hour response; further work on 

other species by the author (unpublished) indicates that the 



TABLE 6. CTM after twenty-four hours at five acclimation temperatures for fish directly from the field at 
two seasons (summer and winter) and from two habitats (source and pond). 

LOCALITY A C C L I M A T I  O N  T E M P E R A  T U R E S 
and 

SEASON 33.0° C. 3U.0° C. 35.0° C. 36.0° C. 37.0° C. 

SOURCE 
in 

SUMMER 
Sept. 3, 1959 

x lil.Sl0 C. 
R U2.2-i4l.3 
s- .0863 
s* .33U 
n 15 

1*2.20° C. 
U2.5-U1.8 
.0883 
.250 
8 

U2.660 C. 
U3.0-U2.1 
.0829 
.262 

10 

U2.790 C. 
U3.1-U2.2 
.076U 
.296 

15 

la.62° c. 
U2.U-U1.2 

.110 

.381 
12 

SOURCE 
in 

WINTER 
Jan. 13, I960 

x hi,67 
R U2.5-U1.3 
s- .100 
sX .37U 
n lU 

U2.ll 
li2.34a.8 
.0763 
.26U 

12 

U2.22 
U3.0-ljl.6 
.109 
.395 

13 

U2.52. 
h2,9-h2.1 

,09h3 
.276 
8 

la. 52 
U2.7-U0.9 

.225 

.638 
8 

POND 
in 

SUMMER 
Sept. 3, 1959 

X 142.06 
R U2.34a.6 
s- .0602 
sX .233 
n 15 

U2.03 
U2.3-Ja.7 
.0632 
.200 

10 

U2.57 
i;2.9-U2.1 
.0731 
.2U3 

11 

U2.1i0 
U3.3-U1.8 
.0506 
.160 

10 

ia.56 
ii2.3-ia.2 

.106 

.336 
10 

POND 
in 

WINTER 
Jan. 13, I960 

x 1|0.00 
R UO.6-39.5 
s- .0975 
S .352 
n 13 

U0.31 
U0.5-U0.0 
.053U 
.151 
8 

ii0.71 
U1.2-U0.3 
.0770 
.298 

15 

U1.13 
ia.u-uo.9 

.0521 

.173 
11 

iiO.87 
ia.2-Uo.3 
.0712 
.257 

13 
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latter may thereby be justified as a general method for 

locating the upper CTM plateau. 

Resistance-times at CTM Plateau 

So far, the existence of a maximum tolerance plateau 

at the 34.5° to 36.0° C. interval of acclimation temperature 

is in terms of the CTM only. There is no a priori reason 

that a similar maximum in tolerance should occur when using 

the resistance-time method of measurement over this accli

mation interval. Therefore, the experiment of Table 7 

(Fig. 7) was designed to determine what acclimation tempera

ture produces maximum resistance-time, and how maximum 

resistance-time is affected by habitat and season. It is 

apparent that maximum resistance-time occurs at the same 

acclimation temperature interval as does the CTM, and 

resistance-time data for the same acclimation temperature 

interval gives this interval a general significance for 

temperature tolerance independent of the method of measure

ment used. Thus, even though the physiological causes of 

death for CTM may differ from those of resistance-time, they 

are related in that the discontinuities of the mechanisms 

involved occur in the same acclimation temperature range. 

Though similar in the above regard, an important 

difference is noted in that the CTM-acclimation temperature 

regression line is linear (0.35 CTM/AT) between 32° and 

35° C., while the resistance-time — acclimation temperature 

regression is exponential. It is also noted that the 



TABLE 7. Resistance-time at 38.0° C. after four days at the 
laboratory acclimation temperatures shovm. Data is 
graphed in Fig. 7* 

HABITAT ACCL. 
and TEMP. MEAN 

SEASON (°C.) (hours) n 

Source-summer 32.0 15.0 + 0.6 1*5 

Source-summer 33.0 17.3 1 0.6 h3 

Pond-winter 33.0 16.7 + 1.0 20 

Source -summer 3U.0 17.5 1 0.8 U3 

Source-summer 35.0 20.7 + 1.5 2k 

Source-winter 35.0 18.2 + 1.2 36 

Pond-winter 35.0 19.8 + 1.1 20 

Pond-winter 36.0 15.9 + 1.2 22 

Pond-winter 36.U 12.7 + 1.8 11 
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significant seasonal effect found in CTK (Fig. 12) does not 

occur in the resistance-time data. The winter-pond fish 

were pre-heated four days (Table 14) until their CTI-' became 

the same as that of the source-winter fish in the field in 

order to facilitate comparison at the same starting point 

in acclimation time. Apparently this pre-heating erased 

any seasonal effect in resistance-time but not in CTjI. 

An inherent shortcoming in the resistance-time 

method of tolerance measurement is indicated in Table 7 

(Fig. 7). It is desirable to have resistance-times as 

short as possible in order to avoid both acclimation effects 

and secondary e:cperimental errors (disease, contamination, 

etc.) which become more probable with prolonged maintenance 

at high temperatures. Thus, it was seen in Table 5 (Fig. 4), 

that no acclimation of the CTi: occurred during twenty-four 

hours at 37° C., and it is considered preferable to select 

the resistance-time temperature sufficiently high that 

resistance-time can be measured in terms of minutes rather 

than hours. because of the nature of the resistance-time 

regression line in Table 7 (Fig. 7), however, it is fre

quently impossible to compare either different species at 

the same season or the same species in different seasons 

using the same (and properly high) resistance-time test 

temperatures. Pond-winter fish die before reaching 38° C. 

without pre-heating while the same fish in the summer would 

survive fifteen to twenty hours without pre-heating, making 



33 

the resistance-time measurements at the same temperature 

impossible.^ The object of comparing resistance-time at 

the same temperatures is that it precludes the necessity 

of obtaining an entire regression line for one acclimation 

temperature and requires instead but one point on that line 

which results in corresponding economy of experimental 

animals and time. 

Effect of Preacclimation 

Since the primary objective of this study is the 

determination of maximum thermal tolerance as a function 

of constant temperature acclimation for a single large 

breeding population, the effccts of several secondary vari

ables require evaluation. aic of these is the possibility 

that pre-heating to temperatures above or below a plateau 

acclimation temperature may change the CTM obtained at the 

plateau. The experimental design and data are in Table 8 

(Fig. 8). The solid graphs are the CTL'' after complete 

acclimation to the temperatures on the abscissa. The open 

graphs show the CTM for these fish after an additional three 

days at a plateau temperature of 35.0° C. Pre-heating is 

1-This impairment in the resistance-time method is 
even more strikingly exhibited in a study of the desert 
pupfish, Cyprinodon macularius (Lowe and Heath, 1962), 
where temperatures of natural summer thermal environments 
kill desert pupfish acclimated to their winter environmental 
conditions in Arizona. 



TABLE 8. Effects of previous acclimation to 30° to 36° C. on CTM for 35.0° C. acclimation; source-summer 
fish (August 1-8, 1959). 

ACGL. 
A C C L I  K A T I  0 N T E i :  P  E  R  A  T  U  R E S  

ACGL. . o
 

o
 TIKE 30° C. 32° C. 3h° C. . o
 

o
 

(DAYS) 

X Ul.U3° c. 1*2.1*0° c.  1*2.80° C. 1*3.07° C. 1*3.00° C. 
R 1|2.0-U0.8 1*2.8-1*1.7 1*3.2-1*1.9 U3.U-U2.7 U3.2-U2.6 

h s- .137 .102 .UU2 .091 .068 
s ,h3h .31*0 .Jjli-8 .275 .216 
n 10 11 10 9 10 

Uth ALL ACCLIrlATIOI.1 TEMPERATURES C RANGED TO 35° C. 
day 

X U2.71 1*2.78 1*3.15 1*3.13 1*3.26 
R 1*3.2-^2.1 1*3.2-1*2.3 1*3.3-1*2.7 1*3.5-1*2.5 1*3.U-1*3.0 

2 s* .106 .106 .065 .113 .01*2 
s .335 .336 .217 .339 .133 
n 10 10 11 9 10 

X 1*2.78 1*3.02 1*2.9U 1*3.02 1*2.52 
R 1*3.2-1*2.3 U3.3-U2.U 1*3.1*-1*2.5 U3.U-U2.3 1*2.8-1*2.1 

3 sx .0 82 .082 .083 .096 .080 
s .258 .258 .300 .319 .276 
n 10 10 13 11 12 
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therefore shown to have no effect on the final CTM for the 

plateau region. 

Effects of Sex, Size, Fish Concentration, 

and Water Quality 

The variables of sex, size, and water conditions 

are summarized in Tables 9, 10, 11, and 12, (Fig. 9). In 

Fig. 9A, fish immediately from the field were segregated 

as to sex and their CTR' determined with no difference 

occurring. Resistance-time data for 32°, 33°, 34°, and 

35° C. in Table 7 (Fig. 7), also showed no difference due 

to sex even though the fish were at the peak of their 

breeding season. In Table 10 (Fig. 93), samples of the 

two extremes of size range for the fish used in this study 

demonstrate no difference in CHI after having the same 

acclimation history. 

Concentration of fish in the experimental tanks of 

three and ten fish per gallon during three days of accli

mation at 35.0° C. have the same CTM (Table 11, Fig. 9C). 

These were the outer limits of the range of concentration 

used in the present work. 

Of more significance to the study is the effect of 

water condition. The total hardness of the spring water 

is nearly five times that of the tap water at the University 

of Arizona, where higher magnesium sulfate at the spring is 

the greatest factor in the difference. In Fig. 9D, it is 



37 

TABLE 9. The lack of any effect on CTM due to sex; pond-winter fish 
(January, i960). 

ACCLIMATION 
TIME 

MALE FEMALE 

X 37.67° C. 37.7̂ ° C. 
Pond-Winter R 38.1-37.0 38.14-36.7 
Lab 1 day s- .088 .113 
27° C. sx .303 .1|2U 

n 12 1U 

TABLE 10. The independence of CTM and body size (standard length). 
The two size groups represent the extremes of the size 
distributions used in CTM measurements. Spring-source 
fish (September, 1959) were used directly from the field. 

SMALL LARC-E 

X U0.610 C. U0.8U0 c. 
Field R U1.7-U0.2 U1.5-U0.3 

Acclimation sx .153 ,11k 
Source-Summer s .530 .393 

n 12 12 

X 17.27 mm. 27.62 mm. 
R 20.0-15.1 31.0-2U.6 

Size s- .U5l .590 
X s 1.56 2.0k 
n 12 12 



TABLE 11. Effect of fish concentration on CTM. 

ACCLIMATION CONCENTRATION 

3 fish/gal. 10 fish/gal. 

X i|2.06° C. U2.050 c. 
3 Days R U2.3-1*1.6 U2.U4a.7 

Source -Winter s- .050 .057 
35.0° C. X 

s .193 ,23k 
n 15 17 

TABLE 12. The effect of water source and quality on 
the CTM for 35° C. acclimation. 

TARdATER EQUAL BLEND PONDWATER 

X 

R 
sx 
s 
n 

U0.89° C. 
U2.0-39.8 

.200 

.633 
10 

U3.oU° c. 
U3.2-U2.9 

.01*2 

.120 
8 

U2.920 C. 
U3.5-U2.5 

.135 

.382 
8 
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seen that University tap water does not allow the maximum 

tolerance even after aeration and standing for two or three 

days. The CTM for pond water and that for a half and half 

dilution of pond and tan water do not differ significantly, 

and no mortalities occurred in the mixture during acclima

tion. Since pond water was more difficult to obtain, a 

mixture of half tap and half pond water was used throughout 

the study. Since no differences in CTM resulted for several 

foods used with this species, a balanced diet tropical fish 

food was used for all work after the initial tests. 

Effect of Habitat on CTM 

With the effects of the above variables measured 

and approximately optimum conditions determined, experi

ments were designed to measure the highest CTM for the 

plateau acclimation region for both the pond and the source 

populations during both summer and winter (Tables 13 through 

21, Figs. 10, 11, and 12). CTM from upper critical accli

mation temperatures show the progress of experimental 

acclimation over 5-day periods. Fond-winter fish were pre

heated four days at ca. 30° C. until their CTM approximated 

those of the source-winter fish, and even then their rate 

of gain in CTM was below that of the source-winter fish. 

But after four days the CTM from both of these groups showed 

no difference. 
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TABLE 13. CTM for fish directly from the field to the laboratory, representing 
two seasons and both habitats. Source data shows a 1° C, difference 
in CTM due to season alone. 

P O N D  SOURCE 

WINTER 

Dec. 29, 1959 Jan. 11, i960 

X 36.60° C. 37.05° C. 
R 37.3-36.3 37.5-36.7 
s- .095 .087 
s .3U2 .275 
n 13 10 

Dec. 19, 1959 Jan. 11, I960 

39.ia° C. 39.66° C. 
HO.2-38.6 UO.1-38.8 
.168 .131 
.583 .HlH 

12 10 

SUMMER 

Aug. 21, 1959 Aug. 22, 1959 

x HO.26 HO.19 
R ho.h-ko.o Uo.6-39.5 
s~ .0U6 .111 
s .131 .370 
n 8 11 

July 2U, 1959 Sept. 2, 1959 

HO.88 HO.51 
Hl.H-39.9 Hl.l-Uo.C 
.126 .076 
.H53 .30U 

13 16 

TABLE 1U. Gain in CTM for pond-winter fish held at 28° to 30° C. four days 
until the pond-winter CTM (ca. 37° C.) rose to that of the source-
winter fish (ca. 1*0° C.). Comparisons of the two groups were made 
at upper plateau temperatures. 

ACCLIMATION TIME (DAYS) AT 30° C. 

FIELD 2 3 H 

X 36.80° C. 38.67° C. 39.12° C. 39.33° C. 
R 37.3-36.3 39.0-38.2 39.5-38.8 39.6-39.1 
s7 .095 .065 .070 .060 
X 
s .3H2 .22U .209 .188 
n 13 12 9 10 



TABLE 15. CTM for source-summer (September, 1959) fish held in the upper range of acclimation tempera
tures for up to four days. This U-day data and that in Table 8 constitute the upper curve 
of Fig. Sj and Fig, 7 gives the maximum CTM for the species as a function of acclimation 

ACCL. 
TIME 3b.0° C. 36.0° c. 36.5° C. 37.0° C. 37.5° C. 
(DAYS) 

X l|0.5l° c. Ii0.5i° C. l|0.5l° c. U0.510 c. I1O.510 c. 
R Ul.l-ilO.O la.i-Uo.o la.i-Uo.o la.i-iio.- Ul.1-1+0.0 
s- .0760 .0760 .0760 .0760 .0760 

-\ X 
s .30lt .301l .30U .30U .301* 
n 16 16 16 16 16 

X ii2.ia° c. U2.920 c. U2^57° c. U2-.C50 c. la.59° c. 
R l|2.9-la.8 U3.3-l|2.5 U3.3-la.6 1|2.6-I(1.8 U3.3-38.8 
s- .12l| .101 .180 .0606 .52li 

1 
X 
s .391 .319 .568 .227 1.39 
n 10 10 10 Hi 7 

X U3.o5° c. I4.3.260 c. ii.2.81° C. 
R U3.3-U2.8 U3.6-U2.9 U3.U-U2..2 
Sx .059U .0731 .118 

2 
A. 

s .118 .231 .372 
n 10 10 10 

X 1*2.98° C. U3.16° C. U2.960 C. 
R U3.U-^2.1: Ii3 .U-142.8 U3.5-i;2.6 
sx .0965 .0528 .0737 

3 s .305 .183 .2Ji5 
n 10 12 11 

X U2.U2° C. 1|3.02° c. 
R U3.04a.6 h3.k-k2.6 
sx .U46 .0713 

h s .I169 .21|7 
n 10 12 



TABLE 16. CTM data for source -summer fish for seven days at five acclimation temperatures one-half de-
gree apart in the upper range of acclimation; August 15-22, 1959. 

ACCL. A C C I I E A T I 0 N T E M P E R A T U R E S  
TIME 
(DAIS) 3l+.C° C. 3l+.5° c. 35.0° c .  35.5° c. 36.0° C. 

0 

X 
R 
sx 
s 
n 

l+o.5i° c. 
Ul.1-1+0.0 

.076 

.301; 
16 

1+0.51° c. 
la.1-1+0.0 

.076 

.301+ 
16 

1+0.51° c. 
la. 1-1+0.0 

.076 

.301+ 
16 

1+0.51° c. 
1+1.1-1+0.0 

.076 

.30I+ 
16 

1+0.51° C. 
la.i-i+o.o 

.076 

.301+ 
16 

2 

X 

R 
s-
sx 

n 

1+2.1+1+ 
1+3.1-1+2.0 

.120 

.359 
9 

1+2.8 9 
1+3.1-1+2.6 

.0583 

.165 
8 

1+3.01 
1+3.3-1+2.6 

.0920 

.276 
9 

1+2.96 
1+3.2-1+2.8 

.0500 
.na 

8 

1+3.13 
1^.1+4+2.8 

.0817 

.21+5 
9 

k 

X 

R 
s-
X s 
n 

1+2.69 
1+3.0-1+2.3 

.0567 

.179 
10 

1+3.06 
1+3.3-1+2.7 

.0778 

.220 
8 

1+3.31 
1+3.6-1+3.0 

.0737 

.221 
9 

1+3.19 
1+3.1+-1+2.8 

.0717 

.215 
9 

1+3.16 
1+3.1+-U2-.8 

.0731 

.207 
8 

5 

X 

R 
sx 
s 
n 

1+2.61 
1+2.9-1+2.3 

.0658 

.208 
10 

1+2.90 
1+3.34+2.1+ 

.0925 

.262 
8 

1+2.99 
1+3.3-1+2.6 

.0808 

.256 
10 

1+2.98 
1+3.2-1+2.7 

.0533 

.151 
8 

1+3.23 
1+3.1+-1+3.0 

.0533 

.151 
8 

7 

X 

R 

sx s 
n 

1+2.89 
1+3.1-1+2.7 

.01+27 

.128 
9 

1+3.09 
1+3.3-1+2.7 

.071+3 

.210 
8 

1+3.26 
1+3.5-1+2.8 

.071+6 

.236 
10 

1+3.1+2 
1+3.7-1+3.2 

.0750 

.181+ 
6 

1+3.19 
1+3.5-1+2.8 

.0875 

.21+8 
8 
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TABLE 17. CTM data for pond-summer fish for seven days at five acclimation temperatures one-half de-
gree apart in the upper range of acclimation; August 25 - September 1, 1959. 

ACCL. A C C L I I i A T I 0 N T E 1 I P E R A T U R E S  
TIKE 
(DAYS) 3l*.0° C. 31*.5° C. 35.0° c. 35.5° c. 36.0° C. 

0 

X 

R 
s-

X s 
n 

1*0.26° C. 
1*0.1*4*0.0 

.01*62 

.131 
8 

1*0.26° C. 
1*0.1*-1*0.0 

.01*62 
.131 

8 

1*0.26° C. 
1*0.1*4*0.0 

.01*62 

.131 
8 

1*0.26° C. 
1*0.1*-1*0.0 

.01*62 
.131 

8 

1*0.26° C. 
1*0. I*-1*0.0 

.01*62 

.131 
8 

2 

X 

R 
sx 
s 
n 

1*2.33 
1*2.7-1*1.6 

.111* 

.359 
10 

1*2.1*3 
1*2.7-1*2.1 

.0823 

.233 
8 

1*2.78 
1*3.0-1*2.5 

.0597 

.169 
8 

1*2.70 
1*3.0-1*2.1 

.117 

.330 
8 

1*2.99 
1*3.3-1*2.1* 

.0889 

.281 
10 

It 

X 

P. 
s-

X s 
n 

1*2.89 
1*3.1-1*2.5 

.0528 

.183 
12 

1*2.85 
1*3.2-1*2.6 

.0653 

.185 
8 

1*3.09 
1*3.1*-1*2.8 

.Ooll* 

.222 
13 

1*3.16 
1*3.5-1*2.7 

.0587 

.212 
13 

1*3.12 
1*3.5-1*2.7 

.0816 

.258 
10 

5 

X 

R 
sx s 
n 

1*2.78 
1*3.14*2.1* 

.0670 

.232 
12 

1*3.07 
1*3.2-1*2.8 

.0526 

.158 
9 

1*3.09 
1*3.1*-1*2.6 

.0822 

.260 
10 

1*3.28 
1*3.6-1*3.0 

.0667 

.211 
10 

1*3.08 
1*3.3-1*2.5 

.0715 

.226 
10 

7 

X 

R 
s-

X s 
n 

1*2.73 
l*3.3-la.8 

.181* 

.520 
8 

1*2.1*9 
1*3.1-1*2.2 

.128 

.339 
7 

1*3.08 
1*3.7-1*2.1* 

.11*2 

.1*02 
8 

1*2.65 
U3.3-U2.0 

.111 

.1*28 
15 



TABLE 18. CTM data for source-winter fish for four and one-half days at five acclimation teircpera-
tures one-half degree apart in the upper range of acclimation; December 2i*-29t 1959. 

ACCL. A C C L I M A T I  ON T E M P E R A T U R E S 
TIME 
(DAYS) 3U.00 C. 3h.f C. 35.0° C. 35.5° c. 36.0° C. 

2 

X 

R 
sx 
s 
n 

U2.ll0 C. 
2*2.5-ia.6 

.0955 

.302 
10 

1*2.13° C. 
l*2.3-la.9 

.081*1* 

.267 
10 

1+2 .ia° c. 
U2.8-U2.1 
.07 1+0 
.21*6 

11 

1*2.20° C. 
l|2.8-la.3 
.167 
.529 

10 

1*2.80° C. 
1*3.0-1*2.5 

.0556 

.176 
10 

3 

X 

R 
sx 
s 
n 

1*2.30 
2+2.8 -la. 9 

.0987 

.312 
10 

1+2.1+5 
1+3.1-1+2.0 

.101 
.336 

11 

1+2.50 
1+2.9-1+2.0 

.081*1* 
.267 

10 

1+2.65 
1*3.3-1+2.1 
.106 
.336 

10 

1*2.72 
U3.2-1*2.1 

.108 

.31+2 
10 

h.$ 

X 

R 
sx 
s 
n 

1*2.1*6 
1*2.9-111.9 
.108 
.3U2 

10 

ii2.7U 
1+3.3-1*2.1 

.125 

.395 
10 

U2.76 
1*3.2-1*2.3 
.0826 
.286 

12 

1+3.08 
1*3.2-1*2.9 

.0705 

.na 
1+ 

1+2.95 
1+3.3-1+2.5 

.107 

.283 
7 



TABLE 19. CTM data for pond-winter fish for five days at five acclimation temperatures one-half de-
gree apart in the upper range of acclimation; January 1-6, I960. 

ACCL. A C C L I M A T I  O N  T E M P  E R A T U R E S  
TIME 
(DAYS) 3U.0° c. 3U.5° c. 35.0° C. 35.5° c. 36.0° C. 

2 

X 
R 
s-
sx 

n 

1+1.68° C. 
1+2.2-1+1.3 

.108 

.307 
8 

111.73° C. 
1+2.0-1+1.3 

.0901+ 

.256 
8 

Il2.32° C. 
U2.U-U1.8 

.081+5 

.239 
8 

1+2.33° c. 
1+2.5-1+1.3 
.0867 
.27il 

10 

ia.3ii° c. 
1+2.3-39-3 

.333 

.998 
9 

3 

X 
R 
s2 
s 
n 

1+1.86 
1+2.14+1.5 

.0816 

.239 
8 

111.93 
1+2.14+1.8 

.0378 

.107 
8 

U2.18 
1+2. >+-1+1.8 

.0756 

.211+ 
8 

U2.1il 
Ii2.6-!i2.1 

.0706 
.200 
8 

U 

X 

R 
sx 
s 
n 

U2.ll 
1+2.1+-1+1.8 

.0756 

.21U 
8 

U2.52 
1+2.8-1+2.1 

.0823 

.233 
8 

1+2.89 
1+3.0-1+2.8 

.0296 

.0838 
8 

I12.8I1 
1+3.0-1+2.6 

.01+62 

.131 
8 

5 

x 

R 
sx 
s 

n 

1+2.27 
1+2.3-111.8 

.0861+ 

.273 
10 

1+2.81i 
1+3.1-1+2.5 

.0763 

.229 
9 

1+2.63 
l+3.1-li2.2 

.100 

.316 
10 

1+2.72 
1+3.2-1+2.2 

.101 

.319 
10 
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Effect of Season on CTM 

With only a few exceptions the CTM from 34.0° C. 

acclimation were the lowest of any for the five acclimation 

temperatures used. As shown below in Tables 21 and 22 

(Fig. 12), the other four acclimation temperatures have CTM 

which form a level plateau between 34.5 and 36.0° C. accli

mation viiere fish did not survive beyond two days and their 

CTM on the second day was the lowest for that day. Thus, 

in winter, the CTM plateau not only drops 0.3° C., but 

the plateau shifts to the left 0.5° C. lower in acclimation 

temperature. 

Both graphs for winter data show a slower initial 

acclimation rate and require longer acclimation time than 

those for summer, the value for minimum acclimation time 

in summer being between one and two days, while that for 

winter is about four days. In winter the source fish show 

approximately twice the initial rate of acclimation as the 

pond fish, but after two days they are the same. At four 

to five days there are no significant differences in CTM 

at either season for acclimation temperatures above 34.0° C. 

This indicates that fish of the same genotype, may when 

exposed to the same high acclimation temperatures, reach 

the same new level of tolerance, but in the process they 

respond with different rates of adjustment depending on 

their recent thermal history. Thus, differences in natural 

environments primarily affect the rate of adjustment to 
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stress, rather than the final degree of resistance that the 

animal achieves. The latter is probably more affected by 

photoperiod or seasonal variables in addition to temperature. 

The CTM for fish acclimated to field conditions was 

nearly the same for both habitats in summer but differed 

by more than two degrees in winter. It is of interest that 

in the constant temperature habitat (source) a seasonal 

difference in the field CTM of 1° C. between summer and 

winter was found. After acclimation to the same acclima

tion temperatures in the laboratory (35° - 36° C.), a 

significant difference of 0,3° C. prevailed between the 

CTM values for the two seasons, thus revealing a seasonal 

difference in thermal tolerance due to acclimation factors 

other than temperature. Photoperiod seems the most likely 

factor involved in this difference, in view of the otherwise 

constant conditions of the natural spring (Table 1), as well 

as the already determined role of light during thermal 

acclimation (Hoar, 1955, 1956; Roberts, I960; Hutchison, 

1961). Further experimentation involving light as an 

exteroceptive factor is indicated for this species. 

In Fig. 11 the CTM trends of Fig. 10 are super

imposed to facilitate close comparison, where in general 

a 0.3° C. difference in means of the CTM is a significant 

difference. The greatest similarity between two groups is 

that which occurs in summer between source and pond (Fig. 

11A). The greatest difference occurs in pond data between 
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summer and winter (Fig. 11D). In no cases do the CTM of 

two groups follow statistically the same paths during the 

first three days of acclimation, and yet on the fourth and 

fifth days both habitats give the same results at each of 

the two seasons. The greatest difference in rate of accli

mation occurring in the first two days is found in winter 

data between the source and pond CHI, where the pond rate 

is only about half that of the source for four days prior 

to this experiment. Fig. 11C shows the narked difference 

in acclimation response with season when fish from the same 

constant temperature in nature are exposed to the same 

laboratory acclimation temperatures at different seasons. 

A striking feature is that acclimation to plateau tempera

tures is complete in less than two days in summer, while it 

takes four days in winter, and the final winter value of 

CTM is significantly lower than for summer. 

Since the foregoing analysis in Fig. 10 and 11, 

which is based on the data in Tables 13 through 19, and the 

summary of these in Tables 20, 21, and 22, shows that accli 

mation is complete only after four to five days, the four 

and five day acclimated data from the above tables were com 

bined in Table 22. From this table Fig. 12 was constructed. 

A significant statistical difference is indicated 

between summer and winter CTM for both habitats, but there 

is no difference in CTM from constant and variable tempera

ture habitats for a given season. Thus, the difference 
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TABLE 20. Summary of winter data from both source and pond. Data are 
given with CTM summarized from Tables 18 and 19. The start 
indicates the field CTM for the source sample; start for the 
pond sample is CTM after preacclimation (Table ll*). 

ACCL. ACCLIMATION TEIiPERATURE 
HAKE TAT TIME 

(DAIS) 3ii.0° C. 31*.5° c. 35.0° c. 35.5° c. 36.0° C. 

START 39.3+0.06 
(13) 

39.3+0.06 
(13) 

39.3+0.06 
(lS) 

39.3+0.06 
(iS) 

39.3+0.06 
(l£") 

1 l*o.3+0.05 
m 

1*0.9+0.11 
(9) 

ill.1+0.05 
(ll) 

POND 
DATA 

2 

3 

111.7+0.11 
(H) 

la. 9+0.08 
m 

111.7+0.09 
(B) 

1*1.9+0.01* 
(V) 

1|2.3+0.08 
CH) 

l|2.2+0.08 
(ff) 

1|2.3+0.09 
(10) 

U2.U+0.07 
(F) 

1*1.3+0.33 
(9)  

1* 1*2.1+0.08 
(*) 

1|2.5+0.08 
(H) 

1*2.9+0.03 
(H) 

1*2.8+0.05 
(H) 

5 1*2.3+0.09 
(10) 

1*2.8+0.08 
(9)  

1*2.9+0.10 
(10) 

1*2.7+0.10 
(10) 

START 39.5+0.15 
(2?) 

39.5+0.15 
(2?) 

39.5+0.15 
m 

39.5+0.15 
(2?) 

39.5+0.15 
m 

1 1*2.1+0.08 
(12) 

1|2.2+0.11 
(13) 

1*2.5+0.09 
(&) 

SOURCE 
DATA 

2 1*2.1+0.10 
(10) 

li2.2+0.08 
(10) 

U2.U+0.07 
(11) 

1*2.2+0.17 
(10) 

1*2.8+0.06 
(10) 

3 1*2.3+0.10 
(10) 

1*2.5+0.10 
(11) 

1|2.5+0.08 
(10) 

1*2.7+0.11 
(10) 

1*2.7+0.11 
(10) 

1*.5 U2.5+0.11 
(1*5) 

1*2.7+0.13 
(10) 

1*2.8+0.08 
(1?) 

1*2.8+0.05 
(IH) 

1*2.9+0.11 
(7)  
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TABLE 21. Summary of summer CTM data for both source and pond fish. 
CTM are summarized from Tables 16 and 17. The initial CTM 
are those for fish directly from the field. 

ACCL. ACCLIMATION TEMPERATURE 
HABITAT TIME 

(DAYS) 3l*.0° C. 3U.5° c. 35.0° C. 35.5° c. 36.0° C. 

START 1*0.3+0.05 
CB) 

Uo.3+0.05 
(S) 

Uo.3+0.05 
m 

U0.3+0.05 
(B) 

U0.3+0.05 
CB) 

1 1*2.0+0.06 
(10) 

U2.6+0.07 
(11) 

U2.U+0.05 
(10) 

POND 
DATA 

2 

h 

U2.3+0.11 
(10) 

U2.9+0.05 
(1?) 

U2.U+0.08 
(B) 

U2.9+0.07 
CB) 

JU2.8+0.06 
03) 

U3.1+0.06 
(13) 

U2.7+0.12 
(B) 

U3.2+0.06 
(13) 

U3.0+0.09 
(10) 

U3.1+0.08 
(10) 

5 U2.8+0.07 
(1?) 

U3.1+0.05 
( 9 )  

U3.1+0.08 
(10) 

U3.3+0.07 
(10) 

U3.1+0.07 
(10) 

7 U2.8+0.18 
(E) 

U2.5+0.13 
( 7 )  

U3.l+o.lU 
CB) 

U2 .7+0.11 
(15) 

START UO.5+0.08 
(i5) 

Uo.5+o.o8 
(15) 

U0.5+0.08 
(l&) 

UO.5+0.08 
(l5) 

Uo.5+0.08 
(15) 

1 U2.2+0.09 
(B) 

U2. 5+0.07 
( 9 )  

U2.7+0.08 
(10) 

U2.8+0.07 
( 9 )  

U2.8+0.08 
(15) 

2 U3.1+0.06 
(10) 

U2.9+0.06 
(&) 

U3.0+0.09 
( 9 )  

U3.0+0.05 
(B) 

U3.3+0.07 
(10) 

SOURCE 
DATA 

3 1*3.0+0.10 
(10) 

U3.2+0.05 
(1?) 

h U2.7+0.06 
(10) 

U3.1+0.08 
(*) 

U3.3+0.07 
( 9 )  

U3.2+0.07 
( 9 )  

U3.1+0.07 
(*) 

5 U2.6+0.07 
(10) 

142.9+0.09 
CB) 

U3.0+0.08 
(10) 

U3.0+0.05 
(H) 

U3.2+0.05 
(B) 

7 U2.9+0.0U 
(9 )  

U3.1+0.07 
(B) 

U3.3+0.07 
(10) 

U3.U+0.08 
(5) 

U3.2+0.09 
(*> 



TABLE 22. Summary of data for four and five day acclimation in which pond and source values are combined to 
give seasonal comparisons. Data graphed in Fig, 12, 

ACCL. 
TEKP. 
(°c.)  

W I N T E R  S U M M E R  ACCL. 
TEKP. 
(°c.)  

SEASONAL 
POND SOURCE MEAN 

SEASONAL 
POND SOURCE MEAN 

3l*.0 

x 1)2,22° C. 1*2,1*6° C. 1*2,31° C. 
R 1*2.84*1.8 1*2.5-1*1.9 1*2.94*1,0 
s- .060 .108 .059 
Sx .251* .31*2 .311 
n 18 10 28 

1*2.83° c. 1*2.65° C. 1*2,75° C. 
1*3,1-1*2.1* 1*3,0-1*2,3 1*3.14*2,3 

,01*3 .01*3 .03U 
,213 .193 .222 

21* 20 1*1* 

3U.5 

x 1*2.71 1*2.71* H2.13 
R 10.1-1*2.1 1*3.3-1*2.1 1*3.3-1*2.1 
s- .068 .125 .062 
sx .281 .395 .321 
n 17 10 27 

1*2.56 1*2.98 1*2.97 
1*3,2-1*2.6 1*3.3-1*2.1* 1*3.3-U2.1* 

.Cl*9 .062 .039 

.200 ,21*7 ,222 
17 16 33 

35.0 

x 1*2.77 1*2,76 1*2.77 
R 1*3.1-1*2.2 1*3,24*2.3 1*3,2-1*2.2 
s- .061* ,083 .050 
s .272 .286 ,273 
n 18 12 30 

1*3.09 1*3.H* 1*3.11 
1*3.1*-1*2.6 1*3.6-1*2.6 1*3.6-1*2,6 

,01*9 ,065 .01*0 
,229 .285 .256 

23 19 1*2 

35.5 

x 1*2.79 1*2.82 1*2,81 
R 1*3,2-1*2,2 1*3.1-1*2.5 1*3.2-1*2.2 
s- .060 .051 .052 
s .256 ,191 ,296 
n 18 ll* 32 

1*3.21 H3.09 1*3.16 
1*3.6-1*2.7 1*3.1*-1*2.7 1*3.6-1*2.7 

.01*5 .051 .035 

.209 .212 ,220 
23 17 1*0 

36.0 

x 1*2.81* 1*2,81* 
R 1*3.3-1*2.1 1*3.34*2.1 
s- .081 .081 
sx .332 .332 
n 17 17 

1*3.10 1*3.19 1*3.H* 
1*3.54*2.5 1*3.1*4*2.8 1*3,5-1*2.5 

,052 ,01*1* ,036 
,230 ,177 .211* 

20 16 36 
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that existed in tolerance due to different field conditions 

at the beginning of the experiment were erased by the labora

tory acclimation methods, leaving only the long-range 

seasonal influences of the natural environment responsible 

for differences in laboratory CTM. 

A definite CTM plateau in summer between 35.0° and 

36.0° C. is supported by an analysis of variance where the 

test shows homogeneity of the CTM for 35.0° through 36.0° C., 

but does not show homogeneity if the CTM for 34.5° C. 

acclimation is included. In winter, however, analysis of 

variance shows a plateau between 34.5° and 36.0° C. accli

mation (with the exception of the pond CTM for 36.0° C., 

which sample died before complete acclimation occurred). 

Therefore, as -previously mentioned, there is a one-half 

degree centigrade (ca. 1° F.) shift to the left in the CTM 

plateau with respect to acclimation temperature in winter 

for both habitat population, as well as a 0.3° C. drop in 

CTM plateau. 

Interrelationships of CTM, Acclimation, 

Time, And Acclimation Temperature 

Fig. 13, constructed from data in Tables 7, 13 through 

19, 21, and 22, shows the relations of CTM, resistance-time, 

and minimum acclimation time to acclimation temperature. 

Each Dice-Leraas graph represents the maximum CTM for the 

acclimation temperature shown within it at the minimum 

acclimation time required to attain it. The lines associated 
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T I M E  ( d a y s )  

13. Interrelationship of CTK, acclimation temperature, minimum 
acclimation time, and resistance-time. Acclimation tempera
tures (horizontal lines 30° - 3o° C.) terminated by resistance-
time (upper dashed curve, 36o . 3^0 c.). CTK placed on line 
where maximum value first occurs (minimum acclimation time, 
projected on acclimation temperatures below). Stipled area 
around minimum acclimation time line is statistical error 
(before) and seasonal variation (after). 
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with them are the paths taken by the CTM during acclimation. 

The horizontal lines in the lower part of the figure 

are the constant acclimation temperatures used for the CTM 

arrayed above. Ilesistance-time is shown as the sloping 

curve terminating the upper five acclimation temperatures. 

The downward sloping dashed line is minimum acclimation 

time determined by the time at which the CTM level off for 

each given acclimation temperature. The stippled area in 

front of the minimum acclimation time line indicates the 

statistical uncertainty as to when acclimation is actually 

complete, while the stippled area behind the minimum accli

mation line is the uncertainty due to seasonal effects. It 

is seen that the statistical and seasonal uncertainties 

become greater at lower acclimation temperatures. 

The highest CTM occur for acclimation temperatures 

just below those at which minimum acclimation time and 

resistance-time coincide, i.e., at the highest acclimation 

temperatures which permit complete acclimation before death. 

The existence of a CTM plateau above 34.5° C. acclimation 

(Fig. 13) indicates an acclimation region of special 

physiological interest, suggesting, an area bounded by 

discrete or abrupt discontinuities in key physiological 

mechanisms of adjustment. 



DISCUSSION 

m the preceding twenty-two tables and their 

accompanying figures the emphasis in experimental design 

has been on the analysis of important variables involved 

in measuring maximum temperature tolerance, Host of the 

experiments have succeeded in either eliminating certain 

factors as variables or in evaluating their relative effect 

on maximum tolerance Measurements. In addition, several 

fundamental relationships of maximum tolerance measurement 

methods, maximum temperature tolerance values, acclimation 

temperature, and acclimation time have been considered. 

Therefore, having carried the role of analytical design 

and experiment to a temporary vantage position in this 

study, an attempt is now in order to form a more generally 

meaningful synthesis of the information so far derived. 

Since maximum tolerances are the primary concern of this 

study, the synthesis will consist predominately of summer 

data, which when graphed as shown (Figs. 10, 11, and 12) 

is seen to be significantly higher than winter data (Hoar, 

1955; Hart, 1952), all laboratory conditions being com

parable. 

Inspection of Fig. 13 indicates that the data in

volves three fundamental variables, even thougi the graph 

is only two dimensional. Therefore, Fig. 14 has been 

designed to present more conceptually the data of Fig. 13 

in terms of three dimensions--CTH, acclimation temperature, 
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and time. The CTM is expressed as a dependent variable which 

varies as a function of the two independent variables of 

acclimation temperature and tine. The area bordered by the 

dashed line is the plane of the independent axes. All of 

the solid lines, with the exception of the axes, indicate 

the paths of the CTM with time along one degree intervals 

of acclimation temperature. Thus,4 CTM is portrayed as a 

surface of maximum temperature tolerance over a ten day 

period of exposure to the high acclimation temperatures 

shown, interrupted by the curved line of longest resistance-

time. This then is the upper boundary surface of maximum 

physiological adjustment and function for temperature 

stressors of a constant nature. 

Four distinct areas forming this surface include, 

an area in which physiological adjustments are taking place 

at a maximum rate (A), an area where resistance has been 

achieved and is being maintained at a constant level linear

ly proportional to the degree of thermal stress or acclima

tion temperature (B), an area in which further increase in 

acclimation temperature does not increase resistance, i.e., 

the CTM plateau (C), and an area in which the thermal 

stress is too intense for the maintenance of life (D). 

That these regions are clearly distinguishable is 

shown by the linear slopes, level plateau, and sharp dis

continuities in Figs. 1, 4, 5, 7, 12, and 13. The degree of 



seasonal effect and statistical uncertainty on the slope and 

size of area A is shown in Figs. 10, 11, 12, and 13. From 

these it seems clear that while the shape of the CTM surface 

is definite at any one season, the relative sizes of A, B, C, 

and D and the particular slope of A will vary considerably. 

Therefore, when attempting to compare the tolerances of any 

two populations by measuring a limited number of CTM's, 

it must be determined in which of the four areas the CTM's 

occur. Hie measurements would not be valid if the CTM's 

of the two populations were not from the same respective 

positions on the CTM surface. Since the plateau (area C) is 

the highest tolerance for the population (Fry, Brett, and 

Clawson, 1942; Gibson, 1954; Brett, 1956; Hutchison, 1961), 

and since it is easy to locate using the procedure in Figs. 

5 and 6, this would be a convenient and reliable standard 

of comparison for genetic tolerance limits. The results 

would not only be the relative levels of tolerance, but the 

comparative breadth or slope of tolerance over acclimation 

temperature as well, both of which have important survival 

values in nature (Brett, 1959; Lowe and Heath, 1962). 

In addition to the CTM surface having interesting 

implications as to the presence of key, discontinuous 

mechanisms of adjustment, as well as usefulness in making 

genotypic comparisons, it also indicates some important 

ecological factors. Area A shows the fastest rate at which 

the organism can adjust to a major change in the thermal 
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environment in terms of hours or days; this is a time-rate 

limit, probably of major importance in the spring of the 

year, especially in the desert when sudden natural thermal 

changes do occur (Lowe and Heath, 1962). The slope of area 

B gives the relative importance of acclimation temperature 

in raising the CTM; a gradual or minimum slope would reflect 

broadest tolerance characteristics. Area C is the upper 

limit for the fully acclimated organism, temperatures above 

which will kill the organism immediately; to survive 

temperatures above these requires the longer process of 

natural selection and adaptation (true or genetic physi

ological adaptation) operating on the population. It is 

well known that temperatures below the CTM plateau will 

also be lethal if the duration spent at them is suffi

ciently long; the line of demarcation for area D indicates 

the discrete boundary between survival and death at sub-

plateau temperatures. The relative dimensions of these 

tolerance features indicate the survival characteristics 

determined by the genotype. 

Considerable attention has been given to the methods 

of temperature tolerance measurements by previous authors 

(cited above, and others), as well as that in the present 

work. Those working with fishes have used resistance-time, 

while those working with amphibians and reptiles have em

ployed the CTM, with few exceptions. In part this may be 
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due to the early adoption by workers with fish of pharma

cological methods such as LD5Q, probit analysis, and other 

non-parametric statistics better suited to resistance-time 

(Bliss, 1935, 1937; de Beer, 1945), a poorer response of 

some amphibians and reptiles to resistance-time (Hutchison, 

1961), and the usually more ready availability of large 

numbers of fish of most species for such methods compared 

to the often greater scarcity of amphibians and reptiles. 

As a result, the only form of temperature tolerance data 

for fishes is resistance-time (Fry, et al., 1946; Hart, 

1952; Brett, 1952; Spector, 1956; etc.), and no recently 

published work on fishes has employed CIM (except Lowe and 

Heath, 1962). Further, statements in the literature (by 

investigators of fishes exclusively employing resistance-

time) strongly suggest that the CIM is a questionable value 

(Fry, 1947, 1957). 

In final view the measurement of temperature 

tolerance can take but two forms. It is either an exposure 

time at a high temperature (resistance-time) or a maximum 

temperature reading (critical thermal maximum). Neither 

is considered a function of the other, but rather, each 

is a function of both acclimation temperature and the 

acclimation time (i.e., thermoperiod), providing other 

experimental variables are standardized or evaluated in some 

way. Data in this wDrk and elsewhere indicates that each 

measurement has its own advantages, and thus, a dichotomous 
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preference of one over the other will undoubtedly preclude 

accumulation of valuable information. 

The main consideration behind measuring maximum 

tolerance for the Monkey Spring population has been its 

utility in comparing genetically controlled limits in 

different populations. Thus, to determine whether natural 

selection for temperature tolerance has occurred and caused 

different values in different isolated populations, a 

laboratory method of measuring tolerance must first be 

shown to be independent of natural environmental variations. 

By obtaining the same plateau values of CTX at both the 

source and pond at Monkey Spring for a given season, the 

above requirement has been fulfilled. Differences in CTK 

plateau values for different isolated populations should 

therefore be interpreted as genetic differences providing 

that the seasonal and experimental variables are properly 

evaluated. Future comparisons in populations of Poecili-

opsis are intended. 

SUMMARY AND CONCLUSIONS 

Studies were conducted to determine the degree to 

which genetic limits of tolerance are affected by physio-

ecological interaction in Poeciliopsis occidentalis in 

southern Arizona. 

When the critical thermal maximum is expressed as 

a function of acclimation time and acclimation temperature, 



a three dimensional surface results with four character

istic areas defined, each having specific physiological and 

behavioral characteristics associated with it. It is 

possible to measure maximum values of CTM and resistance-

time which, when water quality, season, food, and acclima

tion are standardized, can be repeated and can be con

sidered genetically limited values. These are comparable 

indices for isolated breeding populations. 

The maximum value of the CTM of Poeciliopsis 

occidentalis occurs as a plateau over the acclimation 

temperatures 34.5° to 36.0° C., and has the magnitude of 

43.15 + 0.07° C, in summer (i.e., June through September 

at Monkey Spring). Hie maximum value for resistance-time 

occurs at 35.0 to 35.5° C. and is a peak, not a plateau, 

and has the magnitude of approximately 21 hours at 38° C. 

Habitat (i.e., constant temperature spring source 

vs. variable temperature pond) had no effect on the maximum 

tolerances obtained in the laboratory at a given season. 

Season affected the maximum value of CTM but not of 

resistance-time after laboratory acclimation. The CTM 

plateau in winter was ca. 0.3° C. lower than in summer and 

occurred at acclimation temperatures 0.5° C. lower in winter 

than in summer. 

Preacclimation, sex, size, and fish concentration 

showed no effect on the maximum values of temperature 

tolerance., Water quality had a pronounced effect with 50% 
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or higher concentration of natural habitat spring water 

resulting in the same maximum temperature tolerance values. 
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