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Abstract-l. Hypothermic lizards (Egernia ctmninghami) showed significant reductions in plasma 
volume, haematocrit and haemoglobin concentration. The changes in the distribution of red cells 
were acutely reversible when body temperature was increased. 

2. Consequently, there were no significant alterations in blood viscosity (when measured in z&o 
in a capillary viscometer) between body temperatures of 32°C (preferred body temperature) and 20°C. 

3. In contrast, mice (Peromyscus leucopus) showed no significant changes in haematocrit, haemo- 
globin concentration or red cell count, associated with diurnal torpor. 

4. These results are discussed in relation to haemofluidity and optimization of oxygen transport. 

INTRODUCTION 

ARTIFICIALLY induced hypothermia in homeo- 
thermic mammals frequently results in death due to 
circulatory failure (Johansson, 1967). Formation of 
intravascular thrombi and increased blood viscosity 
associated with low blood temperature and elevated 
haematocrit appear to be contributing factors. 
Reduction of plasma volume and splenic contraction 
both contribute to the elevated haematocrit (Kanter, 
1968). 

Heterothermic vertebrates, on the other hand, 
have the capacity to maintain cardiovascular 
function over a wide range of body temperatures. 
Included among these are heliothermic lizards 
(Templeton, 1971) and those birds and mammals 
which hibernate or undergo daily torpor (Hudson, 
1973). The cardiovascular systems of heterothermic 
vertebrates may be adapted to function adequately 
at low body temperatures in several ways. For 
example, the hearts of hibernators appear to main- 
tain integrity at lower temperatures than those from 
non-hibernators (Alpert et al., 1972). Another 
adjustment appears to be changes in blood viscosity 
which alter the flow properties of blood. The 
dependence of blood viscosity on temperature, 
haematocrit and plasma protein concentration is well 
established (Merrill, 1969; Schrier et al., 1970), but 
the implications this holds for cardiovascular 
function at low body temperatures are unclear. 

Here we have studied the influence of acute 
changes in body temperature on haematological 
parameters likely to alter the rheological properties 

*Present address: Department of Zoology, University of 
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of the blood of a heliothermic lizard, Egernia 
cunninghami. A comparison is made with changes in 
these parameters occurring during torpor in the 
whitefooted mouse, Peromyscus leucopus. This 
mouse may undergo daily torpor in nature, and in 
the laboratory when food is rationed (Gaertner et al., 
1973). 

MATERIALS AND METHODS 

Lizards were collected at Molesworth, Victoria, 
Australia, during February and May 1972. They were 
housed in a large herbarium equipped with heat lamps 
(photoperiod, 1OL : 14D) and were fed lettuce, tomato 
and ox liver. Mice were obtained by live-trapping near 
Ann Arbor. Michigan, during Februarv 1973, and as 
second generation o&spring ofmice trapped the.previous 
summer. They were housed separately, and fed initially 
Purina laboratory chow (23% protein and 4.5% fat) 
ad lib. These mice were maintained in the laboratory at 
room temperature for at least 2 weeks prior to com- 
mencement of the experiments, and then transferred to a 
14°C constant-temperature room (photoperiod, 13L : 
11D). 

Blood samples were drawn from the orbital sinus 
directly into 75 ~1 capacity heparinized haematocrit 
tubes (Maclean et al., 1973). Haematocrits were measured 
after centrifuging duplicate samples for 3 min at 12,500 
rev/rnin (lizard blood) or for 20 min at 3500 rev/min 
(mouse blood). Haemoglobin concentration was 
measured by the cyanmethaemoglobin method as 
described in Maclean & Lee (1973), using either a 
Shimadzu (lizard blood) or a Coleman Junior (mouse 
blood) spectrophotometer to measure optical density. 
The mean corpuscular haemoglobin concentration 
(MCHC) was calculated from the formula: 

MCHC = haemoglobin concentration x 1,,,, 
haematocrit 
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This parameter gives a measure of the mean haemoglobin 
content of the red cells. Red cell counts were determined 
using a haemocytometer with Hayem’s solution as the 
diluting medium. Total protein concentration of the 
plasma was measured with a Hitachi Type PRP-B 
refractometer. 

Effect of body temperature on plasma volume 

Samples of fifteen and thirteen lizards were placed in 
constant temperature rooms at 32.0 and 8.0°C respec- 
tively, and held there until body and ambient tempera- 
tures coincided. These temperatures were chosen 
because the preferred body temperature of this species is 
approximately 32.O”C (Wilson, 1972), and ambient 
temperatures in the animal’s natural habitat often fall 
to 8*O”C or lower during a large part of the year (Berwick 
& Bryant, 1966). Plasma volume was determined by the 
dilution of Evans blue dye (T-1824) prepared in reptilian 
Ringer’s solution. The lizards were weighed to the 
nearest 0.1 g and anaesthetized with an intraperitoneal 
injection of 40mg sodium pentobarbitone (nembutal) 
per kg. The heart was exposed by opening the thorax, 
and the haematocrit determined on a 75~1 sample of 
blood taken from the orbital sinus. A volume of 300 pl 
of a 0836 % solution of the dye was then injected directly 
into the ventricle, and the animal placed in an atmosphere 
saturated with water vapour for the remainder of the 
experiment. Four 75-~1 blood samples were withdrawn 
from the orbital sinus at intervals of 20 min (for deter- 
minations at 32.O”C) or 30min (for determinations at 
8.O”C) from the time of injection. Quantities of 25 ~1 of 
plasma from each of these samples were added to 3-O ml 
of water, and the optical densities read at 620 nm on the 
Shimadzu spectrophotometer. Qptical densities were 
plotted against time, and the theoretical optical density 
of the plasma at the time of h&&ion was obtained by 
extrapolating back to zero time. This figure was used 
when calculating plasma volume by comparison with 
standard solutions of Evans blue prepared in water. A 
sample of 25 ~1 of plasma was added to each 3*Oml of 
standard solution. 

Eflect of body temperature on haematological parameters 

This experiment was designed to ascertain the effect of 
acute changes in body temperature on blood parameters. 
Two samples of eight lizards were maintained overnight 
at an ambient temnerature of 2O*O”C. The following 
morning one sample was kept at 20-O”C, and the othe; 
placed in a large herbarium equipped with heat lamps at 
one end. After 90 min, when the body temperatures of 
lizards in the second sample lay within the range 31-33”C, 
these animals were pla& in a-constant temperature room 
at 32.0°C. Water was available at all times. Blood 
samples were then taken from both groups of lizards for 
the measurement of haemoglobm concentration, haema- 
tocrit and pIasma protein concentration. 

A second experiment was designed to investigate the 
effects of the diurnal changes in body temperature which 
the lizards may experience naturally. A group of nine 
lizards was provided with heat lamps at 0900 hours. 
After 2 hr the animals were placed in a humidified 
atmosphere in a constant temperature chamber at 
32aO”C. At 1200 hours each animal was weighed to the 
nearest 0.1 g, the body temperature measured and a 

sample of 250 pl of blood withdrawn for the determina- 
tion of haemoglobin concentration, haematocrit and 
plasma protein concentration. The ambient temperature 
was then lowered to 8.O”C at a rate of 3”C/hr. A second 
blood sample was withdrawn from each animal, and the 
body temperature measured, at 0500 hours the following 
morning. The ambient temperature was then raised to 
32.O”C at a rate of 6”C/hr. Body temperatures were 
measured, and blood samples taken for the third time 
at 1200 hours. A control group of eight lizards was 
similarly treated, but maintained continuously at 32*O”C. 

Yiscosity determinations 

Blood samples for determination of specitic viscosity 
were withdrawn from a group of twenty-five lizards. 
The haematocrits of these samples ranged from 10 to 
31 per cent. Plasma was used for 0 per cent haematocrit. 
Viscosity was measured at three different temperatures 
(8.0, 20.0 and 32.O”C) with a micro-capillary viscometer 
as modified by Lidstone (1952). Characteristics of the 
viscometer were: diameter of capillary 0.5 mm, length of 
capillary 12 cm, capacity 0.1 ml, and flow times for 
distilled water of 16.2 set at 8.O”C, 125 set at 2O.O”C 
and 9.6 set at 32.O”C. Specnic viscosity was calculated 
from the formula : 

where qT is the specific viscosity at temperature T”C, t is 
the flow time in seconds, sg is the speci& gravity and 
KT is the calibration constant of the viscometer at 
temperature T”C. Flow time was taken as the mean of 
five measurements. Specitlc gravity of blood and plasma 
samples was determined by the copper sulphate method 
of Phillips et al. (1950). Calibration constants, calculated 
from the formula : 

viscosity of distilled water in 
K = centipoise at temperature T”C 

T specific gravity of distilled 
water at temperature T”C 

1 
x flow time of distilled water at 

temperature T”C 

were K,., = 0.085, K,,., = 0.080 and K,2.0 = 0*080. 

Since the viscosity of distilled water at 2O.O”C is l+Nl 
centipose (Weast, 1970), specific viscosities are expressed 
relative to the viscosity of water at this temperature.* 
Temperatures of the blood samples were controlled by 
immersion of the viscometer in a water-bath, and all 
measurements were conducted in constant temperature 
rooms maintained at the test temperature. 

E#ect of diurnal torpor on haematological parameters 

The mice were weighed daily to the nearest 0.1 g, and 
rectal temperatures measured with a YSI telether- 
mometer. The thermistor was inserted at least 3 cm 

*Capillary viscometers slightly overestimate relative 
viscosity at low temperatures (Barbee, 1973). Neverthe 
less these inherent errors are small when compared with 
the temperaturedependent increases we obtained. 
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Fig. 1. Relationship between plasma volume and body weight in E. cunninghami at body temperatures 
of 32°C (0) and 8°C (0). 

into the rectum before temperatures were recorded. 
Both experimental and control animals were maintained 
on a restricted food ration consisting of 05-1.5 g sun- 
flower seeds per day. The exact amount of food given 
was adjusted so that torpor was induced with a minimum 
weight loss. 

Samples of 150 ~1 of blood were withdrawn from tbe 
experimental animals during torpor. Each sample was 
obtained within 10 set after disturbing the animal. A 
second blood sample was taken approximately 12 hr 
later when the animal was active. Body temperatures 
were recorded immediately after each bleeding. The 
control groupwas treated similarly, except that both blood 
samples were obtained while the animals were active. 
The blood was used for determination of haemoglobin 
concentration, haematocrit and red cell counts. 

PV = (0.029) BW + 2.49 

(r = 0.852, N= 15, P<@OOl) at 32°C 

PV = (0.022) BW + 2.30 

(r = 0.819, IV = 13, P<@OOl) at 8’C 

Table 2. Relation of some blood parameters to body 
temperature in the lizard E. cunninghami 

Body temperature 

2@0-20.6”C 31*2-32*6”C 

RESULTS 

The mean circulating plasma volume of lizards at 
a body temperature of 8°C was 18.7 per cent lower 
than at a body temperature of 32°C (Table 1). The 

Table 1. Circulating plasma volume in the lizard 
E. cunmhghami at two body temperatures 

Body temperature 

8.0-8.8% 31*8-32.6”C 

Plasma volume (ml) 

Body weight (g) 

mean+ S.E. mean+ SE. 
0’) 8 

7.70f0.43 9.47&0*51 
(13) (15) 

P-CO.01 
250.5f 16.9 238*4? 15.4 

(13) (15) 
N.S. 

Spe&c viscosity 

Haematocrit (%) 

Haemoglobin 
concentration 
(g/l00 ml blood) 

Mean corpuscular 
haemoglobm 
concentration 
(g/100 ml red cells) 

Plasma protein 
concentration (%) 

Body weight (g) 

Mean+S.E. Mean+S.E. 
8 (N) 

2*84+@09 260+0*16 
(8) 

N.S. (7) 
18*2+0*97 23.4k 1.27 

(8) (7) 
P-C 0.01 

5.78kO.41 7.61+ 0.28 
(8) (7) 

P<O*Ol 
31.8* 1.63 32.8 + 1.23 

(8) (7) 
N.S. 

8.8kO.98 6.5kO.46 
(8) (7) 

P<O.O5 
251.3k24.1 227.4k27.7 

(8) (7) 
N.S. 

equations relating plasma volume (PV, ml) to body 
The effects of acute changes in body temperature 

of the lizards is shown in Tables 2 and 3. At 20°C 
weight (BW, g) at these temperatures (Fig. 1) are: the mean haematocrit was 22.3 per cent lower, 
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Table 3. Variations in haematocrit, haemoglobin concentration and plasma protein concentration 
associated with experimentally induced diurnal changes in body temperature in the lizard 

E. cunninghami 

First 
Bleeding 

(0 hr) 

Second 
Bleeding 
(17 hr) 

Third 
Bleeding 
(24 hr) 

Body temperature (“C) 

Haematocrit (%) 
(mean+ SE.) 

Haemoglobin 
concentration 
(g/100 ml blood) 
(mean f S.E.) 

Plasma protein 
concentration (%) 
(mean* S.E.) 

Controls (8) 
Experimentals (9) 
Controls (8) 
Experimentals (9) 

Controls (8) 
Experimentals (9) 

Controls (8) 
Experimentals (9) 

31.8-32.4 32.0-32.4 
31-S-32.5 8%8.6 

27.8 + 1.02 24.7 + 1.07 
27.7 i 0.86 21.2kO.85 

N.S. P<O*OS 
7.7kO.50 6.9 + 044 
7.5+0.31 5.8kO.29 

N.S. P < 0.05 

6.6kO.34 
6.2kO.38 

N.S. 

6.2kO.33 
6.0+0.39 

N.S. 

32.0-32.2 
32.0-324 

23.2+ 1.49 
23.1 f 0.98 

N.S. 
6.2kO.42 
6.3 f 0.22 

N.S. 

6.OkO.30 
6.020.33 

N.S. 

and the haemoglobin concentration 24.0 per cent 
lower, than at 32°C. As a consequence of the 
lowered haematocrit, the mean in vitro specific 
viscosity of blood at 20°C did not differ significantly 
from the value at 32°C. The dependence of viscosity 
on haematocrit and temperature is illustrated in 
Fig. 2. After the body temperature was lowered 
from 32 to 8”C, mean haematocrit and haemoglobin 
concentration were significantly lower than the 
mean values for controls held at 32°C (Table 3). 
However, when the body temperature was increased 
again to 32”C, the mean haematocrit and haemo- 
globin concentration returned the levels in the 
controls. This procedure of serially sampling blood 
from these lizards progressively lowered the haema- 
tocrit and haemoglobin concentration in the 
controls. 

Many of the mice maintained on the restricted 
diet became torpid after 5-16 days, and re-entered 
torpor daily. Some animals, however, did not 
enter torpor but died after continued food rationing. 

. 
?? . 

Fig. 2. Relationship between specific viscosity and 
haematocrit of the blood of E. cumdnghami at tempera- 

tures of 32°C (+), 20°C (0) and 8°C (0). 

Results from these animals were discarded. The 
initial body weights of the samples were 189rf: 
0.79 g for the experimental group and 19.0 k 0.69 g 
for the controls. Upon entry into torpor the mean 
body weights were reduced to 80.1 and 75.7 per cent 
of the initial weights respectively. Body weights of 
the experimental and control groups did not differ 
significantly. 

The mean body temperature of torpid animals fell 
from 37.4 to 21=9”C. The results of haematological 
measurements on these mice are presented in Table 4. 
In contrast to the lizards, these animals showed no 
significant changes in any of the blood parameters 
during torpor. 

DISCUSSION 

Lowering the body temperature of the lizard E. 
cunninghami induced a significant reduction in 
circulating plasma volume. This response has been 
observed in other reptiles (Huggins, 1961; Semple, 
1964; Stitt et al., 1970), and probably results from 
widespread peripheral vasoconstriction. In turtles 
exposed to cold, Stitt & Semple (1971) and Stitt et al. 
(1971) found a sequestration of plasma in blood 
vessels closed to the general circulation. This plasma 
returned to the circulation upon re-warming the 
animal. 

Our results indicate that substantial parallel 
reductions in haematocrit and haemoglobin con- 
centration also occur as the body temperature of the 
lizard is lowered. In view of the reduced plasma 
volume, this haemodilution must have resulted from 
a reduction in the number of circulatng red cells. 
This change in red cell distribution was acutely 
reversible when body temperatures were increased 
to the control level. Similar adjustments may occur 
in other reptiles. For example, Musacchia & 
Sievers (1956) reported haemodilution in the turtle, 
Chrysemys picta, following exposure to an ambient 
temperature of 0°C for 1 week, and concluded that 
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Table 4. Variations in haematocrit, haemoglobin concentration, mean corpuscular haemoglobin 
concentration and red cell count, associated with fasting-induced diurnal torpor in the whitefooted 

mouse, P. leucopus 

Body Temperature (“C) 
(meanf S.E.) (N) 

Haematocrit (“/,) 
(mean+ S.E.) (iV) 

Haemoglobin 
concentration 
(g/100 ml blood) 
(mean+ S.E.) (N) 

Mean corpuscular 
haemoglobin 
concentration 
(g/100 ml red cells) 
(mean* SE.) (N) 

Mean red cell count 
(cells/mm3 blood 
x 106) 
(mean* SE.) (N) 

Controls 
Experimentals 
Controls 
Experimentals 

Controls 
Experimentals 

Controls 
Experimentals 

Controls 
Experimentals 

First bleeding 
(0 hr) 

37.4 + 0.25 (8) 
21.9+ 1.15 (11) 
55.0+ 1.32 (8) 
56.1 +O-88 (11) 

N.S. 
17.2kO.39 (8) 
17.8+0.22(11) 

N.S. 

31.3 f 0.94 (8) 
31.7+ 1.59 (11) 

N.S. 

13.7kO.51 (8) 
12.9kO.25 (11) 

N.S. 

Second bleeding 
(12 hr) 

37.3 + 0.29 (8) 
36.9kO.19 (9) 
46.9 k 083 (8) 
48.9 + 1.25 (9) 

N.S. 
15.0+0.30 (8) 
15.4kO.37 (9) 

N.S. 

32.0 + 0.96 (8) 
31*4_+060 (9) 

N.S. 

11.5kO.38 (8) 
11 .O + 0.28 (9) 

N.S. 

this was the consequence of corpuscles leaving the 
circulating blood. Similarly, Huggins & Percoco 
(1965) reported a reduced red cell volume and 
venous circulating haematocrit in the American 
alligator (Alligator mississippiensis) exposed to cold 
(3-4”C) for 24 hr. It appears, therefore, that 
sequestration of red cells in parts of the vascular 
system closed to the general circulation is a common 
response in reptiles following a reduction in body 
temperature. The sites of sequestration are unknown, 
but the spleen may play an important role. Huggins 
& Percoco (1965) reported a substantial increase in 
the red cell volume of the spleen of alligators during 
exposure to cold. 

E. cunninghami is a heliothermic lizard which may 
experience large diurnal changes in body temperature 
(Barwick, 1965; Wilson & Lee, 1974). The sub- 
stantial alteration in red cell distribution associated 
with these temperature changes may have important 
consequences for the functioning of the cardio- 
vascular system, and its potential for oxygen 
transport. The rate of oxygen delivery to the tissues 
is a function of both the oxygen capacity of the 
blood and the rate of blood flow. The oxygen 
capacity is generally increased when the haematocrit 
ratio is increased (Larimer, 1959). However, this 
also increases blood viscosity which tends to reduce 
flow rate (Schrier et al., 1970). Similarly, a decrease 
in haematocrit ratio reduces the oxygen capacity 
but tends to increase flow rate. Consequently, under 
a given set of conditions, an optimal haematocrit 
exists at which the potential for oxygen transport is 
maximal (Murray et al., 1962; Castle & Jandl, 1966; 
Snyder, 1971). Several investigators have calculated 
values for optimal haematocrits on blood from a 

number of mammalian species (Crowell & Smith, 
1967; Stone et al., 1968), and from the lizard 
Dipsosaurus dorsalis (Snyder, 1971). In general, a 
close similarity exists between the observed hae- 
matocrit values and the calculated optimal hae- 
matocrits. 

The optimal haematocrit can be altered under 
certain conditions. In many mammals, for example, 
the observed haematocrit has been found to increase 
after acclimation to high altitude (Anthony & 
Krieder, 1961), or cold (Maclean & Lee, 1973). In 
these cases, however, the increased haematocrit is 
accompanied by an increased total blood volume, 
and the resistance to blood flow is reduced such that 
the calculated value for optimal haematocrit is 
increased (Castle & Jandl, 1966). Snyder’s (1971) 
finding that the optimal haematocrit is also tempera- 
ture dependent is of particular significance. At low 
temperatures the tendency towards increased 
viscosity and reduced flow rates lowers the calculated 
value for optimal haematocrit. Snyder suggested 
that, in some poikilothermic and heterothermic 
animals, reduced haematocrits may represent 
temperature-induced cardiovascular adjustments 
which maximize the potential for systemic oxygen 
transport during hypothermia. Our findings for 
E. cunninghami are consistent with this view. 
Indeed, our data suggest little change in blood 
viscosity between body temperatures of 20°C and 
the preferred body temperature of 32°C. Because 
whole blood is a non-Newtonian fluid, its viscosity 
increases significantly as the velocity of flow 
decreases, such that the viscosity in the micro- 
circulation may be several times greater than in the 
large arteries (Wells, 1964). Consequently, caution 
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is necessary in translating, in quantitative terms, in 
vitro measurements obtained with capillary visco- 
meters, to the vascular bed. Nevertheless, our 
comparative viscosity measurements are useful in 
indicating that the cardiovascular system of E. 
cunninghami possesses a mechanism for rendering 
blood viscosity relatively temperature-independent 
over a certain range of body temperatures. 

Quite apart from the influence of temperature- 
induced viscosity increases on tissue perfusion, is the 
mutually reinforcing problem of intravascular aggre- 
gation or red thrombus formation. Dintenfass 
(1963) showed that red thrombi form in blood at low 
velocity, and once formed these are protected by the 
yield sheer stress of the blood, since a finite force is 
required to shift a thrombus (Merrill, 1969). Hence 
the slow or “stop-start” flow of the venous system is 
conducive to thrombus formation, particularly if 
viscosity is increased at low temperatures. There is, 
however, evidence of increased coagulation time 
and anticoagulant titre in the blood of hypothermic 
reptiles (Jacques & Mussachia, 1961; Jacques, 1963; 
Zain-ul-abedin & Katorski, 1967), and this solution 
may contribute more to maintaining haemofluidity 
during periods of hypothermia than compensation 
for viscosity per se. 

Snyder (1971) suggested that a reduction in the 
number of erythrocytes in the blood may also occur 

in mammals entering hibernation, and cited instances 
of haemodilution in hibernating ground squirrels 
(Popovic, 1964) and torpid bats (Lidicker & Davis, 
1955). However, a review of the literature con- 
cerning the haematological responses of hibernating 
mammals does not fully support Snyder’s view. 
Haematological data from hibernating mammals are 
conflicting (Table 5). For example, Svihla et al. 
(1952), Hock (1964) and Nansel & Knoche (1972) 
obtained an increase in haematocrit, Kallen (1961) 
observed no change and Popovic (1964) and Galster 
& Morrison (1966) observed a decrease in hae- 
matocrit. Certain of these differences may represent 
specific differences in response, although other 
factors may contribute. First, a reduction in 
erythropoiesis may occur during hibernation (Brock, 
1960), so that haematocrits measured after a period 
of hibernation may reflect chronic changes in 
erythropoiesis rather than an acute alteration in red 
cell distribution. Consequently, it is important to 
distinguish between comparisons made before and 
during hibernation with comparisons made during 
and after hibernation. Second, differences in 
technique may also be important. For example, 
Nansel & Knoche (1972) found that torpid ground 
squirrels showed an increased haematocrit but no 
change in haemoglobin concentration or red cell 
count. The increased haematocrit apparently 

Table 5. Adjustments in haematocrit and red cell counts during torpor in mammals 

Species Active Torpid Difference Reference 

Haematocrit 
Peromyscus leucopus 
Citellus undulatus 
C. undulatus 
Citellus tridecemlineatus 
C. tridecemlineatus 
C. tridecemlineatus 
Marmota monax 
M. monax 
Spermophilus columbianus 
Myotis lucifugus 
Myotis sodalis 
Cricetw cricetus 
Erinaceus europaeus 
E. europaeus 

Red blood cell count x lo8 
Peromyscus leucopus 
Citellus undulatus 
C. undulatus 
Citellus tridecemlineatus 
Spermophilus columbianus 
Marmota monax 
M. monax 
M. monax 
Cricetus cricetus 
C. cricetus 
Erinaceus europaeus 
E. europaeus 

55.0 56.1 
31.9 42.2 
37.3 50.2 
57 40 
46.8 48.2 
- - 
- 
31.4 
45.5 
- 
- 
40.0 
45 
47.0 

- 
48.8 
53.5 
- 
- 
55.5 
35 
33.2 

13.7 12.9 
5.9 8.0 
7.1 9.0 
8.1 5.0 

10.6 10.6 
- 

6.2 
4.8 
7.7 
8.0 
9.0 
86 

- 
6.6 
5.3 
8.2 
9.8 
7.4 
7.1 

0 
+ 
+ 

+ 
- 
0 

+ 
0 

+ 
- 
- 

0 
+ 

- 
0 
0 
0 

+ 
+ 

This study 
Hock (1964) 
Svihla et al. (1952) 
Popovic (1964) 
Riedesel & Folk (1958) 
Galster & Morrison (1966) 
Wet&erg et al. (1973) 
McBimie et al. (1953) 
Name1 & Ruoche (1972) 
Kallen (1961) 
Lidicker & Davis (1955) 
Lyman & Chatfield (1955) 
Biorck et al. (1956) 
Bartels et al. (1969) 

This study 
Hock (1964) 
Svihla et al. (1952) 
Stuckey & Coca (1942) 
Name1 & Kuoche (1972) 
We&erg et al. (1973) 
Rasmussen (1916) 
Dubois (1896) 
Raths (1953) 
Lymau & Chatfield (1955) 
BiSrck et al. (1956) 
Bartels et al. (1969) 
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resulted from measurements made while the blood 
was cold. Our studies on blood changes during 
torpor in P. leucopus were designed to avoid these 
problems. 

The daily pattern of body temperatures of these 
mice resembles more closely the pattern in helio- 
thermic lizards than hibernating mammals. In 
addition, our experimental design and blood analysis 
techniques were very similar to those used for our 
lizard study. Our results indicate that the response 
of the blood system of the mouse during torpor is 
different from that of the lizard during hypothermia, 
since there were no significant changes in 
haematocrit, haemoglobin concentration or red cell 
count. Therefore, haemodilution is not an invariable 
response during torpor in mammals. 

Heterothermic mammals, like reptiles, show 
prolonged clotting time during torpor, and this is 
associated with a decreased prothrombin titre 
(Soumalainen & Lehto, 1952; Svihla et al., 1952; 
Smith et al., 1954; Biorck et al., 1962). Artificially 
induced hypothermia in homeothermic mammals is 
generally accompanied by an increase in haematocrit 
and consequently blood viscosity, caused in part, 
by splenic contraction (Kanter, 1968). Apparently 
the spleen did not contract during torpor in P. 
leucopus since there was no change in haematocrit. 
Besides adjustments reducing the tendency for intra- 
vascular aggregation, these mammals appear to have 
mechanisms other than haemodilution which com- 
pensate for increased viscosity. Recently, for 
instance, Halikas & Bowers (1973) observed that 
the viscosity of the blood of Arctic ground squirrels 
is less temperature-dependent than that of humans. 
The basis for this difference may lie in the inherent 
structural properties of the red blood cell membranes 
affecting properties such as deformability or shape 
(Chien et al,, 1971). 

SUMMARY 

The lizard, E. cunninghami, showed reversible 
changes in haematocrit, haemoglobin concentration 
and blood volume which were related to body 
temperature. These changes are consistent with 
other observations on reptiles. Reductions in 
haematocrit with body temperature preclude changes 
in blood viscosity, and appear to maximize the 
potential for systemic oxygen transport and mini- 
mize the propensity for intravascular aggregation 
during hypothemia. 

On the other hand, no consistent relationship has 
emerged between haematocrit or red blood cell 
count and body temperature in hibernating 
mammals. In the mouse, P. leucopus, haematocrit 
and red blood cell count did not alter during bouts 
of daily torpor. Other cardiovascular adjustments 
presumably preclude or compensate for increases in 
blood viscosity and the propensity for intravascular 
aggregation during torpor. 
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