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ABSTRACT 

Metabolic measurements in thermal neutrality for 

the Mexican ground squirrel, Citellus mexicanus. in¬ 

dicated a mean summer metabolism of 1.10- .OB cc Og/gm/hr 

and a mean winter metabolism of *56- .OB cc Og/gm/hr. 

Animals were observed to be torpid during the winter 

with their body temperatures approaching that of the 

ambient• 

Thyroid activity as determined by release of radio¬ 

iodine from the gland did not show the thyroid of Citellus 

mexicanus to be activated by cold during the summer or 

winter. Histological studies did not detect cold activation 

of the gland. 
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SEASONAL VARIATION OP METABOLISM 
AND THYROID ACTIVITY IN THE MEXICAN GROUND SQUIRREL 

Cltellus mexicanus 

INTRODUCTION 

At certain times of the year some mammalian species 

undergo a noticeable lowering of the body temperature and 

a decreasing of the metabolic rate* This phenomena is 

called by many names - hibernation, "deep sleep”, WINTERRUHE, 

torpor, estivation, lethargy - but none of these terms has 

been universally accepted as adequately descriptive of the 

lowering of the animals “thermostat” (Bartholomew and Hudson, 

I960; Lyman and Chatfield, 1955; Prosser, 1950) - the term 

“thermostat” referring by analogy to the regulation of 

homeostasis by the central nervous system* 

Under natural conditions an animal is often faced with 

unfavorable environmental conditions. As a result of such 

conditions the animal may do one of three things: 

i) avoid the environmental condition (e.g. migration 
of some birds; retreat to a cool burrow during 
the heat of the day) 

ii) directly cope with unfavorable conditions by 
virtue of adaptive mechanisms such as becoming 
torpid, lowering his metabolic rate and body 
temperature, thus conserving energy when faced 
with low ambient temperature, 

iii) fail to adapt and become extinct. 

3 
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Thus torpidity is within the repertoire of adaptive 

mechanisms and will be considered in this study. 

The fact that many groups of mammals respond to cer¬ 

tain conditions by lowering their metabolic rate and body 

temperature does not mean that all of the groups employ the 

same mechanism, have the same stimulus for torpidity or 

become torpid to the same degree (Bartholomew and Hudson, 

1960;1962; Folk, 1962; Hoffman, 1963; Hudson, 1962;1963; 

Kalabukov, I960; Lyman and Chatfield, 1954; Lyman, 1963). 

In other words there is much variation in the patterns of 

torpor animals employ to adapt to their environment. Since 

patterns of dormancy have evolved independently in birds 

and mammals a number of times, one does not expect two 

patterns of torpor to be exactly the same. From the 

literature one finds a complex array of different degrees 

of torpor and the stimuli causing them. Bartholomew and 

Hudson (1962) found that in the pigmy possum, Cercaertus 

nanus, the occurrence of periods of torpor was not dependent 

on season, on ambient temperature, or on availability of 

food. Whenever an animal was left isolated and undisturbed 

it sooner or later became torpid. Citellus mohavensis 

(Bartholomew and Hudson, i960) with food continuously 

available show intermittent periods of dormancy in all 

seasons except spring and early summer. Bartholomew and 

Cade (1957) found that in the little pocket mouse 
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Perognathus longimembris torpor was invariably induced 

when the animals were removed from food for 24 to 36 hours. 

The terms describing different types of torpidity are 

usually very general. In this paper ,,hibernation,, will 

refer to the torpid condition induced by lowered ambient 

temperature, in which metabolic rate is reduced, body tem¬ 

perature approaches ambient temperature, and the animal 

involved still has the capabilities of arousing without an 

increase in ambient temperature. The point below which the 

animal is incapable of arousing is considered to be a con¬ 

dition of hypothermia. On the other hand torpidity induced 

by a water stress with relatively high body temperatures will 

be referred to as estivation. This distinction is important 

in animals which are dormant at different times of the year. 

In work with the Mohave ground squirrel, Citellus mohavensis. 

Bartholomew and Hudson (I960) suggest "estivation" and 

"hibernation" to be used only in the context of summer and 

winter dormancy, the physiological and behavioral differences 

between estivating and hibernating Mohave ground squirrels 

being matters of degree and appearing to be simply a function 

of body temperature. 

Mammalian hibernation is usually considered to be a 

specialized response to cold. Any mammal, hibernator or not, 

when exposed to a sufficiently low ambient temperature will 

increase muscular activity, shivering, and metabolic activity 
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(Lyman and Chatfield, 1954)* If cold exposure Is too long 

or too intense the animal becomes exhausted, begins to 

cool and at a critical body temperature death will occur. 

This sequence of events happens in a hibernator and in a 

non-hibernator, but in the former death takes place at a 

lower temperature. Hibernators have not evolved a 

qualitatively new mechanism for maintenance of body tem¬ 

perature, they have extended or specialized an already 

available mammalian regulatory mechanism for operation at 

lower temperatures (Strumwasser, I960). 

Hibernation is not a mere reversion to poikloithermy 

(Lyman, 1950;1963). It is not a primitive quality but it 

seems probable that it depends on a high level of central 

nervous system control (Strumwasser, I960). Within the 

normal temper at lire range of a hibernator these animals do 

not completely lose their temperature regulatory ability. 

Within the allowable range of a particular hibernator, his 

responses are poikloitherm-like in that the lower the am¬ 

bient temperature the slower the metabolic activity and the 

lower the body temperature. But when these limits are ex¬ 

ceeded, in either direction the hibernator may arouse or 

otherwise change metabolic levels to maintain body tempera¬ 

tures at more advantageous levels than those determined by 

the environment alone (Hoffman, 1963; Lyman, 1946). 
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Measurements of oxygen consumption of hibernators and 

estivators (Bartholomew and Hudson, I960; 1962a; 1962b; 

Bartholomew and Cade, 1957? Cade, 19595 Hannon, et al., I960 

Hudson, 1963; Kayser, 1961; Lyman, 1946; Lyman and Chatfield, 

1954) indicate a metabolic rate during hibernation varying from 

one-thirtieth to one-one-hundredth of the metabolic rate 

when the animal is in a homeothermic state. 

It is generally accepted that the endocrine glands of 

hibernators undergo involution in preparation for or at the 

onset of hibernation (Lyman and Chatfield, 1954? Hoffman, 

1963). This involution is, under natural conditions, a 

seasonal occurance. The seasonal involution of the thyroid 

and adrenal cortex of hibernators with exposure to lowered 

temperature is opposite to that observed in non-hibernators. 

In non-hibernators exposure to cold or a cold-stress causes 

stimulation of the anterior pituitary, thyroid, and adrenal 

cortex (Brown-Grant, 1963; Deane and Lyman, 19545 Hart, 1963; 

Hoffman, 1963519565 Knigge, 1962; Kayser, 1950;196l; Lyman 

and Chatfield, 19545 Vodovic and Popovic, 19545 Zalesky, 

1935). Lyman and Chatfield (1954) believe that the lack of 

response of the endocrines is permissive to the hibernating 

state but that present evidence does not show the involution 

of the endocrines to be necessary before an animal becomes 

torpid. 

In the natural state hibernation usually takes place in 
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the fall and winter. This is generally associated with a 

drop in ambient temperature (Lyman and Chatfield, 1954)• 

However, some hibernators may be induced to enter hiberna¬ 

tion under laboratory conditions any time of the year by 

a prolonged exposure to cold, a shortened photoperiod, or 

removal of food (Bartholomew and Cade, 1956; Bartholomew 

and Hudson, 1962b). 

Studies of Citellus tereticaudus (Hudson, 1964) show 

a relatively low level of metabolic activity all year. The 

summer levels (.6 cc C^/gm/hr) are lower than the winter 

levels (1.1 cc 02/gm/hr). This lowered metabolism in the 

summer is adaptive to the hot dry Southwestern desert habitat 

of Citellus tereticaudus. Animals were observed to go torpid 

in the laboratory during the summer but never in the winter. 

Because of the high ambient and body temperatures involved 

C. tereticaudus would seem to be an estivator. Thyroid activity 

of C. tereticaudus is not well established but measurements 

during the winter indicated little or no release of radioiodine, 

in spite of the fact that the animals did not become torpid at 

this time (Hudson, et al., 1964). 

The thirteen-lined ground squirrel, an animal frequently 

used for hibernation studies, shows a decrease in thyroid 

activity in the fall and winter with a characteristic increase 

in the spring and summer (Zalesky, 1935). Hoffman and Zarrow 

(1956) compared seasonal changes and the effect of cold on 



the thyroid gland of a rat and a ground squirrel Citellus 

tridecemlineatus. Both showed a seasonal change; the rat 

being more active in the winter while the thirteen-lined 

ground squirrel had the more active thyroid gLand (relative to 

its winter condition) during spring and early summer. Meta¬ 

bolism measurements in C. tridecemlineatus are not well docu¬ 

mented. 

Deane and Lyman (1954) compared the effect of cold (5°C) 

on the thyroid and adrenal cortex of a hibernator, Mesocrictus 

auratus« and a non-hibernator, the white rat. This low tempera¬ 

ture exposure produced hyperplasia in both glands in the white rat 

but in the hamster no detectable increase in the glandular 

activity was observed. 

The previous experiments illustrate two trends: 1) 

thyroid activity decreases as an animal prepares for hiber¬ 

nation, 2) metabolism is decreased during the season in 

which torpor is utilized as an energy or water conserving 

mechanism, whether this occurs in summer or winter. Also, 

two patterns of torpor were mentioned seemingly induced by 

environmental stress. Citellus tridecemlineatus. which in¬ 

habits the well-drained prairies covering the central United 

States is known to hibernate throughout the fall, winter and 

spring for a period of approximately six months (Hall and 

Kelson, 1959)- As an adaptive measure, desert dwelling (J. 

tereticaudus of the West may become torpid on a daily basis 

during the hot, dry summer (Hudson, 1964). Heat and water 
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stress seem to stimulate the round-tailed ground squirrel 

to become torpid while in the thirteen-lined ground squirrel 

torpidity occurs in response to cold* 

The climate of C. mexicanus in relation to C. 

tridecemlineatus and C. tereticaudus is more mild con¬ 

sidering the low temperature encountered by C. tridecemlineatus 

and the water stress encountered by C. tereticaudus* Citellus 

mexicanus is found in the mesquite brush-lands in the western 

two-thirds of Texas, north to the base of the panhandle and 

south into Mexico. The range in Mexico has been poorly 

defined (Hall and Kelson, 19595 Edwards, 1946). (Fig* 1.) 

According to Hall and Kelson (1959) C. mexicanus 

(Spermonhilus mexicanus parvidens) has not been identified 

as a hibernator but does go underground with approaching cold 

weather, plug up the entrances to their holes with earth and 

remain underground for "considerable periods.” From field 

reports (Edwards, 1946) the Mexican ground squirrels do remain 

underground in the fall and winter for long periods but there 

was evidence of activity above ground throughout the winter 

though the squirrels were not actually seen. Edwards (1946) 

observed two outdoor caged C. mexic anus to "approach” hiber¬ 

nation for a period of three days with body temperatures 

approximately 50°F. However, they were not observed to be 

torpid at any other period. Preliminary laboratory observations 

indicated that the Mexican ground squirrels often became torpid 



Figure 1 

The range of Citellus mexicanus 
(Hall and Kelson, 1959) 
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during the fall and winter; as indicated by the characteristic 

curled position of a hibernator, irregular breathing, lowered 

metabolic rate and lowered body temperature, often closely 

approaching that of the ambient. 

Citellus mexicanus encounters neither the xeric en¬ 

vironmental conditions of C. tereticaudus nor the cold stress 

encountered by C. tridecemlineatus. Thus the response to 

the environment might be expected to be more raid-way between 

that of the round-tailed ground squirrel daily estivation 

pattern during the summer and the thirteen-lined ground 

squirrel long fall, winter, and spring pattern of torpor. 

The purpose of this study then is to establish the 

seasonal pattern of torpor, metabolism and thyroid activity 

in the Mexican ground squirrel Citellus mexicanus and to 

compare this with similar information from other members of 

the genus Citellus as presented in the literature. 
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MATERIALS AND METHODS 

A. Animals 

A total of 46 Citellus mexicanus (22 females, 24 males) 

were used in this study* These animals were trapped at 

Kleberg County Park, Texas, near Baffin Bay. This area is 

in the mid-section of the range for C. mexicanus. Data on 

climatic conditions of this area were obtained from the U.S. 

Weather Bureau reports for Kingsville, Texas. See Table I 

for a brief summary of climatological data. 

In captivity the animals were kept in wire mesh (I inch) 

cages (14*5ML, 7*5”H, 10”W). Temperature in the animal room 

was 76-78 degrees Fahrenheit throughout the study unless 

noted otherwise. The photo period was 10 hours all year 

but there were small windows in the animal room so the 

animals still had the influence of a natural photo period. 

Animals used in thyroid studies were placed in environmental 

boxes (10 or 30°C) and given photo periods ranging from Si 

hours in the winter to 14i hours in the summer. 

Water was given ad libitum. Three to five Purina Rat 

Chow pellets were given daily. The amount was regulated 

to limit the weight gain that accompanied ad libitum food. 

The animals were kept close to their fresh field weight to 

minimize the problem of fat accumulation in calculations of 

standard metabolic rate and to maintain the animals at a 

more nearly normal level. 



TABLE I 

Selected climatic data for Kingsville, Texas 
From U.S. Weather Bureau Climatological Data 

National Summary 13(12):40, 1962 

$ 

f 

Annual average 
Mean high..••. 
Mean low...... 
Maximum   
Minimum....... 
Annual ppt.... 

70°F 
67°F (August) 
52°F (January) 
10S°F (August, 10) 
7°F (January, 11) 

13.92 inches 
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B • Metabolism 

Minimum metabolism rates were established for winter 

and summer metabolism of Citellus mexicanus. A total of 

17 animals (7 females, 8 males) with an average weight of 

173 grams (range 129-252 grams). The temperature range of 

the curve was 8° to 34°C. Oxygen consumption was measured 

at night for a 10 to 12-hour period to reduce influence of 

activity in this diurnal species. Food was removed from 

the animals the morning before oxygen consumption was 

measured to assure a post-absorptive state. Water was 

available until the measurements were begun. 

Post-absorptive C. mexicanus were weighed the nearest 

tenth of a gram, placed in a one-gallon metabolism chamber 

which had three tube connections in the top; an air outlet, 

an air inlet, and a thermocouple inlet. The bottom of the 

chamber was covered with a thin layer of San-I-Sel. The 

chamber was placed in a refrigerated box controlled by a 

Yellow Springs Thermistemp Controller. There was also a 

heat lamp connected to a powerstat. The beam of the lamp 

was positioned so as to avoid direct heating of the 

metabolism chamber. The temperature within the chamber 

could be controlled to within - .5°C. 

U-tubes filled with Silica-Gel dried the air before 

it passed into the animalfs chamber. The air flow was 

maintained at a constant rate of 800 cc/min. Air coming 
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from the chamber passed through a Silica-Gel-Ascarite 

mixture to remove water and CO2 before entering the Beckman 

G2 paramagnetic oxygen analyzer. The analyzer was connected 

to a Brown recording potentiometer. Standard temperature 

and pressure corrections were made on all data obtained. 

Thermocouples from the metabolism chamber were connected 

to a Speed-o-max temperature recorder, type G. 

Rectal body temperatures were obtained as soon as 

possible by inserting a Yellow Spring Tele-thermometer 

vinyl-coated thermister probe at least 2k cm. The timing 

was important to insure the body temperature corresponding 

to the appropriate oxygen consumption before the animal 

became excited and raised his body temperature. 

C• Body Temperatures 

Body temperatures were measured rectally as described 

in the previous section, at random times both day, night, 

summer and winter to ascertain the normal range of body 

temperatures of C. mexicanus. 

D. Excretion of Radioactive Iodine 

Several collections of excreta at different temperatures 

were measured for release of previously injected 1^^ or r^. 

Animals were given water ad libitum and placed in £inch mesh 

wire collection cages (7n diameter, 6” high) mounted on ring 

stands. Excreta was collected over a 24-hour period in 6” 

diameter watch glasses placed directly under the cages. At 
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the end of a collection period the animals were placed in 

their individual cages, fed, and left undisturbed for 24 

hours when another excreta collection was made* 

Watch glasses containing the excreta were dried at 

170°C for 3 to 4 hours. After drying the fecal pellets were 

placed in small vials to be counted in the well-scintillation 

counter (Walt-Westronics). Urine was redissolved in 20 ml. 

distilled water, centrifuged and £ ml. of the supernatent 

pipetted into small plastic test tubes to be counted in the 

well counter. 

Excretion of radioiodine was expressed in terms of a 

biological half-life, the time needed to release one-half 

of the initial radioactive excreta count as measured in the 

well-counter. 

E. Thyroid Activity 

The activity of the thyroid of 40 C. mexicanus (22 males, 

18 females) at different temperatures and seasons was deter¬ 

mined by measuring the release rate of labeled iodide 

dl31 or jl25j^ frQm the gland. Each animal was injected 

interperitoneally with 2-3 yc of labelled iodide. Twenty-four 

hours later and approximately every 4& hours thereafter, the 

* Obtained from M.D. Anderson Isotope Laboratories, 
Houston, Texas: Half-life - 8.5 days. 
Obtained from Yolk Radiomedical, Skokie, Illinois: 
Half-life - 60.2 days. 



activity of the gland was measured by placing the animal 

over a surface crystal scintillation counter (Walt-Westronics, 

Houston, Texas). The animals were positioned so that the 

thyroid glands were over the crystal. Several counts were 

taken, repositioning the animal each time; the highest 

count of the group was recorded for that particular reading. 

The activity in the upper leg was counted to be used as an 

approximate measure of the isotope circulating in the blood 

around the gland. The neck counts were corrected for leg 

activity and isotope decay. 

During the experiment the animals were kept in individual 

plastic cages with a clear plexiglass front and a wire top. 

A layer of San-I-Sel was placed on the cage bottom. Water 

was provided ad libetum. Purina Laboratory Rat Chow was 

given in sufficient quantities to maintain initial weight. 

F. Histology of the Thyroid Gland 

A study of the histological changes occuring seasonally 

after exposure to various ambient temperatures was made. 

Animals were exposed to 12°C or 30°C ambient temperature for 

at least three weeks before thyroidectomy was performed. 

Tissue was fixed in neutral buffered formalin, sectioned 

at 4-6 micron thicknesses, and stained with hematoxylin and 

eosin, and photographed. 

Measurements of follicle cell heights and widths of 

colloid areas were made. An ocular micrometer was used. 
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Follicle cell height was measured around an individual 

follicle cell by measuring along the axis tangential to 

the curvature of the cell. Colloid widths were measured 

through the shortest diameter of the follicle cell. No 

measurements were taken where the angle of the section 

resulted in squamous cell figures. 

G. Analysis of Data 

A straight line was fitted to the logarithim of counts 

vs. time from the thyroid-radioiodine release experiments. 

A straight line was also fitted to the oxygen consumption 

vs. the ambient temperature. Least squares criteria 

minimizing the sum of the squares of the differences between 

the data and the proposed line were used. This was calculated 

from the formula 

(<J. Maxwell Little, 1961). 

Thyroid cell measurements and metabolic measurements 

were expressed as the Mean-* 2 standard errors of the mean. 

This was found using the formulae (Simpson, Roe, Le\?ontin, 

I960) 

Y = y+ b(x-x) 

Standard 

Standard Error of . 
the Mean 
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A difference in measurements expressed in the form 

J? ± 2.Q* was interpreted to represent a 95$ confidence lever 

(Simpson, Roe, Lewontin, I960). 

All computations were made using an IBM 1620 electronic 

computor. 
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RESULTS 

A. Metabolism 

At ambient temperatures (2S-31°C) within the thermal 

neutral zone summer and winter measurements of Citellus 

mexicanus nocturnal metabolism was established. Table 2 

shows a mean summer metabolism of 1.10- .OS ccC>2/gm/hr 

and a mean winter metabolism of .56- .08 ccC^/gm/hr. The 

mean winter consumption is 51$ of the observed mean summer 

consumption. The values obtained summer and winter are 

115.1$ and 59.6$ respectively of those predicted by the 

equation based on the relationship between metabolism and 

body weight (MR- 3«$ . (Morrison, 1959) 

During the fall and winter Qj. mexicanus were observed 

torpid with body temperatures often approaching ambient 

temperature. The metabolic rate during torpor is a function 

of the body temperature and the gradient maintained between 

body temperature and ambient as can be illustrated from the 

measurements from two winter animals (Table 3). At an 

ambient temperature of 25°C with each animal having approxi¬ 

mately equal body temperatures, the oxygen consumption is 

also nearly equal in both animals. At 15°C there is a fall 

in metabolic rate with the fall in body temperature. However, 

during oxygen consumption measurements the body temperatures 
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did not approach ambient as closely as those in the en¬ 

vironmental chambers at 10-15°C* 

Figures 2 and 3 give oxygen consumption measurements 

at various ambient temperatures for C. mexic anus for winter 

and summer* The winter metabolism at ambient temperatures 

below thermal neutrality is represented by the equation 

Y = .19--05X. Summer metabolism at ambient temperatures 

below thermal neutrality is represented by the equation 

Y = .35-.09X; where Y = ccOg/gm/hr and X = ambient temperature 

in degrees Centigrade* The scatter of points summer and 

winter is thought to be the consequence of a variable body 

temperature, depending upon the ambient temperature. The 

tendency of the animals to become torpid in the winter 

intensifies this variation of body temperature and metabolic 

rate* 

Figures 4 and 5 respectively show summer and winter 

oxygen consumption plotted against the difference between 

ambient and body temperature; with the summer line represented 

by the equation Y~ .2SS-.09X and the winter by the equation 

Y= .17-.06X. 
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* 

TABLE 2 

Summer and Winter Oxygen 
Consumption of C. mexicanus 

in Thermal Neutrality 

Summer 
(n = 9) 

Mean 
Weight 
(gras.) 

Mean 
Consumption 
(ccOg/gm/hr) 

167.$ 1.10± .0$* 

Winter 
(n= 12) 

Mean Mean 
Weight Consumption 
(gms.) (cc02/gm/hr) 

176.5 . 56^.0$* 

* Mean t 2(fw 
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TABLE 3 

Body Temperature and Oxygen Consumption 
Relationships of C. mexicanus 

Animal 
_J __ 

Ta 

1°C) 

Tb 

 (°C) 

QO2 

(cco./am/hr) 

5 25 37.5 1.22 
4 25 37.7 1.17 
4 15 36.9 2.17 
5 15 33.0 1.59 
4 15 21.7 .46 



Figure 2 

Winter nocturnal oxygen consumption 
for Citellus mexicanus. The least 
squares fit to data at ambient tempera¬ 
tures below thermal neutrality is rep¬ 
resented by the equation ¥= .19 -*06X. 
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Figure 3 

The standard summer nocturnal metabolism 
of Citellus mexicanus at different ambient 
temperatures# The least squares fit to data 
below thermal neutrality is represented by 
the equation Y= #35 -#09X# 
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Figure 4 

The standard summer metabolism 
of Citellus mexicanus at different 

T (Body temperature - Ambient 
temperature = ^ T). The least squares 
fit to the data may be represented 
by the equation Y= .23# -.09X. 
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Figure 5 

The standard winter metabolism 
of Citellus mexicanus at different 
A T (Body temperature - Ambient 

temperature A T). The least squares 
fit to the data may be represented by 
the equation Y = .17 ~.06X. 
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These graphs indicate 1) that for a given gradient 

between body and ambient temperature the metabolism in 

the summer is higher than that in the winter. The slopes 

of the slimmer and winter plots of oxygen consumption were 

♦09 and .06 respectively. This may be explained by the 

greater insulation of the winter pelage. At an 80% 

confidence level the range of the slopes in the summer 

would be .077 - *103 and in the winter, .047 - .073* The 

second comparison of the two graphs indicates that in the 

summer the majority of the animals maintain a larger 

gradient between body and ambient temperature. 

The lowering of metabolic rate began early in the 

fall and was accompanied by a tendency toward fat ac¬ 

cumulation. Animals maintained on a uniform quantity 

of food increased weight in fall and winter (Table 4)* 

over their summer weights. There was an average increase 

of 20.4$ in the weights of the Mexican ground squirrels 

from summer to winter. 
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Table 4 

Seasonal Weight Changes In 
Citellus mexicanus 

Animal Summer Winter 
Change 

in 
Ho. Weight Weight Weight 

(gras.) (gras.) (gms.) 

1 168.0 212.6 + 44*6 

2 163.1 190.0 + 26.9 

3 154.0 209.6 + 55.6 

4 203.3 247.5 + 44*2 

5 176.3 192.4 + 16.1 

6 220.0 253.4 + 33.4 

Average 180.7 217.6 + 36.8* 

* A 20% increase in weight from summer to winter with 
equal quantities of food. 
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B. Body Temperature 

Summer nocturnal body temperatures of relatively un¬ 

disturbed C. mexicanus (n=10) ranged from 36.8 i *334 degrees 

C to 37*6 - 2S degrees C at ambient temperatures of 12 and 30 

degrees C respectively. Summer diurnal body temperatures of 

C. mexicanus were 37*6 - 1.12 and 38.06± .86 at 12 and 30 

degrees Centigrade respectively. (n= 10 measurements at 

each temperature.) 

V/inter measurements generally showed decreased body 

temperature on exposure to a lowered ambient temperature. 

Thirty-two measurements on four animals at 10 degrees C. gave 

body temperatures of 26.81 4»02. These were diurnal 

measurements but the animals used were prone to torpidity 

at this ambient temperature (February). Nocturnal measure¬ 

ments of 12 C. mexicanus at 10 degrees C in December gave an 

average body temperature of 36.6 ± .19 degrees C. During the 

three-week period in which the measurements were taken, none 

of the animals were observed to be torpid, at least not to 

the degree of being incapable of resisting handling. Ten 

measurements at 26 degrees C 38.2 ± .6 diumally. Average 

nocturnal body temperature at 26 degrees C (n= 20) was 37*5- *3 

degrees C. As a rule the body temperature was lower during 

the night but this difference was not a significant one. There 

was no significant difference between body temperature at 30 



Table 5 

Body Temperatures °C 
of C. mexicanus 

Season 
Ambient 

Temperature 
(°c) 

N Diurnal N Nocturnal 

Summer 12 10 Average 
Range 

37.6± 1.1 
36.2-33.0 

10 36.3 i .3 
36.5-38.0 

30 10 Average 
Range 

33.06£ .86 
36.0-39.5 

6 37.6± .29 
36.5-38.0 

Winter 12 32 Average 
Range 

26.3 - 4*02 
12.0-33.5 

12 36.6 ±.19 
26.3-39.3 

27 10 Average 
Range 

33.2± .6 
37.0-39.5 

20 37.5* .3 
36.0-38.5 

(Measurements expresses as Mean 1 2V> 
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and 13 degrees C (except for one torpor-prone group in 

February). (Table 5) 

During the winter some animals were observed torpid at 

temperatures below 20°C with their body temperature within 

a few degrees of the ambient. In a typical example (Table 6) 

at an ambient temperature of 13°C the animal was observed 

to have a body temperature of 14*5°C. Measurements of 

rectal body temperature were made during arousal while the 

animal remained at a low ambient temperature of 13°C. 

Characteristically C. mexicanus shivered strongly 

during arousal. Weak shivering was observed at body tem¬ 

peratures of 15.5°C. Shivering first appeared anteriorly, 

especially noticeable in the forelimbs, and then spread to 

posterior parts of the body. When the body temperature was 

20-21 degrees C C,. mexic anus could move about in a poorly- 

co-ordinated crawl. With a body temperature of 2&.5-29-0°C 

the animals were fully co-ordinated and capable of normal 

locomotion. During the first half-hour of measurement the 

rate of warming as indicated by a change in rectal tem¬ 

perature per unit time was .08°c/min. The rate during the 

second half hour was .20°C/min; 2.5 times that of the earlier 

interval 



Table 6 

Body Temperature Measurements on Arousal 
for Citellus mexicanus 

(Ta 13*C) 

Time Body 
(minutes) Temperature 

0 14.5 
15 15*0 
20 15.5 
25 16.25 
30 17.0 
40 18.5 
45 20.3 
60 25.0 
70 28.5 
95 30.5 

125 36.5 

Change in in 1 hour + 10.5?C 
2 hours + 22.5°C 

Hate of Y7arming: 1st 30 minutes + .083°C/min 
2nd 30 minutes +.200°c/min 

1st hour +*175°C/min 
2nd hour +.268 C/min 
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C. Excretion of Injected Radioiodine 

In the first twenty-four hours after injection with 

ll25 Q# mexicanus excreted 71$ (n=4) and 4&*9$ (n®4) in 

two experiments. The percent of the dose taken up by the 

thyroid gland was 26.2$ and 21.7$ respectively. This 

accounts for 97• 7$ and 70.6$ of the injected dose. 

After the large amount excreted in the first twenty- 

four hours the amount drops sharply and steadily for the 

time intervals measured (up to 144 hours after injection) • 

When the count is plotted against time the biological half- 

life in these two cases was .62 days (range .4-*9 days) and 

1.4 days (range 1.0 - 2.0 days) respectively. The biological 

half-life indicates the time taken by the kidney to reduce 

the level of radioiodine excreted to one-half the level 

measured in the first twenty-four hours. 

D. Thyroid Activity 

Release of labelled iodine compounds from the thyroid 

gland at various temperatures and seasons were used to indicate 

thyroid activity of Citellus mexicanus (Tables 7 and 6). The 

thyroid of C. mexicanus appears more active in the spring and 

early summer at ambient temperatures of 30 and 6-12 degrees C 

than at the respective ambient temperatures in the fall and 

winter. The fall and winter average biological half-lifes 

at the two ambient temperatures were at least twice those 

obtained in spring and early summer for the same ambient 
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temperatures. 

In the spring and summer (March-August) the average 

biological half-life at 30°C was 12.4- 1.2 days*, whereas 

at 3-12°C it was 16.OS 2.6 days*. The biological half- 

lifes in the fall and winter (October-February) 2S.7- 4*7 

days* at 30°C and 30.9i 4»3 days* at 8-12°C. 

E. Histology 

Thyroid glands removed in the winter from animals 

kept at ambient temperatures of 30°C (n = 5) or 10-12°C 

(n= 5) for at least five weeks showed no activation upon 

exposure to the lowered temperature. In the summer glands 

from 5 animals indicated no significant increase in follicle 

size upon exposure to a lowered ambient (Table 9> Figures 

6 and 7) • 

Animals kept on a constant (12 hour) photoperiod and 

in low ambient temperatures showed an increase in amount 

of colloid in the winter and a decrease in the summer. 

The follicle cell heights during this period remained 

relatively stable. In June one animal placed in 2(PG on a 

10.5 hour photoperiod from a 14-hour photoperiod showed 

an extremely inactive gland indicated by relatively flat 

follicle cells (2.5- .2 microns) and a large amount of 

*Measurements expressed as Xi2Gk
fn 
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Table 7 

Biological Half-life (Days) 
of C. mexicanus 

(Each $&>!og^cal? Half-life 
represents one animal) 

March ApgLl Mav June July Aueust Oct- Dec. £gn* Feb. 

6.2 12.2 10.4 5.76 11.24 11.26 9.94 22.0 35.0 45.2 
17*11 7*5 10.34 11.9 45.9 16.97 5.95 34.0 25.4 35.5 
a.02 27*2 4.49 21.03 7.09 a.a6 13.0 54*4 40.3 
7*33 15.0 40.7 7.20 57.02 5.0 29.6 
6.7 36.2a 9.57 7.ai 

Ayerage: 
9.07 15.5 a.41 23.1 16.2 20.36 7.94 18.5 36.5 40.3 

No. Animals: 
5 4 3 5 5 5 2 4 4 3 



Table 6 

Biological Half-life (Days) 
of C. mexicanus 

(Ta 26-30°C) 

(Each Biological Half-life 
represents one animal) 

March April May 

9.5 10.64 11.4 
4.17 15.54 4.95 
9.5 17.44 

12.2 19.07 
9.9 14.2 
9.4 3.53 

10.5 
6.5 

Average: 
9.1 12.4 6.16 

No. Animals: 
6 6 2 

June July August 

6.63 13.57 6.66 
6.9 10.76 6.60 

21.4 24.5 6.06 
16.7 15.9 4.20 
37.3 22.7 
15.0 20.7 

6.9 
6.1 
9.0 

12.5 

17.7 14.3 6.99 

6 10 4 

Oct. Dec. Jan. Feb. 

43.4 2 6.5 16.27 
24.1 5.03 36.2 
23.3 26.1 

40.4 
57.7 
10.1 

30.3 26.3 24*5 

3 6 2 
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colloid (diameter 99*15 9*0 microns). The C. mexicanus 

from the 14-hour photoperiod placed in the 12-hour photo¬ 

period at 13°C was also subjected to the stimulus of a 

shortened photoperiod but this animal shewed no thyroid 

activation when compared to those animals (n= 3) on a 

natural photoperiod at 30°C* 



40 

Table 9 

C. mexicanus Thyroid Cell Measurements 
at different seasons and ambient 
(temperatures (Mean- 28^; microns) 

10-13°C 26-30°C 
Follicle Follicle 

Month Cell Colloid Cell Colloid 

Nov. 3-3* 1.5 
<n>35) 

4.1.2± 3.0 
(n = 35) 

3.5 ~.l 
(n-35) 

47.6± 4.2 
(n = 35) 

Dec. 3.4 i .2 
(n * 35) 

70 ±10.5 
(n = 35) 

4.7± *2 
(n = 35) 

42. ±4*6 
(n - 35) 

3.7± .3 
(n= 35) 

91.5* 10.6 
(n -35) 

4.9 ± .2 
(n= 35) 

53.6± 6.5 
(n = 35) 

Jan. 4.3 i .2 
(n= 35) 

47.0^7.3 
(n = 35) 

4.2± .24 
(n = 35) 

46.4^ 13.9 
(n = 35) 

April 3-37± .2 
(n-35) 

54.6-7.5 
(n = 35) 

May 3*77± .2 
(n = 35) 

55.3-6.3 
(n = 35) 

June 4.01 .1 
(n= 145) 

57.0± 6.9 
(n = 72) 

2.5 ± .2 
(n= 226) 

99.15-9.0 
(n= 90) 

July 4.02± .3 
(n= 35) 

45*7- 5.2 
(n = 35) 
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Figure 6 

A. G. mexicanus Summer Thyroid 

April, Ta 25°C 

Figure 7 

C. mexicanus Summer Thyroid 

June, Ta 12°C 

B. 
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Figure 7 

A. C. mexicanua Winter Thyroid 

December, Ta 30°C 

B* C. mexicanua Winter Thyroid 

December, Ta 12°C 
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DISCUSSION 

A. Metabolism 

The results of this study demonstrate seasonal 

metabolic variations in Citellus mexic anus. These rodents 

tend to become torpid from early fall through January. This 

condition is accompanied by decrease in metabolism and thyroid 

activity. This reduction of metabolic rate in the winter 

gives Cl. mexic anus a theoretical advantage where food shortage 

and cold weather may prevail. Seasonal reduction of standard 

metabolic rate began late in the summer accompanied by lowered 

thyroid activity and fat accumulation. The period of lowest 

metabolism corresponded roughly to the period when, under 

natural conditions, the mean ambient temperature would be 

the lowest (December-January). 

Citellus tridecemlineatus. with their more northerly 

range, often experience winter temperatures much more extreme 

than those encountered by jC. mexic anus. Though metabolic 

measurements have not been well documented, C. tridecemlineatus 

has been reported to be torpid up to six months of the year 

(Hall and Kelson, 1959* Hoffman and Zarrow, 1956). 

Cl. tereticaudus. C. leucurus, and C. mohavensis are 

found in the deserts of Southern California. Under conditions 

43 
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of high ambient temperature and limited water C. mohavensis 

and C. tereticaudus have the capacity to estivate as a means 

of avoiding the severest aspects of the environment (Hudson, 

1954)* The metabolic rates of these two species show a 

reduction during the period of torpor with that of C. 

mohavensis being as low as *l-.2 cc02/gm/hr during torpor* 

G. tereticaudus has an average oxygen consumption of .6 cc 02/gm/hr 

in the thermal neutral zone during the summer at which time the 

animals were often observed torpid under laboratory conditions. 

During the winter the level of metabolism of C* tereticaudus 

was 1.0cc02/gm/hr. These two species show appropriate inter- 

digitation of torpor and unfavorable environmental conditions* 

The other species of this desert region, C* leucurus (Hudson, 

1962) is unable to hibernate or estivate. Instead it utilizes 

a well-developed capacity for conservation of water and dissi¬ 

pation of heat* £• leucurus does not exhibit a reduction in 

resting metabolism during a heat stress as does (3* tereticaudus. 

The artic ground squirrel, C. undulatus, is torpid up to 

eight months (Hannon, et al., 1957)» emerging from their burrow 

in late spring* Metabolic measurements (Hock, i960) show a 

concomitant reduction from a summer level of 1.2 ccOg/gm/hr 

to .9 cc02/gnj/hr. 

Edwards (1946) reported signs of activity of jC. mexicanus 

throughout the winter but never actually observed any animals 
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outside their burrows until the last of February when they 

were observed cleaning their burrows. While this does not 

lend credence to the theory of prolonged periods of dormancy 

i.e. weeks, it does by no means preclude periods of 1-2 days 

as observed under laboratory conditions* 

Based on body size relationships to metabolic rate, 

G. mexicanus summer oxygen consumption matches that predicted 

by the formula for small rodents, M.R = 3.£W~*2^ (Morrison, 

P.R., 1959)(calculated = *9 cc02/gm/hr; actual= 1.10 ccC^/gm/hr; 

wt = 167•6 gms). However, during the winter a great variation 

between the two occurs. C. mexicanus reduces its metabolic 

rate nearly one-half (for wt = 177, calculated1* .94 

cc02/gm/hr; actuals.56 ccOg/gm/hr. This reduction in metabolic 

rate is during the season in which C. mexicanus is observed to 

torpid at various times. Measurements for C. tereticaudus 

(Hudson, 1964) show a reduction of 40fo from predicted levels 

during the summer. During the winter the observed metabolic 

rate approximated that predicted for an animal of appropriate 

size. This is a reversal of the pattern observed in CJ. mexicanus 

and that seen by Hock (I960) in the Artie ground squirrel, 

C. undulatus. 

During one summer thermal neutrality for C. mexicanus 

appeared to be from 27 degrees to at least 35 degrees C 

(Figure 6). The lower critical temperature during the winter 

has shifted (Figure £) to the left and is between 25°C and 30°C. 



Figure 8 

The standard summer ( ) and 
winter ( ) metabolism of Citellus 
mexicanus at different ambient tem¬ 
peratures with the line representing 
the least squares fit to the data ex¬ 
trapolated to the body temperature. 
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This is correlated with an increase in insulation which 

would have the advantage of allowing jC. mexicanus to maintain 

minimal metabolism at lower ambient temperatures. A 

seasonal shift in thermal neutrality range has been observed 

with C. tereticaudus (Hudson, 1964) with a 3-degree increase 

in the lower critical temperature during the summer, correlated 

here with a decrease in thermal neutrality metabolism and a 

decrease in insulation with exposure to high ambient tempera¬ 

ture and limited water. C. undulatus (Hock, i960) indicated 
o 

a thermal neutral zone in the summer of 16-31 C and in winter 

of 15-26°C. This is a lowering of the upper critical tempera¬ 

ture of about 5°C and of the lower critical temperature of 

about 1°C. The slight shift could be due to the relatively 

cold ambient temperature encountered by C. undulatus throughout 

the year. The shifts observed in thermal neutrality in these 

three species could easily be interpreted to reflect the nature 

of their respective environments. 

Oxygen consumption measurements at 6-12°C for C. mexicanus 

indicate a fairly constant metabolism during June - August 

with a definitely higher level of metabolism in the fall 

(October) preceeding the sharp drop to the winter level. This 

increase is reflected in a more active thyroid at this time 

and could be related to the animals’ preparation for the 

winter in general. In the spring another high rise in 

metabolic rate accompanied by an active thyroid suggests an 



increased metabolic pace reflecting the increased activity 

of breeding, nest building, birth and growth of the young 

squirrels. 

B. Body Temperature 

A variability of body temperature both summer and winter 

was observed. It is to be expected that the body temperature 

variation in the winter is greater (11-36°C) due to the 

lowering of body temperature during hibernation. The results 

indicate the variation of body temperature parallels the 

oxygen consumption, with a lower body temperature having a 

lower oxygen consumption rate than at a higher body tem¬ 

perature in the same ambient temperature. 

Body temperatures at 10 and 3Q°G ambient summer and 

winter showed that though the animal had a variable body 

temperature, in general the lower body temperature went with 

the lowered ambient temperature. This probably affects the 

thyroid activity as will be discussed in the following section. 

Changes in diurnal and nocturnal body temperatures have 

been reported in several species of mammals (Morrison, 1962; 

Hudson, 1964)• Body temperature measurements on C. mexicanus 

indicates that such a cycle exists in this species. The 

marked changes in metabolic rate further conform to the daily 

pattern. However, the decline did not seem to be as marked 

as that observed for G, tereticaudus (Hudson, 1964) which 
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had a nocturnal decline to 32-35°C, 3-6 degrees below the 

day level. It is interesting to note here that in field work 

with C. undulatus Hock (I960) found no apparent relation to 

ambient temperature or degree of fatness, but in the laboratory 

at 10°C there was a progressive fall in body temperature. The 

point was made that data on captive animals is not necessarily 

a valid extension of the wild state. 

The arousal pattern of C. mexicanus was similar to that 

observed by Bartholomew and Hudson (I960) for CJ. mohavensis 

with the average rate of warming in the first hour of C. 

mexicanus arousal approximating the .2°C/minute observed in 

C. mohavensis. in spite of the higher ambient temperature in 

the latter case. 

Assuming the loss of body heat to the environment through 

the skin is a linear function of the difference between body 

and ambient temperature, lines relating oxygen consumption to 

the ambient temperature would intersect the abscissa (°C) at 

the animal’s body temperature. This assumption is based on 

the relationships expressed in the equation MR= C(T^-Ta). 

(Scholander et al, 1950), where C is the conductance or resis¬ 

tance to heat flow across the skin. Figure & shows such 

lines extrapolated from measurements indicated in Figures 2 

and 3. Actual body temperatures were measured as soon as 

possible after recording metabolism ferithin one minute to get 
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the corresponding measurements). The lines intercept the 

abscissa at an average temperature of 39 degrees in summer 

and 36 degrees C in the winter. The summer point is about 

2 degrees C above the mean body temperature of normally 

active summer animals. The winter level approximates the 

body temperature observed in winter animals (Table 3)* 

Thus in C. mexicanus the relation of metabolic rate to 

ambient temperature conforms approximately to the biological 

application of Newton’s law of cooling. 

Citellus mexicanus. jC. undulatus and CJ. tridecemlineatus 

have the physiological capacities to adapt to cold ambient 

temperatures by becoming torpid. The lower ambient tempera¬ 

ture to them, in their particular environment, being a greater 

stress than heat. C. tereticaudus and C. mo havens is within 

the deserts of Southern California have adapted to conditions 

of high ambient temperature and limited water by employing a 

different pattern of torpor. Durrant, et al (1954) proposed 

that the ancestral type Citellus be represented by the species 

requiring a mesic habitat. Competition and adaptations to 

xeric conditions have led to the divergence and variability 

of physiological adaptations, e.g. different patterns of torpor. 

The diverse habitats of the five species mentioned earlier 

and their adaptations developed to meet the stresses en¬ 

countered therein could be interpreted as illustrating Durrant *s 

idea. In this case C. mexicanus in the ecologically more mild 
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climatic region would then represent the more ancestral type 

with (J. tridecemlineatus and C, undulatus diverging with 

concomitant increase in physiological adaptations to the 

colder environment encountered, i.e. longer period of torpor. 

C. tereticaudus and C. mohavensis and their adaptations to 

summer stresses of high ambient temperature and limited water 

would represent another divergence and variation from the 

ancestral type. 

C. Thyroid Activity 

Release of labelled iodine compounds (1^^ and r^) from 

the thyroid indicated a close seasonal correspondence between 

thyroid activity and metabolism (figures 9 and 10). This 

relationship has been observed in several species of hiber- 

nators (Deane and Lyman, 1954» Hoffman and Zarrow, 1953; 

Lyman and Chatfield, 1955? Vidovic and Popivic, 1954J Zalesky, 

1935) but the exact nature of its role in hibernation is not 

known. 

From the observations of wide variation in the effect of 

low ambient temperature in summer on the activity of the 

thyroid gland, one can postulate that in summer the gland is 

more sensitive to lower ambient temperature than it is in 

the winter. For example, if one plots the average biological 

half-life at 3Q°G (summer, n= 36; winter, n= 11) and at 13°C 

(summer, N= 27$ winter, n=13) against the average body tem¬ 

perature (n= at least 10 in each case) for the respective 
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temperatures and seasons (Figure 11, Table 10), the slope 

in the summer is 4*4 and In the winter, 2.4« This indicates 

that in the summer and winter as the body temperature falls 

the activity of the thyroid gland decreases (T^ increases), 

but in the summer the results indicate that the gland is 

slightly more sensitive to the lowering of the body tem¬ 

per ature than in the winter. 

Contrary to reported effects of cold exposure in normal 

homeotherms (Steven et al, 1954? Kenyan, 1930; Hoffman and 

Zarrow, 1953) C* meadcanus shows no significant stimulation 

of the thyroid gland upon cold exposure. This agrees with 

work done on other hibernators. In work with the hamster, 

Deans and Lyman (1954) found the stimulus of cold not suf¬ 

ficient to produce hypertrophy of the thyroid gland. Mayer 

(1953) found no cold activation evident in the hibernator, 

C. undulatus with the overall gland of C. undulatus seeming 

less active than the hamster as indicated by the greater 

amount of colloid and a greater degree of flattening of 

the epithelial cells. Hoffman and Zarrow (1953) observed 

that the thyroid glands of C. tridecemlineatus were never 

activated by exposure to cold and in some instances were 

actually significantly depressed. 

The reason for the inactivity (Deane and Lyman, 1954) 

is believed to be a failure of low temperatures to constitute 



Figure 9 

The metabolism and biological half- 
life of radioiodine in the thyroid of 
Citellus mexieanus at ambient temperatures 
of 7-12bC at different months of the year. 
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Figure 10 

The metabolism and biological 
half-life of radioiodine in the 
thyroid of Citellus mexicanus at 
ambient temperatures of 2fr-30°C at 
different months of the year* 



(SAVO) 

3dn-d"lVH “1VOI9OTOI0 

o o o o o o o 
N (0 ID ^ 10 M - 

-D 

2 

< 

2 

ll. 

o 

z 

o 

</> 

< 

dH/W9/ 20 00 

M
O

N
T

H
 



Figure 11 

The average biological half-life of 
radioiodine in the thyroid gland of C. 
mexicanus during the summer ( ) 
and winter (- ) at ambient tempera¬ 
tures of 30 and 13°C at the average body 
temperature for the respective ambient 
temperature and season. 
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Table 10 

Winter 

Summer 

Body temperature and biological 
half-life of C, mexlcanus 

Nocturnal 
Body Temperature 

(°G) 
12 30 

36.6 ±,19 37*5 - *3 
(n = 12) (n^O) 

Biological 
Half-life 

(days) 
30 

30.9^4*3 26.7± 4*7 
(n * 13) (n^ll) 

36.6 i .3 37.6 i.3 15.97±2.6 12.4il.2 
(n* 10) (n= 6) (n* 27) (n^36) 
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a stimulus to the hypophysis to secrete an increased amount 

of thyrotropin in hibemators. Zalesky (1935) described a 

"resting” and "staring" winter thyroid in C. tridecemlineatus 

with the storing gland appearing to have larger follicle 

cells with the colloid amounts approximately equal to the 

resting gland. This change in morphology was not noted in 

C. mexicanus. 

The animals in June were brought from an animal room 

which was on natural photoperiod (14*5 hours) and placed in 

the environmental chambers where they were subjected to the 

stimulus of a shortened photoperiod. This could indicate to 

the animals that "winter" with lower ambient temperatures and 

shorter days was approaching, so the animals exposed to the 

10 degrees chamber indicated a more active gland similar to 

the activity noted in October correlated with preparation for 

hibernation. It can be seen that in the glands of C. mexicanus 

exposed to a constant photoperiod and low ambient temperature 

throughout the year, that the follicle cell remains relatively 

constant while the colloid steadily increases during the winter. 

Based on the relatively constant cell size it is implied that 

the gland continues to produce a constant amount of thyroid 

hormone but because of lowered overall metabolism in the 

winter the hormone is released and metabolized at a slower 

rate and this results in the storing of hormone in the colloid. 

In May-July C. mexicanus occasionally showed a slightly 



shorter biological half-life when exposed to 13°C (Table 11). 

A shorter biological half-life is interpreted to indicate a 

faster release of thyroid hormone and a more active gland at 

the lower ambient temperature. However, there was no sig¬ 

nificant difference between thyroid activity and 30 and S-13 

degrees in the same season. The activity is insignificantly 

higher at 30°C both summer and winter. 

The lack of stimulation upon cold exposure alone implies 

two things. First it implies that the activity of the gland 

is a function not only of the season but also of the body 

temperature? the body temperature at an ambient of 10°C being 

generally less than at 30°C. In other words, with a lowered 

body temperature the release of thyroid hormone was slower. 

Secondly the failure of the gland to be significantly 

activated and the observations of individual variation in 

response to cold implies that in C. mexicanus there is little 

selective pressure on thyroid activity per se. If the pressure 

were great within this population the range of variation of 

thyroid activity under given circumstances would be much more 

narrow. 
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Table 11 

Biological half-lifes of G. mexicanus 
placed at an ambient temperature of 30^0 
and then changed to an ambient tempera- 
ture of 10°C. 

Summer Measurements 

Month n 
30°C 10°C 

May 11.4 10.4 
5.0 4.5 

June 6.6 5.6 
6.9 11.9 

15.0 36.3 
16.7 21.03 
37.3 40.7 

July 13.57 11.24 
15.9 7.09 
22.71 9.57 
20.7 11.26 
12.5 7.61 
24.5 45.97 
>6.9 16.97 
6.06 6.66 
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SUMMARY 

Measurements on Citellus mexicanus established the 

average oxygen consumption in the summer in thermal neutrality 

to be 1.10 i .OS cc02/gm/hr and in the winter .56 - .OS cc02/gm/hr. 

These animals.were often observed to be torpid in the fall 

and winter with body temperatures approaching ambient. In 

the fall there was a lowering of metabolic rate accompanied 

by a tendency toward fat accumulation with an average increase 

of 20.4/S in the weights of the Mexican ground squirrels from 

summer to winter. 

Thermal neutrality in the summer was 27 degrees to at 

least 34 degrees; winter 25 degrees C to at least 30 degrees. 

The drop in lower critical temperature was associated with 

an increase in insulation in the fall and winter. 

Thyroid activity of C. mexicanus was not significantly 

increased upon exposure to lowered ambient temperature summer 

or winter. However, the overall activity at 10 and 30°C in 

the summer (T| = 15.97- 2.62 days; T^ = 12.41- 1.16 days, res¬ 

pectively) was twice as great as that in the winter at the 

same ambient temperatures (Ti = 30*37- 4*25 days; T^ = 23.74- 4*66 

days respectively). 
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