
THE ECOLOGY AND THERMAL PHYSIOLOGY OF GAMBUSIA
AFFINIS FROM A HOT SPRING IN SOUTHERN ARIZONA

Item Type text; Dissertation-Reproduction (electronic)

Authors Winkler, Paul

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:30:48

Link to Item http://hdl.handle.net/10150/288037

http://hdl.handle.net/10150/288037


INFORMATION TO USERS 

This material was produced from a microfilm copy of the original document. While 

the most advanced technological means to photograph and reproduce this document 

have been used, the quality is heavily dependent upon the quality of the original 

submitted. 

The following explanation of techniques is provided to help you understand 

markings or patterns which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 

photographed is "Missing Page(s)". If it was possible to obtain the missing 

page(s) or section, they are spliced into the film along with adjacent pages. 

This may have necessitated cutting thru an image and duplicating adjacent 

pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black mark, it 

is an indication that the photographer suspected that the copy may have 

moved during exposure and thus cause a blurred image. You will find a 

good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 

photographed the photographer followed a definite method in 

"sectioning" the material. It is customary to begin photoing at the upper 

left hand corner of a large sheet and to continue photoing from left to 

right in equal sections with a small overlap. If necessary, sectioning is 

continued again — beginning below the first row and continuing on until 

complete. 

4. The majority of users indicate that the textual content is of greatest value, 

however, a oomewhat higher quality reproduction could be made from 

"photographs" if essential to the understanding of the dissertation. Silver 

prints of "photographs" may be ordered at additional charge by writing 

the Order Department, giving the catalog number, title, author and 

specific pages you wish reproduced. 

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 

received. 

Xerox University Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 



I 

73-19,134 

WINKLER, Paul, 1940-
THE ECOLOGY AND THERMAL PHYSIOLOGY OF GAMBUSIA 
AFFINIS FROM A HOT SPRING IN SOUTHERN ARIZONA. 

The University of Arizona, Ph.D., 1973 
Zoology 

i 

University Microfilms, A XEROX Company , Ann Arbor, Michigan 

© COPYRIGHTED 

BY 

PAUL WINKLER 

1973 

iii 

THIS DISSERTATION HAS BEEN MICROFLIMED EXACTLY AS RECEIVED 



THE ECOLOGY AND THERMAL PHYSIOLOGY 

OF GAMBUSIA AFFINIS FROM A HOT SPRING 

IN SOUTHERN ARIZONA 

by 

Paul Winkler 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF BIOLOGICAL SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN ZOOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 3 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Paul Winkler 

entitled THE ECOLOGY AND THERMAL PHYSIOLOGY OF GAMBUSIA AFFINIS 

FROM A HOT SPRING IN SOUTHERN ARIZONA. 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

J973 
Dissertation Director Date 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance: 

f/'^tU i. a 

r.e 

/I U ; . C 
{//Jo 

JJ123 
/s. {<713 

/?>' D/J /? 7 3 
F?/->.m , /v 7'i 

This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfill
ment of requirements for an advanced degree at The University 
of Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate acknowledg
ment of source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or 
in part may be granted by the copyright holder. 

signed: 



ACKNOWLEDGMENTS 

For the open-minded evaluation of the original experimental de

sign, the constant stimulation and interest afforded while the data was 

gathered, to the synthesis of information brought to bear on the final 

results and conclusions of this research project, I would like to thank 

Dr. Donald A.Thomson. His devotion to the study of fishes is easily 

communicated to graduate students working in close association with him. 

Dr. Charles H. Lowe was instrumental in the development of my 

interest in thermal physiology and the theoretical aspects of popula

tion ecology. This project was begun in the continued pursuit of infor

mation concerning the nature of thermal acclimation in field popula

tions of poikilotherms originally elucidated by Dr. Lowe and his stu

dents . 

For the close exchange of thermal tolerance data, a comparison 

of methods and the discussion of fruitful avenues of research, I am 

indebted to Dr. William H. Eger. Walter Bulmer "discovered" Mammoth 

Hot Spring and helped with the original evaluation of the CTM method. 

Leon Howell designed some of the electronic systems used in the labora

tory habitats to control the temperature regime and water flow. I 

would also like to thank Dr. Elizabeth Stull for reviewing the manuscript. 

iv 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS vii 

LIST OF TABLES ix 

ABSTRACT x 

INTRODUCTION 1 

MAMMOTH HOT SPRING: THE STUDY SITE 4 

General Description of the Habitat 4 
Temperature Characteristics of the Stream 6 
Other Physical and Chemical Parameters 8 

FLORA AND FAUNA OF MAMMOTH HOT SPRING 12 

Aquatic Flora 12 
Aquatic Macroinvertebrates 12 
Vertebrates 16 
Discussion 17 

ECOLOGY OF GAMBUSIA AFFINIS IN MAMMOTH HOT SPRING 20 

General Distribution and Abundance 20 
Reaction of G_. affinis to a Thermal Gradient 21 
Size and Sex Ratio 22 
Movement Between Stations 24 
Aggression and Schooling 27 
Feeding 28 

TEMPERATURE P REFERENDUM OF GAMBUSIA AFF IN IS 32 

Field Selection 32 
Laboratory Selection 33 

Description of Apparatus . . 35 
Method of Measuring Temperature Selection 35 
Results 38 
Discussion 41 

FIELD MEASUREMENT OF THERMAL TOLERANCE ..... 45 

Development of a Method 45 

v 



vi 

TABLE OF CONTENTS —Con tinued 

Page 

Results from Fish Tested Immediately After Collection . . 47 
Field Method 47 
Seasonal and Daily Rhythm in Thermal Tolerance ... 49 
Discussion . . » 62 

Results From Fish Held Experimentally in the Field 
After Collection 63 
"Collection Shock" Theory vs. the Acclimation of 

Fish to a "Mean" Habitat Temperature 66 
Minimum Acclimation Time to Low Day Maximum 

Temperatures at Warm Stations 69 
Minimum Acclimation Time to high Day Maximum 

Temperatures at Warm Stations .......... 71 
Daily and Seasonal Fluctuation in Thermal 

Tolerance ........ 75 
Acclimation to Lower Temperatures 75 
Discussion 82 

LABORATORY MEASUREMENT OF THERMAL TOLERANCE 83 

Effect of Transport on Thermal Tolerance 83 
Reaction of G. affinis to General Laboratory Conditions. . 85 
Effects of Laboratory Parameters on Thermal Tolerance . . 87 

Culture Apparatus 87 
Type of Water » 88 

Thermal Tolerance as a Function of Acclimation Time ... 89 
Apparatus 89 
Acclimation of _G. affinis to a Constant 31°C .... 89 

Discussion 91 

DISCUSSION AND CONCLUSIONS: THERMAL TOLERANCE 96 

G. af finis in Mammoth Hot Spring 96 
General Applications 101 

Physiological and Behavioral Responses of Fishes 
to Field Thermal Conditions 101 

Transport of Fishes 102 
Laboratory Acclimation of Fishes 103 
Previous Thermal History of Field Population .... 104 
Prediction of Field Thermal Tolerance From 

Laboratory Data 105 

SUMMARY 107 

LITERATURE CITED 112 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Mammoth Hot Spring: the study site 5 

2. Winter and summer temperature variation along 
Mammoth Hot Spring 7 

3. Gambusia a. affinis from Mammoth Hot Spring 26 

4. Histogram of temperature selection in the field 34 

5. Temperature gradient design 36 

6. Dice-Leraas graphs . 50 

7. The effect of natural field acclimation on 
thermal tolerance 51 

8. The effect of unseasonably warm temperatures 
on thermal tolerance 53 

9. Fluctuation in thermal tolerance of Station 3 
fish throughout the day 55 

10. Fluctuation in thermal tolerance of Station 4 
fish throughout the day 56 

11. Fluctuation in thermal tolerance of Station 7 
fish throughout the day 57 

12. The effect of day maximum temperatures on 
thermal tolerance 59 

13. The effects of size and sex on thermal 
tolerance 61 

14. The effect of a rest period on thermal 
tolerance 65 

15. Normal relationship between thermal tolerance 
and field acclimation procedures 67 

16. Minimum acclimation time in the field to 
seasonable maximum temperatures . 70 

vii 



viii 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

17. Minimum acclimation time in the field to 
unseasonable maximum temperatures 72 

18. Acclimation of summer fish to maximum temperatures 74 

19. Fluctuation in thermal tolerance of Station 4 fish 
acclimated fully to maximum temperatures at 
Station 4 throughout the day 76 

20. The continued effect of day maximum temperatures 
on thermal tolerance 77 

21. The effects of acclimation at warmest and coolest 
habitats of Station 3 on thermal tolerance 78 

22. The effect of lower temperatures on thermal 
tolerance in the field 80 

23. The effects of thermal history on thermal 
tolerance in the field 81 

24. The effects of transport on thermal tolerance 84 

25. The effect of laboratory acclimation on thermal 
tolerance 90 

26. The effects of laboratory acclimation and thermal 
history on thermal tolerance 92 



LIST OF TABLES 

Table Page 

1. Dissolved oxygen content, temperature, and habitat 
description of Mammoth Hot Spring 9 

2. Chemical analysis of water from Mammoth Hot Spring 11 

3. The biota of Mammoth Hot Spring 13 

4. Mean standard lengths, sex-ratio, and percent occurrence 
of vertebral anomalies of G_. af finis in Mammoth 
Hot Spring 23 

5. Number of G. affinis recovered after injection of one 
hundred adult females each at Stations 1 and 2 25 

6. Food preference of G_. af finis from the warmest and 
coolest stations in Mammoth Hot Spring 29 

7. Temperature gradient distribution (in percent) of 
af finis from backyard ponds, acclimatized 

to spring temperatures (14° to 21°C) 39 

8. Temperature gradient distribution (in percent) of 
G. affinis from Mammoth Hot Spring 
acclimatized to spring temperatures (20° to 33°C) .... 39 

ix 



ABSTRACT 

Mammoth Hot Spring is a 750 ft. permanent stream with a winter 

temperature range of 41° to 0°C. Aquatic organisms show a gradual re

placement of species and increase in the number of individuals as 

cooler water is reached. 

Gambusia a. affinis, the western mosquito fish, is the only 

fish in the spring and ranges throughout the stream. In the warmer re

gions the female:male sex ratio was higher and individuals were smaller 

than shown by fish in the cooler areas. In the cooler waters the diet 

of G_. _a. af finis changes from a strictly herbivorous to a wholly carni

vorous one. 

The field temperature preferendum of C5. _a. af finis was deter

mined in two ways: first by observing the reaction of the entire popu

lation to temperature change along the stream, and secondly by an analy

sis of the time marked individuals spent at various temperatures in the 

warmest part of the stream. A laboratory temperature gradient was con

structed and the field temperature preferendum of 31°C was corroborated 

under laboratory conditions. 

A field method for measuring thermal tolerance was developed in 

which the resistance time (survival time) of fish to constant high 

lethal temperatures was recorded. With subsequent modification, this 

method proved to be quite sensitive and reproducible. A critique of 

other methods is offered. 

x 
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Under cyclic thermal conditions in the field, the thermal tol

erance of fish fluctuates with time and varies directly with the amount 

of time fish spent in warmer water. _G„ a. affinis behaviorally thermo-

regulates only during the daylight hours and such behavior has a .signif

icant effect on the physiology of the fish. Therefore,, these fish 

acclimate to a behaviorally modal temperature in the field and not the 

maximum temperature they experience. Fish display a short term, possi

bly metabolic, acclimation to maximum habitat temperatures within a few 

hours; whereas long term, possibly enzymatic, acclimation from winter 

to summer maximal temperatures may take about seven days. Both size 

and sex significantly affect the thermal physiology of Gambusia. 

Thermal tolerance may be drastically depressed by transport 

unless quite sensitive measures are taken to avoid vibration and water 

movement. General laboratory conditions also appear to depress thermal 

tolerance within the first ten days of acclimation. Sensitive and re

producible laboratory data may only be gathered when fish are acclimated 

in water transported from the collection site. Full acclimation to con

stant higher temperatures (31°C) continued after thirty days of acclima

tion in the laboratory even when this constant temperature was equal to 

the maximum habitat temperature from which the fish were collected. The 

thermal history of fish continued to significantly affect the results of 

thermal tolerance testing after seven day exposures to cyclic tempera

tures in the field and 35 to 60 day acclimation to 31°C in the labora

tory, The significance of these results are applied to the assumptions 

underlying most other thermal tolerance investigations. 



INTRODUCTION 

This dissertation may be roughly divided into three parts. The 

first part deals with the ecological study of a hot spring in southern 

Arizona, Mammoth Hot Spring. The physical and chemical properties of 

the water3 the biota present and the effects of such a thermal gradient 

on the population structure and behavior of Gambusia a_. affinis, the 

western mosquito fish, are discussed. 

The most comprehensive work on the fauna of hot springs in the 

United States was done by Brues (1928). As most other investigators, 

Brues limits himself to a discussion of the highest temperatures at 

which each organism was collected. In this study, an attempt was made 

to describe the distribution of each organism and to quantify the abun

dance of the benthic fauna. 

The second part consists of an analysis of the temperature pref-

erendum of Gambusia affinis as determined both in the field and in the 

laboratory. Field determinations of thermal preference are quite lack

ing in the literature, however many laboratory investigations have been 

completed using at time quite sophisticated temperature gradients (see 

Norris, 1963). However, this is the only study in which an attempt was 

made to correlate field and laboratory results. 

The third and most detailed section of the dissertation is con

cerned with the thermal physiology of Gambusia a_. af finis. All well 

controlled investigations of thermal tolerance have been done in the 

1 
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laboratory (for recent reviews see Brett, 1970 and Fry, 1971). A 

unique opportunity presented itself to observe the effects of field, 

transport, and laboratory parameters on the physiology (thermal toler

ance) of a population of fish apparently well able to withstand wide 

fluctuations in temperature. The first part of this section deals with 

the importance of selecting a sensitive and reproducible field method 

of measuring thermal tolerance. The thermal physiology of G_. a_„ affinis 

as a function of the thermal history and behavior of fish in the stream 

is discussed and compared to acclimation experiments performed in the 

field and in the laboratory. The major parameters affecting the ther

mal tolerance of this population are then elucidated and the applica

tion of results from this investigation to other populations of fishes 

is reviewed. 

Investigating metabolic differences in field populations of 

Crenichthvs and Cvprinodon n Sumner and Sargeant (1940) were the first 

investigators to attempt to measure a physiological variable (metabo-

lisni) in the field. They realized the importance of reproducibility of 

data and the standardization of a field method (death time in 0.001M 

KCL) with a laboratory method (oxygen consumption). 

In this study the same method was used both in the field and in 

the laboratory for measuring thermal tolerance. It soon became appar

ent that only an operational attitude would help free the research from 

bias. All operations performed on the fish by the researcher, as well 

as the field history of the fish, were assumed to be variables affect

ing thermal tolerance. In this way the effects of many variables other 
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than temperature on thermal tolerance were discovered. Only the most 

important of these are discussed here. 

Operationally defined, thermal acclimation is a physiological 

adjustment to the thermal regime under which an animal lives, and may 

be measured by thermal tolerance tests. Acclimatization is the com

bined effects of all field variables on thermal tolerance. Adaptation 

is the effect of gene change on thermal tolerance. The objectives of 

the study were to attempt to reproduce field thermal tolerance values in 

the laboratory, and to evaluate the effects of field, transport, and 

laboratory parameters on thermal tolerance. The thermal physiology of 

G. a. affinis is presented in a sequential order starting with the sim

plest observations and leading to the most complex. 



MAMMOTH HOT SPRING: THE STUDY SITE 

General Description of the Habitat 

The study area, which I refer to as Mammoth Hot Spring, 

is located on the 7B Ranch adjacent to River Road, 0.5 miles 

east of Mammoth, Pinal County, Arizona (T 8S, R 17E, Section 

32, United States Geological Surveys). The spring is an arte

sian aquifer sunk by the San Manuel Copper Company (Magma) about 

1900, in a dense stand of mesquite trees (mesquite bosque) on 

the floodplain of the San Pedro River at an elevation of 2450 ft 

Water at a constant 41.2°C flows at a rate of 7.8 1/sec. from a 

4 ft. vertical pipe, and collects in a shallow pool at the base 

the pipe forming a stream 700 ft. long in the summer, 1400 ft. 

long in the winter. This stream is nowhere deeper than one foot 

nor more than 40 ft. wide. 

On 1 May 1966, the stream course was abruptly changed 

(see Fig. 1). Therefore, only data concerning the feeding be

havior of Gambusia a., affinis and the invertebrate fauna of the 

last 50 ft. of the original stream (Station 0) will be used. 

Collecting stations at 50 ft. intervals were established along 

the new stream course, starting with Station 1, the source pond. 

The use of this interval was not an arbitrary decision, rather 

the stream itself early in its course, seemed to form areas of 



Figure 1. Mammoth Hot Spring: the study site. 

Stations indicated every fifty feet. Dotted line represents 
original stream flowing until 1 May 1966. 



Figure 1. Mammoth Hot Spring: the study site 
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lentic flow (slowly moving water) at about 50 ft. intervals, sep

arated by areas of lotic flow (quickly moving water). Stations 

6 to 13 however, represent a continuous series of larger pools 

whose boundaries merge, although the centers of these pools are 

roughly 50 ft. apart. 

During the summer months nearly the entire stream is shaded 

by overhanging mesquite, ash, and walnut trees, with the excep

tion of the largest pools represented by Stations 11 and 12. Be

cause of the high evaporation rate, the stream bed is dry be

yond Station 13. In the winter the stream flows about 700 ft. 

beyond Station 13, but no data have been gathered from this tem

porary drainage. Since mesquite, ash and walnut are deciduous 

trees, the entire stream receives more sunlight in the winter, and 

during the early hours before sunup, steam rises from the surface 

of Stations 1 to 9. 

Temperature Characteristics of the Stream 

Fig. 2 displays a typical winter and summer temperature 

gradient found along the stream. Temperatures recorded are the 

day maximum at each station. To avoid confusion, the highest 

temperature reached at any station is called the day maximum for 

that station. The highest temperature at the station just before 

sunrise (the time at which the lowest temperature may be recorded 

at any station) is called the night maximum. All temperatures were 

recorded by a rapid adjusting Schultheiss thermometer graduated to 



Figure 2. Winter and summer temperature variation along Mammoth Hot Spring. 

Temperatures recorded are the day maximum temperatures at each 
station taken in winter on 5 December 1966; in summer on 27 
July 1966. 
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0.2°C and calibrated to 0.1°C. Detailed records of daily and sea

sonal temperature fluctuations for each station will be presented 

later. In general, cooler water at any season may be found along 

the edge of each station, especially in winter. Warmest tempera

tures can be recorded from more lotic water in the middle of the 

stream, particularly at Stations 1 to 6. Warmer stations reach a 

day maximum earlier in the day than cooler stations. The great

est seasonal temperature fluctuation has been recorded from Station 

13 in the summer and along the edge of Station 1 in the winter. 

Other Physical and Chemical Parameters 

Besides temperature, perhaps the second most important 

abiotic factor regulating the distribution and abundance of fresh 

water organisms is dissolved oxygen. Table 1 represents the dis

solved oxygen content (measured by a Yellow Springs Oxygen Meter 

Model 51), temperature, and habitat description of various stations 

along the stream. Since dissolved oxygen content of water varies 

inversely with temperature, warmer stations, as expected, had a low

er dissolved oxygen content than cooler ones, however intermediate 

stations often had a higher oxygen content if the water was shaded 

and moving, e.g., Stations 3 and 4. 

Of immense interest is the fact that water flowing from the 

aquifer is relatively rich in oxygen (3.6 ppm). Several checks 

were made on this value using a modified Winkler method. All 

readings were very close to 3.6 ppm. Since the distribution and 



TABLE 1. Dissolved oxygen contect, temperature, and habitat description of Mammoth 

Hot Spring. — Oxygen and temperature recorded at the day maximum tem
perature at each station on 13 April 1967. 

Station Dissolved ^ 
Oxygen (ppm) 

Temperature 
(°C) 

Habitat Description 

Pipe 3.6 41.3 -

1 6.3 39.5 Source Pond 

2 6.6 39.5 Shaded Lotic 

3 7.8 36.0 Shaded Lotic 

4 10.7 34.8 Shaded Lotic 

5 7.1 33.3 Exposed Lentic 

6 6.9 32.5 Exposed Lotic 

7 8.4 31.8 Exposed Lentic 

9 12.6 28.2 Exposed Lentic 

11 10.2 27.3 Exposed Lentic 

13 11.3 25.2 Exposed Lentic 

All dissolved oxygen values are either at or above saturation values for the given 

water temperature. 



abundance of organisms in the field is usually directed by an in

teraction of several abiotic and/or biotic factors, it is always 

reassuring to eliminate one of them. The manner in which organisms 

have arranged themselves in Mammoth Hot Spring, then, is probably 

not the result of their interaction with oxygen concentration per se 

Table 2 represents the results of a water chemistry study 

of the stream, using Hach Chemical Kits. A Beckman Zeromatic pH 

meter was used to measure pH. The chemical properties of the water 

are normal for most cold water springs and stream drainages in the 

San Pedro Valley, with the exception of a quite high fluoride con

tent (10.0 ppm). Since most desert drainages display a high 

alkalinity, the pH of the stream also appears normal, with the ex

ception of a value of 9.8 at Station 6. A similar value was also 

recorded for Stations 7 and 8. 



TABLE 2. Chemical analysis of water from Mammoth Hot Spring. — Data gathered on 22 January 
1966 from original stream course. Values in ppm. 

Test Area of Stream Tested 

Pipe Station 1 Station 6 Station 11 

PH 8.1 8.4 9.8 8.7 

Alkalinity 85.5 85.5 85.5 85.5 

Acidity 0.0 0.0 0.0 0.0 

Calcium 34.2 34.2 34.2 34.2 

Silicon 20.0 - - 16.0 

Floride 10.0 10.0 8.0 8.0 

Chloride 350.0 350.0 350.0 350.0 

Iron 0.0 0.0 0.0 0.0 

Total Hardness 34.2 34.2 34.2 34.2 



FLORA AND FAUNA OF MAMMOTH HOT SPRING 

Aquatic Flora 

The bottom mat forming alga, Oscillatoria, dominates 

throughout Mammoth Hot Springs growing at temperatures from 41 

to 0°C (see Table 3). In the summer this blue-green alga is re

placed at Stations 7 to 13 by rooted aquatics. Spirogyra can be 

occasionally collected in the spring attached or floating at Sta

tion 1 up to 39°C; or attached to rooted aquatics. This alga was 

never dominant :'.n the stream. 

Aquatic Macroinvertebrates 

Table 3 lists the fauna of Mammoth Hot Spring collected 

from Stations 1, 4, 8, 11, and 0. Those insects living in the 

bottom mud were quantified by collecting by a jar with a mouth 

2 
area of 0.05m to 3 cm in depth and immediately washing the mud 

through a set of three U.S. Standard Sieves, the smallest sieve 

2 
opening being 0.1 mm (Sieve No. 18). The animals recovered were 

preserved in isopropyl alcohol, then identified and counted. No 

attempt was made to quantify those animals found by passing a dip 

net through rooted aquatics, or clinging to floating vegetation. 

I identified all forms using the taxonomic criteria of Usinger 

(1956) and Pennak (1953). 

The dominant members of the bottom community are the ten-

dipedid or midge larvae which are also the most difficult to identify. 

12 



TABLE 3. The biota of Mammoth Hot Spring.—Collections made during the winter and spring 
of 1965. 

ORGANISM STATIONS 

1 4 8 11 0 

FLORA 

Oscillatoria spp. occurs throughout stream 

Spirogyra spp. + - -

FAUNA 

INSECTS 

Hydroscaphidae-A 
Hydroscapha natans + - -

Stratiomyidae-L 
Hermione + - -

Hydrophilidae-A 
Tropisternis columbianus + - -
Helochares + - -
Neolrydrophilis-i - - -
Berosus-L - - + 

Tendipedidae-L ^ 
Pentaneura 1/0.1M„ - -
Pelopia 1/0.1M - 2 

Calospectra - 1/0.1M„ - „ 
Cryptochironomous - 6/0.1M 40/0.1M 
group 

,2 ,,,2 ,„2 
Tandipes group - 6/0.1M 40/0.1M 58/0.1M 
Tendipes sp. 



TABLE 3. Continued 

ORGANISM STATIONS 

1 

Dytiscidae-A 
Laccophilis terminalis + 
Laccophilis decipiens + 
Thermonectus marmoratus -

Halipidae-A 
Peltodytes callosus + 
Peltodytes-L -
Peltodytes simplex -

Coenagrionidae-N 
Telebasis salva-i + 
Ischnura ramburii 

credulo 
Nehalennia-i 

Libellulidae-N 
Tarnetrum 
Orthemis 

+ 
+ 

Baetidae-N 
Siphlonuras 

Notonectidae-A 
Notonecta shooteri 

Heleidae-L 
Palpomyia 

A eshnidae-N 
Aeshna multicolor 

11 0 

+ — 

+ — 

+ + 
+ 



TABLE 3. Continued 

ORGANISM STATIONS 

1 4 8 11 0 

VERTEBRATES 

Gambusia _a. affinis 
Rana pipiens-A 
Rana catesbiana-A 
Clemmys marmorata 
Thamnophis marcianus 

Florida caerule 

occurs throughout stream 
+ + 

one observation at Station 6 
Stations 3 and 7 

+ 
+ 

+ + 

either observed or collected N: 
neither observed nor collected i: 
adult „ 
larva #/0.1M : 

nymph 
encased in ice and subsequently 

revived upon thawing 
quantitative determination 

see text 
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Some of these larvae cannot, at present, be classified further than 

a group of genera. The Cryptochironomus group in Table 3 represents 

a larva which could be Cryptochironomus, Tomytarsus, or Polypedilum; 

the Tendipes group represents Tendipes, Gleptotendipes, or Hornischia, 

Tendipes sp. however, collected from Station 0, had certain charac

ters which enabled me to differentiate them from Tendipes group col

lected from Stations 8 and 11, 

Animals from Station 1 were collected from the source pond 

or along the shallow periphery of the pond. This station repre

sents the warmest habitat in the stream. Collections from Station 

A were only made below a small ripple zone to discover which midge 

larvae prefer warm flowing water. Both Stations 8 and 11 are large 

pools of still water; Station 8 was warm, Station 11 was cool. Sta

tion 0 was the only example of a 0°C pool in the history of the 

stream. All animals found encased in surface ice at this station 

subsequently revived upon thawing. 

Vertebrates 

Rana pipiens, the leopard frog, and Rana catesbiana, the 

bull frog are both found in abundance at Mammoth Hot Spring. A 

few young adults of R. pipiens may be found active throughout the 

year at Stations 1 to 6. In the spring and summer large numbers of 

adults and tadpoles of both species frequent the larger pools of 

Stations 8, 9 and 11. R. pipiens begins mating and egg laying 

quite early in the year. For example on 9 February 1967, eggs were 
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observed at Station 6 (15° to 26° C); and on 25 January 1972, several 

egg clusters were observed at Station 4 (25° to 36°C). 

The only aquatic reptile collected at Mammoth Hot Spring was 

one specimen of Clemmys marmorata, the Western Pond Turtle, on 12 

September 1965 from Station 6 at 31°C. For a few weeks each spring 

a little blue heron, Florida caerula. was seen feeding at Stations 

9 to 11. 

Gambusia affinis was the only fish in the stream. 

Discussion 

Of the four classically thermophilic dipteran families; 

Tendipedidae, Tabanidae, Stratiomyidae, and Ephydridae; all but one, 

the brine flies, Ephydridae, have been collected from Mammoth Hot 

Spring. Hermione, a stratiomyid and Tabanus were collected along 

the edge of the source pond in quite shallow water. The tendipedids 

can usually be found in the bottom mud although Pentaneura was re

covered from floating Spirogyra in Station 1. 

These ubiquitous midge larvae demonstrate a sequential in

crease in numbers and replacement of species along the stream. 

2 
Overall abundance (number/O.lM ) increases from 1 at Station 1, 6 

at Station 4, 40 at Station 8, to 58 at Station 11. Although a 

few Pelopia were collected from Station 11, this species and Penta

neura. both predaceous, dominate the midge fauna of Station 1. 

Calospectra appears more specialized, living under warm lotic water 

of Station 4 with Cryptochironomous group, the latter also abundant 



at Station 8. Tendipes group dominates the bottom mud of Stations 

8 and 11 while Tendipes sp. were found at Station 0. The reaction 

of populations of aquatic invertebrates to thermal gradients is 

generally unavailable in the literature where emphasis is placed on 

maximum thermal tolerance and investigations in areas below 30°C 

are lacking. 

The tiny eurythermal hydroscaphid beetle, Hvdroscapha natans 

was found at Station 1 at 39°C in floating Spirogyra. Schwartz 

(1914) collected this beetle at Castle Hot Springs in the Wicken-

burg Mountains, Yavapai County, Arizona from 46.1°C water. I 

found this same species at Hooker Hot Springs, Mule Shoe Ranch, 

Cochise County, Arizona on 3 April 1967 from 48° to 50°C water. 

Living in abundance on the underside of floating algal mats, this 

Hooker Hot Springs population could very well represent the only 

metazoan animal recorded living constantly at such high temperatures. 

This beetle was never collected by Brues (1932) in his investigation 

of 154 hot springs of the Western United States, none of which oc

curred in Arizona. It is also of interest that some apparently 

eurythermal animals found at Mammoth are not recorded by Brues as 

members of what he calls "typically Western Hot Spring Fauna". 

These include the midge larva Pentaneura and Pelopia, the damselfly 

nymph Telebasis salva and the dragonfly nymphs Tarnetrum and Orthemis. 

These odonata nymphs range from 38° to 1.1°C, Telebasis salva able 

to withstand incasement in ice. All other species collected from 

Mammoth Hot Spring have been recorded elsewhere at comparable tem

peratures (Brues 1927, 1928). 
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In addition to the tendipedids and the odonates, three 

other insect families show a thermal distribution within the spring. 

Of the two sibling species of halipid beetles, Peltodytes callosus 

was found in the warm parts of the stream, Peltodytes simplex in the 

cool areas. The dytiscid beetles, Laccophilis terminalis and L_. 

decipiens occupied warmer stations and Thermonectus marmoratus the 

cooler ones. Finally the hydrophilid beetles, Tropisternis colum-

biana and Helochares were found at Station 1 and Neohydrophilis at 

Station 0. All other aquatic insects were collected from cooler 

stations. 

In summary, of the twenty-seven species of aquatic macro-

invertebrates collected, ten were restricted to the warmest area 

of the stream (Station 1), twelve were found only in the cooler 

areas (Stations 8, 11 and 0), four ranged throughout the stream, 

and one specialized midge larva was found only in the warm lotic 

water at Station 4. 

It is of interest that Station 1, the warmest area of the 

stream and the station at which aquatic insects were found in 

least abundance, contains as many species as the larger and cooler 

stations at which aquatic insects were found in the greatest abun

dance. The low number of eurythermal and specialized forms in 

the stream was not expected. It is of interest that all eury-

thermal insects collected were predaceous. 



ECOLOGY OF GAMBUSIA AFFINIS IN MAMMOTH HOT SPRING 

General Distribution and Abundance 

Although the mosquitofish, Gambusia affinis affinis (Baird 

and Girard) Family Poeciliidae, is a native of the Mississippi and 

Ohio River systems, this live-bearing topminnow has been introduced 

widely in the western United States for purposes of mosquito control 

(Krumholz, 1948). The name gambusia is from the Spanish vernacular 

meaning "of little value" (LaRivers, 1962). This vernacular use of 

the name gambusia will be used in place of the name Gambusia a. 

affinis in many parts of the text. 

Such prophylactic introduction of exotic fishes usually re

sults in considerable harm to populations of native or indigenous 

species, especially to those fishes in the widely spaced and dis

junct freshwater streams and ponds of the southwest. As a result 

•2.* affinis has almost completely eliminated the native topminnow, 

Poeciliopsis occidentalis from most of its range in southern Arizona 

(Lowe, 1964). Gambusia are not only found in natural freshwater 

streams and ponds of the desert but also in cattle tanks, irrigation 

ditches, and water hazards on golf courses. Indeed, gambusia pop

ulations have thrived in almost every permanent water in which they 

have been introduced. 

The success of C_. a. affinis is due to its great adaptability. 

In the field, populations have been observed thriving under widely. 
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fluctuating conditions of oxygen concentration, pH, temperature and 

salinity. This physiological tolerance combined with an omnivorous 

diet and the display of highly competitive and aggressive behavior 

marks gambusia as a successfully generalized cyprinodontiform fish. 

Reaction of (?. affinis to a_ Thermal Gradient 

Gambusia may be found throughout Mammoth Hot Spring from 

Stations 1 to 13. In the winter when the stream is extended, gambusia 

may be seen occupying the new areas beyond Station 13, although most 

of these pioneers will die when the water evaporates the following 

spring. In general, gambusia will avoid permanent water above 36°C, 

water temporarily below 20°C, rapidly moving water (although they do 

orient and swim against a current), and areas unprotected by vegeta

tion. Therefore, at the warmer stations fish may usually be seen 

clustered along the edges of the stream during the day. At the cooler 

stations where no strong currents exist fish may be seen throughout 

the pools, particularly among rooted vegetation. 

At night however, gambusia makes no effort to avoid the afore

mentioned areas and can be found scattered uniformly about the warmer 

stations. Very little activity is exhibited by the fish who usually 

"sleep" on the bottom in water as warm as 41°C, or move sluggishly 

through ripple zones. 

Since gambusia is an omnivore with high physiological tol

erances, environmental parameters per se do not seem to limit the 

abundance of fish at any particular station in the stream, as gam

busia appear to be abundant throughout the stream. The greatest 



density occurs at Stations 6, 7, 8, and 9 where cover, temperature, 

and space free from currents reach optimum for gambusia. The amount 

of preferable habitat decreases from Station 6 to Station 1, and 

therefore, the absolute number of fish also decreases. There is cer

tainly an upper limit or combination of environmental temperatures 

which could eliminate gambusia from thermal pools; however, these 

fish have been able to successfully live and acclimate to the fluc

tuating temperature regime at each station in Mammoth Hot Spring. 

Size and Sex Ratio 

Table 4 lists the mean standard length of males and females, 

sex ratio, and occurrence of vertebral anomalies in gambusia along 

Mammoth Hot Spring. Standard length, measured from the tip of the 

snout to the last spinal vertebra, was used due to the large number 

of fish of all sizes from Station 1 missing parts of the caudal fin, 

bitten off by more aggressive individuals. Juvenile fish were sexed 

using the method of Turner (1941). The mean standard length of fe

males increased from Station 1 to Station 7 and decreased at Station 

13. The mean standard length of males however, increased from Station 

1 to Station 13. Female to male sex ratio was quite high in Station 

1, approached unity at Station 7 and turned in favor of the males in 

Station 13. 

These data may be understood in terms of the reaction of 

gambusia to heat and habitat. As will be shown later (Fig. 13, p. 61), 

females were more physiologically resistant to heat than males. 



TABLE 4. Mean standard lengths, sex-ratio, and percent occurrence of vertebral anomalies 
of (5. af finis in Mammoth Hot Spring. 

Standard Length (cm) Sample ^ Ratio 

Station Temperature(°C) Female Male Number Female: Occurrence of 
Male Vertebral 

Anomalies 

1 30 to 40 2.32 1.83 138 2.32:1 7.20 

5 33.3 2.43 1.90 119 1.76:1 0.85 

7 31.8 2.86 2.05 129 1.26:1 0.00 

13 25.6 2.63 2.15 164 0.39:1 0.00 



Therefore many more females were found at the warmer stations than 

males. Smaller (younger) females are more heat resistant than lar

ger ones. Therefore females are smaller at warmer stations. Station 

7 represents an ideal habitat for gambusia females since temperatures 

are warm but not extreme, and the water is deep (8 to 12 inches) 

with some rooted aquatics. 

Station 13 appears optimal for male gambusia. The water is 

cooler and rooted and floating aquatic vegetation offers maximum pro

tection from aggressive females. Females will readily kill males 

in the laboratory if vegetation is missing from the tank. The dis

tribution and abundance of gambusia in Mammoth Hot Spring can be 

better understood by knowledge of the significantly different reac

tion of males and females to heat and habitat. 

Fig. 3 includes a drawing of a gambusia female with a verte

bral anomaly or "bent back" presumably caused by heat stress on the 

embryo in utero. As expected, the percent frequency of these anom

alies (Table 4) was quite high in Station 1 and rare at Station 7. 

Movement Between Stations 

Table 5 records the number of gambusia recovered from various 

stations along the stream after dye injection of one hundred adult 

females at Stations 1 and 2. The dyes used were trypan blue and try

pan red injected subdermally with a 1 cc tuberculin syringe (No. 27 

needle) in the region of the caudal peduncle either above or below 

the nerve cord. Laboratory controls showed a maximal mortality of 



TABLE 5. Number of G. affinis recovered after injection 
each at Stations 1 and 2. 

of one hundred adult females 

Days After Tagging 
Station 1 

1 

Numbers Recovered at Stations 

2 3 4 

2 15 3 2 0 

4 8 2 0 0 

5 9 2 0 0 

8 4 1 0 0 

14 0 0 0 0 

Station 2 

1 0 27 2 1 

3 1 16 5 2 

4 3 15 2 2 

7 0 10 1 1 

14 0 0 1 0 



Figure 3. Gambusia a^. af finis from Mammoth Hot Spring. 

A- Normal female 
B- Normal male 
C- Female with vertebral anomaly 
D- Male with gonopodial anomaly 

See text for description and distribution of types. 
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Figure 3. Gambusia ja. affinis from Mammoth Hot Spring 



ten percent. Injected animals could not be distinguished from con

trols after fourteen days, due to fading of the dye. 

Field studies were conducted on the 8th and 9th of June 1966. 

The results show that whereas most of the marked fish remained at 

the station from which they were originally collected, some ventured 

to adjacent stations as far downstream as Station 4. At this point 

the stream drastically constricts to a few centimeters and gently 

flows as a miniature ripple zone over the roots of a walnut tree 

into Station 5. No marked fish were collected below Station 4. 

To discover whether this ripple zone could be traversed by 

gambusia, 200 adult females were marked at Station 5 and released 

on May 4, 1972. After two weeks of observation only one marked fe

male was observed at Station 4. The results indicate this ripple 

zone forms a barrier to the movement of fish from the cooler to the 

warmer stations. 

Aggression and Schooling 

Gambusia living at Station 1 and to a lesser extent at 

Stations 2, 3, and 4 exhibited a marked contrast in behavior to those 

fish occupying the cooler stations. During daylight hours, fish did 

not range freely throughout those stations, but restricted themselves 

to the cooler, peripheral areas. Due to the large number of fish 

present, those areas of preferred habitat were defended aggressively 

by individual fish in an attempt to avoid water of higher temperature. 

This observation was corroborated by the large numbers of fish col

lected from Station 1 with portions of the caudal fin missing. Since 
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schooling behavior demands some cooperation, fish from these warm sta

tions schooled only when threatened by the observer's shadow passing 

over the water. 

The situation at the cooler stations was quite different. 

At Station 7 fish swam about the pool in small schools of 5 to 10 in

dividuals throughout the day. Very little aggression was observed. 

A few mild attacks were witnessed with rarely a counterattack, and 

no prolonged bouts between any two fish ever occurred as Station 1. 

At Station 7, if any individual was threatened, it usually swam away. 

Station 1 presented a different problem. There was literally nowhere 

for the fish to swim except into quite warm water. Therefore the 

threatened individual usually fought. That certain elements in the 

behavioral repertoire of a population living along a thermal gradient 

may dominate at one point in the gradient and practically disappear 

at some other point, suggests that the behavior of gambusia is strong

ly influenced by environmental conditions. 

Feeding 

Because of the low abundance of aquatic insects at the war

mer stations, a comparison was made of the stomach contents of 10 

mature female gambusia from Station 1 with 31 adult females collected 

from Station 0 (Table 6). Results show that fish from Station 1 had 

a mostly herbivorous diet presumably because Hydroscapha natans and 

Daphnia sp. are only temporary, infrequent members of this community. 

Gambusia from Station 0 were wholly carnivorous, feeding 

mostly on terrestrial insects floating on the surface, the zooplankters 



TABLE 6. Food preference of affinis from the warmest and coolest stations in 
Mammoth Hot Spring. 

Mean Volume (in percent) of Stomach Occupied 

FOOD ITEM 
by Food Item 

Station 0 (N = 31) Station 1 (N = 10) 
(0° to 10° C) (26° to 40°C) 

Cyclops 21.5 0.0 

Daphnia 19.3 15.0 

Ostracods 2.1 1.1 

Tendipedids 17.6 3.2 

Baetids 14.8 0.0 

Terrestrial Insects 24.7 0.0 

Detritus 0.0 8.7 

Oscillatoria 0.0 40.7 

Spirogyra 0.0 22.0 

Hydroscapha natans 0.0 8.9 
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Cyclops and Daphnia. and bottom dwellers such as baetids and tendi-

pedids. 

Superimposed upon the thermal gradient of the stream, is a 

gradient of food availability reflected by a high abundance of aquatic 

insects at the cooler stations, and a diminishing number of individuals, 

but not species, at the warmer stations. To adjust to this food gra

dient, gambusia must change its diet from carnivorous to mostly herbiv

orous, relying largely on the blue-green alga Oscillatoria for food at 

Station 1. 

In summary: 

1. The chemical properties of water from Mammoth Hot 

Spring were similar to those of cool artesian aquifers in southern 

Arizona except for a high dissolved oxygen content and high fluoride 

content of the water coming directly from the pipe. 

2. Among the insects; tendipedid larvae, odonates nymphs 

and halipid, dytiscid and hydrophilid adults showed a thermal distri

bution in Mammoth Hot Spring. The two species of frogs also showed 

a thermal distribution. 

3. Of the twenty-seven species of aquatic insects col

lected, ten were restricted to the warmest area of the stream (Station 

1), twelve were found only in the cooler areas (Stations 8, 11, and 0) 

and four ranged throughout the stream. One specialized midge larva 

was found only in the warm lotic water at Station 4. All eurythermal 

insects were predaceous. 

4. At warmer stations, G_. affinis set up territories 

and acted more aggressively than fish at cooler stations. 
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5. At cooler stations female (3. affinis grew larger and 

had a more carnivorous diet than at warmer stations. More males were 

present at the cooler stations. 



TEMPERATURE PREFERENDUM OF GAMBUSIA AFFINIS 

Field Selection 

As demonstrated by gambusia in Mammoth Hot Spring, the tempera

ture preference of a population of fishes in the field is normally 

subordinate to other ecological priorities, e.g., food availability, 

space, and habitats free from predation and currents. The distribu

tion of fish even along a thermal gradient may not necessarily reflect 

temperature preferenda especially when temperature change coincides 

with depth, cover, food availability, and so on. Reports of fishes 

actively "selecting" quite warm field temperatures (40° to 41°C) have 

been reported by Lowe and Heath (1967) for Cyprinodon macularius at 

Quitobaquito Lake. Young gambusia from Mammoth Hot Spring also may be 

found at 40° to 41°C at Station 1. However, during the same season, 

this population of gambusia may also "select" a 0° to 10°C station at 

the far end of the stream. 

To record the extreme temperatures at which a population of 

fish are active is to record a range of temperatures fish may tolerate 

and not necessarily prefer. Temperature preference means, all other 

parameters equal, the temperatures at which fish spend most of their 

time. Before this, there has been no attempt to measure the range of 

preferred temperatures (temperature preferendum) of a population of 

fishes under field conditions. 
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At Mammoth Hot Spring the temperature preferendum of gambusia 

was analyzed in two ways: 1. the reaction of the entire population to 

a thermal gradient and, 2. the reaction of individual fish to a ther

mal gradient at Station 1 (Fig, 4). Under the first method,, as cooler 

stations warmed during the day, fish actively selected these warmer 

temperatures (30° to 31°C) and avoided cooler water (below 12°C). Fish 

at warmer stations actively avoided temperatures from 40° to 33°C, es

pecially if such temperatures coincided with areas of lotic flow-

Again, water of a cooler temperature (below 20°C) was avoided. However, 

fish from the coldest stations (0° to 10°C) remained at those stations 

throughout the day making no attempt to swim upstream to warmer sta

tions. In the same manner, fish from the warmest stations made no 

attempt to swim downstream to cooler stations. 

Under the second method, five adult female gambusia collected 

from Station 1 were marked with trypan blue dye and returned to that 

station. Fish were observed for a total of twenty-four daylight hours, 

over four days. These marked females tended to avoid water above 37°C 

and defended territories at a preferred temperature of 31°C (see Fig. 

4). 

Laboratory Selection 

To corroborate the field evidence and indeed to assure that 

a final temperature preferendum did exist for gambusia, a laboratory 

temperature gradient was constructed. It was felt that even though 

many temperature preference studies were reported in the literature 



Figure 4. Histogram of temperature selection in the field. 

Temperature selection by G_. affinis at Station 1, 
Mammoth Hot Spring, during September of 1966. 

See text for description of marking method and ob
servation technique. 
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Figure 4. Histogram of temperature selection in the field. 
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(see Norris, 1963) this study would be the first to correlate field 

and laboratory preferences in a controlled manner. 

Description of Apparatus 

Fig. 5 shows the temperature gradient design used for observa

tion of temperature selection by fishes. The gradient itself was a 

galvanized steel trough 245 cm long, 22 cm wide, with a water depth of 

11.5 cm. Three pieces of 0.5 inch styrofoam were specially cut to 

divide the gradient into four chambers. Notches were removed from the 

top of the dividers to allow fish passage from one chamber to the next. 

Water was removed from both ends of the gradient by gravity 

siphons into holding pans C, B, D, and E. Each pan was equipped with 

a charcoal bottom filter to aid in aeration and the removal of metabo

lites. Water in pan C was cooled by a refrigeration compressor and 

pumped back to the gradient. Water in pan D was heated, siphoned to 

pan E and returned to the gradient. 

Two specially cut pieces of tank divider were used to isolate 

the siphons and thermoregulators from the fish. These regulators moni

tored the temperature at both ends of the gradient. Two subsand fil

ters were added to the central chambers to avoid vertical thermal 

stratification. 

Method of Measuring Temperature Selection 

Fish to be tested were always introduced into chamber 1, the 

cold end of the gradient. Minutes after introduction, gambusia could 

usually be found exploring the entire gradient, swimming easily from 

chamber to chamber through the notches in the styrofoam dividers. 



Figure 5. Temperature gradient design. 

Chambers are numbered 1 to 4. 

A- Temperature gradient 
B- Holding pan with charcoal filter 
C- Holding pan with cooling coils and water pump 
D- Holding pan with charcoal filter and heaters 
E- Holding pan with water pump 
F- Siphon 
G- Water pump 

See text for description of operation. 
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Figure 5. Temperature gradient design. 

u> 



37 

After 10-15 minutes, the introduced fish would begin to form a pattern 

of chamber selection which usually held for the remainder of the test, 

not more than five days. 

An attempt was made to begin recording the number of fish in 

each chamber once this pattern of selection became evident. However, 

due to the possible effects of unequal lighting and general laboratory 

commotion, most recordings were taken at night while fish were "motion

less" on the bottom. During the daylight hours fish exchanged cham

bers quite readily and the overall distribution was not significantly 

different from that found while observing the fish at night when no 

exchange between chambers occurred. 

Temperature selection appears to play a dominant role in the 

predictable behavior of field populations of gambusia. These observa

tions are corroborated by, and add support to, the assumption that gam

busia selects certain chambers of the gradient because of the water 

temperature of those chambers and for no other reason. Although all 

four chambers are about the same size, currents are set up in the two 

terminal chambers by water returning to the gradient. No such current 

exists in the two central chambers. 

Current may then form a second variable affecting the behavior 

of fish in the gradient. However, the fact that gambusia will select 

a chamber of favorable temperature whether that particular chamber 

contains a current or not, appears to demonstrate that temperature 

selection plays a more dominant role as a predictor of behavior of gam

busia than selection for current. 
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It was felt that upon initiation of a feeding schedule, fish 

may return to chambers in which they were fed thus establishing a 

bias in the recording of temperature selection. 

Results 

Table 7 shows the temperature gradient distribution of gambusia 

acclimatized to spring temperature conditions of 14° to 21°C. These 

fish have inhabited backyard cement ponds in Tucson for many years. 

After ten minutes in the gradient a pattern of distribution was estab

lished which held until the termination of the study, five days later. 

Most fish would be found in chamber 3 at 28° to 31°C. 

Table 8 shows the distribution of gambusia from Mammoth Hot 

Spring, Station 7, acclimatized to spring temperatures of 20° to 33°C. 

Again, the largest percentage of fish were found in chamber 3 at 31°C. 

As a control, after the third night of the experiment reported 

in Table 8, the heating units, cooling units, and water pumps were dis

connected from the gradient. After twenty-four hours with the entire 

gradient at 18°C, the distribution, in percent, of 22 gambusia was the 

following: 

Chamber 1_ Chamber 2_ Chamber 3_ Chamber 

20.0 17.0 21.0 42.0 

Although fish could be found in all chambers, the highest percentage 

remained in chamber 4, the last chamber to cool below the optimum tem

perature. 



TABLE 7. Temperature gradient distribution (in percent) of £. affinis from backyard ponds, 
acclimatized to spring temperatures (14° to 21°C). — N = 22. 

Time 
After 

Introduction 

Chamber Temperature 

Chamber 1 
(22°C) 

(°C) 

Chamber 2 
(26°C) 

Chamber 3 
(30°C) 

Chamber 4 
(36°C) 

Ten Minutes 2.5 0.0 97.5 0.0 
First Night 0.0 2.7 86.2 11.1 
Third Night 3.8 18.2 80.0 0.0 
Fifth Night 3.8 3.8 92.4 0.0 

TABLE 8. Temperature gradient distribution (in percent) of £. affinis from Mammoth Hot 
Spring, acclimatized to spring temperatures (20° to 33°C). — N = 22. 

Time 
After 

Introduction 

Chamber Temperature 

Chamber 1 
(20.5) 

(°C) 

Chamber 2 
(26.0) 

Chamber 3 
(31.0) 

Chamber 4 
(36.0) 

First Night 7.0 30.0 63.0 0.0 
Second Night 5.0 20.0 75.0 0.0 
Third Night 0.0 34.0 65.0 0.0 
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In a later control, naive fish were placed in the gradient 

which had reached a uniform temperature of 20°C. The water pumps were 

left on creating currents in chambers 1 and 4. The distribution of 22 

fish was as follows: 

Chamber 1_ Chamber 2_ Chamber 3_ Chamber 4_ 

48.0 0.0 4.0 48.0 

Therefore, when the temperature was uniform, naive fish were 

attracted to those chambers with currents. However, as shown in Tables 

7 and 8, gambusia in a thermal gradient appeared to ignore the influ

ence of currents and chose a chamber of optimum temperature. 

As a further control, gradient temperatures were changed to 

allow a chamber with current to be at the optimum temperature, about 

31°C. The result was the following: 

Chamber 1_ Chamber 2_ Chamber 3_ Chamber 4_ 

20.5°C 24°C 26°C 31°C 

0.0 8.0 27.0 65.0 

The percentage of gambusia in the chamber with both current 

and an optimum temperature, chamber 4, is about the same as the per

centage in Table 8 which chose a number of optimum temperature, with

out current. 

Finally, a sample of 22 adults from a population of gambusia 

from Rose Canyon Lake at an elevation of 6500 ft. in the Santa Cata-

lina Mountains near Tucson showed this resulting distribution in the 
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temperature gradient: 

Chamber 1_ Chamber 2_ Chamber 3_ Chamber k_ 

35.0°C 31.2°C 26.8°C 20.8°C 

2.0 96.0 2.0 0.0 

Therefore, it may be concluded that 31°C is preferred temperature for 

Gambusia a. affinis. 

In summary: 

6. Marked female JS. affinis at Station 1 had a thermal 

preference of 31°C. 

7. G. affinis collected from both cool and warm aquatic 

habitats when tested in a laboratory temperature gradient showed the 

same thermal preferendum of 31°C. 

Discussion 

All of the various populations of Gambusia a. affinis with dif

ferent thermal histories acclimatized in the field and acclimated in 

the laboratory to temperatures above, below, and at 31°C chose the 31°C 

chamber of the temperature gradient within ten to thirty minutes after 

introduction, and maintained this preferendum for several days there

after. These laboratory data were corroborated by a field study (Fig. 

4) in which marked fish at Station 1 spent the greatest percentage of 

time in microhabitats of 31°C. 

Although field temperatures were not as extreme, Girella nigri

cans from populations with different thermal histories all had the 

same temperature preference when tested immediately after collection 
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and transport (Norris, 1963). However, laboratory acclimation did at 

least temporarily affect this preferendum. In gambusia, laboratory 

acclimation did not modify even temporarily a temperature preferendum. 

The temporary effects of such laboratory acclimation are perhaps a 

function of the range of temperatures tolerated by the species tested, 

more stenothermal fishes requiring more time to arrive at a final tem

perature preferendum. 

As field and laboratory evidence has indicated, 31°C appears to 

be the final preferred temperature of populations of Gambusia _a. affinis 

from backyard ponds, mountain lakes, desert streams and lakes, and Mam

moth Hot Spring in southwestern Arizona. It is a mistake, however, to 

conclude on these data along that 31°C is the preferred temperature for 

the species. 

DeVlaming (1971), working on the temperature selection of a 

San Francisco Bay population of Gillichthys mirabilis, a spectacularly 

eurythermal goby, reports that 23°C is apparently a thermal barrier for 

this species. Gulf of California populations of Gillichthys mirabilis 

during the summer months may inhabit the upper end of quite warm, hyper-

saline tidal channels well above 36°C. (5. mirabilis collected at 

Puerto Penasco, Sonora, Mexico, transported to Tucson and immediately 

tested in a modified version of the temperature gradient described in 

this study, swam to the 31°C chamber and remained there for two days. 

If the temperature preference of a species population is con

trolled genetically, then comparative studies of geographically iso

lated populations exposed in the field to different thermal regimes 

should result in the exposition of differences in temperature preference, 



43 

if the populations have adapted genetically and therefore, enzymati-

cally, to local thermal conditions. 

Indeed, the two populations of Gillichthys mirabilis obviously 

do not exchange genetic material and do live under quite different 

thermal regimes. The fact that genetic changes dealing with thermal 

acclimation and preference have occurred is yet another example of a 

single morphological species composed of many physiological races. 

However, even at the species level, one cannot assume necessar

ily that two good morphological and reproductively isolated species may 

differ in thermal preference. Licht (1967) working with lizards found 

that closely related species tend to have similar preferred temperatures 

even though they live allopatrically in different thermal habitats. 

Nonrelated lizards living sympatrically tend to have different pre

ferred temperatures. 

Graham (1970) working with tide pool fishes found that Cleino-

cottus analis, a cottid with a phylogenetic history from the North 

Pacific, was more cold hardy but less warm hardy than Hypsoblennius 

gilberti with a phylogenetic history from the tropical Pacific. Both 

fishes live sympatrically in tide pools along the California coast. 

What appears to be important in these results is that both 

thermal tolerance and thermal preference appear to be explained along 

phylogenetic lines, and therefore are under genetic control. It would 

be expected that fishes x^ith phylogenetic histories from the tropics 

would be more heat resistant but less cold resistant than sympatric 

species with phylogenetic histories from the North Pacific. The two 
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populations of Gillichthys have obviously been separated for a long 

enough period of time to have evolved quite separate thermal prefer

ences . 

Gambusia a., affinis however, has only recently been introduced 

to Arizona and therefore it was no surprise to discover that populations 

from different thermal habitats all have the same temperature prefer

ence. Indeed, for temperature selection to be a good genetic character, 

field acclimatization or laboratory acclimation should have no effect 

upon its expression, i.e. , fish should choose a preferred temperature 

characteristic of a geographic population or species regardless of the 

thermal history of the particular fish involved in the test. The popu

lation of gambusia from Rose Canyon Lake along with those reported in 

Table 12 have never in their lifetime experienced temperatures much 

above 24°C and then only rarely. The fact that these fish chose a tem

perature which they have never encountered in the field and it is the 

same temperature as that chosen by a population of gambusia experiencing 

temperatures as high as 40°C in the field argues strongly for the genet

ic control of temperature preference. 



FIELD MEASUREMENT OF THERMAL TOLERANCE 

Development of a_ Method 

The next step in the investigation of gambusia in Mammoth Hot 

Spring was the development of a field method for measuring thermal tol

erance. Such values recorded in the.field could act as a baseline for 

laboratory studies and the comparison of this population of gambusia 

with others from desert and mountain streams and lakes in the vicinity 

of Tucson. 

The classical resistance time method of Brett (1970) and Fry 

(1971) could not be used in the field because of the length of time 

electricity must be generated to supply the acclimation tanks with 

heat (about a week). 

My first attempt to measure field thermal tolerance was the 

use of the critical thermal maximum (CTM) method (Lowe and Vance, 1955). 

Fish were removed from the stream and placed in an apparatus which both 

aerated the water and raised its temperature about 0.5°C/minute. Accord

ing to this method, the water in the apparatus should be at the same 

temperature as the water at the part of the stream from which the fish 

are removed. The first difficulty then was to decide what the tempera

ture of the water in the apparatus should be, since at some stations 

there is a twenty degree centigrade difference in the water temperature 

from the edge to the middle of the stream. 

The second difficulty was the determination of a suitable ther

mal death point. Loss of balance or "spiralling" of the fish has been 

45 
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used as an apparently reproducible end point for some species (Heath, 

1962), however gambusia's behavior under thermal stress was not con

sistent, many fish never spiralled at all, and some did quite readily. 

Recording the last opercular beat proved to be a more reproducible and 

less variable point of thermal death. However, using the CTM method, 

fish would begin to "die" at nearly the same time and it became very 

difficult to record last opercular beats if more than five fish were 

used per test. 

The third difficulty and the one which led to the abandonment 

of the CTM method was the apparent lack of sensitivity in the results. 

Since one of the objectives of this study was the investigation of the 

effects of different parameters on the thermal resistance of gambusia, 

a more sensitive method than the CTM method was needed. 

The field method finally chosen was a modification of the method 

used in the laboratory by Hagen (1964), i.e., resistance times of fish 

held at constant high lethal temperatures. In this method fish were 

placed in a constant temperature water bath at their lethal tempera

tures, determined by trial and error, in this case, 39° to 40°C. The 

time to death (last opercular beat) was measured. Mien operated prop

erly this method proved quite sensitive and reproducible. 

The one difficulty encountered was that of thermal shock. At 

very low acclimation temperatures fish would experience shock when ex

posed to high temperatures and die immediately. Therefore, data from 

all tests showing a mean resistance time below 15 minutes were dis

carded. Also particular fish may show signs of shock (a black bar 

forming vertically below the eye along with a general darkening of the 
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body) while the remainder of the sample does not. Since these individ

uals comprised only a very small percentage of the sample (usually one 

or two fish from a sample of twenty-two) their values were discarded. 

A little over 4000 fish were used to complete the field work. 

About half of this number were sacrificed in the development of a sen

sitive and reproducible method for measuring the field thermal resis

tance of fish. 

The final design of the field apparatus was the following; 

water taken directly from the pipe (Station 1) was held at a constant 

39° or 40°C by two 100 watt aquarium heaters in a 5 gallon glass aquar

ium insulated on three sides, the bottom and half of the top by pieces 

of 0.5 inch styrofoam. These heaters were activated through a relay 

by a mercury column thermoregulator preset to 39° ot 40°C. Aeration 

at a rate of 500 ml of air/min kept the water well mixed and of a uni

form temperature and oxygen content. Power was supplied by a portable 

1200 watt generator. A Matheson flow meter used to measure aeration, 

was the latest and perhaps most valuable addition to the apparatus. 

After installation of the flow meter, the data which formerly were 

reproducible only at times, became consistently reproducible. 

Results From Fish Tested Immediately After Collection 

Field Method 

Because of the higher percentage of female gambusia at the 

warmer stations (Table 8) and the fact that male gambusia are less 

resistant to heat than females (Fig. 13, p. 61), fish taken directly from 



the stream were first placed in a 5 gallon sorting tank from which 

about 22 females were selected, avoiding very small individuals. Since 

Fig. 13 also shows that large females are less resistant to heat than 

smaller ones, only females of intermediate size were selected for test

ing. This sample was introduced immediately into the 5 gallon lethal 

temperature tank. 

The water temperature in the sorting tank was the mean tempera

ture of the station from which the fish were sampled. Since water of 

this temperature usually could not be found in sufficient quantities 

at the station involved, water carried from cooler stations was used 

in the sorting tank. Fish were easily collected from the stream by 

immersing a long handled dip net into the water, allowing the net to 

rest on the bottom (the water was usually only a few inches deep) and 

shaking the net a bit to stir up the bottom mud. Gambusia were usually 

attracted by this cloud of detritus which also served to hide the net. 

In this way the fish were collected quickly and with a minimum of cap

ture stress. 

Upon introduction of the sample into the lethal temperature 

tank, an immediate shock reaction may occur. If the thermal stress was 

too severe, the fish scattered throughout the tank, lost balance and 

soon died. In this case the sample was discarded. However, if the 

fish began to show signs of recovery from stress, i.e. , if they re

gained their balance, schooled at the top of the water column, and swam 

against a current set up by air entering the tank, the sample was con

sidered valid. Later, fish began leaving the school, nipping (as if 

feeding) on the bottom, and from several minutes to hours later, the 
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fish lost balance again and died. This entire behavioral repertoire 

was described by Cocking (1959) for the thermal death of the roach 

(Rutilus rutilus). The severity of the initial shock reaction usually 

would indicate the mean resistance time of the sample. If fish schooled 

immediately with little sign of shock, the mean resistance time would 

be relatively long, i.e., several hours. 

Samples of fish which remained in the lethal tank for over an 

hour usually had small round dots of blood about 1 mm in diameter along 

the surface of the skin. These dots extended as a line along the dor

sal surface from the back of the head to the caudal peduncle. To a les

ser extent, fish from cooler stations acclimating to warmer tempera

tures in the laboratory also temporarily displayed such drops of blood. 

Thermal stress then is accompanied by the rupture of blood vessels and 

subsequent hemorrhage. 

Seasonal and Daily Rhythm in Thermal Tolerance 

Fig. 6 shows a Dice-Leraas graph and the manner in which the sam

ple statistics: range, mean, and 95 percent confidence interval are dis

played graphically. Variations of this technique used in this study 

are also shown. The y-axis is used in most cases to represent the re

sistance time (time to death in minutes as measured by the last oper

cular beat) of a sample of fish. 

Fig. 7 shows the results from female gambusia taken directly 

from Stations 1, 3, 4, 5, and 6 and tested at 40°C (open box) and 39°C 

(stripped box). The stations are arranged for convenience from the 

warmest to the coolest along the x-axis. After a great deal of 



Figure 6. Dice-Leraas graphs. 

Method of graphing sample statistics: mean (X), range, and 95 
percent confidence interval (CI). Dice-Leraas graphs A, B and 
C are combined as one graph, D. 

95 percent confidence interval = X±tg^(s/n). 
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Figure 7. The effect of natural field acclimation on thermal tolerance. 

Resistance times of (J. ei. affinis from Mammoth Hot Spring during 
a cool winter. 

Fish tested immediately after collection at 40°C (open box) 
and 39°C (stripped box) during March 1971. 

Numbers to the left of the means represent day maximum temperatures. 
Numbers to the right of the means represent maximum temperatures at 
at the time of testing, except Station 1 which represents the mean 
temperature. 

Sample number (N) was 22 fish per station. 
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checking, 22 fish proved a reproducible sample number for this study. 

All graphs shown will represent intermediate sized female gambusia, 

with a sample number (N) of 22 or more fish, unless otherwise stated 

in both the caption of the figure and the text. 

As expected, fish from Station 1 had a higher resistance time 

at 40°C than fish from other parts of the stream. Tested at 40°C, fish 

from Stations 3 and 4 resisted death longer than fish from Station 5. 

At 39°C Station'5 fish resisted death longer than Station 6 fish. Con

clusions such as these will only be made when samples have a statisti

cally significant difference in resistance time as shown by the 95 per

cent confidence limits of two samples, i.e., the boxes of the Dice-

Leraas graphs do not overlap. In Fig. 7 the reason for the differences 

in the thermal tolerance of fish from Stations 1, 3, 5, and 6 appears 

to be due to the different thermal histories of the fish. However, it 

cannot be said that the thermal histories of Station 3 and Station 4 

fish differ significantly. Thermal tolerance seems to vary more direct

ly with the day maximum temperature recorded at a station than the 

maximum temperature at the time of testing. 

Fig. 8 is a composite of data from Fig. 7, collected during 

January and February of 1971, compared to data collected during the 

same months of 1972. For clarity only half of the box representing the 

95 percent confidence interval is drawn. For the 1972 data (warm win

ter) the right half of the box is displayed; for the 1971 data (cool 

winter) the left half. It can be readily seen that fish from all sta

tions tested in 1972 had a higher resistance time than 1971 fish. 1972 

was a warm winter, the high temperature at any point along the stream 



Figure 8. The effect of unseasonably warm temperatures on thermal 
tolerance. 

Resistance times of G. a., affinis from Mammoth Hot Spring during 
a cool winter (March, 1971: box to left of vertical line) 
and a warm winter (January and February, 1972): box to right 
of vertical line). 

Test temperatures were: 40°C (open box) and 39°C (stripped 
box) . 

Numbers to the left and right of the means represent day 
maximum temperatures except Station 1 which represent the 
mean temperatures recorded during the warmest part of the 
day. 
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being 3° to 5°C higher than 1971 values except for Station 1 which had 

a maximum high temperature of about 40°C. The daily mean, however, at 

Station 1 was higher in 1972 than 1971. Numbers to the left and the 

right of the means represent the day maximum temperature at that sta

tion except for Station 1, which represent the mean temperature recorded 

during the warmest part of the day. 

During most of the year, a large portion of Station 1 surround

ing the pipe had a temperature of 38° to 40°C. Gambusia usually did not 

enter this central area but stayed about the periphery of the pool where 

temperatures increased in the spring from a winter regime of 26° to 

36 °C, to a summer regime of 31° to 38°C. Usually the mean temperature 

of the periphery occupied by gambusia will be reported as the mean tem

perature at Station 1. 

Gambusia at Stations 2, 3, 4, 5, and 6, also avoided the warmer 

lotic areas in the center of the stations, but Station 3 fish swam 

throughout their station at night and occupied the warmer areas during 

early morning hours and just before sunset. As the cooler stations are 

approached gambusia begin to spend more time in these warmer areas. 

Fish from all stations except Station 1 will be reported as having a 

day maximum temperature and a maximum temperature at time of testing 

because of the difficulty in arriving at a mean habitat temperature. 

Figs. 9, 109 and 11 show the daily fluctuations in temperature 

tolerance of fish from Stations 3, 4, and 7 respectively. In this 

approximately 12-hour period from early morning just before sunup (the 

coolest time of day), to late afternoon sometime after the warmest 

temperature recording at the station, there is just a significant 



Figure 9. Fluctuation in thermal tolerance of Station 3 fish throughout 
the day. 

Resistance time of (i. _a. affinis from Station 3 throughout 
the day. Smaller numbers to left of the means represent 
maximum habitat temperature at time of testing. 

Tested immediately after collection at 40°C during 
February and March, 1972. 
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Figure 10. Fluctuation in thermal tolerance of Station 4 fish throughout 
the day. 

Resistance times of £i. affinis from Station 4 throughout 
the day. Smaller numbers to left of means represent 
maximum habitat temperature recorded at time of testing. 

Tested immediately after collection at 40°C during 
March, 1972. 
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Figure 11. Fluctuation in thermal tolerance of Station 7 fish throughout 
the day. 

Resistance times of G. ji. affinis from Station 7 throughout 
the day. Smaller numbers to left of means represent 
maximum temperature at station during time of testing. 

Tested immediately after collection at 39°C during 
March, 1972. 
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difference between the lowest and highest resistance time recorded. 

Unlike Station 3, fish at Stations 4 and 7 reached their highest ther

mal tolerance at a time of day when the maximum temperatures were re

corded at their respective stations. Temperatures to the left of the 

means represent the maximum temperature recorded at the station at the 

time of testing of the sample. 

These figures show that temperature tolerance may (Figs. 10 

and 11) or may not (Fig. 9) be directly correlated with maximum habitat 

temperature at the time of testing (which will be called the immediate 

habitat temperature of the sample tested). To assess the importance 

of the immediate habitat temperature on the thermal tolerance of fish 

tested immediately after capture, results were compared of fish from 

the same station, tested at the same habitat temperature but from dif

ferent years or different months of the same year, and therefore with 

different day maximum temperatures recorded at a given station (see Fig. 

12). For example, fish from Station 4 tested at noon on 26 March 1971 

with an immediate habitat temperature of 32.6°C had a significantly 

lower resistance time than fish from the same station tested at 9:30 

A.M. on 9 June 1971 at an immediate habitat temperature of 32°C with 

a day maximum temperature of 37°C. 

Station 5 is an exception to the general scheme of Fig. 12. 

The immediate habitat temperatures are markedly different (32° and 

35.5°C) with the same daily high of 35.5°C. This graph was placed in 

the figure because the lower box exactly matches the habitat conditions 

and the maximum temperature readings of the lower box of Station 4A. 

These two tests were done only days apart yet Station 5 fish show less 



Figure 12. The effect of day maximum temperatures on thermal tolerance. 

Resistance times of G_. a. affinis from the same station 
tested immediately after collection at the same immediate 
habitat temperature (except Station 5), but at different 
day maximum temperatures (except Station 1). Smaller 
numbers to left and right of means represent the day maxi
mum, except Station 1 which represents the daily mean 
temperature. 

Immediate habitat temperatures were: 24° at Station 1, 
32°C at Station AA, 32°C at Station 5La, 35°C at Station 
5Rb, 33°C at Station 3, and 28.5°C at Station 4B. 

5La box to left of vertical line. 

5R^ box to right of vertical line. 
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resistance to heat than those from Station 4 under about the same 

environmental conditions. 

Fig. 13 shows the effects of size and sex on the thermal toler

ance of gambusia from fish tested immediately after collection. Fig. 

13, A and B are two collections of female fish taken at the same time 

of day at Station 7 on 3 and 4 July 1971. Fig. 13, AL and 13, BL show 

the standard length of fish tested in sample 13, A and 13, B respec

tively. Smaller females have a higher thermal tolerance than larger 

females. To further corroborate this size effect, the first fish to 

die (but not of shock) in the lethal tank was preserved and compared 

to the last fish to die in the lethal tank during all tests run in the 

field. Fig. 13, FL shows the size of the first fish to die; FW, the 

last fish to die. Again smaller females were seen to have a higher 

thermal tolerance than larger females. 

These purely physiological lines of evidence were verified eco

logically by a sample of all sized females collected from Station 1. 

The results are shown in Fig. 13, SL and are taken from individuals 

reported in Table 4. Females from Station 1, the warmest station, were 

the smallest females in the stream. Fig. 13, C and D show males (C) 

and females (D) collected from Station 5 at the same environmental tem

perature (35°C) and tested immediately. Male gambusia showed a lower 

tolerance when compared to all sized females at the same temperature 

regime. 



Figure 13. The effects of size and sex on thermal tolerance. 

Resistance times of all sized females (A) and all large 
females (B) tested after 1 hour of acclimation at Station 
5 at an immediate habitat temperature of 30°C. AL and BL 
are standard length graphs of fish from resistance time 
graphs A and B respectively. 

Resistance time of all sized males (C) and all sized 
females (D) tested immediately after collection from 
Station 5 at the same immediate habitat temperature 
(35°C). 

Stripped boxes are standard length graphs. FL is the 
sample size of the first fish to die in lethal tank 
for all field tests; FW, the last fish to die. SI 
is the sample size of Station 1 fish reported in 
Table 4. 

See text for discussion of these results. 
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Some of the factors affecting the thermal tolerance of gambusia 

may begin to be elucidated from this study. All results up to this 

point have been from fish tested immediately after capture from the 

stream. The following generalizations emerge; 

8. Fish living at stations closer to the source pond, and 

therefore in areas of the stream with higher mean, maximum, and minimum 

temperatures had a higher thermal tolerance than fish living at cooler 

stations, farther from the source pond. This generalization that fish 

in the field with a higher acclimation temperature have a higher resis

tance to heat death is a well known fact already demonstrated for lab

oratory acclimated fishes by Brett (1952) and others. 

9. The thermal tolerance of fish tended to increase dur

ing the day as stream temperatures rose. However, fish at warmer sta

tions may modify this tendency behaviorally by seeking cooler water if 

it is available to them. Of the three stations analyzed (Stations 3, 

4, and 7), only Station 3 fish did not show this rise in thermal toler

ance, and Station 3 is the only station at which an outpocket of the 

stream containing cooler water is utilized by fish during the day. At 

night as fish began leaving this outpocket, warmer water was met and 

the thermal resistance of these fish increased significantly (see Fig. 

9). A cyclic rise in thermal tolerance and its behavioral control have 

never been shown for field populations. A cyclic fluctuation of CTM's 

in laboratory acclimated turtles has been shown by Kosh and Hutchison 

(1968) as a function of daylight and not temperature. 
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10. Fish in the field tended to respond to the total ther

mal cycle to which they were exposed. At any one immediate habitat 

temperature and station, fish exposed to ultimately warmer temperatures 

during the day showed a higher thermal tolerance than fish exposed to 

ultimately lower temperatures (see Fig. 12). 

11. After comparison of the lower boxes of Station 4A and 

5 in Fig. 12, tested under the same temperature regime, there is a sug

gestion that all thermal conditions being equal, fish from cooler sta

tions have a significantly lower thermal tolerance than fish from 

warmer stations. 

12. Smaller female gambusia have a higher thermal toler

ance to the same temperature in the field than larger ones. Similarly, 

female gambusia have a higher thermal tolerance than males. 

Results From Fish Held Experimentally 
in the Field After Collection 

On 6 March 1971 a sample of 44 fish from Station 4 was divided 

into two lots, one subsample was tested immediately, the other held in 

an open bucket. Water in the bucket was taken from the middle and 

deepest part of the station. After three hours and a drop in the bucket 

water temperature from 26° to 15°C, the resistance time of the second 

subsample was the same as those tested immediately after collection. 

Initially this was thought to be due to "collection shock", 

i.e., upon collection and sorting in a glass-sided tank, fish experi

enced shock from which recovery might follow if they are given a period 

of rest after collection before testing. Collection shock lowers 



thermal tolerance. In this instance the resistance time of rested fish 

was not significantly different than those tested immediately after 

collection because of the sharp drop in bucket temperature. 

This interpretation was reinforced at this time by the constant 

frustration in trying to reproduce field results in the laboratory after 

transporting live fish from Mammoth to Tucson and immediately testing 

for thermal tolerance. A "transport shock" apparently existed which 

drastically reduced the thermal tolerance of transported fish. 

The predictive ability of the "collection shock" theory proved 

itself in later tests during the warm spring and early summer months of 

1972, when exposed bucket temperatures would not fall more than a few 

degrees before testing. Fig. 14 shows the results of only a few of 

these tests. In all cases, except at Station 1, fish held experimen

tally in buckets for a few hours after collection, had a significantly 

higher thermal tolerance than those taken from the same station, at_ the 

same time of day and tested immediately. For example, if fish were col

lected at 9:00 A.M. from Station 3 and tested immediately, then as a 

comparison the next day at 9:00 A.M. fish would be collected at Station 

3 and "rested" before testing. This method eliminated the possible 

bias of a gain in thermal tolerance with increased environmental tem

peratures during the day at the same station. In all cases the water 

in the bucket was taken from the warmest part of each station, except 

at Station 1. Water representing an average temperature at Station 1 

was used for incubation of the fish since the maximum temperature at 

this station was 40°C, a temperature lethal to half the resident fish 



Figure 14. The effect of a rest period on thermal tolerance. 

Resistance times of £. a., affinis from Mammoth Hot Spring collected 
from the same station, at the same environmental temperature; but 
tested immediately after collection (box to left of vertical line) 
or acclimated for about one hour in buckets out of the stream (box 
to right of vertical line). 

Water in buckets is from the warmest part of each station, except 
Station 1 with a water temperature close to the mean at that 
station. 
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population in about 60 minutes. This Station 1 data was the first in

dication that the "collection shock" theory was inadequate. 

"Collection Shock" Theory vs. the Acclimation 
of Fish to a Mean Habitat Temperature 

The test described for Station 1 fish in Fig. 14 was repeated 

several times with the same results. Furthermore, if buckets with num

erous holes (sieve buckets) were placed in the warmest part of each 

station and a subsample rested there for several hours, the results 

showed a significantly higher resistance time than a subsample from 

the same station rested in buckets outside the stream. The relationship 

between a sample of fish from the same station, at the same time of day, 

tested immediately (D), rested for 2 hours in a bucket outside of the 

stream (B), and rested for 2 hours in a sieve bucket in the warmest part 

of each station (BS) is shown in the first part of Fig. 15. This rela

tionship was repeated and confirmed for all stations tested. 

The evidence now began to point to a different theory, one which 

states that fish in the field do not acclimate fully to the high temper

atures present at their station and in a few hours time may achieve a 

significantly higher thermal tolerance when exposed to those high tem

peratures. Fish then acclimate to a mean temperature at each station, 

or a temperature at which they are most often found, rather than the 

high temperature in their habitat. This theory was confirmed in the 

second and third tests presented in Fig. 15. 

In the second test a subsample from Station 3 was held in a 

sieve bucket for 2 hours, not in the warmest part of the stream, but in 



Figure 15. Normal relationship between thermal tolerance and field acclima

tion procedures. 

Resistance time of su affinis collected from Station 3 showing 
(1) the normal relationship among fish collected from any one 
station at the same environmental temperature; and D- tested 
immediately after collection, B- incubated in buckets outside of 
the stream, and BS- incubated in buckets in the warmest part of 
the stream; and two variations (2 and 3). 

1. BS- sample tested at time of day maximum. 

2. BS- sieve bucket acclimated at coolest part of station. 

3. BS- sieve bucket acclimated at warmest part of station 
and tested at the time of the night maximum. 
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the outpocket described previously where most fish at this station 

could be found throughout the day. The temperature in the outpocket 

represented more of a mean temperature for Station 3. The result 

showed no increase in thermal tolerance over a subsample tested imme

diately after collection, even though the fish were rested. 

The third test in Fig. 14 shows that at night when Station 3 

fish left the outpocket and swam throughout the warmer parts of the 

station their thermal tolerance (D) was the same as a subsample held in 

a sieve bucket for 2 hours in the warmest part of the stream at the 

same time of night (BS). 

These tests show that resting itself has no effect upon ther

mal resistance, that a "collection shock" was not evident, and that fish 

do not acclimate to the highest temperature in their habitat. At a 

time of day when fish voluntarily swim throughout the warmest part of 

their station, the results of immediate testing were not significantly 

different from a sample rested in the warmest part of that station. 

At a time of day when fish voluntarily swam to the cooler parts of the 

station, the results of immediate testing were not significantly dif

ferent from a sample rested in the cooler part of the station. 

Fish collected and placed in water from the warmest part of 

their station acclimate to that higher temperature. This theory then 

also explains the older evidence presented in Fig. 14. There was al

ready evidence for fish significantly changing thermal tolerance during 

a short period of time in Figs. 9, 10, and 11. 



Minimum Acclimation Time to Low Day Maximum 
Temperatures at Warm Stations 

It has been shown that fish placed in sieve buckets in the 

warmest part of their station and incubated for over an hour tend to 

increase their thermal tolerance significantly above a sample of fish 

from the same station tested immediately after collection; and that this 

phenomenon is not an artifact of a "collection shock". The next step 

was to determine how many hours of incubation were required for com

plete acclimation„ It has been assumed in Fig. 16 and 17 and in the 

laboratory work that full acclimation to a temperature regime occurs 

when the resistance time of the fish do not increase with a continued 

exposure to that temperature regime. This is standard procedure in 

temperature tolerance work as outlined by Fry (1971) and others. 

Fig. 16 shows the results of fish from Station 3 and 4 incubated 

in sieve buckets at their respective stations from one hour to 13 days 

at environmental temperatures of 26.5° to 33.5°C during the winter 

months of 1972. These temperatures are considered low day maximum 

temperatures for these stations. Fish were never fed during incubation, 

yet appeared not to lose weight with the exception of the 13 day sample, 

which appeared a bit skinny and weak. Each graph represents one imme

diate habitat temperature and two different incubation times. After 

about 3 to 4 hours of incubation, the resistance time of these fish 

matched quite well those incubated from 27 hours to 6 days. At about 6 

days and afterward, the resistance time began to fall below those 

incubated for 2 days. Therefore it takes about 3 to 4 hours of incu

bation for fish at Stations 3 and 4 to completely acclimate to maximum 



Figure 16. Minimum acclimation time in the field to seasonable maximum 
temperatures. 

Resistance times of (5. _a. affinis showing the minimum acclimation time 
of fish collected from warmer stations (3 and 4) incubated at those sta
tions in sieve buckets in the warmest part of each station during the 
winter of 1972. 

Each graph (A to G) represents samples tested at the same immediate 
habitat temperature and the same day maximum temperature at the station. 

Numbers to left and right of the means represent incubation time in hours. 

Samples Immediate Habitat Temperature (°C) 

A 
B 
C 
D 
E 
F 
G 

26.5 
31.0 
31.0 
33.0 
30.0 
31.0 
33.5 
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habitat temperatures at their respective stations during the winter 

months. The greatest change in thermal acclimation occurred within 

the first 4 hours of incubation and no significant changes in thermal 

acclimation occurred after 4 hours to 6 days of incubation. 

Minimum Acclimation to High Day Maximum 
Temperatures at Warm Stations 

When this same kind of testing was continued into the late 

spring at Station 3, at a time when day maxima rose within a few days 

from 33°C to 36°C, it was discovered that a longer incubation time was 

required for complete acclimation of Station 3 fish to the high maxi

mum habitat temperatures at that station (see Fig. 17). To elucidate 

an idea that fish from cooler stations had a lower resistance time under 

the same thermal conditions as fish from warmer stations, fish collected 

from Stations 7 and 13 were also incubated in sieve buckets at Station 

3, alongside those containing Station 3 fish. As a further check, G_. 

flffinis from a cool desert impoundment on the 49er's Country Club 

just outside of Tucson were transported to Mammoth and incubated at 

Station 3. To avoid thermal shock and death, fish from the 49er's 

and Station 13 were incubated at Station 7 for a few hours before in

troduction to Station 3. 

Fig. 17 shows the results of those tests. Graphs were drawn 

in the same manner as those in Fig. 15, but in this case three separate 

graphs representing fish from the same station, tested at the same 

high environmental temperatures but at different incubation times 

are combined as one graph. To reiterate, all fish in Fig. 17 were 



Figure 17. Minimum acclimation time in the field to unseasonable maximum 
temperatures. 

Resistance times of G. a_, affinis showing the minimum acclimation 
time of winter fish collected from Stations 3 (A), 13 (C), and 7 (D) 
and from a desert pond (49er's - B) to a sudden increase in maximum 
temperatures at Station 3 from winter maxima (31° to 33°C) to summer 
maxima (34° to 36°C). 

Tested during February and March 1972 at habitat temperatures of 
33° to 35°C. 

Numbers to left and right of means represent acclimation time in hours. 
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incubated at Station 3 and tested at the same immediate habitat tem

perature (35°C). 

In contrast to the 4 hours needed for Station 3 fish to fully 

acclimate to cool (31° to 33°C) day maximum winter temperatures at 

their own station (Fig. 16), it appears that about 7 days are needed 

for Station 3 fish to fully acclimate to warm (34° to 36°C) day maximum 

spring temperatures at Station 35 6.5 days for 49er?s fish5 6.5 days 

for Station 13 fish, and 7 days for Station 7 fish. Also an earlier 

idea was corroborated since fish from both 49er's and Stations 13 and 7 

after complete acclimation have a significantly lower thermal tolerance 

than Station 3 fish. 

As stream temperatures continued to rise during the early summer 

to a day maximum of 37°C at Stations 3 and 4, gambusia being exposed to 

warmer temperatures continued to acclimate to the total thermal cycle 

to which they were exposed. Fig. 18 represents summer fish from Sta

tions 3, 4, 7 and 13 incubated at Stations 3 or 4 but for only a few 

hours and tested at the same environmental temperature fish in Fig. 16 

were tested at, i.e., 35°C, with the exception of Station 4 fish at 

Station 4 tested at 31°C. By comparing Fig. 17 and 18 it can be seen 

that summer fish from Stations 3, 7, and 13 are able to perform well, 

when tested at an environmental temperature of 35°C, after only a few 

hours of incubation as compared to an incubation time of 7 days for fish 

from the same stations exposed to spring thermal conditions. 



Figure 18. Acclimation of summer fish to maximum temperatures. 

Resistance times of G_. a_. affinis showing acclimation time of summer 
fish collected from warmer stations (3 and 4) to maximum summer 
temperatures (34° to 35°C) at their own station (A and B) and summer 
fish from cooler stations (C and D) at Station 4 at the same maximum 
temperature, 35°C, except B at 31°C. 

Numbers to left of mean represent acclimation time in hours. 
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Daily and Seasonal Fluctuation in Thermal Tolerance 

In Figs. 9, 10, and 11 it was demonstrated for fish tested 

immediately after collection that there was a daily fluctuation in ther

mal tolerance and at stations where warmer water was not avoided by 

the fish, thermal tolerance tended to increase with rising environmen

tal temperatures. The question now is whether this fluctuation still 

existed after complete acclimation in sieve buckets to maximum habitat 

temperatures. Fig. 19 represents the daily fluctuation of Station 4 

fish fully acclimated to maximum temperatures at their station. Obvious

ly these fish could not behaviorally avoid these warmer temperatures. 

Not only does this fluctuation still exist after full acclimation, its 

expression is much stronger than in Figs. 9, 10, and 11 in which fish 

were free to swim about the station. Fish in the field then tend to 

modify the quite drastic fluctuation in thermal tolerance represented 

in Fig. 19 (individuals forced to experience the maximum temperatures 

at their station) by behaviorally avoiding these temperatures as shown 

in the comparatively light fluctuations of Figs. 9, 10, and 11. 

Acclimation of fish to the total thermal cycle to which they 

are exposed is further corroborated by Station 3 fish in sieve buckets 

fully acclimated to Station 3 conditions (Fig. 20) meeting higher day 

maximum temperatures (B and B,) having a higher resistance time than 

those meeting lower day maximum temperatures (A and A,). 

Acclimation to Lower Temperatures 

Fig. 21 show the results of taking fish from Station 3 in the 

late spring, testing immediately (C), incubating samples in the warmest 



Figure 19. Fluctuation in thermal tolerance of Station 4 fish, acclimated 
fully to maximum temperatures at Station 4 throughout the day. 

Resistance times of G^. a., affinis acclimated at the warmest 
area of Station 4. 

Smaller numbers above time of day represent acclimation tem
peratures . 

Lethal temperature was 39°C. 
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Figure 20. The continued effect of day maximum temperatures on thermal 
tolerance. 

Resistance times of _G. a. affinis collected from Station 3 
and fully acclimated in sieve buckets to maximum temperatures 
at that station. Acclimation to the total temperature cycle 
to which fish are exposed is shown, rather than the absolute 
habitat temperature at time of testing. 

Numbers below letters represent day maximum temperature. 

Tested during January and February of 1972 at an immediate 
habitat temperature of 31°C (A and B), and 33°C (A, and B,). 
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Figure 21. The effects of acclimation at warmest and coolest habitats of 
Station 3 on thermal tolerance. 

Resistance times of a. affinis from Station 3 tested immediately 
after collection (C), acclimated in sieve buckets to maximum habitat 
temperatures at Station 3 (graphs to left of C); and acclimated in 
sieve buckets to minimum habitat temperatures at Station 3 (graphs 
to right of C). 
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part of the station (to the left of C) and incubating samples in the 

outpocket or cooler area of the station (to the right of C). After one 

day, fish from the warmest part of the station have an increased resis

tance time well above those tested immediately, however after one day, 

those incubated in the outpocket do not show a significantly decreased 

resistance time. 

To elucidate further, Station 4 fish fully acclimated to maxi

mum temperatures at their station (Fig. 22, C) at night and day maximum 

temperatures of 23° and 27°C respectively, are compared to Station 4 

fish moved in sieve buckets to Station 7 at night and day maximum tem

peratures of 13° and 19°C. Also included are Station 7 fish fully accli

mated to Station 7 temperatures of 20° and 23°C (Fig. 21, D). 

The delay noticed (Fig. 21) in the loss of thermal tolerance of 

fish from warmer stations incubated in cooler areas is probably due to 

the initial loss of fluctuation in thermal tolerance of these fish. 

After 6 days at Station 7, Station 4 fish tested in the morning at an 

environmental temperature of 13°C had the same thermal tolerance as 

Station 4 fish fully acclimated to Station 4 temperatures and tested in 

the morning at an environmental temperature of 23°C. After 6 days this 

sample would probably begin a new fluctuation somewhat similar to Sta

tion 7 fish at Station 7 (Fig. 22, D). 

Fig. 23 further corroborates the lack of acclimation ability 

of fish from cooler stations. All fish were fully acclimated to Sta

tion 7, Station 13 fish showed a much lower thermal tolerance than 

resident fish. 



Figure 22. The effect of lower temperatures on thermal tolerance in 
the field. 

Resistance times of G. a_. affinis from Station 4 (except 
D) fully acclimated in sieve buckets to maximum temperatures 
at Station 4 for 2, 4, and 6 days in sieve buckets at Sta
tion 7. D is Station 7 fish fully acclimated to thermal 
conditions at Station 7. 

Numbers to left and right of means represent acclimation 
temperatures. 

Tested at 39°C in January of 1972. 
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tolerance in the field. 



Figure 23. The effects of thermal history on thermal tolerance in the field. 

Resistance times of G^. a_. affinis from Stations 4, 13, and a cool 
desert lake (49) fully acclimated to maximum habitat temperatures 
at Station 7 and tested at the same immediate habitat temperature 
(31°C). 

Tested at 39°C during the spring of 1972. 
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Discussion 

All four points mentioned in the discussion of data gathered 

from fish tested immediately after collection have been corroborated 

and substantiated by data in this section from fish held experimentally 

in the field after collection. Even after full acclimation to maximum 

temperatures at Station 4, the thermal tolerance of fish continued to 

fluctuate daily in a direct response to environmental temperatures. 

There is also further evidence that fish did not acclimate in some 

absolute way to certain temperatures in the field when they were met 

but rather acclimated to the total thermal cycle to which they were ex

posed. Finally, there is continued verification for the fact that fish 

from cooler stations, when moved to warmer stations, have a lower ther

mal tolerance after complete acclimation than resident fish. 

Three new points have emerged and will be added in sequence to 

the former five: 

13. Fish did not acclimate to the maximum temperatures 

present in their habitat but rather to a mean or behaviorally modal 

temperature. 

14. Complete acclimation to maximum winter temperatures 

(31° to 33°C) was reached by winter fish after 4 hours of incubation, 

while 7 days were required for complete acclimation by winter fish to 

a sudden increase of spring temperatures from 34° to 36°C. 

15. With exposure to cooler water, fish from warmer sta

tions delayed an immediate loss of thermal tolerance by showing a lack 

of fluctuation of resistance time with increasing environmental tempera

tures. 



LABORATORY MEASUREMENT OF THERMAL TOLERANCE 

Effect of Transport on Thermal Tolerance 

The apparatus used to measure thermal tolerance in the labora

tory was exactly the same as that used to measure field thermal toler

ance. 

Fig. 24 shows the results of attempts to transport live Gambu-

sia from Mammoth Hot Spring to the University of Arizona, in Tucson, 

without a significant loss of thermal tolerance. In all cases, fish 

from the station in question were taken immediately after capture and 

tested in the field. Later a sample from the same station was trans

ported to Tucson and tested as soon as the apparatus could be reassem

bled. Fish were normally in the lethal tank no more than 2.5 hours 

after collection. 

Fig. 24, A is one example of many attempts to transport fish to 

Tucson in insulated buckets. Tops were fitted to prevent excess slosh

ing of water. No matter how carefully the fish were handled, some 

sloshing was evident and in all cases upon testing, the loss of thermal 

tolerance was extreme. 

I, therefore, built a transport apparatus to eliminate tempera

ture loss, water sloshing, and excess vibrations from affecting the 

fish. The inside of standard-sized Coleman coolers were fitted with 

1.5 inch packing material to absorb vibrations. Ten fish each were 

placed in two 1 liter Erlymeyer flasks, and filled with water from 

the appropriate station. Rubber stoppers were carefully fitted to the 

83 



Figure 24. The effects of transport on thermal tolerance. 

Effects of transport on the thermal tolerance of (3. _a. affinis 
from Mammoth Hot Spring. Boxes to left of vertical line are fish 
tested immediately after capture in the field. Boxes to right 
of vertical line are fish tested in the laboratory after trans
port, A in insulated buckets; and B, C, and D in transport 
apparatus. 

See text for description of transport apparatus. 
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tops of the flasks to eliminate the formation of air bubbles. In this 

way there was absolutely no sloshing of water in the flasks. Two flasks 

were then placed in each cooler and the cooler filled with small pieces 

of styrofoam to retard heat loss from the flasks. A fitted top of 1.5 

inch packing material was then put in places the top of the cooler 

closed and locked. Each cooler was then independently suspended be

tween two cloth platforms connected by springs to a frame bolted to the 

floor of the vehicle. This apparatus effectively prevented the conduc

tion of vibrations from the metal body of the vehicle to the cooler. 

Fig. 24 B, C, and D shows the results of fish transported to 

Tucson in the transport apparatus and tested. In Fig. 24 B the water 

in the flasks was taken from the warmest area of Station 4 and there

fore Station 4 fish began to increase their thermal tolerance over those 

tested immediately after capture. Figs, 24 C and D the water in the 

flasks was of a mean temperature found at each station. In each case, 

fish transported to Tucson in the transport apparatus acted thermally 

as if they had not left the field. 

Reaction of G_. affinis to 
General Laboratory Conditions 

For the purposes of this study, "general laboratory conditions" 

will be defined as all stimuli to which fish newly arrived from the 

field may be exposed to when being acclimated in the laboratory, exclud

ing those variables usually thought to be of importance in regulating 

the physiological parameter measured. Temperature and light regimes 

are usually thought of as affecting the response of fishes to heat and 

are therefore excluded from general laboratory conditions. Included 
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are such disturbances as the kind of light, vibrations from air pumps, 

loud noises, the presence of the investigator and others moving about 

the room, and so on. 

Once the effects of transport shock were overcome, it was felt 

that laboratory acclimation of gambusia at controlled temperatures could 

now begin to contribute significantly to the study. Later experience, 

however, showed that after a few days in the laboratory under the same 

thermal conditions, the thermal tolerance of fish transported in both 

insulated buckets and transport apparatus, were not significantly dif

ferent. 

After transport, gambusia introduced into a glass-sided tank 

aggregated in a corner away from the observer, with all fish facing the 

observer, their bodies quivering and fins undulating rapidly. Gradually, 

individual fish began swimming about the tank, yet any loud noise or 

quick movement would cause them to "ball up" again in a corner. After 

about a day, fish began swimming about the tank, feeding and not react

ing as strongly to general laboratory disturbances in the room. After 

a few days these fish tended to ignore the extraneous stimuli, but ex

pecting food, were attracted to anyone approaching their tank. They 

also began setting up small territories throughout the water column 

which were vigorously defended. After a week to ten days, some of the 

smaller fish, particularly males, often were killed by larger fish, es

pecially if the tank were overcrowded. 

Several other types of laboratory "habitats" were built to cul

ture gambusia for the observation of behavioral and thermal tolerance 

differences between fish incubated in these "habitats" and those in 
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glass-sided tanks. One such habitat will be described here. A box 120 

cm long, 62 cm wide, and 12 cm deep was constructed from plywood, and 

painted with a marine fiberglass resin. Water was continually drained 

from the tank at a rate of 2 liters/min., heated, and returned by pumps. 

Temperature control was accurate with an overall variation of 0.2°C in 

water temperature throughout the tank. This apparatus was constructed 

inside a stainless steel lined fume hood. Once the glass door was 

lowered and covered with aluminum foil, fish were unable to see beyond 

the limits of the hood. A viewing slit and a tube through which water 

and food could be pumped into the chamber from the outside were con

structed. Fish could now be acclimated for as long as the researcher 

desired without lifting the door of the hood. 

Upon introduction of gambusia into this chamber, fish swam free

ly about the tank, with no sign of fear or "balling up" or adverse reac

tion to visual stimuli as did fish introduced for the first time into 

glass-sided tanks. Territories were not set up, fish at times traveled 

as small schools but mostly swam about individually, However, if at any 

time during the acclimation period, the hood door were raised all fish 

showed immediate signs of shock, swam rapidly about the tank, "balled 

up" in a corner and would maintain this tension for days or even weeks. 

Effects of Laboratory Parameters 
on Thermal Tolerance 

Culture Apparatus 

Under similar thermal conditions, fish maintained in glass-

sided tanks always had a significantly higher thermal tolerance than 
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fish maintained in various habitats sheltered from general laboratory 

activity. It appears then that (}. a., affinis does better in glass-

sided tanks from which fish may habituate to general laboratory activi

ty. Any attempt to isolate fish from this activity does not seem to 

increase thermal tolerance to any standard temperature regime, and even 

though fish appear to behave in a way which more resembles field con

ditions, fish at any time may undergo a shock reaction and show signs 

of fright for the remainder of the experiment. 

Type of Water 

Thermal tolerance testing in the laboratory was nonreproducible 

and insensitive until gambusia were cultured in water transported from 

Mammoth Hot Spring. As an example, in dechlorinated tap water after 10 

days acclimation to a constant 31°C in the laboratory, gambusia tested 

at 39°C had a resistance time of 50 ±5 minutes (X ±95 percent confidence 

interval). Fish from the same station, collected at the same time of 

year, but acclimated in water from Mammoth Hot Spring at a constant 

31°C and tested at 40°C, had a resistance time of 60 ±5 minutes. Be

sides temperature, water quality had the greatest effect on thermal tol

erance of all other variables tested. This effect was further corrob

orated by twenty separate tests with a sample number of 22 fish each in 

a variety of laboratory habitats. 
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Thermal Tolerance as a_ Function 
of Acclimation Time 

Apparatus 

The following reports of thermal tolerance testing were the re

sult of gambusia acclimated in divided 10 gallon glass-sided tanks 

filled with water from Mammoth Hot Spring. About 22 intermediate-sized 

females were placed on each side of the tank divider. Two 100-watt 

submersible heaters connected through a relay to a mercury column ther-

moregulator kept the water in the tank within 0.2°C of the desired 

temperature. 

Acclimation of G. affinis to a Constant 31°C 

Fig. 25 shows the thermal tolerance of gambusia collected from 

Station 7 during the spring at environmental temperatures of 26° to 

31°C, acclimated in the laboratory from 4 hours to 30 days at a constant 

31°C. During the first four days, fish kept in the dark in an incubator 

(stripped boxes) show better reproducibility from sample to sample than 

those kept in glass-sided tanks in the laboratory. Contrary to results 

obtained in the field, under laboratory conditions at a constant 31°C, 

fish which experience 31°C as a day maximum at their station (7) , show 

a continued increase in thermal tolerance after 30 days of incubation. 

Fig. 23 shows Station 7 fish incubated at Station 7 and tested 

in the field when that station reached the day maximum of 31.8°C. The 

results show that the thermal tolerance of these fish, tested at 39°C 

in the field, is much lower than those tested in the laboratory at 



Figure 25. The effect of laboratory acclimation on thermal tolerance. 

Resistance times of G_. a. affinis collected from Station 7 
and acclimated in the laboratory at a constant 31°C in 
glass-sided tanks. 

Stripped boxes show samples held in the dark. 
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40°C. Under a cyclic temperature regime in the field, then, fish do 

not acclimate fully to the day maximum. 

Two lines of evidence have already substantiated the fact that 

under the same thermal regime fish from cooler stations show a signifi

cantly lower thermal tolerance than fish from warmer stations. From 

fish tested immediately after collection, Fig. 12 shows under the same 

thermal regime, Station 4 fish have a significantly higher thermal tol

erance than Station 5 fish. Secondly, Fig. 17 shows that from fish 

fully acclimated to the maximum thermal conditions at Station 3, fish 

from that station have a significantly higher thermal tolerance than 

those from Stations 7 and='13. 

As a further check, fish from Stations 1, 4, 5, and 11 were 

transported to Tucson. Rather than an immediate incubation at 31°C, 

these fish were kept for 13 days in an incubator at 13°C, 1 day at 20°C, 

5 days at 25°C and finally 15 days at a constant 31°C under general 

laboratory conditions. After testing at 40°C, the results are shown in 

Fig. 26. Each sample is significantly different from every other sam

ple. Included in this figure are the results of fish collected from 

Station 13 in June, 1972 and held for 2 months in the laboratory at a 

constant 31°C. 

Discussion 

The following points, in sequence, summarize information gained 

from gambusia transported from Mammoth Hot Spring and either immediately 

tested or acclimated in the laboratory. 



Figure 26. The effects of laboratory acclimation and thermal history on 
thermal tolerance. 

Resistance times of G. a. affinis from Stations 1, 4, 5, 11; 
acclimated in the laboratory for 35 days with a final temperature 
regime of 15 days at a constant 31°C. 

Acclimation regime: 

Days Temperature 

13 13°C 

1 20°C 

5 25°C 

15 3i°C 
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16. Water sloshing and vibrations during transport tended 

to drastically reduce the thermal tolerance of fish even though there 

was very little heat loss from the water. The effect may be termed 

transport shock. However, after a few days of habituation to labora

tory conditions the effects of this shock disappeared. 

17. During laboratory acclimation fish maintained in 

large shallow habitats and sheltered from laboratory activitys behavior-

ally resembled fish under field conditions yet showed a significantly 

lower thermal tolerance than fish habituated to laboratory activity in 

glass-sided tanks under the same temperature conditions. 

18. Gambusia from Mammoth showed a remarkable increase in 

thermal tolerance in the laboratory when acclimated in water transported 

from the spring to the laboratory as compared to those acclimated in 

dechlorinated tap water. 

19. Under laboratory conditions of a constant 31°C5 fish 

collected from a part of the stream with a day maximum of 31°C showed 

a continuing increase in thermal tolerance after 30 days of acclimation. 

Fish held in the field, then, under a cyclic temperature regime do not 

acclimate fully to the day maximum. 

20. After 35 days in the laboratory, the thermal toler

ance of fish from warmer stations was significantly higher than that of 

fish from cooler stations. 

At this point it now seems appropriate to compare the thermal 

tolerance of fish held in the laboratory at a constant 31°C with results 

from fish held experimentally in the field. It has already been noted 

(No. 12) that fish held experimentally in the field do not acclimate 
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fully to the day maximum at their station when compared to fish from 

the same station held constantly for several weeks in the laboratory 

at this same temperature. However, Station 3 fish held in the field 

and tested at the night maximum (31°C) at their station (Fig. 15, ST3 

BS) do resemble fish from Station 4 held at a constant 31°C in the lab

oratory (Pig. 26, ST 4). In summary: 

21. Fish from warmer stations held at a constant 31°C in 

the laboratory have a thermal tolerance that is not significantly dif

ferent from that of fish held at warmer stations in the field and tested 

when the night maximum at that station is 31°C. 

When fish are exposed to summer conditions and compared to fish 

from the same station under winter conditions it was seen that after 2 

to 6 hours of incubation, summer fish (Fig. 18) have a thermal toler

ance similar to winter fish (Fig. 17) after 7 to 9 days of incubation 

at about the same day maximum temperature. Station 13 fully acclimated 

to Station 3 temperatures of a day maximum of 34°C on 1 March 1972 (Fig. 

17, C) is not significantly different from Station 13 fish fully accli

mated to a day maximum of 34°C at Station 4 (Fig. 18, D) on July 10, 

1972. The latter thermal tolerance compares well with Station 13 fish 

incubated at their own station during the summer at temperatures of 31° 

to 34°C (not drawn). In summary: 

22. Fish taken from cooler stations in the winter and 

acclimated to warmer stations (31° to 35°C) have a thermal tolerance 

that is not significantly different than when tested at their own sta

tion in the summer (31° to 35°C). 
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Although the effects of acclimatization on the thermal physi

ology of gambusia were not tested under laboratory conditions, this 

field evidence tends to support the conclusion that such influences 

were not measurable in this population. Acclimatization effects would 

have caused an increase in the thermal tolerance of fish during the 

summer months above those tested during the winter from the same sta

tion and acclimated to the same temperature. No such increased resis

tance was noticed. 



DISCUSSION AND CONCLUSIONS: THERMAL TOLERANCE 

_G. affinis in Mammoth Hot Spring 

Since there, has been no published accounts of well controlled 

field thermal tolerance testing for any organism, the results of this 

study cannot be compared to any other. Also since only one other worker 

(Hagen, 1964) has used this particular method (resistance time at high 

lethal temperatures) the laboratory results may be difficult to compare 

to studies using a CTM method or by the incipient lethal temperature 

method of Brett (1952). Fry (1967) has commented on the confusion in 

thermal tolerance literature due to the variety of methods, acclimation 

times, sample numbers, and so on, employed by different workers. It 

was in part to quantitatively define some of these variables that this 

study was begun. However, although acclimation times, sample numbers, 

transport methods, and field and laboratory techniques have all been 

selected and subsequently modified to show the greatest sensitivity 

and reproducibility in measuring thermal tolerance, results obtained 

here may not be reproduced by researchers using other, less sensitive 

methods. 

The ecological application of laboratory data has again been 

questioned by Fry (1967) since temperature tolerance polygons have been 

determined using laboratory acclimation of fishes to constantly held 

temperatures. However, most fishes in the field are subjected to 

fluctuations in temperatures rather than constant temperatures so that 

the predictability of laboratory studies concerning the response of 

96 
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field populations of fishes to temperatures may be questioned. This 

study was initiated in part to help define the relationship between the 

thermal tolerance of fish held at constant temperatures in the labora

tory and fish in the field both free swimming or held experimentally 

to cyclic field temperatures. 

Gambusia freely swimming in Mammoth Hot Spring tend to behavior-

ally thermoregulate, i.e.3 they choose lower habitat temperatures to 

carry out most of their activities. As stream temperatures rise during 

the day, and if cooler water is not available to them, their thermal 

tolerance also tends to rise. However, the amplitude of this rise is 

not as great as those fish held at maximum temperatures in sieve buck

ets. Furthermore, those fish held in sieve buckets still do not accli

mate to the day maximum (the highest temperature a station reaches 

during the day) as measured by fish held in the laboratory at constant • 

temperatures corresponding to these day maxima. This response, then, 

is not behavioral but physiological. 

Gambusia incubated at maximum cyclic temperatures at their sta

tion act physiologically as if they were being incubated at a constant 

temperature resembling the mean of the temperatures to which they are 

exposed rather than the maximum. There are then two mechanisms insulat

ing these fish from the effects of maximum temperatures in the field, 

one is behavioral, the other physiological. 

The least amount of temperature fluctuation occurs in the even

ing and the night maximum (the lowest maximum temperature recorded at a 

station) is the most stable temperature recorded over a twenty-four 

hour period. Fish freely swimming or held at a warm station are exposed 
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to the night maximum temperature for a longer period of time than any 

other temperature. Fish tested at this time (with the night maximum 

at 31°C) are not significantly different than fish held at a constant 

31°C in the laboratory. 

The relationship between the thermal tolerance of fish held at 

constant temperatures in the laboratory and those under a cyclic regime 

in the field appears to be directly related to the amount of time fish 

in the field spent at any one temperature. During the day as tempera

tures rise3 thermal acclimation to these temperatures appeared to lag 

behind, so that as the day maximum is reached, fish have significantly 

increased their thermal tolerance above the night maximum but are not 

fully acclimated to the day maximum. This explanation also accounts 

for the fact that fish from the same station and tested at the same 

immediate habitat temperature but experiencing a higher day maximum 

will show a higher thermal tolerance at that habitat temperature than 

fish experiencing a lower day maximum during the same season. 

As mentioned earlier, about 4 hours are needed for fish at their 

own station to fully acclimate to the maximum temperature cycle at their 

station under winter conditions. This is a short term acclimation and 

enables fish to adjust physiologically to maximum temperatures at their 

station in a matter of hours if for some reason these temperatures can

not be avoided behaviorally, as they usually are. However, in the 

spring when maximum temperatures increase quickly (33° to 36°C) fish 

need about seven days to adequately adjust to these maximum tempera

tures. The same amount of time (7 days) is needed for winter fish from 

cooler stations to fully acclimate to warmer stations. The same 
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resistance time can be displayed by summer fish acclimating to these 

same temperatures (33° to 36°C) from both warm and cool stations in a 

few hours. 

This evidence stronglj suggests two different mechanisms of 

thermal acclimation: one, short term, possibly a metabolic mechanism 

enabling fish from any station to acclimate to maximum temperatures in 

their habitat in a matter of hours whereas the second is a long term, 

possibly an enzymatic, mechanism enabling winter fish to slowly accli

mate to summer thermal conditions, taking a number of days or weeks to 

complete. Once enzymatic acclimation is accomplished, metabolic accli

mation is used by the fish for adjusting to daily fluctuations in tem

perature. 

If fish are brought into the laboratory and must acclimate en-

zymatically, i.e. , if the constant laboratory temperatures are above the 

day maximum of the habitat from which the fish are removed, then a 

longer period of time is required for full acclimation, perhaps 30 days 

or more. Since fish in the field tend to acclimate enzymatically in 

about a week to cyclic temperature regimes, this 30-day period may be 

due to fish first habituating to laboratory conditions and second, accli

mating to a constant temperature rather than cycled temperatures. Which 

effect is more important to such long term laboratory acclimation is not 

known. 

The thermal history of fish does not seem to be abolished by 

either 7-days acclimation to cyclic temperatures in the field or long 

term acclimation to constant temperatures in the"laboratory. Fish from 
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cooler stations always seem to show a significantly lower thermal tol

erance than fish from warmer stations. 

To determine if more time was needed for a complete loss of 

the effects of thermal history, Station 13 fish were incubated at a 

constant 31°C in the laboratory for 2 months (Fig. 26). Results show 

that this additional time did not seem to influence thermal tolerance. 

Since general laboratory conditions affect all fish alike, this lower 

thermal tolerance of fish from cooler stations is a result of incuba

tion at a constant temperature. However, under cyclic thermal condi

tions in the field, the thermal history of the fish still seems to af

fect the outcome of acclimation studies. Therefore, the thermal his

tory of fish populations will continue to express itself under both 

cyclic and constant temperture regimes. 

These results strongly suggest that when working with different 

species of fishes from different thermal habitats, the results of lab

oratory thermal tolerance testing may not be due to genetic adaptation 

per se since the effects of environmental thermal history of these 

fishes may not have been abolished. Most workers have concluded that 

differences in thermal tolerance between species reflect gene changes 

(Fry, 1967; Hagen, 1964). Thue for gambusia an alternate interpreta

tion might be that fish from Su. jions 1, 4, 5, 7, 11, and 13 are all 

genetically different in terms of thermal acclimation. This conclusion 

is unacceptable for the following reasons: all stations below Station 

4 were repopulated by fish from the warmer stations after 1 May 1966 

(Fig. 1), fish from different stations are not reproductively isolated 

from each other, and Gambusia a. affinis is a eurythermal species. 



101 

The thermal tolerance of gambusia from Mammoth Hot Spring is 

predictable knowing the station from which the sample of fish is taken, 

the temperature regime at that station, the experimental acclimation 

temperature and time of acclimation. No seasonal influence was noted 

among the field samples tested and therefore the effects of acclimati

zation were not measurable. 

General Applications 

Physiological and Behavioral Responses 
of Fishes to Field Thermal Conditions 

During the winter, G. affinis in Mammoth Hot Spring is exposed 

to a high of 36° to 40°C and a low of 10° to 0°C. Probably no other 

field population of fishes has been shown to occupy a habitat with such 

a wide range in temperature at one time. In this sense, the Mammoth 

population of gambusia may be unique among fishes. However, at any one 

station daily temperature fluctuations resemble those reported for other 

fish populations from desert springs and ponds (Lowe and Heath, 1969), 

the subtropical inshore fish fauna of the Gulf of California (Heath, 

1967), Hawaiian tide pools and temperate marine littoral habitats 

(Brett, 1970). Behavioral and physiological mechanisms mentioned above, 

utilized by Mammoth gambusia when exposed to a cyclic thermal regime, 

will probably be found, among the eurythermal (with a thermal tolerance 

range from 10° to 30°C) fishes of the world. 

Stenothermal fishes, i.e., those with a thermal tolerance range 

of less than 10°C, inhabit areas with characteristically small annual 

fluctuations in temperatures. These areas include the following: 
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polar regions, oceanic pelagic zone, bathypelagic zone, tropical marine 

coasts, and some tropical freshwaters (Brett, 1970). Other fishes may 

be exposed to comparatively wide thermal cycles either daily or season

ally by abrupt changes in temperature within the habitat, e.g., fresh

water and temperate-subtropical littoral zones, or by the behavior of 

the fishes themselves, e.g., pelagic fishes performing vertical migra

tions . 

By utilizing behavioral thermoregulation, and the following 

physiological compensatory mechanisms: a comparatively low amplitude 

daily cycling of metabolic thermal tolerance, thermal acclimation to 

a behaviorally modal environmental temperature and others mentioned 

above for gambusia, these eurythermal fishes would be better able to 

withstand the otherwise dependent nature of poikilotherm interaction 

with temperature change. 

Transport of Fishes 

It is routine laboratory procedure to allow field captured or

ganisms to habituate to laboratory conditions for a few days before 

physiological testing. This study quantifies the reduced thermal tol

erance of gambusia due to transport shock and suggests methods of trans

port to eliminate these effects. In this way fishes may be tested in 

the laboratory immediately after transport and will still retain a 

thermal tolerance similar to field conditions. 

It is important for field researchers to realize that even a 

small amount of handling and transport may change certain measurable 

physiological characters of field populations, especially those 
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characters closely associated with short term metabolic changes. The 

results of physiological testing in the laboratory, then, should not be 

reported as "field values" unless a check is made to evaluate the ef

fects of operations performed on the fish between collection and test

ing. 

Laboratory Acclimation of Fishes 

Once transport variables are considered, the laboratory itself 

may influence the results of physiological testing, apart from the varia

bles usually considered to directly affect the physiological response 

measured, e.g., temperature and thermal tolerance. The reproducibility, 

or even the magnitude of thermal responses, has been shown to be af

fected by general laboratory conditions within the first ten days of 

acclimation. Therefore, these kinds of effects need to be explored and 

elucidated to standardize laboratory procedures. 

It appears to be very important to acclimate fishes to labora

tory conditions in water transported from the area of collection. 

Whether biological substances dissolved in the water or strictly chemi

cal effects of ion concentration (total dissolved substances) are re

sponsible for the remarkably reduced thermal tolerance of gambusia accli

mated in dechlorinated tap water compared to water from Mammoth Hot 

Spring is not known. 

The exact relationship between laboratory acclimation of fishes 

to a constant temperature regime as compared to naturally cycled field 

temperatures is still quite vague. During the first few weeks, there 

appears to be a slow acclimation to higher temperatures even if these 
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temperatures approximate the day maximum encountered by the experimen

tal animals in the field, especially if the daily temperature fluctua

tion there is greater than 10°C. Even after 30 days of acclimation to 

higher constant temperatures, a depressing effect on thermal tolerance 

still occurs. 

Since many field populations of fishes in hot springs of the 

western United States are living at rather constant warm temperatures 

(Hubbs, Baird, and Gerald, 1967), a field-laboratory comparison of ther

mal tolerance here may discover if constant temperature per se may de

press thermal tolerance or-if other laboratory conditions are respon

sible. 

Previous Thermal History of Field Populations 

Underlying all laboratory studies on thermal acclimation is an 

assumption which states that once resistance time values do not increase 

with acclimation time to a constant temperature, not only has the popu

lation reached complete acclimation to that temperature, but also these 

resistance time values are genetically characteristic of the species 

population or the species under investigation (Fry, 1957). In other 

words, once full acclimation is reached, the results of thermal toler

ance testing are not influenced by the particular thermal history of 

the sample tested. Full laboratory acclimation to constant temperatures 

higher than those encountered by the fishes in the field is considered 

to be quite rapid with a mean time of 72 hours for most fishes, 20 days 

for some, and 30 days for the guppy, Lebistes reticulata (Brett, 1970). 
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Even after 35 days in the laboratory (60 days for Station 13 

fish, Fig. 26) gambusia from Mammoth still show the effects of past 

thermal history on temperature tolerance. The _a priori assumption then 

that differences in laboratory results show differences in the genetics 

of field populations should be subjected to experimental control. As 

an example, species from warmer habitats and species from cooler habi

tats could be experimentally acclimated to cooler laboratory tempera

tures for over 30 days; then acclimation to warmer temperatures for 

about the same period of time. This experimental design could reduce 

the effect of past thermal history on the samples involved, but whether 

this history can be completely abolished is still unknown especially 

among the poeciliids, Gambusia and Lebistes who have been shown to re

quire long laboratory acclimation times (30 days) for complete acclima

tion. 

The brief laboratory acclimation time used by most workers 

could, in part, explain why it is that in every case examined, species 

living in warmer habitats always show a higher thermal tolerance when 

tested in the laboratory than species living in cooler habitats found 

sympatrically (Graham, 1970) along a thermal cline (Heath, 1967) or 

separated latitudinally (Brett, 1970). 

Prediction of Field Thermal Tolerance From Laboratory Data 

Correlations between constant temperature laboratory acclima

tion and field acclimation to cyclic temperature regimes seem to indi

cate that fishes acclimate to a behaviorally modal habitat temperature, 

i.e., a temperature at which fish carry out most of their activities 



and which may change from day to day. Temperature tolerance polygons 

constructed from laboratory acclimation of fishes are often used to 

predict the successful acclimation of these fishes to field thermal 

conditions (Fry, 1971). The boundaries of the polygon may underesti

mate the ability of field populations to compensate for temperature 

change due to the possible depression of thermal tolerance from accli

mation to constant laboratory temperatures, or because field popula

tions do not acclimate to the maximum temperatures recorded in their 

environment. 



SUMMARY 

1. The chemical properties of water from Mammoth Hot 

Spring were similar to those of cool artesian aquifers in southern 

Arizona except for a high dissolved oxygen content and high fluoride 

content of the water coming directly from the pipe. 

2o Among the insects, tendipedid larvae, odonates nymphs 

and halipid, dytiscid and hydrophilid adults showed a thermal distribu

tion in Mammoth Hot Spring. The two species of frogs also showed a 

thermal distribution. 

3. Of the twenty-seven species of aquatic insects col

lected, ten were restricted to the warmest area of the stream (Station 

1) , twelve were found only in the cooler areas (Stations 8, 11, and 0) 

and four ranged throughout the stream. One specialized midge larva was 

found only in the warm lotic water at Station 3. All eurythermal in

sects were predaceous. 

4. At warmer stations, G_. af finis set up territories and 

acted much more aggressively than fish at cooler stations. 

5. At cooler stations female G_. af finis grew larger and 

had a more carnivorous diet than at warmer stations. More males were 

present at the cooler stations. 

6. Marked female CJ. af finis at Station 1 had a thermal 

preference of 31°C. 

107 
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7. G_. affinis collected from both cool and warm aquatic 

habitats showed the same thermal preferendum of 31°C when tested in a 

laboratory temperature gradient. 

8. Fish living at stations closer to the source pond and 

therefore in areas of the stream with higher mean, high, and low tem

peratures have a higher thermal tolerance than fish living at cooler 

stations, farther from the source pond. 

9. The thermal tolerance of fish freely swimming about the 

stream may rise during the day as stream temperatures rise, however, 

fish at warmer sta-tions may behaviorally modify this tendency by seek

ing cooler water if it is available to them. 

10. Fish freely swimming about the stream, tend to respond 

to the total thermal cycle to which they are exposed. At any one habi

tat temperature and station, fish exposed to ultimately warmer tempera

tures during the day show a higher thermal tolerance than fish exposed 

to ultimately lower temperatures. 

11. At any one habitat temperature and day maximum tem

perature fish freely swimming about the stream from cooler stations 

have a significantly lower thermal tolerance than fish from warmer sta

tions . 

12. Smaller females have a higher thermal tolerance to the 

same temperatures in the field than larger ones. In the same way, fe

males have a higher thermal tolerance than males. 

13. Fish do not acclimate to the maximum temperatures pres

ent in their habitat, but rather to a behaviorally modal temperature. 
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14. Full acclimation to maximum winter temperatures (31° 

to 33°C) is reached by winter fish after 4 hours of incubation in the 

field, while 7 days are required for complete acclimation to the sudden 

rise to maximum spring temperatures of 34° to 36°C by winter fish. 

15. With exposure to cooler water, fish from warmer sta

tions delay an immediate loss of thermal tolerance by showing a lack of 

fluctuation of resistance time with increasing environmental tempera

tures in their cooler environment. 

16. Water sloshing and vibrations during transport tend to 

drastically reduce the thermal tolerance of fish even though there is 

very little heat loss from the water. After a few days in the labora

tory the effects of transport shock disappeared. 

17. During laboratory acclimation in large shallow habi

tats, fish sheltered in this way from laboratory activity resembled 

behaviorally fish under field conditions yet showed a significantly 

lower thermal tolerance than fish habituated to laboratory activity in 

glass-sided tanks under the same temperature conditions. 

18. G_. affinis from Mammoth showed a remarkable increase 

in thermal tolerance in the laboratory when acclimated in water trans

ported from the spring to the laboratory as compared to those acclimated 

in dechlorinated tap water. 

19. Under laboratory conditions of a constant 31°C, fish 

collected from a part of the stream with a day maximum of 31°C show a 

continued increase in thermal tolerance after 30 days of incubation. 

Fish held in the field then under a cyclic temperature regime do not 

acclimate fully to the day maximum temperature. 
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20. After 35 days in the laboratory, the thermal tolerance 

of fish from warmer stations Is significantly higher than fish from 

cooler stations. 

21. Fish from warmer stations held at a constant 31°C in 

the laboratory have a thermal tolerance that is not significantly dif

ferent from fish held at warmer stations in the field arid tested when 

the night •maximum at that station is 31°C. 

22. Fish taken from cooler stations in the winter and ac

climated to x-?armer stations (31° to 35°C) have a thermal tolerance that 

is not significantly different than when tested at their own station 

in the summer (31° to 35°C). 

23. Two different mechanisms of thermal acclimation are 

suggested by the field data: a short term, possibly metabolic acclima

tion to maximum seasonal habitat temperatures, which may be completed 

in a few hours; and a long term, possibly enzymatic acclimation en

abling winter fish to slowly acclimate to maximum summer habitat tem

peratures. Several days may be needed for full enzymatic acclimation. 

24. If an enzymatic acclimation is required by field popu

lations brought into the laboratory and maintained at higher constant 

temperatures, thirty days or more may be needed for complete acclima

tion due to both the habituation of fishes to general laboratory con

ditions and the nature of constant temperature acclimation. 

25. The effects of thermal history of gambusia does not 

seem to be abolished by either seven day acclimation to cyclic tempera

tures in the field or long term acclimation to constant higher tempera

tures in the .Laboratory. 
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26. The thermal tolerance of gambusia in the field is 

fully predictable knowing from which station the fish were collected, 

the temperature regime at that station, and the experimental incubation 

temperatures and time. Acclimatization effects have not been measur

able in this population. 

27. The results of physiological testing in the laboratory 

should not be reported as "field values" unless a check is made to 

evaluate the effects of operations performed on the fish between field 

collection and testing. 

28. The reproducibility and the magnitude of thermal re

sponses of fishes may be affected by general laboratory conditions 

during the first ten days of acclimation. 

29. The a priori assumption that differences in the labora

tory thermal tolerance of field populations reflect differences in the 

genetics of these fishes lacks sufficient experimental evidence. The 

thermal history of a sample of fishes may still influence laboratory 

thermal tolerance values especially if only short term acclimation pro

cedures are used. 

30. Temperature tolerance polygons do not adequately ex

press the behavioral and physiological mechanisms utilized by field pop

ulations of fishes to withstand the otherwise dependent nature of 

poikilothermal interaction with temperature changes. 
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