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ABSTRACT 

Subfreezing temperature tolerance was examined in 

the mountain spiny lizard Sceloporus jarrovi from rela

tively high elevation localities (7800 and 6000 ft) in 

the Chiricahua and Pinaleno Mountains of southeastern 

Arizona, There was no evidence of an increased tolerance 

to freezing temperatures for winter-acclimatized animals. 

The supercooling limits (ca. -5.0°C) of lizards collected 

during a mild winter and summer were not different. The 

supercooling ability of animals collected during a more 

harsh winter decreased to approximately -3.6°C. Freezing 

points of summer animals (ca. -0.65°C) were significantly 

lower than values for both the mild and harsh winters 

(-0.59°C). 

The response of experimental animals kept at various 

constant temperatures indicates a decreased supercooling 

ability with decreasing temperatures to 7°C, as well as 

an elevated freezing point. By comparison cycled tem

peratures from -2° to 30°C did not alter either the super

cooling limit or the freezing point. Animals dehydrated 

to 5% weight loss and greater showed a significant lowering 

of both the freezing point and the supercooling limit, 

xii 
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Rates of weight loss as a function of initial body weight 

and temperature were determined for the species. 

Variability in the supercooling limits and freezing 

points of field animals is correlated with normal dif

ferences in body water content. Maximum supercooling 

limits (-7,0°C) and freezing points (-0.84°C) were obtained 

on animals run within 12-36 hours of birth and before feed

ing . 



INTRODUCTION 

The existence of the phenomenon of supercooling in 

animals has been known since at least the turn of the 

century (Kodis, 1898; Bakhmetiev, 1912). However, fol

lowing important initial reports by German and Russian 

authors (Weigmann, 1929; Kalabukhov, 1934; Rodionov, 1938), 

little has been added to the literature on reptilian super

cooling until recently. The need for intensive field and 

laboratory studies concerning subfreezing cold tolerance 

in reptiles has often been directly or indirectly implied 

(Cowles, 1941; Bailey, 1949; Pearson, 1954; Hock, 1964). 

Although data on supercooling and freezing in 

reptiles may be limited, other vertebrate and invertebrate 

species have received considerable attention. The fol

lowing list is representative of an abundant literature: 

insects, Mellanby, 1939, 1940; Salt, 1950, 1956, 1964, 

1966c, 1970; Scholander et al., 1953; Somme, 1964; Asahina, 

1966; Miller, 1969; intertidal and marine invertebrates, 

Kanwisher, 1955, 1959, 1966; Nair and Leivestad, 1958; 

fishes, Scholander et al., 1953, 1957; Gordon, Amdur and 

Scholander, 1962; Somero and DeVries, 1967; DeVries and 

Wohlschlag, 1969; Umminger, 1969a, 1969b; mammals, Andjus 

and Smith, 1954, 1955; Smith, 1954, 1956a, 1956b, 1958; 

1 
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Andjus, 1955; Kalabukhov, 1960. Dorsey (1948) contributed 

a very valuable monograph on supercooling in water, and 

there are now two excellent reviews covering supercooling 

and freezing in biological systems (Smith, 1961; Meryman, 

1966) . 

Lowe, Lardner and Halpern (1970) recently reported 

that the ability to supercool is an inherent characteristic 

of virtually all reptiles. This study has been directed 

to the analysis of the environmental and physiological 

factors which modify supercooling ability in a single 

species, and to the description of the normal seasonal 

variability in supercooling limits and freezing points. 

The mountain spiny lizard Sceloporus jarrovi Cope is 

particularly well-suited for this analysis because super

cooling is undoubtedly a frequent necessity during the 

winter in many areas of its geographical distribution. 

The subspecies Sceloporus j_. jarrovi used in this investi

gation ranges from the Mexican state of Durango northward 

to several mountain ranges in the extreme southeastern 

section of Arizona (Chrapliwy, 1964). In Arizona it 

occurs primarily at elevations above 5000 ft and as high 

as 10,700 ft in the Pinaleno Mountains (Lowe, 1964) which 

is the most northward extension of its range. It lives 

principally in rocky habitats frequently with south-, 

west-, or east-facing exposure. 
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The populations sampled occur at 6000 and 7800 ft 

in the Pinaleno Mountains and Chiricahua Mountains in 

southeastern Arizona. Both localities feature natural rock 

outcroppings as well as massive rock exposures produced by 

blasting for roadways. These artificial road-cut habitats 

are primarily occupied during the winter months when the 

deep rock crevices provide excellent denning areas for 

scores of animals. During the spring and summer months 

the lizards disperse and are most abundant in the more 

undisturbed areas of the habitat. 

Sceloporus jarrovi is active on almost all clear, 

sunny days throughout the winter, even in the presence of 

nearby ground snowcover. In order to be active to this 

extent it evidently does not retreat so deeply at night 

that the warmth of the following day is not sensed to 

stimulate emergence. At the higher elevations in which 

J3. jarrovi is successful, there are undoubtedly times 

when the nocturnal air temperature drops low enough that 

animals in their crevice retreats are in fact normally 

supercooled. 

Low temperature tolerances of Sceloporus jarrovi 

are analyzed with respect to changes in the supercooling 

limit and freezing point. Correlations are made between 

these parameters and the experimental variables of tem

perature and state of dehydration. Variations observed 



in field measurements of supercooling ability and freezing 

point over a one-year period are interpreted in view of 

laboratory responses. 



METHODS AND CONCEPTS 

Sceloporus jarrovi (Fig. 1A) collected for this 

study came from two localities in southeastern Arizona. 

All the individuals recorded as monthly field samples are 

from a population approximately 1 mile (by road) above 

Onion Saddle at 7800 ft in the Chiricahua Mts., Cochise 

Co., Arizona (Pig, IB), and are animals on which cold 

tolerance measurements were made directly upon return to 

the laboratory. These animals are hereafter referred to 

as "field" samples or "field" animals. This population 

could not support both field and laboratory phases so a 

second locality near Wet Canyon at 6000 ft in the Pinaleno 

Mts., Graham Co., Arizona, served as the source for those 

laboratory experiments requiring large numbers of animals 

for exposure to various treatments prior to determination 

of the response to subfreezing temperatures. These animals 

are referred to as "experimental". 

The study extended over a 13-month period from 

February, 1969, through February, 1970. Elevations in the 

Pinaleno Mts. comparable to that above Onion Saddle in the 

Chiricahuas are inaccessible during the winter. To be sure 

that the difference in elevation between the two localities 

was not complicating the results, four to six animals were 



A 

Fig. 1. Sceloporus jarrovi Cope. -- (A) Male in light 
phase. Photo by T. A. Wiewandt. (B) Nine darken
ed lizards sunning near rock crevice retreat, Feb
ruary 25, 1970, Chiricahua Mts., 7800 ft, Cochise 
Co., Arizona. Air temperature, 8°C; substratum in 
sun, 22°C. Photo by R. D. Krizman. 
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always collected at Wet Canyon for immediate field runs to 

compare with the Onion Saddle monthly field sample. At no 

time did field animals from the Pinaleno Mts., differ from 

field samples from the Chiricahua Mts. with respect to the 

two parameters measured. The range of measurements coin

cided. 

Climatological data for Onion Saddle are not avail

able for direct application to the field measurements. 

Daily records are kept, however, at the Southwestern 

Research Station at 5400 ft in the Chiricahuas, Although 

the temperature, snowfall, and rainfall measurements at 

the Station are not precisely those of the higher eleva

tion, the relative monthly changes provide a reasonable 

approximation of the conditions at Onion Saddle and are 

most useful for comparing the seasons covered by this 

study. Temperature extremes at the Southwestern Research 

Station for the day and month of collection at Onion Saddle 

are given in Table 1. Column 5 refers to the number of 

days for which the minimum was below 0°C. 

By means of a thread noose 364 individuals were 

captured from the two localities described while they 

basked on rocks in the sun, on tree trunks, or on sunny 

spots amidst low vegetation. Upon return to the laboratory 

animals were weighed on a K7T Mettler Balance, measured, 

marked in indelible ink with an experimental number, and 



Table 1. Temperature extremes for the day and month of collection recorded at 
the Southwestern Research Station, 5400 ft, Chiricahua Mts., Cochise 
Co., Arizona. — This station is 2400 ft lower than the habitat 
sampled at 7800 ft elevation. See text. 

Date 
Min 
(°F) 

Max 
(°F) 

Avg. 
Monthly 
Min 
(°F) 

Avg. 
Monthly 
Max 
(°F) 

Days 
Below 
32°F 

Lowest 
Temp. 
(°F) 

Date of 
Lowest Temp. 

Feb. 10, 1969 19 60 23.6 56.1 24 10 1 

March 16 17 60 24.0 61.9 28 13 12 

April 4 28 74 34.2 74.9 14 25 12 

May 13 41 78 39.1 79.8 4 28 7 

June 21 45 92 45.5 87.8 0 40 8 

July 18 54 81 57.5 86.6 0 53 13 

Aug. 18 60 88 57.2 72.3 0 52 16 

Sept. 18 58 86 48.6 81.8 0 40 30 

Oct. 40.3 72.0 5 24 30 

Nov. 4 26 59 28.8 59.5 22 13 20 



Table 1. (Continued) 

Date 
Min 
(°F) 

Max 
(°F) 

Avg. 
Monthly 
Min 
(°F) 

Avg. 
Monthly 
Max 
(°F) 

Days 
Below 
32°F 

Lowest 
Temp. 
(°F) 

Date of 
Lowest Temp. 

Dec. 8 20 52 25.6 54.9 26 17 31 

Jan. 13, 1970 22 56 19.7 54.6 28 4 3 

Feb. 25 34 54 26.9 58.7 22 11 3 
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transferred to the appropriate housing chamber until the 

time to be run. 

At the appropriate time supercooling and freezing 

curves (Fig. 2) were recorded for every field and experi-

mental animal. At the beginning of a run a Yellow Springs 

Instruments (YSI) tissue implantation probe (series 511) 

was inserted into the hindgut of an animal via the cloaca 

and the probe lead securely taped to the base of the tail 

with adhesive tape. The probes had previously been cali

brated over the temperature range from -10° to +10°C and 

threaded through a modified manometer into a glass Warburg 

respiration chamber (425 ml). Recording of deep-body 

temperatures was accomplished by means of a two-pen Honey-

well-Brown Electronik Recorder (Model 15) and a Leeds and 

Northrup Multipoint Recorder. The input of each recording 

system was matched to the output of modified YSI tele-

thermometers (Model 46 TUC). Each telethermometer had 

been additionally equipped (by Ocean Applied Research 

Corp.) with a -11° to 0°C temperature range. Using all 

available systems, three animals could be run simultane

ously . 

From room temperature the measuring chamber with 

the animal inside was transferred to an ethylene-glycol 

water bath (Gilson Medical Electronics, ± ,05°C control) 

at 5°C. When the animal's body temperature had fallen to 
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Fig. 2. Supercooling and freezing curve for an 8-gm 
lizard. — S.L. = supercooling limit, F.P. = 
freezing point, F.P.-S.L. = amount of super
cooling. 
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5°C, the bath temperature was then slowly lowered at a 

rate of ca. 5°C/hour, 

As Sceloporus jarrovi is slowly cooled below its 

freezing point it does not freeze, but rather attains lower 

deep body temperatures without the formation of ice; that 

is, it supercools (see Fig. 2). This is an unstable con

dition in that freezing can be artificially induced at any 

time by application of an ice crystal to an external 

surface of the animal. The nostril or eye area, for ex

ample, is particularly sensitive to ice application. Left 

undisturbed, however, the animal will continue to super

cool until a temperature is reached at which freezing occurs 

spontaneously. This temperature is called the supercooling 

limit (S.L.), This point on the supercooling-freezing curve 

has received a variety of names (Dorsey, 1948; Turnbull, 

1950; Lusena and Cook, 1954; Salt, 1956). Lowe et al. 

(1970) suggest the term supercooling limit as the one most 

descriptive of the termination of a biological state (super

cooling) the attainment of which is essential among verte

brates for surviving internal subfreezing temperatures. 

When freezing occurs the heat of fusion is released ele

vating the temperature to the freezing (or melting) point 

(F.P.). The freezing point is the highest temperature at 

which ice can exist in a solution and is also the point at 

which ice neither melts nor freezes. As the animal 
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progressively turns to ice the internal temperature again 

falls and eventually reaches that of the surrounding en

vironment. 

Two of the most important elements of the super-

cooling-freezing curve are the supercooling limit and the 

freezing point. It is these two parameters, recorded 

simultaneously for every individual run, which have been 

analyzed in this study. To obtain the monthly field levels 

animals were run beginning approximately 20 hours after 

collection. This delay allowed the animals to pass any 

undigested material which might provide foreign ice crystal 

nucleation sites in the supercooled animal. It is known 

for many insects that the gut is a primary nucleation 

center (Salt, 1936, 1953, 1966a). 

In previous unpublished studies by Halpern and Lowe 

there was some concern as to the effect of relative humidity 

in the measuring chamber. This was tested by running the 

side-blotched lizard, Uta stansburiana, in flasks in which 

the side arm contained either several milliliters of water 

or a dessicating agent. There were no differences in the 

supercooling limits or freezing points under these two 

conditions. 

A second very important consideration for the at

tainment of a supercooled state is the rate of cooling (see 

Salt, 1966b). With one exception among hundreds of animals 
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(see Halpern and Lowe, 1968; Lowe et al,, 1970), all rep

tiles which have ever been cooled in this system at a rate 

of 5-6°C/hour have readily supercooled. Seven Sceloporus 

jarrovi were subjected to an extremely rapid rate of cool

ing by plunging the chamber directly from room temperature 

into a water bath at -16°C. Five of these individuals 

showed no supercooling whatsoever and began to freeze as 

soon as their body temperature reached the freezing point. 

The remaining two lizards showed only limited supercooling 

to -1.50° and -3.50°C before freezing occurred. Except 

for these seven individuals, all animals in this study 

were cooled at a rate of approximately 5°C/hour. 

Experimental animals exposed to constant tempera

tures (±.5°C) from 15° to 25°C were kept in a laboratory 

BOD box inside of a styrofoam ice chest to reduce tempera

ture fluctuations. An American Instrument Co. Acclimatizer 

provided constant 30°C. Temperatures of 7°C and below, 

constant or cycled, were accomplished by means of a speci

ally modified commercial upright freezer equipped with a 

proportional temperature controller (Ocean Applied Research 

Corp.). This freezer supplies temperatures from approxi

mately -15° to +15°C with very little fluctuation (±.2°C) 

if an insulated chest is also used. 

At all temperatures, unless otherwise specified, 

animals were kept at 20-30% relative humidity in constant 



dark without food or water. The elimination of feeding 

safeguarded against premature nucleation during cooling 

by food substances in the gut. In addition £. jarrovi is 

not a good feeder at room temperature and below. Length 

of exposure depended on the temperature; animals were kept 

for 9-11 days at temperatures of 15°C and below, 4-5 days 

at 25°C, and 3 days at 30°C. In the constant temperature 

phases of this investigation, only those individuals were 

run that had lost less than 5% of their field weight at 

the end of the exposure period. In experiments referred 

to as "dehydration", the actual measurement made was weight 
* 

loss over time. At higher percentages both water and mass 

losses undoubtedly contributed to the observed weight change 

although no distinction is made here between the two com

ponents . 

Whenever possible during collection of animals, 

adults were selected over juveniles. To determine whether 

or not age (as indicated by weight) affected the super

cooling limit and freezing point, regression analyses were 

performed for these two parameters as a function of weight 

for all phases studied (field, controlled temperature, 

dehydration, combined temperature-dehydration). In no case 

was there a significant correlation (P >.10) between the 

supercooling limit or freezing point and the age (weight) 

of the animals used. 



Data, reduction was greatly facilitated by use of 

the University of Arizona's Control Data Corporation 6400 

computer. Programs for regression analyses (arithmetic, 

logarithmic, and semilogarithmic), F-tests, frequency 

distributions (arithmetic and geometric), and Student's 

t-test comparison were employed (Snedecor, 1956; Simpson, 

Roe and Lewontin, 1960). Regression equations and correla

tion coefficients were calculated by the least squares 

method of estimate. Frequency distributions are depicted 

graphically by the modified Dice-Leraas method in which a 

vertical line, horizontal line, and rectangle represent, 

respectively, range, mean, and 95% confidence interval 

(t95sjj-) . Numbers above each frequency distribution indicate 

the sample size. In the tables S.E. stands for standard 

error of the mean. 



FIELD ANIMAL MEASUREMENT 

Supercooling Limit 

The distributions of supercooling limits for 

monthly samples collected from February, 1969, through 

February, 1970, are shown in Figure 3 (Table 2). Super

cooling limits for samples collected in February and March, 

1969, are significantly higher (P <.05) than those of all 

the following months. There are no significant differences 

among individual samples from April, 1969, to February, 

1970, although the supercooling limits during the summer 

(June through August) are consistently lower. Spring and 

autumn distributions are essentially identical. 

The field distributions of Figure 3 are replotted 

in Figure 4 as a function of the morning minimum temperature 

recorded at the Southwestern Research Station (Table 1) 

for the date of collection. Although these temperatures 

are not the exact values for Onion Saddle, this representa

tion clearly shows that the highest supercooling limits 

were recorded following the lowest morning minimum field 

temperatures. 

17 
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Fig. 3. Supercooling limits of animals collected from 
February, 1969, to February, 1970, and measured 
directly upon return to the laboratory. 
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Table 2, Data for frequency distributions of field super
cooling limits for each date of collection from 
February, 1969, to February, 1970. 

Date N X ± S ,E 
95 % Confidence 

Interval Range 

1969 

Feb, 6 -3.736 + .273 -4. 431 to -3.029 -4. 78 to -2. 82 

March 13 -3,622 + .331 -4. 341 to -2.899 -5. 13 to -1. 67 

April 17 -4.810 + .146 -5. 120 to -4.500 -5. 83 to -3. 74 

May 6 -4.783 + .319 -5. 601 to -3.959 -5. 73 to -3. 96 

June 8 -5.258 + .115 -5. 531 to -4.985 -5. 72 to -4. 74 

July 7 -5.230 + .214 -5. 754 to -4.706 -6. 14 to -4. 65 

Aug. 4 -5.370 
• 

-5. 51 to -5. 23 

Sept. 9 -4.891 + .275 -5. 525 to -4.255 -5. 71 to -3. 70 

Nov. 8 -4.927 + .156 -5. 297 to -4.557 -5. 66 to -4. 46 

Dec. 11 -4.950 + .153 -5. 291 to -4 ,609 -5. 64 to -4. 21 

1970 

Jan. 7 -4.930 + .209 -5. 443 to -4.417 -5. 61 to -3. 94 

Feb. 9 -5.146 + .176 -5. 510 to -4.734 -5. 72 to -4. 00 

t 
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western Research Station for the day of collec
tion. 



Freezing Point 

The distributions of field freezing points for 

the 13 months of this study are shown in Figure 5 (Table 

3). These data correspond to the field supercooling limits 

in Figure 3, Throughout the year the magnitude of change 

in the freezing point was actually quite small, the maximum 

difference between any two means being only 0.09°C. How

ever, the freezing point did vary significantly with season 

reaching its lowest levels during the summer months (June-

September, 1969). The frequency distributions for March 

and November are both significantly higher (P <,05) than 

at least one of the intervening summer months. The mean 

freezing point for November is significantly higher than 

all the summer samples. 

Analyzing the monthly freezing points with respect 

to the morning minimum temperatures recorded at the South

western Research Station for the day of collection (Fig, 

6, Table 2) results in a significant correlation (P <.01). 

The regression equation describing this relationship is 

F.P. = -0.572-0.002 T. Although the slope is small, it 

is significantly different from zero (F = 10.00, P <.005). 

Discussion 

The freezing point for monthly samples (Figs. 5 

and 6) appears to change seasonally, being lower in the 
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Table 3, Data for frequency distributions of field freezing 
points for each date of collection from February, 
1969, to February, 1970. 

Date N X ± S. E. 
95% Confidence 

Interval Range 

1969 

Feb. 6 -.626 + .022 -.684 to -.568 -.68 to -.54 

March 13 -.595 + .018 -.635 to -.555 -.71 to -.50 

April 17 -.632 .020 -.675 to -.58 9 -.68 to -.51 

May 6 -.600 + .012 -.633 to -.567 -.65 to -.56 

June 8 -.667 + .029 -.738 to -.596 -.76 to -.58 

July 7 -.641 + .021 -.695 to -.587 -.73 to -.57 

Aug. 4 -.680 -.73 to -.63 

Sept. 9 -.643 + .017 -.684 to -.602 -.73 to -.57 

Nov. 8 -.586 + .012 -. 616 to -.556 -.67 to -.56 

Dec. 11 -.593 + .018 -.634 
* 

to -.552 -.76 to -.55 

1970 

Jan. 7 -.617 + .012 -.649 to -.585 -.65 to -.56 

Feb, 9 -.612 + .017 -.652 to -.572 -.72 to -.53 
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summer than in the winter, and is negatively correlated 

with minimum daily temperature. Although the observed 

monthly changes in freezing point can be explained as a 

result of temperature differences (see also Effect of 

Controlled Temperature, below), the level at which this is 

effected is unknown. Limited data are available for lizards 

concerning seasonal changes in chemical composition of the 

blood or other body fluids which might affect either the 

freezing point or the supercooling limit. Haggag, Raheem 

and Khalil (1965, 1966) studied changes in blood electro

lytes, glucose, hemoglobin, red blood count, and protein 

and non-protein nitrogen, in ac.tiv.e and hibernating lizards 

(Varanus greseus). Sodium, chlorides, bicarbonates, glucose, 

red blood cell count, hemoglobin, and serum proteins showed 

decreased levels during hibernation; potassium, calcium, 

magnesium, inorganic phosphorus, and non-protein nitrogen 

increased. Net changes in osmotic concentration are, un

fortunately, not given, nor is an estimate of what range 

of temperatures are involved in hibernation for this 

species. Hibernation temperatures of Varanus are con

ceivably not very low. 

The only organisms which have been thoroughly in

vestigated with respect to chemical changes following ex

posure to very low or subfreezing temperatures are insects 

(Salt, 1959; Asahina, 1966; Somme, 1966, 1967), fishes 
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(Umminger, 1969a, 1969b) , and plants (.Levitt, 1966) . In 

recent studies on supercooled killifish, Fundulus hetero-

clitus , Umminger (1969b) reports a tremendous increase 

(431%) in serum glucose for fish acclimated to -1.5°C when 

compared to fish held at 20°C. There was an increase in 

osmolality of only 23% which corresponded to a lowering 

of the freezing point from -0.67° to -0.80°C. He suggests 

that the increased serum glucose level is a special adapta

tion for the survival of these fish in the supercooled 

state and that its value may be in retarding ice crystal 

growth in the supercooled animal (see also Lusena, 1955, 

for the effect of solutes on rate of ice crystal growth in 

solutions). 

Hutton and Goodnight (1957) found a significant, 

increase in blood glucose and uric acid levels in two 

species of turtles after 3 months of hibernation. All 

other blood components were remarkably constant. Hutton 

(1964) later observed only a short-term rise in blood 

glucose in turtles cooled to 5°C; after prolonged exposure 

blood glucose levels returned to normal. He considered 

these distinct responses, the short-term increase attributed 

to cold shock. The lizard Uromastix hardwickii showed no 

alteration in blood glucose or plasma protein during hiberna

tion (Zain-ul-Abedin and Katorski, 1967), while in an 

Australian skink Egerina cunninghami blood glucose levels 



were significantly reduced during hibernation (Moore, 

1967). Active, feeding winter animals put into.cold torpor 

showed, however, an increase in blood glucose. Perhaps 

this too is a response to cold-shock as noted above for 

some turtles. Changes in blood glucose in lizards which 

might be advantageous for supercooling as Umminger (1969b) 

suggests, are uncertain. A detailed study is very much 

needed of changes in blood chemistry in lizards at low and 

subfreezing temperatures. 

It has long been known that a variety of insects 

can lower both the freezing point and supercooling limits 

in the winter by the addition of solutes such as glycerol 

(Salt, 1957, 1958, 1959; Wyatt and Kalf, 1958; Asahina, 

1966; Miller, 1969). The evidence presented here for 

Sceloporus jarroyi and by Halpern and Lowe (.1968) for Uta 

stansburiana would indicate that reptiles are not normally 

capable in the winter of significantly lowering the freez

ing point and supercooling limit below summer values. If 

anything, these parameters may even be elevated in the 

winter. 

In contrast to the freezing point of Sceloporus 

jarrovi, the supercooling limit did not show a significant 

seasonal change (Fig, 3) between the summer (1969) and the 

following winter (1969-70) . It did,' however, show what is 

evidently a stress response to environmental extremes. The 



values for the supercooling limit in February-March, 1969, 

appear unusually high, especially considering that during 

the 11 month period that followed, the mean monthly super

cooling limit only varied from -4,85° to -5.37°C, a dif

ference of 0.43°C. The difference between the February-

March, 1969, means and the remaining months is more than 

1.0°C. In fact, the February, 1969, and February, 1970, 

mean supercooling limits differ by 1.5°C. it is suggested 

that the high values for February-March, 1969, reflect 

physiological stress associated with more severe climatic 

conditions during the winter of 1968-69. 

It appears in Figure 4 that above a critical tem

perature (in this case, approximately 20°F) the super

cooling limit is relatively unaffected by the morning 

minimum. Below this temperature, however, the supercooling 

limit is elevated. The actual value for this critical 

temperature at Onion Saddle is certainly at least a few 

degrees lower than the 20°F illustrated for temperature 

data from the Southwestern Research Station. Based on a 

mean thermal lapse rate of approximately 1°F per 250 ft for 

the Santa Catalina Mountains in southern Arizona (Shreve, 

1915; see also Lowe, 1964), the corresponding temperature 

above Onion Saddle, which is 2400 ft higher than the Sta

tion, would be 10°F (= -12°C). According to Lowe et al. 

(1970) , the maximum thermal difference between the rock 



crevice habitat occupied by Sceloporus jarroyi and the 

outside air temperature is approximately 5°C, Therefore, 

the minimum crevice temperatures for the February and March, 

1969, collecting dates would have been on the order of -7°C. 

Assuming that the animal's body temperature lags behind 

ambient by 2-3°C, it would still be as low as -4° to -5°C. 

Even under the most optimum environmental and physiological 

conditions, internal body temperatures of -4° to -5°C 

closely approximate the minimum reached by this species 

before spontaneous freezing occurs. 

The supercooling limit appears to be a good indi

cator of the physiological .state of Sceloporus jarroyi and 

may even be a valuable biological index of the severity 

of the immediate thermal and climatic history faced by 

these animals in their natural winter habitat. Although 

the monthly temperature averages are similar (Table 1) 

for the two winters covered by this study, the minimum 

temperatures for the mornings of collection are lowest in 

February and March, 1969. The corresponding supercooling 

limits are the highest. The difference in temperature may 

not be large, but at these levels a difference of only one 

or two degrees could be critical. There is, however, a 

striking difference in the recorded precipitation between 

these two winters. During the winter of 1968-69 (December-

March) , a total of 9.9" of snow and 6.1" of rain was recorded 
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at the Southwestern Research Station, This compares with 

a total of only 0,05" of snow and 3,0" of rain over the 

same period in the winter of 1969-70. 

During the course of this study the only dates of 

collection where snow covered the ground around the south-

facing rock habitat at the Onion Saddle locality were in 

February and March, 1969. For these months when the field 

supercooling limits were at their highest, 1.3" and 3.8" 

of snow, respectively, were recorded at the Station. 

The rock crevice pictured in Figure IB is a major 

winter denning site for Sceloporus jarroyi near Onion 

Saddle.. On one occasion (March 12, 1969) at least 20 

individuals were visible within this crevice only a few 

inches from the edge. When we first approached this lo

cality at 1030, the last half mile could not be driven 

because of the snow and ice on the road. By 1400 water 

from the rapidly melting snow was trickling into the denning 

area. Although we could not tell how deeply water seeped 

into the crevice, it definitely extended at least to the 

position of the outermost animals. One can only speculate 

what damage was done that evening when temperatures again 

fell below freezing and animals possibly in contact with 

ice were unable to supercool. 

On March 12, 1969, no lizards emerged from this 

usually productive crevice. At 1130 the following 
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temperatures were recorded: crevice substrate, 3,4° to 

4.0°C (5" into crevice); adjacent rock substrate in sun, 

14°C; air temperature, 3,6°C, An adult female dislodged 

from the crevice at this time by means of forceps had a 

body temperature of 4.4°C, By 1330 the environmental tem

peratures had risen to: crevice, 6.2°C, outside substratum 

in sun, 16.2°C, and air, 9.5°C. 

Near another less extensive crevice two individuals 

were noosed and the following temperatures recorded: 

1130 juvenile, BT = 23.0°C (basking) 

1230 adult male, BT = 31.8°C (basking) 

ST = 21.6°C 

AT = 8.5°C. 

Sceloporus jarrovi is an unusual lizard species 

in that adults and juveniles are active on most clear, 

still, sunny days throughout the year. In the winter they 

may readily be seen even though there may be snow in the 

immediate vicinity. This species provides a rare oppor

tunity to observe the effect of season on preferred or 

activity temperatures of natural populations. Burns (1970) 

reports that body temperatures of active Sceloporus jarrovi 

average 31.4°C (20° to 37°C), and that there is no signifi

cant difference in body temperature for lizards from 6000 

and 10,713 ft in the Pinaleno Mts. He did note, however, 

a reduction in the average activity temperature from 33.2°C 
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in June to 27,2°C in November, Evidently no mid^winter 

temperatures were recorded. Charles H, Lowe (Department 

of Biological Sciences, University of Arizona, personal 

communication) also has extensive temperature data for 

jarrovi from several localities in southern Arizona. 

Several individuals have come across large numbers 

of dead lizards in the course of their winter collecting. 

Lowe et al. (1970), estimate that somewhat less than 1% 

of a population of Sceloporus jarrovi may be found frozen 

in rock crevice retreats at high elevations in the winter, 

Colin Campbell and Roy Bronander (Department of Biological 

Sciences, Univei-sity of Arizona, personal communication) 

report removing a rock of about five feet square from the 

top of a crevice near Lady Bug Saddle in the Pinaleno Mts, 

(February, 1970), and uncovering about 25 to 30 S, jarrovi. 

About one-half of the lizards were dead and in all stages 

of decomposition. The animals were stratified according 

to size with the larger animals deepest in the crevice. 

On many occasions over several winters in Arizona, 

Dr. Robert L, Bezy (L.A. County Museum, personal communica

tion) has uncovered a number of well preserved (though 

completely dehydrated) Urosaurus ornatus beneath a single 

thin cap on large granite boulders in central Arizona. 

Since the lizards were found together in an apparent winter 

hibernaculum and in relatively the same state of 



decomposition, it is tempting to suggest that these animals 

succumbed on the same occasion to intolerably low tempera

ture and climatic conditions. Tinkle (1967) also reports 

significant occurrences of winter kill of Uta stansburiana 

in Texas and speculates, "it is the occasional occurrences 

of prolonged periods of very low temperatures near or below 

zero with some snow cover that are responsible, at least 

indirectly, for the winter kill" (p. 69). He estimates that 

severe winter conditions may be responsible for killing 

as much as 25% of the local population. Montanucci (1968) 

also observed unusual cases of dead Uta in the San Joaquin 

Valley, California, and postulates death by freezing as 

the explanation. Weintraub (1968) and Worthington and 

Sabath (1966) give additional reports on mortality during 

winter months for Sceloporus orcutti and Urosaurus ornatus, 

both species which make extensive winter use of rock 

crevice retreats. 

Recently Lowe (personal communication) has clearly 

demonstrated in laboratory studies that subfreezing tem

peratures combined with rain (and no doubt melting snow) 

can be lethal to lizards so situated beneath rocks and soil 

that they come in contact with a moist substratum. With 

the formation of ice crystals in the lizards' immediate 

environment supercooling is impossible, and at temperatures 

only slightly below 0°C, the animals freeze. Lowe proposes 
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that the combined lethal effect of rainfall and freezing 

temperatures may play a critical role in limiting the geo

graphical distribution of many cold-blooded vertebrate, as 

well as plant, species. 

There is a significant correlation (P <.05) for 
* 

Sceloporus jarrovi between the supercooling limit and the 

freezing point (Fig. 7). Excluding the cases (February-

March, 1969) in which the supercooling limit is abnormally 

high, indicating physiological stress, the relationship 

between the supercooling limit and freezing point is de

scribed by the equation S.L. = -3.676 + 2.157 F.P. 

The ability to supercool in vertebrates is no 

greater than that observed for water. Under the experi

mental conditions and methods employed in this study, water 

was easily supercooled to -11°C-—far beyond what was pos

sible for an individual lizard. Lowe et al. (1970) have 

demonstrated with this same experimental system that the 

minimum supercooling among reptiles as a group (45 species 

of turtles, snakes, and lizards) corresponds precisely with 

the minimum observed supercooling of natural surface fresh 

waters (Dorsey, 1948). In addition, isolated blood samples 

from species in all the vertebrate classes show the same 

minimum supercooling as water. 

The slope (2.157) of the above regression equation 

for Sceloporus jarrovi is not significantly different from 
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that reported by Lowe et al. (1970) for reptiles as a whole 

The y-intercept is, however, significantly higher by 1.01°C 

This would confirm the suggestion by Lowe et al. (1970) 

that there are species differences among reptiles with 

respect to the natural field amount of supercooling. Hal-

pern and Lowe (1968) report a mean supercooling limit of 

-5.8°C for the side-blotched lizard Uta stansburiana. This 

is 0.4° to 1.0°C lower than any monthly field supercooling 

limit (Fig. 3) recorded for S. jarrovi. Rodionov (1938) 

measured oxygen consumption in a lacertid lizard, Eremias 

arquta, cooled to -7,8°C. However, ice formation began at 

-5.5°C. More data would be needed to say whether E. arquta 

also has a lower supercooling limit than S. jarrovi. 

Beyond what are apparently real species differences in 

supercooling limits of healthy, non-stressed lizards, the 

physiological state of the animal may influence the super

cooling limits measured. Caution need therefore be taken 

whenever species comparisons are attempted. 



NEWBORN ANIMALS 

Sceloporus jarrovi is viviparous and the young are 

born in mid-June following approximately a seven month 

gestation period (Goldberg, 1970). Data on several newborn 

individuals were collected for comparison with the June 

field sample (Fig. 8). The animals were run within 12-36 

hours of their birth in the laboratory June 27, 1969, to a 

female collected June 18, 1969. The average weight of the 

young at birth was 0.78 gm, and the snout-vent length 28 

mm. The field sample averaged 14.48 gm (7.29 gm to 31.48 

gm) . 

Both the supercooling limit (Fig. 8A) and the freez

ing point (Fig. 8B) of newborn Sceloporus jarrovi are con

siderably lower (P c.001) than the values recorded for the 

June field sample. The supercooling limit for the newborn 

is -6.997° ± 0.147°C (95% confidence interval, -7.326° to 

-6.668°C), and the freezing point is -0.847° ± 0.007°C 

(95% CI, -0.865° to -0.830°C). Both measurements are the 

lowest values recorded for any phase of this study, field 

or laboratory. 

Several possible explanations need to be considered 

as to why the supercooling limits and freezing points of 

the newborn are so low. Since size is one of the most 

37 
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obvious differences between the field and newborn samples, 

the effect of weight on the supercooling limit and freezing 

point is of interest. As has previously been noted (Methods 

and Concepts), in no experiment was there a significant 

correlation (P >.10) between the body weight and the super

cooling limit or freezing point. However, no animals used 

in the field samples were less than 3-4 gm so one cannot 

altogether eliminate the possibility that the lowered super

cooling limit results from smaller size. For insects of 

considerably smaller size than even the smallest newborn 

Sceloporus jarrovi, there is in general an inverse rela

tionship between size and amount of supercooling (Salt, 

1966a). It is difficult to imagine, however, that size 

alone could be responsible for the observed lowered freezing 

point of the newborn lizards. 

It is reasonable to assume that the lower freezing 

point of the unfed, unwatered newborn lizards reflects 

relatively more concentrated tissues at birth. As in 

Figure 7 for Sceloporus jarrovi, several authors (Salt, 

1956; Lusena, 1955; Lowe et al., 1970) have found a re

duction in the supercooling limit of solutions and animals 

associated with a depression of the freezing point by in

creased concentration of solutes. Using the regression 

equation, S.L. = -3.676 +2.157 F.P. (Fig. 7), which de

scribes the relationship between the supercooling limit 
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and freezing point for field samples of S. jarrovi, a 

supercooling limit of -5.49°C is predicted for the newborn 

based on the observed freezing point of -0.84°C. The 

measured supercooling limit of -7.00°C is 1.5°C lower than 

expected and falls outside the 95% confidence limits 

(-6.80° to -4.16°C) for the predicted supercooling limit. 

Although for a given tissue concentration freezing 

points are fixed values, supercooling limits may be in

fluenced by factors other than solute concentration, such 

as chance molecular orientation, cooling rate, and nucleator 

abundance (Meryman, 1956; Salt, 1966a, 1966b, 1966c, 1968, 

1970). Clearly the low observed supercooling limit of 

newborn Sceloporus jarrovi is more than the direct result 

of increased concentration. It would seem most likely that 

since these animals had never fed there was a complete 

absence of foreign nucleating agents, or motes (Dorsey, 

1948) in the gut. Salt (1936, 1966c) compared supercooling 

limits of newly hatched larvae of the Mediterranean flour 

moth before and after first feeding and found that with 

feeding the supercooling limit was dramatically elevated 

from -24,3°C (unfed) to ~5,8°C (fed). 

The supercooling limit (-7°C) of newborn Sceloporus 

jarrovi was the lowest value recorded throughout this 

study. It would appear that the newborn represent the 

optimal physiological conditions for supercooling in 



having relatively concentrated tissues and in being small 

and free from contamination with foreign motes.. The super 

cooling limit of the newborn may represent the maximum 

possible for the species. The freezing point may also 

approach the field maximum. 



CONTROLLED TEMPERATURE 

Samples of lizards collected in late winter (April, 

1969) and mid-summer (July, 1969) were exposed to constant 

temperatures from 7° to 30°C in order to determine whether 

or not Sceloporus jarrovi acclimates (i.e., increases its 

tolerance) to low temperatures. The results of field data 

previously discussed did not show seasonal acclimatization 

of either parameter. 

Supercooling Limit 

The supercooling limit of Sceloporus jarrovi does 

not show acclimation to low temperatures as evidenced by 

Figure 9 (Table 4). In fact, the amount of supercooling 

in both winter (solid rectangles) and summer (open rec

tangles) samples was actually found to decrease with de

creasing temperature below 25°C. There was also a decrease 

in the supercooling limit at 30°C relative to the values 

at 25°C. Hatched rectangles at 15° and 30°C are samples 

collected in February, 1969, when the field supercooling 

limit was at its highest (~3.74°C, Fig. 3). For comparison 

the field values for the mean supercooling limits in winter 

(W; April) and summer (S; July) are shown as dashed hori

zontal lines. At each temperature the supercooling limit 

for the winter sample is consistently higher than that for 

42 
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Table 4. Frequency distribution data for the supercooling limits of winter and 
slimmer animals held at various constant temperatures. — Field levels 
supplied as basis for comparison. 

Temperature 
(°C) N X ± S >.E . 

95% Confidence 
Interval Range 

Winter 
(Feb., 1969) Field 6 -3.736 + .272 -4.431 to -3.029 -4. 78 to -2. 82 

15 7 -4.140 + .240 -4.727 to -3.552 -5. 16 to -3. 17 
30 8 -4.851 + .115 -5.124 to -4.577 -5. 35 to -4. 48 

(April, 1969) Field 17 -4.810 + .146 -5.120 to -4.500 -5. 83 to -3. 74 (April, 
7 7 -4.001 + .296 -4.725 to -3.276 -4. 91 to -3. 09 
15 7 -4.301 + .240 -4.887 to -3.713 -5. 16 to -3. 67 
25 16 -5.421 + .129 -5.697 to -5.146 -6. 15 to -4. 57 
30 11 -5.146 + .190 -5.571 to -4.721 -6. 11 to -4. 02 

Summer 
(July, 1969) Field 7 -5.230 +• .214 -5.753 to -4.706 -6. 14 to -4. 65 (July, 

7 7 -4.070 + .336 -4.893 to -3.247 -4. 88 to -2. 23 
15 6 -4.784 + .207 -5.318 to -4.250 -5. 63 to -3. 57 
25 7 -5.990 + .178 -6.427 to -5.553 -6. 49 to -5. 26 
30 8 -5.532 + .207 -6.023 to -5.041 -6. 44 to -4. 63 
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the summer. The February samples are higher still. Except 

at 25°C the differences between samples from summer and 

winter are not significant (P >.05). Summer and winter 

individuals exposed to 7° and 25°C were significantly dif

ferent from their respective field samples. 

To facilitate comparison Figure 10 illustrates the 

difference between the appropriate mean field supercooling 

limit and the 95% confidence intervals at each temperature 

for summer and winter constant-temperature samples. No 

deviation from the field level is indicated by a horizontal 

line at zero. 

Freezing Point 

Freezing points for summer (open rectangles, July) 

and winter (solid rectangles, April) samples of lizards 

exposed to constant temperatures from 7° to 30°C are de

picted in Figure 11 (Table 5). Hatched rectangles represent 

samples collected in February, 1969, and held at constant 

15° and 30°C. Dashed lines indicate the mean winter (W) 

and summer (S) freezing points determined on animals directly 

from the field in April and July, 1969. 

There is no correlation between freezing point and 

temperature for winter samples although the freezing point 

does tend to decrease at temperatures above and below 25°C. 

At any given temperature summer and winter freezing points 

are not significantly different. For summer samples, 
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Table 5. Frequency distribution data for the freezing points of winter and 
summer animals held at various constant temperatures. — Field levels 
supplied as basis for comparison. 

Temperature 95% Confidence 
(°C) N X ± S.E. Interval Range 

Winter 
(Feb., 1969) Field 6 -. 626 + .022 -.684 to -.568 -.68 to -.54 

15 7 -.638 + .020 -.689 to -.587 -.71 to -.53 
30 8 -.650 + .014 -.685 to -.614 -.75 to -. 62 

(April, 1969) Field 17 ' -.632 + .020 -.675 to -.588 -.78 to -.51 
7 7 -.633 + .013 -.665 to -.601 -.69 to -.58 
15 7 -.643 ± .017 -.685 to -.601 -.70 to -.60 
25 16 -.661 i .016 -.696 to -.624 -.75 to -.55 
30 11 -.639 ± .017 -.599 to -.599 -.75 to -.56 

Summer 
(July, 1969) Field 7 -.641 ± .021 -.695 to -.587 -.73 to -.57 

7 7 -.585 + .033 -.667 to -.503 -.64 to -.51 
15 6 -.624 + .013 -.657 to -.591 -.67 to -.59 
25 7 -.650 ± .026 -.708 to -.592 -.72 to -.59 
30 8 -.682 -L .021 -.732 to -.628 -.73 to -.•63 
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however, regression analysis reveals a significant correla

tion (P <,05) between the freezing point and the temperature 

of constant exposure. The relationship is described by the 

equation, F.P. (summer) = -0.570 - 0.004 T. 

Discussion 

Although the freezing points for July and April 

field samples are not significantly different (Fig. 5), 

it appears that the responses to constant temperatures from 

7° to 30°C are somewhat different (Fig. 11). For the 

winter samples the lowest freezing point.is at 25°C; how

ever, the differences from 7° to 30°C are not significant. 

There is a significant correlation between temperature and 

freezing point for summer samples, and although the slope 

is small, it is significantly different from zero (F = 

4.33, P <.05). It is suggested that the difference in 

response between individuals collected in summer and winter 

may result from low temperatures being more detrimental 

to summer animals, but having little measureable effect on 

winter acclimatized individuals. It is of considerable 

interest that the equation describing the regression of 

freezing point on constant-temperature exposure for summer 

animals is the same as the equation for the freezing point 

of field animals on the morning minimum temperature before 

collection (Fig. 6). Neither the y-intercepts nor the 

slopes are significantly different (P >,05). Even though 
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these morning minima are only approximations of the actual 

temperatures at the collection site (see Discussion, Field 

Measurement), they do show the reasonable quantitative 

dependence of freezing point on temperature. 

With exposure to decreasing temperatures below 

25°C, the ability to supercool decreases (Figs. 9 and 10). 

This response cannot therefore be considered acclimation, 

a term which usually conotes increased tolerance over time 

(see Folk, 1966 for a recent discussion of adaptation, 

acclimation, and acclimatization). 

Sceloporus jarrovi is a high elevation lizard to 

which unrelieved exposure to constant 30°C would be stress

ful. That the supercooling limit is elevated at 30°C, as 

well as at low temperatures, suggests that the supercooling 

limit is, indeed, a measure of physiological stress in 

response to temperature. The U-shaped nature of the dis

tributions in Figure 9 resembles the well known metabolism-

temperature curve for homeotherms with a characteristic 

optimum or "neutral" temperature range which is least 

demanding (stressful) physiologically. 

To eliminate the effect of field thermal history, 

as measured by the monthly field supercooling limits, 

Figure 10 illustrates the deviation at each temperature from 

the field level. Correcting for field differences in this 

way shows that the response of summer and winter samples 



(solid and open rectangles) is identical. Furthermore, the 

position of the hatched rectangles for February samples in

dicates that, even though the February field sample was 

significantly higher than both April and July samples, in 

response to 15° and 30°C the supercooling limits actually 

deviate considerably more from their field level. 

The supercooling limits for February samples at 

15° and 30°C are not significantly different from the cor

responding April samples although at both temperatures they 

are slightly higher (Fig. 9). Thus it would appear that 

there is a quantitative response to constant temperature 

exposure, the realization of which may be affected by the 

previous field thermal history. Animals collected in 

February, 1969, were evidently under considerable physio

logical stress as indicated by the reduced ability of field 

samples to supercool. Exposure to 15° and 30°C in the 

laboratory was apparently a relative relief of stress as 

witnessed by a considerable recovery of supercooling 

ability. 

Prolonged constant low and high temperature ex

posure is obviously not a normal occurrence in the environ

mental history of a jarrovi population. In the summer high 

daytime temperatures are relieved during the evenings, and 

in the winter low nocturnal temperatures are more often 

than not followed by daytime conditions in which a lizard 



is able to attain preferred activity temperatures for 

several hours. The importance of cyclic temperatures in 

the evolutionary history of physiological and developmental 

processes in cold-blooded vertebrates goes without question, 

but it is perhaps most clearly emphasized by the well 

documented detrimental effects of constant, unrelieved 

temperatures. A few examples from an abundant literature 

clearly state the case for cycled temperatures. Licht 

(1965) has observed testicular and somatic deterioration 

in some lizards held at the preferred body temperature 

for prolonged periods. Many reptiles voluntarily select 

temperatures different from the "preferred" activity tem

perature for different daily activities, e.g., feeding and 

digestion (Regal, 1966, 1967). Finally, the critical 

thermal maximum of fishes is known to respond to the max

imum temperature during cycling (Heath, 1963). 

That the physiological demands of reptiles are best 

served under a cycled temperature regime is further sup

ported by data gathered here for the supercooling response 

of Sceloporus jarroyi. Samples collected in June and 

December, 1969, were exposed for 9 days to the following 

combination of temperatures: 

3 hours (0830 to 1130) at 15°C, 
2 hours (1130 to 1330) at 30°C, 
5 hours (1330 to 1830) at 15°C, 
5 hours (1830 to 2330) at 0°C, and 
9 hours (2330 to 0830) at -2°C. 
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Under these conditions the supercooling limits and freezing 

points (Table 6) were not significantly different (P >.05) 

from the field values for June and December even though 

each evening the animals experienced 14 continuous hours 

at 0°C and below. 

Data on supercooling limits represent maximum re

sistance to cold. As the results of constant-temperature 

exposure indicate, there is an additional complication of 

resistance time at low temperatures, both above and below 

freezing, which can clearly reduce the ability to supercool. 

Unfortunately there are few data on resistance time at low 

temperatures for reptiles. 

During the course of determining supercooling 

limits an animal may be subjected to subfreezing tempera

tures for as little as an hour or for considerably longer. 

Two Sceloporus jarrovi kept at -3°C for 36 hours were 

feeding and apparently functioning normally several months 

later. Halpern and Lowe (1968) measured oxygen consump

tion of Uta stansburiana at temperatures as low as -5°C 

* over a 17 hour period. As long as the animals remained 

supercooled and did not freeze, survival was excellent 

(85%). Bailey (1949) found that gartersnakes 18" under

ground tolerated subzero temperatures to a minimum of -2°C 

for 18 to 28 continuous days. 



Table 6. Frequency distribution data for supercooling limits and freezing 
points of samples run directly from the field and after cycled-
temperature (-2° to 30°C) exposure-

N X ± S .E • 
95 % Confidence 

Interval Range 

Supercooling Limit 

June, 1969 Field 8 -5.258 + .115 -5. 531 to -4.985 -5 .72 to -4 .74 
Cycled 8 -5.136 + .190 -5. 586 to -4.685 -5 .94 to -4 .20 

Dec., 1969 Field 11 -4.950 + .153 -5. 291 to -4.609 -5 .64 to -4 .21 
Cycled 7 -5.081 + .430 -6. 135 to -4.027 -6 . 07 to -3 .40 

Freezing Point 

June, 1969 Field 8 - .667 + .029 — . 738 to - .596 - .76 to - .58 
Cycled 8 - .602 + .018 • 645 to - .559 — .68 to — .53 

Dec. , 1969 Field 11 - 5.93 + .018 • 634 to - .552 — .76 to — .55 
Cycled 7 - .606 + .030 • 683 to - .529 .69 to 

" 

.51 
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Brattstrom (1968) determined the low temperature 

tolerances (LT50) of several species of anurans and found 

that many can tolerate temperatures below freezing for 24 

hours. Fifty percent of Bufo exsul sampled withstood -4°C 

for 24 hours. Most tropical anurans cannot tolerate pro

longed exposure to 5° or even 15°C (Brattstrom and Lawrence, 

1962). An increase in cold tolerance is associated, how

ever, with increasing latitude. Three species of Antarctic 

fishes have been found to survive supercooling to -2.5°C 

for 3 days (Somero and DeVries, 1967). They may be able 

to survive longer at this or lower temperatures but the 

authors were unable to supercool sea water lower than 

-2.5°C or to keep it supercooled at this temperature for 

more than 3 days. 

At very low supercooling temperatures in insects 

the probability of spontaneous freezing increases with 

time of exposure. Salt (1966c) gives the half-life, or 

mean time before freezing, for 50% of a sample of wheat 

stem sawfly larvae kept at constant subzero temperatures. 

The half-life at -20°C is 7.4 days, while at -16°C it is 

3.9 years. At the comparatively high supercooling tempera

tures tolerated by reptiles, it may be that premature 

freezing with lengthy exposure is extremely improbable, 

although this is untested at the present time. Dorsey 

(1948) was able to keep vials of supercooled water for 
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10 months at -8° to -10°C. Lizards may also be able to be 

kept supercooled for long times; however, there is still 

the separate problem of survival after such treatment. 

Supercooling is not a property restricted to a 

living reptilian system. Dead intact Sceloporus jarrovi 

supercool to the same extent as living animals. A tissue 

homogenate of heart, lung, pancreas and muscle also super

cooled equally well. Lowe et al. (1970) have found, how

ever, that isolated blood samples from lizards and other 

vertebrate classes supercool considerably more than the 

intact animal. Evidently there is a difference in nuclea-

tion efficiency of different tissues. Whenever an intact 

animal or multiple-tissue homogenate is supercooled, it is 

the most susceptible tissue which freezes first. Once 

freezing is initiated, ice will form in the remaining super

cooled tissues even though without this contact seeding 

they may have been capable of further supercooling. 

The problem of resistance time and death from 

chill-coma is deserving of detailed study. Many reptilian 

species succumb to cold at relatively moderate non-freezing 

temperatures. Heatwole et al. (1969) found that Anolis 

cristatus dies after only 2-4 hours at 11.5°C. In the 

present experimental system Anolis carolinensis showed no 

ill effects from 4 hours at -3.5°C, and in fact success

fully supercooled to -7°C (Lowe et al., 1970). Physiological 



stress and non-freezing death at low temperatures probably 

result from a discoordination of metabolic and.physio

logical functions which disrupts internal homeostasis. In 

fishes much of the lethal effect of low temperature has 

been traced to a disturbance of salt.balance and active 

transport (see Doudoroff, 1945; Meyer, Westfall and Platner, 

1956; Brett and Alderdice, 1958), Salt (1966c) notes a 

general physiological deterioration in hibernating insects 

during extensive exposure to very low temperature. De

terioration increases with time and may lead to death. 

To my knowledge factors contributing to non-freezing low 

temperature death in reptiles are not as yet defined. 



DEHYDRATION 

Rate 

Since concentrating solutions lowers the freezing 

point, and presumably therefore the supercooling limit, it 

was of interest to determine the effect of dehydration on 

these parameters in Sceloporus jarrovi. For the purposes• 

of this study dehydration was measured as weight loss 

(%/day) with no distinction being made between water loss 

and mass loss. 

The rate of weight loss (%/day) at 25°C (30% 

relative humidity) for animals deprived of food and water 

is dependent on initial weight. When plotted on arithmetic 

coordinates (Pig. 12) it is clear that weight loss is rel

atively constant for animals from 10 to 25 gm. Only ani

mals in this weight range were, therefore, used for analysis 

of the effect of dehydration on the supercooling limit and 

freezing point (discussed below). Below 10 gm the ratte of 

weight loss increases sharply with decreasing weight. Very 

small animals may lose as much as 5-10% of their weight in 

a day. Figure 13 is a logarithmic transformation of the 

points in Figure 12. Although the scatter is large the 

logarithmic regression, log weight loss (%) = 0.865 - 0.896 

log mass, is highly significant (P <.001). The few data 
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points below 0.3%/day give the illusion that the negative 

slope should perhaps be much steeper. However, the multi

tude of points closer to the line indicates the proper 

least-squares regression line. All points illustrated were 

included in the calculation of the line. 

Weight loss for animals considered individually 

over 2 to 50 days is quite constant. Representative weight 

losses at 25°C for individuals from 10 to 25 gm are shown 

in Figure 14. Numbers by each line indicate initial body 

weight. 

Supercooling Limit 

The effect on the supercooling limit of dehydra

tion to different percentages of weight loss is presented 

in Figure 15 (Table 7). All animals were collected in 

September, 1969, and the distribution of field supercooling 

limits is plotted as 0% weight loss. At 5% weight loss 

the supercooling limit is significantly reduced (P <,05) 

below the field level. Supercooling limits at greater 

weight losses are not significantly different from the 

supercooling limit at 5% loss. Numbers below the frequency 

distributions give the actual time required to achieve 

the indicated percent loss. 



62 
30 

25 

20 
, •22  

50 40 20 30 10 
TIME (DAYS) 

14. Weight loss with time for representative Sceloporus 
jarroyi from 10 to 25 gm at constant 25°C, -— 
Numbers indicate beginning weight. 



63 

-3.00 -

o 
L -4.00 h 

« -5.00 

O 
O O 
(T 
LU 
CL 
3 <n 

-6.00 -

-7.00 -
0-10 

weeks weeks weeks weeks 

10 15 20 

WEIGHT LOSS (%) AT 25°C 

25 30 

Fig. 15. Supercooling limit as a function of percent de
hydration at 25°C. — The standard for comparison 
is the field sample at 0% dehydration. All 
animals collected in September. 



Table 7. Frequency distribution data for supercooling limits of September 
animals dehydrated to different percentages of weight loss at 25°C, 

Weight Loss 95% Confidence 
(%) N Mean ± S.E. Interval Range 

0.0 9 -4.890 + .275 -5.525 to -4.255 -5.71 to -3.40 

2.5 6 -5.090 + .114 -5.384 to -4.796 -5.42 to -4.62 

5.0 7 -5.690 + .150 -6.020 to -5.311 -6.41 to -5.20 

10.0 10 -5.442 + .218 -5.935 to -4.949 -6.57 to -4.49 

15.0 9 -5.820 + .201 -6.284 to -5.356 -6.59 to -4.81 

20.0 7 -6.061 + .065 -6.222 to -5.900 -6.30 to -5.82 

30.0 1 -5.81 
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Freezing Point 

The effect of dehydration at 25°C on the freezing 

point is shown in Figure 16 (Table 8). For comparison the 

September field freezing points are plotted at 0% weight 

loss. The field level is significantly higher (P <.05) 

than the freezing points for 5% to 20% weight loss. At 

losses greater than 5% the freezing point does not continue 

to decrease, there being no significant differences between 

distributions from 5% to 20% loss. 

Discussion 

Direct comparison of rates of water (weight) loss 

for Sceloporus jarrovi with data in the literature on other 

species is difficult because of differences in animal size, 

temperature, and humidity. Bentley and Schmidt-Nielsen 

(1966) report total water loss measurements of 0.8%/day 

f°r Iguana iguana and 0.3%/day for Sauromalus obesus at 

23°C. These individuals were, however, approximately 5-6 

times as large as S. jarrovi, and rates were measured in 

totally dry air. Chew and Dammann (1961) measured water 

loss in two species of desert-inhabiting lizards at 26°-

27°C at various humidities. From their data the following 

rates of water loss at 40% RH were calculated: Uma notata 

(sand lizard, 16 gm), 0.28%/day; and Dipsosaurus dorsalis 

(desert iguana, 32 gm), 0.04%/day. The relative humidity 

and temperature are slightly higher than the experimental 
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Fig. 16. Freezing point as a function of percent dehydra
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collected in September. 



Table 8. Frequency distribution data for freezing points of September animals 
dehydrated to different percentages of weight loss at 25°C. 

Weight Loss 95% Confidence 
(%) N Mean ± S.E. Interval Range 

0.0 9 -.643 + .017 -.684 to -.602 -.73 to -.57 

2.5 6 -.642 + .040 -.717 to -.567 -.72 to -.55 

5.0 7 -.741 + .015 -.778 to -.704 -.78 to -.69 

10.0 10 -.700 + .016 -.740 to -.660 -.75 to -.60 

15.0 9 -.721 + .019 -.765 to .677 -.83 to -.66 

20.0 6 -.730 + .013 -.764 to -.696 -.78 to -.70 

30.0 1 -.745 
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conditions for S. jarrovi but the weight range (16-32 gm) 

nicely overlaps. The average rate of weight loss for 10-

25 gm £3. jarrovi at 25°C (30% RI-I) was 0.59%/day (range 0.40 

to 0.93%/day). One would expect this high-elevation 

species to have a higher rate of loss as is shown. A 

correlation between water loss and aridity of habitat has 

been previously demonstrated for reptiles (Dawson, Shoemaker, 

and Licht, 1966; Warburg, 1966; Claussen, 1967). 

A significant effect of weight loss on the freezing 

point was measureable at 5% loss (Fig. 15). However, at 

higher percent losses, there was no further lowering of the 

freezing point, and therefore evidently no further concentra

tion of tissues. This suggests that weight loss up to 5% 
« 

is primarily water loss, but beyond this it is evidently 

muscle- or tissue-mass loss with the tissue concentration 

maintained at a relatively constant, though somewhat de

hydrated, level. 

Fortunately for experimental progress, a weight 

loss of 5% produced significant lowering of both the super

cooling and freezing points. Weight loss to higher per

centages took considerable time, besides introducing the 

complication of starvation. A 5% level of dehydration was 

therefore selected for additional experiments designed to 

examine the effect of dehydration at different temperatures. 

Even so, dehydration to 5% at 15°C required 3-4 weeks. 



COMBINED TEMPERATURE AND DEHYDRATION 

Rate 

Sceloporus jarrovi from 10 to 25 gm were dehydrated 

(weight loss) at various constant temperatures from 5° to 

30°C (Fig. 17, Table 9). There is a significant correla

tion (P c.001) between the logarithm of rate of weight loss 

and temperature. The semilogarithmic regression equation 

describing this relationship is log wt loss (%) = -1.363 

+0.046 T. Each geometric frequency distribution for weight 

loss is significantly different (P <.02 to P c.001) from 

those at the other experimental temperatures. 

Five percent weight loss at 25°C has previously 

been shown to significantly lower both the supercooling 

limit and freezing point below field levels (see Denydra-

tion). To reach this weight loss at 25°C required only 

about 8 days. The same loss at 5°C, however, took approxi

mately 65 days. 

Supercooling Limit 

The effect on the supercooling limit of 5% weight 

loss at different temperatures is illustrated in Figure 18 

(Table 10). The correlation is significant (P <.001) and 

takes the form, S.L. = -3.960 - 0.715 T, All animals were 

collected in November-December, 1969. The mean supercooling 
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Table 9. Geometric frequency distribution data for rate of weight loss (%/day) 
at different temperatures. — All entries are antilogarithms except 
the standard error of the mean for which only the logarithm (given) 
is meaningful. 

Temperature 95% Confidence Range Weight Range 
(°C) N Mean ± S.E. Interval (%/day) . (gm) 

5 7 .077 + .068 .052 to .113 .04 to .13 13 to 18 

15 22 .212 + .011 .162 to .278 .08 to .65 10 to 24 

20 7 .356 + .072 .236 to .535 .16 to .63 10 to 18 

25 67 .591 + .028 .518 to .672 .14 to 1.36 10 to 25 

3.0 19 1.121 + .034 .947 to 1.325 .55' to 1.92 10 to 26 
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Table 10. Frequency distribution data for supercooling limits of November-
December animals dehydrated to 5% weight loss.at different tem
peratures . 

Temperature 
(°C) N Mean ± S .E. 

95% Confidence 
Interval Range 

15 7 -4.968 ± .164 -5.370 to -4.566 -5. 78 to -4. 57 

20 7 -5.508 ± .133 -5.836 to -5.180 -6. 15 to -5. 02 

25 7 -5.705 ± .173 -6.129 to -5.281 -6. 35 to -5. 30 

30 8 -6.096 ± .258 -6.683 to -5.509 -7. 30 to -5. 12 
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limits for these two months were almost identical (-4.9°C, 

Table 2). 

Freezing Point 

A significant correlation (P <.01) was found be

tween the freezing point and temperature for samples de

hydrated by 5% at temperatures from 15° to 25°C (Fig. 19, 

Table 11). The regression is described by the equation 

F.P. = -0.481 -0.008 T. Unlike the supercooling limit 

there was no change in the freezing point from 25° to 30°C. 

Freezing point determinations were made on lizards collected 

in November-December, 1969. The mean field freezing point 

for both months was -0.59°C (Table 3). 

Discussion 

Comparing September animals (Fig, 15) with November-

December animals (Fig. 18) with respect both to 5% weight 

loss at 25°C, and to field levels (Table 2), the super

cooling limits are the same. This provides welcome re

assurance in the experimental method. Since the field 

supercooling limits are the same, the November-December 

experiment is essentially a replication of the September 

determinations (for 5% loss). The results were identical: 

-5.69°C (September)and -5.70°C (November-December). 

The effect on the supercooling limit of decreasing 

temperature is to decrease the amount of supercooling 
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Table 11. Frequency distribution data for freezing points of November-December 
animals dehydrated to 5% weight loss at different temperatures. 

Temperature 
(°C) N Mean ± S.E. 

95% Confidence 
Interval Range 

15 • 7 -.598 ± .011 -.627 to -.569 i • r+
 
0
 

l • 55 

20 7 -.637 ± .021 -.688 to -.586 -.73 to 59 

25 7 -.676 ± .015 -.713 to -.639 -.71 to -. 62 

30 8 -.658 ± .012 -.687 to -.629 -.73 to -. 63 



(Fig. 9, see also Discussion, Controlled Temperature). 

Dehydration, on the other hand, increases the amount of 

supercooling (lowers the supercooling limit, Fig. 15; see 

Discussion, Dehydration). The combined effect of dehydra

tion with decreasing temperatures is to shift the super

cooling limit/temperature curve downward. The field super

cooling limit of -4.9°C for November-December animals is 

essentially identical to that for April (-4.8°C). This 

allows direct comparison between Figure 9 (without dehydra

tion) and Figure 18 (with 5% dehydration). At each tem

perature the supercooling limit with dehydration is lower. 

The decrease is -0.67°C at 15°C, -0.32°C at 25°C, and 

-0.95°C at 30°C, Therefore it is possible to compensate 

somewhat for the loss in ability to supercool associated 

with constant low temperatures by simultaneously dehydrating 

the animal. As one approaches what is apparently an op

timum temperature (25°C) with respect to maximum super

cooling, the effect of dehydration is evidently reduced 

(e.g., -0.32°C, above). 

Although dehydration at low temperatures imparts 

some advantage to laboratory animals, the biological im

portance to natural populations of Sceloporus jarrovi is 

questionable. Insect food supply is severely reduced 

during the winter months in the high.elevation habitat of 

this species, and depletion of body fat stores during the 
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winter may become severe (Goldberg, 1970). Reduced feeding 

is potentially of some advantage with respect to super

cooling ability in the winter for two reasons. First, 

there is the possible direct advantage of dehydration in 

lowering the supercooling limit. Second, it is well 

established for many animal species that food and dust 

particles in the gut are very efficient nucleating agents 

which may reduce the potential amount of supercooling 

(see for insects Salt, 1953, 1958, 1961, and for mammals 

Kalabukhov, 1960) . 

Any advantage, however, that might be imposed by 

reduced feeding (fewer foreign motes, Dorsey, 1948). and/or 

water loss is probably more than removed by the lower ambient 

temperatures during the winter. Since supercooling limits 

of field animals do not differ significantly between summer 

and moderate winters, the variable factors of food and water 

do not normally operate in natural populations to give a 

greater subfreezing temperature tolerance to winter animals. 

In terms of the freezing point, comparing the re

sults of combined temperature-dehydration studies (November-

December, Fig. 19, Table 11) with the results of tempera

ture exposure without dehydration (April, Fig. 11, Table 5) 

is much more difficult because the field freezing points 

are not the same. The field freezing point for April 

(-0,63°C) is in fact lower than the base line for 



November-December (^0,59°C). There was no additional ef

fect of dehydration with low temperature exposure at 15°C-

the April sample was still 0.04°C lower. However, at 25° 

and 30°C the effect of dehydration is evident in that the 

November-December samples changed from 0.04°C higher to 

0.02°C lower, an actual shift of 0.06°C. For freezing 

point measurements this is a meaningful change. 



BODY WATER 

Late in this study (December, 1969) interest was 

directed to the theoretical importance of measuring body 

water to reflect the state of normal hydration, and perhaps 

to clarify the effect of dehydration on the supercooling 
> 

limit and freezing point of Sceloporus jarrovi. Immedi

ately before experimental use animals were weighed, and 

following the run dried in an oven at 95°C for at least 24 

hours or until no further weight change was recorded. Per

cent body water was then calculated, and although only 

limited data were collected, the implications are clear. 

Figure 20.shows the dependence of the supercooling 

limit (A) and freezing point (B) on the percent body water 

of field animals collected from December, 1969, through 

February, 1970. The regression equations are: S.L. = 

-9.997 +0.065 W (P <.05), and F.P. = -1.251 +0.008 W (P 

<.01). The variability (scatter) in supercooling limits 

and freezing points associated with what are probably 

normal differences in body water may easily account for the 

observed ranges of measurement on animals run directly 

from the field (see Figs. 3 and 5). Future attempts to 

make species comparisons and/or statements about genetic 

limits with respect to supercooling ability in reptiles 
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collected from December, 1969, to February, 
1970. 
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may be hampered unless variations due to the environmentally 

modified percent body water are examined, if not eliminated. 

Percent body water measurements were also made on 

animals held at constant temperatures from 15° to 30°C and 

dehydrated to 5% weight loss. The relationship between 

supercooling limit and body water under these conditions 

is depicted in Figure 21. Individuals at each temperature 

are from samples originally collected in November-December 

for which the field supercooling limits are the same. 

Data points at each temperature are too few for reliable 

regression analysis, and lines are, therefore, fitted by 

eye. The slope for each temperature is approximately the 

same as the slope for field animals (Fig. 20). There is, 

however, a conspicuous change in the y~intercept which is 

temperature dependent. The direction of change, i.e., de

creasing ability to supercool with lower temperature, is 

consistent with that previously demonstrated (Fig. 9). 

As a result of constant low temperature exposure, 

the predicted effect of water content on the supercooling 

limit may be modified to such an extent that an animal of 

high water content (kept at 30°C, for example) may actually 

have a lower supercooling limit than an animal of low water 

content (but held at 15°C). It is again concluded that know 

ledge of an individual's previous environmental history 
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may be critical in any comparative studies of the low 

temperature tolerances of lizards. 



SUMMARY 

Field Animal Measurements 

Throughout the year Sceloporus jarrovi is capable 

of significant supercooling of the deep body temperature 

below the freezing point of its tissues. Supercooling 

limits (maximum supercooling) and freezing points were 

measured over a 13 month period encompassing one relatively 

severe winter, a typical summer, and a second, more mod

erate, winter. For S_. jarrovi there was no seasonal accli

matization of the supercooling limit in the sense that 

acclimatization involves an increase in tolerance. However, 

the supercooling limit did respond to more extreme environ-

mental conditions by showing significant elevation. That 

is to say, a decrease in the ability to supercool (or 

tolerance to cold) is reflected by a higher (increased) 

supercooling limit. There were no seasonal differences 

in supercooling limits between the summer and the mild 

winter. However, the supercooling limits for individuals 

captured during the more harsh winter were significantly 

higher than those for all the following summer and winter 

months. 

The supercooling limit of field animals seems to 

be an indicator of physiological stress to the organism 

85 
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in response to very low environmental temperatures as

sociated with other winter climatic phenomena such as snow 

and rain. The "stress response" nature of the supercooling 

limit is suggested by the fact that during the more severe 

winter (1968-69) of this study, the ability to supercool 

did not increase, as might be expected, but rather decreased 

significantly from the levels measured during the summer and 

second more moderate winter (1969-70). Under moderate 

conditions the mean supercooling limit of field samples 

was relatively constant, the difference between the two 

most divergent samples being less than 0.5°C. By comparison, 

the stressfulness of a more extreme winter was reflected in 

a decreased mean ability to supercool, by as much as 1.6°C. 

The freezing point is, of course, much less vari

able in terms of degree centigrade change. The maximum 

difference between any two sample means over the 13 months 

was 0.09°C. However, there was a somewhat cyclical change 

in the freezing point during the course of the study. The 

freezing points for March and November were significantly 

higher than those of the intervening summer months. These 

differences are comparable to the difference in freezing 

point between individuals of 66% and 74% body water (Fig. 

20). It is suggested that the lower freezing points during 

the summer may result from the direct effect of exposure to 

higher ambient temperatures. 



There is a significant and positive linear correla

tion between the supercooling limit and freezing point for 

samples collected from April, 1969, through February, 1970. 

This relationship is described by the equation S.L. = 

-3.68 + 2,16(F.P,). The slope is not significantly dif

ferent from that reported for reptiles as a whole (Lowe 

et al./ 1970) although the y-intercept is significantly 

higher by 1.01°C. 

Laboratory Measurements 

Constant Temperature 

Sceloporus jarrovi does not respond to constant 

low temperature exposure by showing an increased ability 

to supercool. In fact, maximum supercooling (S.L, = -5.42° 

to -6.00°C) occurred after constant exposure to 25°C. At 

temperatures above and below 25°C, the supercooling limit 

increased. The minimum mean supercooling limit attained • 

in the laboratory was -4.00°C, compared with a minimum of 

-3.62°C for animals measured directly from the field. 

There were no significant differences in super

cooling limits between animals collected in April and July 

in response to constant 7°, 15°, and 30°C although in all 

cases the April samples were somewhat higher? the super

cooling limits for individuals collected during February, 

1969 (the more extreme winter), were higher still. Curves 
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for the effect of constant temperature on supercooling 

limit are reminiscent of the U-shaped metabolism/temperature 

curves for homeotherms. That is, there appear^ to be an 

optimum temperature for maximum supercooling, and above and 

below this level the ability to supercool decreases. 

The freezing point measured after constant tempera

ture exposure from 7° to 3 0°C showed no significant changes 

for animals collected in late winter (April). However, for 

summer (July) samples there was a significant decrease in 

freezing point in going from 7° to 30°C. This difference 

in response would suggest that constant 7°C is more stress

ful for summer animals than for winter ones. In fact, at 

all temperatures below 25°C the freezing points for July 

animals were higher than for April although the differences 

are not significant. The regression equation describing 

the lowering of the freezing point with increased temperature 

(summer animals) is identical to that describing the rela

tionship between field freezing points and the minimum 

ambient temperature for the morning of collection. 

Dehydration 

Water loss (body weight loss) can lower both the 

supercooling limit and the freezing point below field 

levels. At 25°C (September animals) a 5% loss resulted in 

a significant reduction in the supercooling limit from 

-4.09° to -5.70°C, and in the freezing point from -0.64° 



to -0,74°C, Further dehydration to 20% weight loss did not 

significantly lower either parameter below the 5% level. 

The mean freezing point (-0.74°C) with 5% dehydration at 

25°C was the lowest level recorded in any phase of the 

dissertational study (with the exception of newborn lizards). 

Temperature and Dehydration 

Since the supercooling limit and freezing point 

are lowered by dehydration but raised by reducing the tem

perature, the combined effect of 5% dehydration at several 

temperatures (15°, 20°, 25°, 30°C) was of interest. Under 

these conditions with November and December animals, there 

is a hig-hly significant correlation between the super

cooling limit for 5% dehydration and the temperature at 

which dehydration was carried out. The relationship is 

very similar to that described for non-dehydrated April 

animals except that at each temperature the supercooling 

limits of the dehydrated samples are lower. The field 

values for April and November animals had been the same. 

The lowering by dehydration of the response of the super

cooling limit to temperature was significant at 15° and 

30°C, but not at 25°C. 

There is a significant negative regression (below 

25°C) of the freezing point on temperature of 5% dehydra

tion; between 25° and 30°C the freezing point plateaued. 

This relationship is identical to that for non-dehydrated 
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April animals, there being no significant differences at 

any temperature. One would expect the freezing point curve 

for dehydrated animals to be lowered as was the curve for 

supercooling limit. However, the initial field freezing 

points for the non-dehydrated April samples were actually 

lower than the field level for November-December samples, 

which may account for the absence of the predicted effect. 

This illustrates as clearly as any other set of experiments 

that for the parameters measured during this study it is 

very difficult to combine data on individuals collected 

during different seasons of the year. The result of com

bining may often obscure the effect of a given treatment. 

Combining should only be done with caution, and additional 

measurements should be made on animals directly from the 

field to provide a frame of reference. 

There is a highly significant logarithmic relation

ship for total weight loss (%/day) at 25°C as a function of 

initial field weight. The best-fit equation describing 

this relation is 

log weight loss = 0.865 - 0.896 log weight. 

The rate of loss is very high (3-8%/day) for small animals 

(less than about 8 gms) but is considerably less for larger 

ones. Over the range of weights from 10 to 25 gms, the 

change in rate is considerably reduced and falls from about 

0.9%/day to 0.4%/day. 
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The logarithm of weight loss for animals from 10 

to 25 gms shows a highly significant correlation with tem

perature. The semilogarithmic regression takes the form 

log weight loss = -1.363 + ,045 T. 

Although dehydration (weight loss) may increase 

the amount of supercooling, its contribution is uncertain 

for field animals during the winter months when an increase 

of even a limited amount could be valuable. At constant 

15°C it would take approximately 23 days for a fasting 10 

to 25 gm animal to lose enough water (weight) to lower 

significantly the supercooling limit. At constant 25°G 

this time is reduced to approximately 10 days. 

For animals measured directly from the field there 

is a significant correlation between both the supercooling 

limit and the freezing point and the body water content as 

determined by oven drying. A range in water content from 

67% to 79% is associated with a change in the supercooling 

limit from -5.65° to -4.87°C. This normal range of water 

content for field animals undoubtedly accounts in large 

part for the relative variability associated with mea

surements of supercooling limits and freezing points in 

general, omitting the effects of physiological stress. Any 

attempt to uncover genetic differences would not be possible 

until the environmentally modified differences in body water 

are eliminated. 
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The predicted effect of water content on the super

cooling limit may be overridden by exposure to constant 

low temperature. Under such conditions an animal of higher 

water content held at 3 0°C, for example, may actually have 

a lower supercooling limit than an animal of lower water 

content but kept at 15°C. 

The importance of supercooling is certain for 

survival during the winter of populations of Sceloporus 

jarrovi at the high elevations at which they occur. The 

maximum thermal protection afforded by their rock crevice 

retreats is about 5°C (Lowe et al., 1970). Even at 5400 

ft in the Chiricahua Mts. there are only about four con

tinuous months without subfreezing ambient temperatures. 

At an air temperature of about 14°F (-10°C), the crevice 

temperature would be expected to be as low as 23°F (-5°C) 

which approaches very closely the supercooling limit for 

the populations studied. If such low, or lower, tempera

tures continued for many hours, a lizard would be in a very 

precarious position indeed. Depending upon the preceeding 

climatic history and the presence of external nucleating 

agents such as rain or snow, a lizard could very well be 

frozen and therefore eliminated from the population. 

Duration and intensity of low-temperature exposure 

will ultimately play a critical role in the success of 

this and other reptilian species. Supercooling ability 
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may very well be a limiting factor for individuals in areas 

of their geographical distribution where the microhabitat 

normally occupied provides only marginal protection from 

extreme cold, rain and snow. 
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