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Abstract:

A study of the temperature and energy characteristics of Sceloporus graciosus graciosus in Yellowstone
National Park was carried out during 1965 1966, and January to June, 1967. The mean cloacal
temperature for 41 field measurements made with a Schultheis rapid reading thermometer was 30.9°Co
This result strengthens the hypothesis by other workers that lizard populations at high altitudes have
low mean preferred temperatures. Both the mean air temperature one inch above the ground(23.7°C)
and the mean substrate temperature (25.7°C) were significantly lower than the mean cloacal
temperature. When the cloacal temperatures of discrete spring, summer, and fall samples of lizards
collected in 1966 were measured in a laboratory temperature gradient (N= 58, 70 and 60 respectively),
all three mean cloacal temperatures were significantly different with the spring sample having the
lowest mean (28»9 C) and the summer sample the highest (32.3°C. The mean critical thermal
maximum of a sample of 14 lizards collected August, 1965, was significantly higher than the mean
critical thermal maximum of a sample of 10 lizards collected in June, 1966 (43.6 vs 42.6°C). While the
mean critical thermal maxima of three samples collected in 1966 were not significantly different, they,
as well as the mean temperatures obtained from the samples in the thermal gradient, followed the
general seasonal trend in temperatures. Oxygen consumption measured at 30°C with a Warburg
apparatus was approximately 30% of the value indicated for most species of lizards. Mean fat storage
by September 7, 1966, was approximately 23% of the total dry body weight for both juvenile and older
lizards. A five gram lizard loses approximately .3 grams of fat during a hibernation period of 220 days,
representing a loss of 2778 cal. Caloric utilization during hibernation based on oxygen consumption
data extrapolated to 15°C is 2036 cal. The average energy assimilation measured in feeding
experiments was 73 cal/g/day. Four age classes are discernible in the population: 1) juveniles; 2) one
year olds; 3) two year olds; and 4) three years old and older. Approximately 65% of the total growth
occurs during the first year. A three year energy budget was constructed for a male lizard.
Approximately 64,000 cal were utilized by the lizard during this period of which 61% was consumed in
metabolism.



/7Y

TEMPERATURE AND ENERGY CHARACTERISTICS OF THE SAGEBRUSH
LIZARD IN YELLOWSTONE NATIONAL PARK

by
CHARLES FREDERICK MUELLER

. A thesis submitted to the Graduate Faculty in partial
fulfillment of the requirements for the degree

of

DOCTOR OF PHILOSOPHY

in
Zoology
Approved.:
%ﬁ&&\w leg @@um@@ /46‘4/&4
Head, Major Deﬁartment

Chairman, Examining Committee

'/)OW

Graduate Dean

MONTANA STATE UNIVERSITY
Bozeman, Montana’

August, 1967




iii
ACKNOWLEDGEMENTS

The author wishes to thank Dr. R. B. Meore, who directed the study
and aided in the preparation of the manuscript. He also gave freely of
his time to help with field ﬁork, Mr. George Algard helped with field
work during the summer of 1965. Dr. Harold Picton, Dro Don Quinby, and
Dr, John Rumely read the menuscript and offered suggestions. Thanks are
dﬁe Dr. Bavid Blackmore for the use of the water bath, Warburg apparatus,
and laboratory space, and to Dr. Harold Picton for the use of the calori-
meter.. I would especially like to thank my wife, June, for making the
last three years' work possible snd enjoyable. Officials of Tellowstone
National Park, through the office of the Chief Naturalist, codperated in
the study and furnished living quarters ét Nerris Geyser Basin. The
research was aided by a Sigma Xi Grant-in-Aid-of-Research to the author
and by Naticpal Science Foundation Summer Fellowships during ;965 and

1966 and a Natiomal Seience Foundation Traineeship during 1966-1967.




le
iv

TABLE OF CONTENTS

VITAeggoquoo{oqoo¢aaapoeqomymﬁowowoaoqmoooqqqoochaoqqueooﬁqqaqoq
,ACKNOWLEDGEMENTSeoeoeaoao{ooooquwogooqooomvqoqaaoyooequfopgobqogq
PIST QF TABLESpegoooeeqeoogeqoooqqooooooooqqugooqyﬁqooaoqmeeq@po?
iIST QE FIGURESosquoooqﬁnqobo«eywqoqoaoqooogaquqqoqeanqoe;ooov¢
ABSTRACTeqoeaooocepoqeooeooooneoaqooo&oeoeoeoooeooqocaoeooowoeoqoa
INTBODUCTlomoaoeoqoqoooqooogo;eqaooooqooqeqooooooqaonqeqeooeoqopav
METH@DS AND MATERIALSnewooaoowqqﬂqpopoqoqooqo#qchongoqag@qqoo{ﬁo
RESHLTSqoqqooogqoqgoqoqogqoqqoqoo@oouqogebozaqngo%ooggooqg‘ooayqo

Temperature CharacteristiCSoo¢»¢oooooooﬁovooooooavooeoeooo#oo
Field temperature StudieSoeooeooooooooonooosooecoeooooeo
Temperature gradient Stud1350oooue’ooeooooooooooqeqoqoee
Critical Thermal Mlnlmumoooea¢oa¢onoaogoe¢wawoonoeo¢oooo
Critical Thermal MaXIEHmaooeequgnaaooooqoﬂopggoqumaoeqo

Energy Characteristicsa@*»@a@oogoo‘au@eeﬁeﬁ@eg..eae.eaweaooao
‘ Oxygen consnmptlonewowaomooooeoe»eoaemce@o@eoeowooooaoao
Fat storage and utilizationoaeaoooooﬁoaow@ow@ooooowooaoo
Energy 8SSimllationeooqvo¢QQQQymooqaqqqqeogoqcogooaooﬁ?o

Growtheoqbseeooovgﬁqooquqg¢qqqpqoapep@gwangoomoqoqq#go

DISCUSSIONeoonoquoooqooqooooqgoeqooqoeooye@éooooywqq$Qﬁqqaﬁqugq

xLITERATERE CITEqueo¢o¢qoowppoQoqggqogoqqogqaggngygpggqoopqqqoﬁqo

g8

Page
ii
iii
v
vi

vii

oo




Table
I.

II.

IIT,

IV.

V.

VII.

v

LIST OF TABLES

Field temperature records (€) for S. graciosusscccocecesce

Mean preferred body temperatures of S. graeciosus in
laboratory temperature gradient. Collection dstes:
Spring, 13-16 June; Summer, 23-28 July; Fall, 21-24

Auguﬂteo-eaoweoaoooen'@ooaooo'ooa»eeo_yoqooeoeooooaaeyvocoooono

_Air temperatures at j‘vhich panting and museular convulsions

occur in S. graciosus, August, 1965, collection dates are
9-16 August, Other dates are as in Table TT..ccoccccecccas

Relationship of oxygen consumption to body lweight in S.
graciosus at four ambient temperaturesc.c.ccccosvccccescssos

Beasonsl variation in fat content in adult and juvenile
8. graciosus. Sample size is as in Figs. 4 and 5eeceecoss

Energy assimilation of S, graciosus at room temperatures

(21"'33 G)ooatvooo-oooo-ovcooqwowoooaw‘aqcowouoovooonooooaa

Calculation of a three year energy budget for a male

So gr&ciosuSQ_oocoéono.ooooooooegoé’ocoaaoeeoo-ocooaeoooeoue
- .

Page
11

12

15

17

21

22

3k




vi

LIST OF FIGURES

Figure ' Page

1.

3.

S5a

Te

Correlation of cloacal and environmental temperatures for

S, graciosus. ZXwmcloacal-air correlation, Oscloacal -~

Substrate COrrelationooooo-oe-ooooooo-.-ooecooovoocooueoooovoo lo
Seasonal variation of the critical thermal maximum of S.
graciosus. Horizontal bars on abscisse indicate collecting
dates., Horizontal line — mean. Vertical line = range.

Vertical bar = + 5D. Numbers = sample 5iZ€.sesececoocoscsosos 13

The relationship between oxygen econsumption and body weight

at four ambient temperatures in S. graciosus. Lines were

fitted to data by method of least squares. See Table IV for
regression equatlonSooo‘coo.oooowooeoooocoeooo-oconeooooonoooe 16

Seasonal variation in the fat cohtent of adult 8. gracioesus,
Horizontal bars on abscisse indiecate eolleeting dates.

Horizontal line = mean. Vertical lime = range. Vertical bar =

+ SD. Numbers = sample size. Vertical limes on abscissa
indicate middle of month.s..cessccesscccccsccsncososcsccsonssse 19

Seasonal variation in the fat content of juvenile 8.

graciosus. Heorizontal bars on abscissa indicate collecting
dates. Horizental line = mean. Vertical line = range.

Vertical bar = + SD. Numbers = Sample SiZ€ecoccscsccocscsccos 20

Average growth rates of different age classes discernible in
the population of $. graciosus. The curves were fitted to
d-ata by sigh’tcauoawodoéoaxooavsﬂauoannaoconooua‘eeovoowooavnooono

2h

Growth rates of individual S. gracioSuUS.cs.eccssocoscscececsss &0




vii
ABSTRACT

A study of the temperature and energy characteristics of Sceloporus
graciosus graciosus in Yellowstone National Park was carried out during
1965, 1966, and January to June, 1967. The mean cloacal temperatuie for
L1 field measurements made with a Schultheis rapid reading thermometer was
30.9 C. This result strengthens the hypothesis by other workers that
lizard populations at high altitudes have low mean preferred temperatures.
Both the mean air temperature one inch above the ground (23.7 €) and the
mean substrate temperature (25.7 C) were significantly lower than the mean
cleacal temperature. When the cloacal temperatures of discrete spring,
summer, and fall samples of lizards collected in 1966 were measured in a

laboratory temperature gradient (N = 58, 70 and 60 respectively), all three

mean cloacal temperatures were significantly different with the spring
sample having the lowest mean (28.9 C) and the summer sample the highest
(32.3 C). . The mean critical thermal maximum of a sample of 1k lizards
collected August, 1965, was significantly higher than the mean critical
thermal maximum of e sample of 10 lizards collected in June, 1966 (43.6 vs
42,6 C), VWhile the mean critical thermal mesxims of three samples collected
in 1966 were not significantly different, they, as well as the mean
temperatures obtained from the samples in the thermal gradient, followed
the general seasonal trend in temperatures. Oxygen consumption measured
at 30 C with a Warburg apparatus was approximately 30% of the value indi-
cated for most species of lizards. Mean fat storage by September T, 1966,
was approximately 23% of the total dry body weight for both juvenile and
older lizards. A five gram lizard loses approximately .3 grams of fat
during a hibernation period of 220 days, representing a loss of 2778 cal.
Caloric utilization during hibernation based on oxygen consumption data
extrapolated to 15 C is 2036 cal. The average energy assimilation
measured in feeding experiments was T3 cal/g/day° _Four age classes are
discernible in the population: 1) Jjuveniles; 2) one year olds; 3) two
_year olds; and 4) three years old and older. Approximately 65% of the
total growth occurs during the first year. A three year energy budget

was constructed for a male lizard., Approximately 64,000 cal were futilized
by the lizard during this period of which 61% was consumed in metabolism.




INTRODUCTION

In 1944 Cowles and Bogert published on the thermal requirements of
reptiles and established criteria which have been used in studies of
temperature characteriétics of reptiles.” Since then this has become an
area of extremely activg research, particularly the field of adaptations
of lizards to environments with constahtly changing temperatures. Bogert
(1949s) felt that modificationé prodncihg control over the body tempera-
ture coula ﬁe either physiological or behavioral and showed the importance
of behavior in thermoregulation (Bogert, 1959). Larson (1961) reported

on the critical thermal maximum of Sceloporus occidentalis and demonstrated

vthat it could be altered by exposure to different temperature regimes.
" Lowe and Vance (1955) reported that the critical thermal maximum of

Urosgurus ornatus was increased 1.4 C after T-9 days at a constant 35 C.

Acciimation of S. occidentalis to a high temperature resulted in selection
_of a lowered mean preferred body temperature (Wilhoft and Anderson, 1960).
‘Several workers have tried to characterize various temperature criteria -
for members of the genus Sceloporus (Cole, 1943; Bogert, 1959; Licht,
1965; McGinnis, 1966). Brattstrom (1965) has recently summarized much of
the known data’on body temperatures of reptiles,

Recently much work has been done in attempts'to;correlate tenmperature
patterns of lizards with their physiology. Oxygen consumption has been
widely investigated. Bartholomew and Tucker (1964) evaluated the relation-
ship between oxygen consumption and body weight in lizards at'30 C and

 presented the equationg |

ce Oé/g/hr = 0.82 Wv‘sa,
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where W is the weight in grams. Dawson (1960) and Dawson and Bartholomew

(1958) investigated the oxygen consumption of Eumeces obsoletus and

Crotaphytus collaris respectively. Moberly (1963) found that oxygen con-

sumption in hibermating. Dipsosaurus dorsalis was as much as 50% lower

than that of norhibermators in the 30-40 € range. - Maher (1965) proposed
that the thyroid gland in lizards has an effect on oxygen consumption
which is dependent on temperature., To my knowledge the only work done on

a lizard in a weight range similar to Sceloporus graciosus (_éio 5g) is

that of Hudson and Bertram (1966) on Lygosome laterale.

Very little work has been done on energy studies in lizards.
Dessauver (1952) demonstrated that there were marked seasonal variations in

total lipid and liver glycogen in Anolis carolinensis. Dessauer and Fox

(1957) concluded that both food consumption and growth in A. carolinensis

was possibly under photoperiodic control. Johnson (1966) has estimated
the energy assimilation for three species of lizards.,
This study was initiated to determine the téemperature and energy

characteristics of Sceloporus graciosus graciosus Baird and Girard at

Norris Geyser Basin, Yellowstone National Park, Wyoming. This location at
an elevation of 2300 m (7552 ft.) is near the northern extreme of distri-

bution for this species (Stebbins, 1954). The temperature characteristics
investigated were the preferred temperature,‘critical thermal minimum,

and critical thermal maximum. An invéstigation of the oxygen congumption,
fat storage and utilization, growth rates, and caloric requiréments were
carried out to obtain a basic understanding of this animal's bioenergetics.

Norris Geyser Basin is an area of geysers, springs, and mudpots of
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varying degrees of activity. Boyd (1961) and Allen and Day (1935) have
extensively discussed the geology and thermal features of the general area.
The area is composed of hills of rhyolite eroded by the thermal waters which
reach temperatures of 138 C. Low areas ére covered with siliceogs sintér
resulting from the actipn of the hot water on the rhyolite outerops. The
thermal features are in a state of constant flux, with the appearanée of
new features occurring spora@ically along with the disappearance or
lessening in intensity'of currently active features. Differential erosion
rates of the rhyolite have produced a hqneyeqmbéd effect in the rocks,

These openings, along with fissures and vents remaining from extinct thermal
. features and rock piles resplting from slides, provide shelter for the
- lizards. The largest numbers of lizards were found on’the eroded hill-

sides. Pinus contorta (lodgepole pine) and Junipérus communis (mountain

common juniper) are the most conspicuous plants with the latter often
forming dense clﬁmps on the lower slopes. -Herbaceous plants are limited,
oceurring mainly on the pefiphery of stands of lodgepole piﬁe and juniper.
Local cﬁanges in thermal features m#y result in the killing of plants or

the appearance of plants in previcusly unsuitable areas.




METHODS AND MATERIALS

Field work was conducted May to September, 1965, April through October,

11966, April through May, 1967, and in February, 1967. Use of funnel traps
and buried cans with drift fences to cgptu:e lizards'was upsuccessful. .
‘ Lizards were caught by hand. Cloacal temperatures of large lizards were
taken with a Schultheis rapid reading thermometer immediatgly upon cap-
ture if no extended chage had ensued after the initial sightingo The
thermometer was inserted with the right hand while holding the lizard with
the thumb and forefinger of the left hand approximately one foot from the
observer's body. This procedure minimized temperature increase in the
lizard resulting from handlingo The air temperature one inch above the
ground and the substrate temperature at the place of first sighting were
usually‘obtained. All lizéras cauéht ﬁere toe-clipped for permanent
identificatiocn.. Sex was determined. The snout-vent and tail lengths were
measured to the nearesf mm and, starting in May, 1966, the lizardé were
weighed to the'ﬁfarest 0.05 g. Except for those retained for laboratbry
studies, each lizard was released at the capture point. |

During the .summer of 1966 air and soll surface temperatures were
periodically taken on & north-east facing slope known from previous work
to be utilized by lizards. - Measurements were made with general purpose
thermistors and a Yellow Springs Instrument Company Thermistor-Thermometer.
One thermistor was placed one inch above the ground surface while the
second was placed flush with the soil surface.

The critical thermal maximum (CTMax) was ebtained fellqwing thé

technique of Iarson (1961). Each lizard was placed on a platform of 3
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inch hardware cloth in a one pint jar. Moist paper toweling was placed
under the platform. The Jar was stoppered with a two-hole rubber stopper.
~ One hole was fitted with 3/8 inch glass tubing bent in an L shape. A
Schultheis thermometer was placed in the second hole. .The apparatus with
a lizard inside was immersed in a water bath with only the end of the bent
glass tubing protruding above the surface. The bath was then warmed until
the CTMax was obtained. The.heating‘rate was econtrolled so that this
process took approximately 30 minutes in each test. The CTMax was taken
as the temperature at which trembling and loss of muscular control
occurred and was usually quite obvious. The air temperature inside the
bottle was ‘then noted, the lizard was'quickly removed from the bottle;
placed on paper toweling under a 100 w bulb used to retard heat loss; and
the cloacal temperature was obtained with a second Schultheis thermometer.
The air tempersture at the level of the paper varied from 35 to 40 C. - Gnly
one lizard failed to recover, and that record was deleted. Forty-six
records, divided into four discrete samples, were obtained during 1965
and 1966,

Critical thermal minima (CTMin) were obtained for five lizards during
the summer of 1966. FEach lizard was exposed to decreazing ambient teméera-
tures during the evening at Norris Geyser Basin. The cloacal temperature
was conbtinuously monitored with the Thermistor-Thermometer by inserting a
small animal thermistor approximately 15 mm into the cloaca and taping the
thermistor lead ‘to the iizard's tail. With this arrangement the lizard

was able to move normally, albeit slowly. That cloacal temperature at
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which the lizard was unable to right itself when placed on its back wﬁs
considered the CTMin. |

Preferred temperatures were obtained in 1966 for a total of 33 lizards
comprising discrete spring, summer, and fall samples by utilization of an
open-topped temperature gradient box. The inside dimensions were 6 feet
long, ll-inches wide and 5 3/4 inches high. Polyethylene tubing (inside
diameter % inch) was tightly coiled at one end of the box but With
increasing distances between the coils toward the center of the box where
the tubing passed through a hole in the bottom and entered a drain. ‘The
other end of the tubing was attached to a cold water faucet. The other
end of the box was heated from below with a 250 w infrared lamp. One
inch of sand completely covering the tubing was placed in the box. The
box was arranged so that it was parallel to an overhead bank of fluores-
cent lights which were always on during a test., A temperature gradient
from 16 to 40 C was established one hour after ﬁeginning qpérationo - Gne
or two lizards wefe placed in the gradient bex at 10:00 a.m. at least 30
minutes after the gradient had been established:o Beginning at 11:00 a.m.
the lizards were caught and the temperatures were'measured to the negrest
.1 C with a Schultheis thermometer. Readings were taken hourly through
b:00 p.m. If the lizard escaped capture on the first attempt or escaped
after being caught and before measureﬁent of the cloacal temperature, the
nmeasurement was not counted.

Lizards used for fat extraction were killed, weighed, placed in an

oven at 30 C and drie& to constant weight. The animals were then usually
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placed in a freezer at O C and stored for fubture work. The carcasses Were
pulverized by hand and placed in boiling ether for 10-15 minutes. The ex-
tract was then filtered; the ether evaporated, and the fat W‘eighe‘d°

Oxygen consumptiop was measured by placing lizards weighing over 1 g
in a specially constructed 200 ml glass chamber equipped with a center
well for KQH and using a Warburg Apparatus. Lizards weighing less tﬁan
1 g were placed in a standard 18 ml glass chanber. Lizards were fasted
T2 hours before measurementé, and measurements were taken at 25! 30, 35,
and 40 € in that order. Lizards were allowed at ;east 30 minutes in the -
chamber before each series of readings were started. Readings were taken
every five minutes until six consecutive readings of resting rate oxygen
consumption were obtained. If readings fluctuated or the animal was

.apparently active in the chamber, the readings were discarded as not
representing resting rates. All oxygen measurements were taken during
August and September, 1966,

During -June, July, and August, 1966, feeding experiments were carried
out utilizing.adult lizards 49 to 55 mm in snout-vent length. ILizards
were individually housed in 8 x 10% x 8 inch plastic cages with 3/8 inch
hardware cloth covers, To insure that no unmeasured food source ;eached
the lizards, a sheet of l/l6 inch wire screening ﬁas placed beﬁwgen‘the
cover and the cage, making a snug fit. To prevent small organisms from .
possibly crawling up the cage and under the cover, a two inch band of
vagseline was plgced complefely around the outside of the cage approximately

two inches below the cover. No unwanted organisms were ever found in the
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cages., Lizards were fed only mealworms, the larval form of Tenebrio

moliter, Larvaé 15 to 25 mm long were weighed individually to the nearest

-001 g and placed one at a time in a cage. All feedings were started at
1:00 p.m., and larvee were placed in the cage until it was either obvious
that the lizard‘would not feed or the lizard was sated. ILarvae were
offered every other day. After each feeding the weight of Tenebrio eaten
by each lizard was récorded, Every sixth day the cages were cleaned,; all
feces and nitrogenous wastes from each cage were collected separately,
weighed, dried, and stored for calorimetric determinations. At each
eleaning lizards were weighed to the nearest 0.05 5. Room temperatures
varied from 2l~to 33 €, All lizards were exposed to ambient phot@pe?iods,
and no water was supplied. Galqric values were determined foriTenebri@
and conbined lizard feces and nitrogenous wastes by using a Parr oxygen
boub calorimeter,

All tests of temperature characteristies were performed on lizards
within seven days after arriv;a.l in the laboratory. Oxygen consumption
measurements were carried out within four days, and all lizards used for
fat extractions were killed within 10 days.

Statistical procedures follew Li (1964) and Steel and Torrie (1960).




RESULTS

Temperature Characteristics

Field Temperature studies

The mean cloacal temperature for 4l lizards measured in the field was
30,9 C, mean air temperature was 23.7 C and the mean substrate temperas-
ﬁure was 25,7 € (Table I). Due to the difficulty of knowing where a
lizard had been before being sighted, substrate and air temperatures were
hot always recorded. The méan cloacal temperature was significantly
higher than either the main substrate temperature or the mean air tempera-
ture (t test, P = ,05). The mean air and substrate temperatures were not
significantly different. The sex of the lizard was known in 29 of 41
instances. There was no significan£ difference in the mean temperatures
for 14 meles (29.7 C) and 15 females (30.2 C). The data have been lumped
in Table Io. The mean snout-vent length of‘lizards used in the experi-

- ment was 45 mm, and the lengths rangea from 32 to 52 mm.

Environmental temperatures were highgr than the correspondiné cloacal
temperatures in only four of 50 instances (Fig. 1), The substrate
temperature more often approximated the cloacal temperature than did the
ai?mtgmperature, and mean substrate tgmperafure was clogser to the mean
eloscal temperature.. Over a wide range of enﬁironﬁental temperatﬁres
cloacal temperatures remained fairly constaﬁt, 5etween,27-and 35 C,

Temperature gradient studies

The mean snout-vént lengths of all lizards used in the labordtory
temperature gradient was 46 mm (33-54 mm), and the mean weight was 3.72 g

(1.35-5.60 g). The mean weight for individual samples varied from 2.95 g
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Figure 1. Correlation of cloacal and environmental temperatures for
S. graciosus. X = cloacal-air correlation, O = cloacal-
substrate correlation.
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TABLE I. Field temperature records (C) for S. graciosus.

N Mean Range SD
Cloacal b1 30.9 21.7-36.8 43.3
Air 23 23.7 16.0-33.4 +5.1

Substrate 27 25.7 15.8-36.4 +5.8

for the summer sample to 4.52 Ffor the spfing sample. The mean snoub-vent
lengths varied from 41 mm to 51 mm. When lizard weights were plotted |
against cloacal temperatures achieved within each sample in the lsboratory
gradient, no relationship between weight and cloacal temperature was ob-
served. The mean preferred temperatures for spring, summer, and fall
samples respectively were 28.9, 32.3, and 30.2 C (Table II). All three’
sample means are significantly different (Duncan's new multiple range

test with unequal sample sizes, P=.05). The general mean for all samples
was 30.6 C. The females had a significantly lower temperéture for all
samples combined than the males, but when the individual samples were
tested.only the fall sample indicated a significant difference (t_test,
?s«OE)n The mean cloacal temperature was 29,2 C for six females and 31.% ¢
for five males in the fall sample. '

Critical Thermal Minimum

The mean CTMin was 9.1 C for five lizards. Individual CTMin ranged
from 7.2 to 11.8 C. Snout-vent lengths ranged from 42 to 51 mm, and body

weights ranged from 2,70 to 4.85 g.
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TABLE II. UMean preferred body temperatures of S. graciosus in laboratory
temperature gradient., Collection dates: Spring, 13-16 June;
Summer , 23-28 July; Fall, 21-24 August.

Mean preferred

,N " temperature Range ' SD
Spring - 58 28.9 20.2-36.k 13 .8
Summer T0 32.3 24 .6-36.9 2.7
Fall 60 30.2 22,2~36.2 +3.6

Critical Thermal,Maximum

Mean CTMax for the August, 1965,'and s&ring, summer , andlfall samp%eg
for 1966 ﬁere 43.6, 42,6, 43,4, and 42,9 C respectively (Fig. 2). The .
August, 1965, sample vas significantly higher than the spring, 1966,
sample (Duncen's new multiple range test with unequal sample size, P=.05).
There was no significant difference between the sexes within any sa';mple°
While the three sample means for 1966 were not significantly different,
they followed the general seasonal trend in environmental temperatures,
Mean noon air temperatures measured one inch above the ground during the
collecting periods were 24.2, 38.0, and 30.9 C for spring, summer, and fall.
Thus the air temperatures showed the same patterns as the CIMax with the
spring temperature being the lowest, the summer teméerature highest, and
the fall temperature intermediate. According to Lee Dalton; naturalist
at Norris Geyser Basin, the weather the week preceding the fall, 1966,
collecting period was characterized by snoﬁ, sleet, and heavy rain.

Because the August, 1965, sample was not collected &t a time comparsble to





















































































