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ABSTRACT 

Three species of lizards were chosen to investigate 

differences in blood properties which might be adaptively 

significant. Dipsosaurus dorsalis, a thermophilic species, 

was collected in Yuma County, Arizona; Sceloporus jarrovi, 

a montane form, was collected in Graham County, Arizona; 

and Ctenosaura hemilopha, a primitive tropical iguanid, was 

collected in Sinaloa, Mexico. 

Using whole blood taken by heart puncture, blood 

oxygen capacities were determined by the gasometric syringe 

method of Roughton and Scholander. From the oxygen 

capacity data at each of four temperatures (17°C, 27°C, 

37°C, and 42°C) oxygen dissociation curves were plotted for 

the three species. These dissociation curves indicated that 

D, dorsalis has adequate oxygen transport at high tempera

ture but relatively slight dissociation of oxygen from blood 

at low temperature. These data fit the animal's habit of 

high temperature activity and hibernation. At low tempera

ture (17°C) the blood of S. jarrovi released oxygen more 

readily than that of the other two species studied. The 

oxygen concentration for obtaining half-saturation value 

(P50) was ten times higher for !3. j arrovi than for D. 

dorsalis at 17°C and two times higher at 27°C, The low 

temperature oxygen dissociation evident in jarrovi 

ix 
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presumably enhances its winter activity. Dissociation 

characteristics of C. hemilopha were indicative of neither 

high nor low temperature adaptations. 

Erythrocytes of the three lizard species investi

gated contained approximately 33% hemoglobin but due to the 

significantly lower hematocrit of S. jarrovi, this species 

had a lower gram per cent hemoglobin. 

Administration of CO2 to blood samples elicited a 

normal Bohr Effect for each of the three species studied. 

Electrophoretic separation of the lizards' hemo

globin in polyacrylamide gel was performed. Upon staining 

specifically for hemoglobin the following bands representing 

molecular variations of hemoglobin were resolved: D. 

dorsalis, 3 bands; S_, jarrovi, 1 band; C. hemilopha, 4 

bands. 

The differences in the oxygen dissociation curves 

including the diversity of thermal responses and the 

different electrophoretic separations were taken as evidence 

that the three related forms (Family Iquanidae) have dif

ferent hemoglobins and hemoglobin characteristics. These 

characteristics seem well suited to the disposition of the 

animals within their environment. 



INTRODUCTION 

The ability of ectothermal animals to regulate body 

temperature is ultimately limited by fluctuations in 

external heat sources (Cole 1943, Hock 1964). When these 

sources wane, lacertilians are restricted in their thermo

regulation by poorly developed mechanisms for retaining 

metabolic heat (Cowles 1957, Heath 1965). However, the 

variations in temperature experienced daily may be amelio

rated by taking advantage of existing temperature gradients. 

Through behavioral exploitation of the environment active 

lizards are capable of maintaining body temperature at a 

characteristic level (Cowles and Bogert 1944, Dawson and 

Bartholomew 1958). This temperature level at which lizards 

regulate is similar for related species so that body 

temperature appears to be fixed within narrow limits at the 

generic level (Dawson 1960). The existence of a preferred 

activity temperature for a species implies periods of peak 

activity for that species when ambient variations present 

the ideal background conditions for behavioral thermo

regulation. 

The fact that sympatriots of different genera 

maintain different body temperatures during activity demon

strates that the preference for activity temperature is 

apparently under genetic control (Bogert 1949) . With the 

1 
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differing thermal preferenda exist physiological adjustments 

to that particular temperature. Several parameters have 

been used to measure the extent of adaptation to the ob

served thermal optimum for a species. Cook (1949) compared 

respiratory metabolism of several lizards and concluded 

that an inherent variation in the change of metabolic rate 

with temperature exists in each species. Dawson (1960) and 

Dawson and Bartholomew (1958) used oxygen consumption, 

heart rate, and the in vitro response of the myocardium as 

criteria for determining the effects of temperature. Licht 

(1965) correlated in vivo changes in heart rate with 

temperature increments to determine maximum activity 

temperatures and in 1968 MacKay telemetered the peristaltic 

activity of lizards in response to body temperature. Anti

body responses at different temperatures were investigated 

by Evans (1963) and the activities of enzymes with respect 

to temperature were measured by Licht (1964, 1967). 

In a discussion of temperature effect Prosser states 

that human blood at 15°C remains saturated at low oxygen 

pressures and would, with these conditions, be of little 

use as an oxygen carrier. This same low temperature effect 

on hemoglobin may be significant for desert reptile 

activity (Prosser and Brown 1961). It is obvious that, 

regardless of capacity, oxyhemoglobin association with dis

sociation must be compatible with tissue needs at any given 

temperature. Several factors affect the manner in which 
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oxygen associates with hemoglobin. Among these, super

imposed on the character of the individual hemoglobin 

molecules, are the influences of competing ligands, pH, and 

temperature. As temperature increases there is a con

comitant decrease in the oxygen retention ability of hemo

globin. Dill and Edwards (1935) in a series of papers 

compare the blood properties of several reptiles and, in 

1938, Dill suggested that oxygen transport at higher 

temperatures may be limited by the reduced affinity of 

hemoglobin for oxygen. Cowles (1940) proposed that the 

Q"Lg depression observed in some lizards at high tempera

tures might be due to lack of oxygen at the tissue level. 

Dipsosaurus dorsalis is considered to be among the 

most thermophilic of new world species (Smith 1946, Norris 

1953, Dawson and Bartholomew 1958). Normal activity has 

been observed at temperatures lethal to other species, over 

44°C (Cole 1943, Schmidt-Nielsen 1964), and there was no 

evidence of metabolic depression (Cook 1949, Dawson and 

Bartholomew 1958). The apparent high temperature depres

sion in other species may reflect a difference in the 

thermal affect on oxyhemoglobin association. 

To investigate the possible differences in lizard 

hemoglobin as physiological adaptations fitting their 

ecological niches three animals were chosen, Dipsosaurus 

dorsalis (Baird and Girard)—the Desert Iguana; Sceloporus 
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jarrovi (Cope)—Yarrow's Spiny Lizard; and Ctenosaura 

hemilopha (Cope)—the Northern False Iguana. 

Dipsosaurus dorsalis is restricted to a hot climate 

and is active during the hottest portion of the day when 

other forms are shading. Preferred temperatures under 

laboratory conditions average 38.8°C (Licht 1965). In its 

natural environment, with perhaps fewer options available 

for regulation, the "activity temperature" averages 41.9°C 

(DeWitt 1962, Norris 1953). Dawson and Bartholomew (1958) 

regard the high level of heat tolerance as an adjustment 

allowing exploitation of the environment during hot daytime 

temperatures. The propensity of the Desert Iguana (Dipso

saurus dorsalis) to pale from a camouflaging darker shade as 

temperature increases is taken as evidence that during peak 

activity the need to reflect heat supplants the need to 

protect from predators which tend to be inactive at high 

temperatures (Atsatt 1939, Cole 1943). 

To investigate the blood oxygen affinity of a form 

that inhabits cooler areas and is active throughout winter 

the montane lizard, Sceloporus jarrovi, was chosen. All 

subspecies of this predominantly Mexican species dwell at 

higher elevation. The most northern population occurs in 

the Pinaleno Mountains of southeastern Arizona where 

specimens were collected. There it is found between 4800 

and 10,713 feet elevation (Lowe 1964). Body temperature of 

active individuals has a mean of 31.4°C with a range of 19 
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to 37°C (Burns 1970). In winter these lizards have been 

observed moving at 17°C (body temperature) and, therefore, 

are capable of leaving retreats to absorb solar radiation. 

As a result of insolation body temperature has also been 

measured up to 20 degrees higher than ambient air tempera

ture in winter. This renders the animals capable of 

catching insects also sunning on rocks. 

Although an optimum temperature may exist for 

maximum activity in S. jarrovi, obviously, this lizard is 

capable of meaningful activity over a wide range of thermal 

conditions. Such a spectrum (of activity temperatures) may 

represent a culmination of reptilian adaptation to life at 

higher elevations and colder climates. 

The third animal investigated was Ctenosaura 

hemilopha, properly a South and Central American form, but 

now found in central and western Sonora and Baja California, 

Mexico (Smith 1946) . Ctenosaurs are considered the most 

primitive representatives of the Iguanidae family (Mittleman 

1942) . Their blood properties are of interest, therefore, 

both from a phylogenetic point of view and for comparing as 

a representative lizard inhabiting a warm climate. 

Interspecific variation in physiological responses 

to temperature observed in lizards may be partially ex

plained in the functional versatility of their hemoglobins. 

It is assumed as a guide to this -work that blood properties 

of the three species to be investigated are compatible with 
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an oxygen delivery system at the thermal preferenda and 

throughout the activity temperature ranges. From this 

premise it is postulated that (1) the thermophilic species 

(D. dorsalis) derives resistance to high temperature meta

bolic depression from blood properties, (2) the montane 

species (S. jarrovi) possesses a wide thermal range with 

respect to blood oxygen transport, (3) the tropical form 

(C. hemilopha) exhibits no particular thermal adaptation. 

Further, to support these provisional conjectures electro-

phoretic separation for each of the three genera should 

demonstrate the presence of different hemoglobin proteins 

which presumably contribute to the diverse blood properties. 



MATERIALS AND METHODS 

Collection of Animals 

Two of the three lizard species used in this study 

were collected in Arizona by snaring with a noose. Dipso-

saurus dorsalis were captured 4 to 5 miles south of 

Somerton, Yuma County; Sceloporus jarrovi in the Pinaleno 

Mountains, Graham County; while Ctenosaura hemilopha were 

imported from the area surrounding Los Mochis, Sinaloa, 

Mexico. 

Sceloporus were taken only at elevations between 

8500 feet and 9500 feet to avoid the possibility of natural 

population differences in response to altitudinal variation 

in oxygen tension. 

Comparison of Techniques— 
O2 Affinity 

When samples of lizard blood are equilibrated with 

oxygen at various partial pressures, the amount of O2 bound 

to the hemoglobin is not directly proportional to the 

partial pressure. A plotting of oxyhemoglobin association 

against the partial pressure of O2 is usually sigmoid. The 

position of the curve, however, is shifted by other factors 

so that the values ascribed to the association curve result 

from the summation of effects. Preparation of a blood 

sample may affect the concentration of hemoglobin, ions, 



Figure 1. The Desert Iguana (Dipsosaurus dorsalis) and 
Yarrow's Spiny Lizard (Sceloporus jarrovi), 
foreground --Approximate scale = o.sx. 
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and pH. Either whole blood or purified solutions of ex

tracted hemoglobin exposed to oxygen yield similar shaped 

oxyhemoglobin association curves but with apparently con

flicting results. 

Antonini (1967) states that 0^ binding is dependent 

upon corpuscular environment as well as the hemoglobin 

molecule. 

Riggs (1965) has pointed out that dilution of hemo

globin may result in dissociation into subunits. The loss 

of heme-heme effect, by this and other denaturation, pre

sumedly would account for the lesser loading of hemoglobin 

outside its normal corpuscular environment. Also Christen-

sen and Dill (1935) demonstrated that hemoglobin solutions 

had less affinity for oxygen than blood, even when pH was 

taken into account. 

Experiments by Pough (1969) demonstrate that whole 

lizard blood had higher P^Q values (lesser affinity) than 

blood which had undergone hemolysis. 

Prosser and Brown (1961) contend that the P50 for 

hemoglobin in intact corpuscles is often higher than for 

the pigment extracted by hemolysis. 

Barcroft (1925) states, however, that purified 

hemoglobin gives a curve to the left of that for whole 

blood, i.e., purified hemoglobin has a greater affinity for 

oxygen. 
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Conflicting results may be connected with the 

presence of more than one hemoglobin. When more than one 

hemoglobin is simultaneously present, interaction between 

the types may be altered in the extracellular environment 

(Benesch, Benesch, and MacDuff 1965). From a physiological 

point of view oxygen association is best studied in whole 

blood rather than in solutions or hemoglobin. Another 

point in favor of whole blood study is that its character 

more nearly duplicates the "in vivo" conditions and may, 

therefore, be evaluated in light of an animal's autecology 
s 

and behavioral phenomena. 

The use of whole blood allows an easily duplicated 

standard procedure for extraction and treatment of samples. 

The microgasometric method of Roughton and Scholander 

(1943) is compatible with the highly practical use of whole 

blood samples. The compact gasometric pipette is suitable 

for use with either laboratory or field extractions of 

whole blood. 

Oxygen Capacities and Dissociation Curves 

Oxygen capacities used in plotting oxyhemoglobin 

dissociation curves were determined by the method of 

Roughton and Scholander (1943) and, compared with the Van 

Slyke Method, the average discrepancy is only 0.05 volume 

per cent. 
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The method of Houghton and Scholander utilizes a 

gasometric syringe with an accompanying pipette to transfer 

blood samples and depends upon saponin, potassium ferri

cyanide, and potassium bicarbonate in common solution, 

acetate buffer, sodium hydroxide, and pyrogallol. Saponin 

is lytic to erythrocytes and the released hemoglobin is 

converted to methemoglobin by ferricyanide thus causing 

complete liberation of bound oxygen (White, Handler, and 

Smith 1968). Addition of acetate buffer yields the evolu

tion of C02 which provides a gas phase for extraction of 

other blood gases (N2 and 02). When CO2 is absorbed by 
the introduction of sodium hydroxide reagent, the remaining 

gas bubble, consisting of nitrogen and oxygen, is measured 

as volume one (V^). Following removal of 02 by pyrogallol, 

a measurement of volume two (V2) indicates the amount of N2 

only. Therefore, the difference of V2 from represents 

the volume of 02 formerly associated with hemoglobin. 

The gasometric device is a modified 1 cc tuberculin 

syringe with a 0.5 mm precision capillary fused to its 

nozzle (catalog No. 2183-400, Phipps and Bird, Inc., 

Richmond, Va.). The capillary portion is graduated into 50 

divisions (Figure 2). These markings are used to determine 

blood gas volumes and suffice to measure volume per cent 

ranges encountered. One hundred of these divisions' would 

demark exactly a 39.3 cubic mm volume in the precision 

capillary bore. A pipette designed to fit the capillary 
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Figure 2. 

I J 9.3 cu. H M'. &.GA .- co. 

Micro gasometric syringe with matching pipette - 
The diameter of the precision capillary determines 
that 39.3 cubic~ is just equal to 100 divisions 
of that portion of the syringe. Scale= 0.62x. 



13 

portion of the gasometric syringe is provided by the manu

facturer. The volume delivered from a circumferential 

measuring mark to the tip is 39.1 cubic mm. Therefore, 

when a sample of blood is introduced to the syringe from 

this pipette, each capillary division is equal to one 

volume per cent. 

Blood was obtained by heart puncture from Dipso-

saurus dorsalis and Sceloporus jarrovi using disposable 

syringes fitted with 25 gauge hypodermic needles and from 

Ctenosaura hemilopha using 20 gauge needles. Coagulation 

of blood was prevented by wetting the interior surface of 

syringes with heparin (N K Heparin, Medical Chemical Corp., 

Los Angeles, Calif.) prior to withdrawal of blood. 

Blood samples were transferred to a tonometer which 

was, in turn, subjected to a known atmosphere, sealed, and 

rotated in a controlled temperature water bath at one of 

four experimental temperatures, 17, 27, 38, or 42°C. In 

order to determine the values of oxygen association at each 

of these temperatures a total of approximately 1 ml of 

blood was required. One or two cc could usually be with

drawn from a single D. dorsalis; up to 4 cc from a C. 

hemilopha; while a £3. jarrovi often yielded less than 0.5 

cc. In all cases the blood of three individuals of the 

latter species was pooled to give sufficient quantity for 

experimentation. 
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A device used as a tonometer was constructed from 

the barrel of a 20 cc glass syringe. A length of poly

ethylene standard aquarium tubing, approximately 1-1/2 

inches, closed at one end with a small glass plug, was 

stretched over the tip end of the syringe. This produced a 

tight seal and retained communication from the syringe 

nozzle to the interior of the flexible tubing. Moreover, 

the tapered shape of the nozzle created an effective forcing 

cone which facilitated insertion into fresh tubing prior to 

each use. Into the large open end of the syringe was 

forced tightly a one-hole rubber stopper fitted with one 

side of a straight-through type glass stopcock. 

The glass tubing of the stopcock, distal to the 

syringe barrel, permitted the periodic attachment of rubber 

tubing from a barometer and aspirator for partial evacua

tion of the tonometer (syringe) to measured hypobaric 

conditions. The tonometer was sealed by closing the stop

cock, removed from the aspirator connection, and held 

submerged in the water bath by an electrical rotating 

apparatus. Ten minutes of rotation insured adequate ex

posure of the total blood sample to the imposed atmosphere 

and temperature. During rotation the polyethylene tubing 

of the tonometer remained empty due to the capillary con

striction presented by the bore of the syringe nozzle. 

Immediately following rotation in the water bath, the poly

ethylene tubing was filled with blood from the tonometer 
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chamber (syringe barrel). This was accomplished by sharply 

pinching and rapidly releasing the tubing while holding the 

tonometer in a vertical position, nozzle end down. The 

polyethylene tubing with the sample of blood could then be 

removed from the tonometer. 

From samples of blood which were exposed to ambient 

pressure and to each of several hypobaric pressures, oxygen 

capacities were determined with the gasometric syringe. In 

each case the 39.3 cubic mm pipette was used to transfer 

blood from the detached polyethylene tubing to the gaso

metric device. 

The syringe was prepared by clamping it in a 

vertical position and filling the glass cup fused to the 

capillary portion (see Figure 2) with ferricyanide solution. 

The solution was drawn down to the bottom of the syringe by 

retracting the plunger, then expelled through the cup and 

removed by vacuum suction. This washing was repeated twice 

with fresh ferricyanide without trapping air bubbles. The 

glass cup was then filled to the mark with ferricyanide 

which was drawn down to the bottom of the cup. A drop of 

caprylic alcohol, to act as a seal, was placed in the 

bottom of the cup. The pipette filled with blood to the 

39.3 cubic mm mark was pressed snugly to the bottom of the 

cup and the blood was drawn down into the capillary. Any 

air leakage or extraction difficulty caused the sample to 

be discarded. Two volumes of caprylic alcohol, as measured 
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by the capillary, were drawn down on top of the blood when 

the pipette was removed, and the cup was then emptied by 

aspiration. Next, the cup was filled to the mark with 

acetate buffer which was drawn down to the bottom of the 

cup and, immediately, the cup was filled to the top with 

45 per cent urea. As the cup was closed firmly with a 

finger, the apparatus was removed from the clamp to be 

shaken vigorously in the horizontal position. While shaking 

continued for two minutes the plunger was checked for 

freedom of motion to insure adequate expansion for evolving 

CO2 and other gases. Next, the syringe was replaced 

vertically in the clamp and excess 10 per cent NaOH was 

provided by attaching a rubber cup to the syringe and 

filling it with the latter reagent. CC>2 gas was absorbed 

when NaOH was drawn into the syringe. Following the re

moval of excess NaOH by aspiration, the syringe was un

damped, and placed with its contents in a beaker of water 

at room temperature. After temperature equilibration the 

syringe was removed from the water and reclamped in posi

tion, care being taken that the capillary was not handled. 

At this point the volume of the gas bubble was read, V-^ 

divisions. The glass cup was then filled with pyrogallol 

solution and this brought in contact with the gas bubble 

by plunger action. The remaining gas volume was then read, 

V2 divisions. Subtraction of V2 and C, a correction factor 

for oxygen content of the reagents, from gave the volume 
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of blood oxygen. The value of C is equal to 1.0 volume 

per cent (Roughton and Scholander 1943). 

The temperature of the equilibration water bath 

used prior to reading was monitored. This temperature 

and barometric pressure were taken for any set of V^, V2 

readings and used to correct the calculated volume per cent 

to standard conditions (0°C at 760 mm Hg, dry). Correction 

factors were obtained by direct reading on the isotherms of 

a nomogram adapted from Carpenter (1939) (Appendix A, 

Figure 19). The final equation, then, was (Vi~V2-C) x f 

which effectively eliminated variances of temperature, 

barometric pressure, and within the syringe. 

Depending on the tonometer water bath temperature, 

in which a blood sample was rotated, five to seven standard 

hypobaric pressures were used to analyze blood oxygen 

association. The pressures used had been predetermined 

empirically to yield satisfactory points for plotting oxy

hemoglobin dissociation curves. Partial pressures of 

oxygen were calculated for these hypobaric pressures after 

compensating for at t*le appropriate water bath tempera

ture (17, 27, 37, or 42°C) assuming 100 per cent water 

vapor saturation in the sealed tonometer. Taking the 

oxygen ligated at holobaric conditions as 100 per cent 

association, determinations derived under hypobaric condi

tions were converted to percentages and plotted with de

scending values of pQ2* p°ints on several such curves were 



18 

averaged to derive one composite curve. When variations in 

curves were slight only two sets of these points were 

averaged; with the appearance of greater deviation, up to 

six separate curves were utilized.''' 

The effect of CC>2 on oxygen dissociation was 

determined by infusing 60 mm Hg CO2 to the tonometer and 

plotting the resulting shift in values at 17 and 37°C 

for each of the three species. 

Two additional variations were employed: (1) blood 

in the tonometer was held at extreme hypobaric conditions 

(just above boiling pressure at 37°C) for 30 minutes; and 

(2) the tonometer was flooded with nitrogen gas, blood 

maintained in this atmosphere for 30 minutes, and then 

reaerated for oxygen analysis. 

When the size of the blood sample permitted, pH 

was read with a Beckman Model G pH Meter (Beckman Instru

ments, Inc., Fullerton, Calif.) after all other determina

tions were made. 

1. The term holobaric, used here to mean: charac
terized by normal ambient atmospheric pressure—is modeled 
after the terms hyperbaric, isobaric, and hypobaric, and 
uses the prefix holo- from the Greek' holos, entire. 
Apparently this useful relationship has been heretofore 
omitted from scientific terminology. 
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Hematocrit Determination 

In each experiment as blood was withdrawn from the 

tonometer for the first oxygen capacity determination, a 

sample was taken to determine the volume per cent of 

erythrocytes. This early sampling procedure was used to 

avoid inaccurate results due to the rapid sedimentation of 

lizard blood. A heparinized microhematocrit capillary tube 

was filled with blood. Following centrifugation in a #275 

International Hematocrit Centrifuge (International Equipment 

Co., Boston, Mass.) at 11,000 rpm for 4 minutes, hematocrit 

values were read directly from an Adams Micro Hematocrit 

Reader #A2970 (Clay-Adams, Inc., New York, N.Y.). 

Grams Hemoglobin Determination 

From part of each blood sample used for deriving 

initial oxygen capacity, hemoglobin content was determined 

by the Cyanmethemoglobin Method (Crosby, .Munn, and Furth 

1954). Twenty microliters of blood were mixed in a Bausch 

and Lomb Spectronic-20 Colorimeter cuvette with 5 ml of 

cyanomethemoglobin reagent (1.0 gm sodium bicarbonate, 0.2 

gm potassium ferricyanide, 0.5 gm potassium cyanide, water 

q.s. one liter) to form a solution of cyanomethemoglobin. 

Per cent transmittance of this solution was read with the 

colorimeter set at 540 millimicrons. The value of trans

mittance was compared with a standard graph to obtain the 

gram per cent hemoglobin of the blood sample. The standard 



20 

graph (Figure 3) was derived from three known concentra

tions of hemoglobin (Human) as determined by the Wong 

Method (Wong 1928) which utilizes the amount of iron in the 

blood for hemoglobin concentration calculations. The 

values obtained for the graphic standards were checked by 

a local medical clinic and found tccurate to 0.1 gram. 

Comparison of Techniques—Electrophoresis 

The method of extracting hemoglobin from blood, 

i.e., the preparation of hemolysate to be used in electro

phoresis, has its effect upon the electrophoretic separation 

of protein fractions. 

Foreman (1960) reported that the lysing of cells 

with distilled water followed by preparation with toluene 

tended to cause precipitation of hemoglobin. 

Hemoglobin solutions freshly prepared by distilled 

water lysing of cells and hemoglobin prepared by freeze-

lysing at -7°C each gave patterns similar to those of hemo-
1 

globin previously saturated with carbon monoxide. Bubbling 

CO through suspended erythrocytes causes replacement of 

other blood gases and apparently slows the subsequent de-

naturation of the hemoglobin. The CO-hemoglobin method 

resulted in better resolution, i.e., sharper patterning 

following electrophoretic separation than did non-CO-

treated samples. This is indicative of the added stability 

of CO-hemoglobin. 
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The medium with its applied electrical gradient for 

electrophoresis has a profound effect upon separation of 

proteins. Polyacrylamide gels are presently considered to 

be the media giving the best and most uniform results. 

Polyacrylamide, while similar to starch gel in resolution 

quality (Shaw 1969), has the added advantage of easily 

obtained density variations. Control of the acrylamide gel 

concentration regulates the polymer lattice through which 

molecules must migrate. Thus, the dimensions of size and 

shape of molecules as well as charge differential are added 

factors in determining the variation in electrophoretic 

motility. 

Preparation of Hemoglobin for 
Electrophoresis 

Blood withdrawn by heart puncture was centrifuged 

for five minutes at 1550 rpm and the plasma was then care

fully removed by aspiration. The packed blood corpuscles 

were resuspended in reptilian saline solution (0.85 NaCl) 

and re-centrifuged. Totally, this washing procedure was 

performed three times to rid the corpuscles of serum 

proteins. 

Next, the corpuscles were resuspended in an equal 

volume of barbital buffer, pH 8.6 (10.3 gm sodium barbital, 

1.4 gm barbital in one liter of C02 free water). This 

suspension was then, under a hood, thoroughly bubbled with 

CO gas. The gas was delivered through a rubber tubing 
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fitted with a glass pipette. The pipette was used to stir 

the suspension for four minutes while delivering gas below 

the surface. This technique insured complete conversion 

of hemoglobin to the more stable carboxy form. An alter

nate method was also employed which omitted the treatment 

with CO. 

The treated blood was frozen at -7°C and then 

thawed to lyse the corpuscles. The resulting stromata were 

separated by centrifugation for 20 minutes at 7000 rpm by 

an International Clinical Centrifuge (International Equip

ment Co., Needham Heights, Mass.) 50 yl (= 50 lambda) of 

the supernatant containing the hemoglobin were diluted with 

250X of barbital buffer and, to facilitate introduction to 

the electrophoretic unit, the density of this mixture was 

increased by addition of 300A of 4 0% sucrose solution. 

Lyophilized Human hemoglobin A (Hyland Div., 

Travenol Laboratories, Inc., Los Angeles, Calif.) was 

prepared according to Hyland's directions by reconsti

tuting in 0.25 ml of distilled water giving a 10% solution. 

To this was added 0.25 ml barbital buffer plus 0.50 ml 40% 

sucrose solution, thus giving a 2.5% solution of Human A 

for use as a standard. The standard was transferred to 

capillary tubes and stored at -7°C. 

For electrophoresis, 10X of hemoglobin solution 

prepared from each species of lizard and 5X of the Human 

standard solution were used. 
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Vertical Polyacrylamide Gel 
Electrophoresis 

The E-C Vertical Gel Electrophoresis System was 

used in conjunction with procedures modified from Technical 

Bulletin 141 (E-C Apparatus Corp., Philadelphia, Pa.) to 

perform electrophoresis. A 7% polyacrylamide gel prepara

tion (14 gin cyanogum, 0.2 gm AP catalyst, 0.2 ml N,N,N',N' 

tetramethylethylenediamine in buffer A to 200 ml) was 

poured between the cooling plates of the EC470 Electro

phoresis Cell (cross-section, Figure 4). An eight space 

slot former was positioned and the gel preparation allowed 

to polymerize while tap water circulated through the cell 

maintaining temperature constant to enhance gel uniformity. 

With the gel formed, upper and lower tanks of the 

cell were filled with buffer A (43.1 gm Tris, 3.7 gm 

Na2EDTA-H20, 22.0 gm boric acid in distilled water to 4 L). 

The slot former was then removed permitting inflow of 

buffer to the 8 sample slots. 

In a cold room the cell was pre-run for one hour 

at 400 volts to stabilize the electrical resistance of the 

gell while water at 4°C was pumped continuously through 

the cooling plates. 

Next, hemoglobin samples from the three lizards 

and the Human standard were placed in the slots and allowed 

to settle for 15 minutes. Samples in slots 1 through 4 

were duplicated in slots 5 through 8 to serve as a check of 
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Figure 4, A cross-section of the vertical electrophoretic 
cell (0.7x) — The principal parts are labeled 
directly on the plate. 
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migration rates. Electrophoretic separation was accom

plished by a 400 volt potential applied for 2 hours at 4°C. 

Following application of the electro-gradient, the 

gel was removed from the cell and stained. A stain 

specific for hemoglobin, peroxidase (0.2 gm dimethoxy-

benzidine, 5 ml glacial acetic acid, 95 ml distilled water, 

and 0.1 ml hydrogen peroxide), was used in absence of light 

for 15 minutes followed by a washing in water. Migration 

of the hemoglobin fractions from origins, the sample slots, 

was measured with a metric rule and the gel also photo

graphed. 

Ra values, relative migration rates with respect 

to Human A hemoglobin, were determined by the formula: 

_ mm from origin to band center 
a mm from origin to Human A band center 



RESULTS 

Oxygen Binding Characteristics and Related 
Blood Values for Three 
Species of Lizards 

Oxygen Equilibrium Curves With 
Thermal Effects 

The oxygen dissociation curves were determined for 

three species of lizards at four different temperatures 

each, 17, 27, 37, and 42°C. The blood of each species 

revealed a tendency to shift from a sigmoidal oxyhemoglobin 

-association curve at higher temperatures to a hyperbolic 

relation at lower temperatures. Higher temperatures 

appeared to elevate the 100% saturation PQ^ f°r both 

Dipsosaurus dorsalis and Sceloporus jarrovi. The curves 

appear in Figures 5, 6, and 7. Curves presented are 

averages taken from experimentally determined points. The 

number of different curves combined per set of conditions 

was between two and six, depending on variation of values 

and/or slopes encountered. 

Of the three specimens at 17 and 42°C, D. dorsalis 

showed the greatest affinity for oxygen and S. jarrovi the 

least, if values are used as the criterion. S. jarrovi 

showed the greatest sensitivity to temperature; i.e., the 

greatest shift in P^Q values from 17 to 42°C; and D. 

27 



28 

Figure 5. Dipsosaurus dorsalis whole blood oxyhemoglobin 
dissociation curves at four temperatures. 
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Figure 6. Sceloporus jarrovi whole blood oxyhemoglobin 
dissociation curves at four temperatures. 
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Figure 7. Ctenosaura hemilopha whole blood oxyhemoglobin 
dissociation curves at four temperatures. 
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dorsalis the least. P value ranges are presented in 

Appendix B, Table 1. 

When blood samples were initially deoxygenated by 

nitrogen replacement or extreme hypobaricity only very 

slight difference could be ascertained in the oxyhemoglobin 

relationship produced by reoxygenation. 

The pH values obtained after determining oxygen 

associations averaged 8.4 for D. dorsalis, 8.0 for S. 

jarrovi, and 8.3 for C. hemilopha. These data are presented 

in Appendix B, Table 3. 

P5Q Values and Shift With CC>2 

Addition of 60 mm CO 2 to the tonometer shifted the 

PJJQ values demonstrating a normal Bohr effect for all three 

species. Greater changes were attained at 17°C than at 

37°C, and in both instances, D. dorsalis displayed the 

largest shift. These shifts and curves for the thermal 

shift in Pfjg values are depicted in Figures 8 and 9, 

respectively. The arrows in Figure 8 show the direction in 

which the points on the curves in Figure 9 moved under the 

influence of C02. The slopes of these curves, being 

related to the spacing between association curves at the 

PJJQ levels in Figures 5, 6, and 7, are an expression of the 

sensitivity to temperature change. Table 2 of Appendix B 

presents P^g values numerically. 
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Oxygen Capacities 

The amount of oxygen ligated with blood under 

normal atmospheric conditions was taken to equal 100% 

association. These oxygen capacities were determined for 

53 samples of blood. The ranges and means with S.E. tg^ 

are given in Figure 10. S. jarrovi had a significantly 

lower C>2 capacity than either D. dorsalis or C. hemilopha 

which showed no significant difference from each other. 

Hematocrit 

Correlating with C>2 capacity, the hematocrits of 

the animals showed no significant difference between D. 

dorsalis and C. hemilopha while S. jarrovi had a signifi

cantly lower number of RBC's per volume of blood. The data 

obtained from microhematocrit determinations are reflected 

in Figure 11. 

Grams Hemoglobin/100 ml Blood 

The gram per cent hemoglobin showed the same inter

relationship (Figure 12). As expected from the lower 

hematocrit readings, S. jarrovi had a significantly lower 

gram per cent hemoglobin. 

Grams of Hemoglobin/Volume of RBC 

If the grams of Hb are divided by the volume of 

RBC's in an equal amount of blood, the combination of these 

data reveals that thi^erythrocyte content of Hb for each 
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iguanid is within the normal range of that expected for 

terrestrial vertebrates (Dittmer 1961/ Table 40). In

spection of Figure 13 shows there is no significant differ

ence in this hematological value; that all three lizards 

incorporate approximately 33% hemoglobin into the red blood 

cells. Table 4 of Appendix B recapitulates these data 

together with other blood values. 

Oxygen Binding Coefficient 

The relative ability of hemoglobin to bind oxygen 

may be arrived at by dividing the volume per cent oxygen 

(ml C>2 per 100 ml blood) by the gram per cent hemoglobin 

(gm hemoglobin per 100 ml blood). The values obtained by 

this calculation are referred to as oxygen binding co

efficients. Among the three species of lizards investigated 

there was no significant difference in the oxygen binding 

coefficients at the 95% confidence level. Table 4 of 

Appendix B presents these data. 

Electrophoretic Comparisons of 
Lizard Hemoglobins 

Blood samples of three lizard species were sub

jected to vertical polyacrylamide gel electrophoresis. 

Electropherograms 

An electrophoretic field elicits a differential of 

migration rates for the hemoglobin proteins of D. dorsalis, 

S. jarrovi, and C. hemilopha. Electrophoretic migration 
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rates were determined from measurements taken immediately 

after staining the gel. At this time banding patterns were 

well defined. Approximately 24 hours later when the gel 

was photographed, however, some diffusion of stain had 

occurred. Figure 14 shows the electrophoretic patterns 

recorded in the polyacrylamide gel. A scale diagram of 

hemoglobin banding (Figure 14b) is shown next to a scale 

photograph of the gel (Figure 14a). 

Three hemoglobin fractions are resolved for D. 

dorsalis. There are two major bands with Ra values of .36 

and .47. A third band of lower concentration has an Ra of 

.58. C. hemilopha hemoglobin appears to contain four 

fractions with values of .30, .39, .50, and .61. The 
a 

major component is the one with the relative rate of .39. 

The technique used resolved one band of hemoglobin for S. 

jarrovi with Ra equal to .52. 

Electropherograms obtained from animals collected 

in the Fall showed exact comparison with electropherograms 

obtained from Spring samples. Hemolysates prepared with CO 

gave better resolution; i.e., sharper banding patterns, 

than the non-CO-hemoglobin hemolysate. All the Hb 

fractions separated appear to be dissimilar proteins on the 

basis of migration rates. 
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electrophoretic hemoglobin separation. 
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Ionograph 

Figure 15 is an ionograph showing the relative 

mobilities of iguanid hemoglobins and Human A. These data 

are presented in Appendix B, Table 5. 
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DISCUSSION 

Oxygen Binding Characteristics 

The O2 affinity characteristics determined for D. 

dorsalis in this study indicate that its hemoglobin does 

not easily release O2 at lower temperatures.(see Figure 5). 

Blood which retains a high level of 02 even at the tissue 

Pq2 range is of little value in supporting winter activity. 

Winter soil temperature at the depth of the hiber-

nator, D. dorsalis, has been measured and averaged by 

Cowles (1941) at 15.2°C and by Moberly (1963) at 15.8°C. 

The low temperature curve, 17°C in Figure 5, would indicate 

that slight oxygen is dissociated if values of Pq^ normal 

for active tetrapods are considered. However, the actual 

Pq^ values for the lungs and for the body tissues must be 

known to assess performance of the hemoglobin. At 02 levels 

below 15 mm Hg the blood pigment may be highly functional. 

For example, the respiratory function of hemocyanin at low 

loading tensions and low unloading tension was shown by 

Redmond (1955). He demonstrated that hemocyanin in 

Crustacea can associate with and carry many times the 

amount of 02 that may be carried in simple physical solu

tion without the pigment at the low 02 tensions involved. 

These values were approximately 7 mm to 3. mm Hg from gill 

to tissue blood, respectively. 

43 
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It may well be that D. dorsalis has very low levels 

of lung and body tissue Pq2 during hibernation. Con

sidering the environment of a fossorial burrow in loose 

sand and the depressed respiration of hibernation, low 

pulmonary Pq^ is inevitable. Since sufficient C>2 is ex

changed to support the hibernating metabolism, body tissue 

C>2 tensions must be compatible for transfer. Extremely low 

tissue EQ2 would meet this requisite and be congruent with 

the finding that D. dorsalis's blood retains 02 saturation 

even below 15 mm Hg O2 at 17°C. That is, the low P02 range 

(lung to tissue) allows transport in harmony with tissue 

need during hibernation. 

In addition to O2 transfer between regions of low 

tension the tenacity of hemoglobin for 02 at depressed 

temperatures may allow the pigment to operate as an O2 

reservoir. Hemoglobin at winter burrow temperature is 

capable of loading O2 at tensions below that corresponding 

to the partial pressure of O2 in that atmosphere. When the 

hyperbolic dissociation of D. dorsalis blood at hibernating 

temperatures is considered (Figure 5) it may be that under 

these circumstances the pigment serves as an O2 store. 

Such storage implies again that tissue Pq2 during hiberna

tion has the extreme low level necessary to affect O2 

transfer. 

Arenicola may be used as an example for the com

parison of C>2 storage function. The blood of this 
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Polychaete loads at low 02 tensions, 5 to 10 mm Hg (Flory 

1969). It is assumed that in mud burrows during low tide, 

the tissue 02 tension of the annelid is low enough to 

permit release of 02 from the pigment. The C>2 consumption 

of Arenicola is given at 0.031 ml/gm/hr (Flory 1969). D. 

dorsalis has an 02 consumption of 0.01 ml/gm/hr during 

hibernation (Moberly 1963) . The comparison of the gram 

consumption figures lends credence to the aforementioned 

hypothesis that D. dorsalis blood functions as an 02 re

serve during hibernation. It is of further interest that 

the dissociation curve of Arenicola hemoglobin resembles 

that of D. dorsalis at 17°C. 

Since the blood of D. dorsalis does not readily 

release 02 at lower temperatures, higher rates of tissue 

metabolism cannot be sustained. One point of view that may 

be taken, then, is that the lizard is an obligate hiber-

nator. As ambient temperature lowers annually the animal 

is restricted to dormancy in order to survive. Leggio and 

Morpurgo (1968) contend that a shift in the oxyhemoglobin 

dissociation curve is sufficient to explain the state of 

hibernation. Regal (1967) has suggested that there is 

voluntary hypothermia in reptiles; that torpor is volun

tarily and actively initiated. It is certainly advantageous 

to the animal to seek adequate shelter, protection, and 

cool temperature before physical activity becomes minimal. 
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Sceloporus jarrovi which selects protection for 

torpidity periodically, rather than seasonally, demon

strates a high degree of behavioral exploitation of the 

environment. This lizard is capable of elevating its body 

temperature by dermal heat collection from external sources 

to sustain activity throughout most of the year. Cole 

(1943) states that substratum temperature and solar radia

tion are more important than air temperature in raising 

body temperature. Also, he pointed out that small lizards 

and dark-colored lizards warm faster. When the environment 

is warm for short periods the smaller individuals are 

capable of more rapid increase in body temperature. 

S. jarrovi has the advantage of both small size and 

the ability to darken the skin to favor absorption of solar 

radiation. During my winter collection activities in the 

Pinaleno Mountains I observed that mostly small individual 

S. jarrovi were active. This agrees with Cole's (1943) 

statement of smaller specimens warming faster. 

Further, it is believed that members of Sceloporus 

are capable of seasonal acclimitization. Mean preferred 

temperature is reported to vary throughout the year 

(Stebbins 1963, Cunningham 1966, Mueller 1969, Burns 1970). 

Earlier, Herter (1941) intimated acclimatization in species 

with considerable vertical range. Lower level populations 

have higher thermal optima than higher level populations. 

S. jarrovi, a montane species, may, therefore, exhibit an 
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elevational graduation in thermal preferenda as a further 

adaptation for prolonged annual activity. 

The hemoglobin of S. jarrovi, even at 17°C, ex

changes sufficient 02 for activity. These lizards have 

been observed moving in ambient temperature of 16°C and 

with a cloacal temperature of 17°C (Burns 1970). At this 

temperature, 17°C, the dissociation curve shows loss of 02 

retention at Pq2 = 50 mm Hg (Figure 6). The half-

saturation is 5 mm 02» By comparison, loss of 02 is ob

served in D. dorsalis only below 10 mm Hg 02 tension and 

half-saturation is 0.5 mm (see Table 1, Appendix B). At 

17°C and at low oxygen levels, then, the blood of S_. 

jarrovi has less affinity for oxygen than that of D. 

dorsalis. 

Contrary to Burns' (1970) finding lizards only on 

southerly and easterly exposures in cold weather, my winter 

collection was from western or southwestern slopes. The 

typical winter habitat observed was rock outcropping with 

crevices. Only those rocks with cracks both deep enough to 

prevent freezing and just wide enough for lizards were 

utilized. Narrow cracks offer the predator protection which 

is necessary to lizards in torpor. 

On cloudy days with intermittent sunshine lizards 

remained near the cracks, often only semi-exposed. These 

animals retreated almost instantly whenever the sun was 

hidden by clouds. On bright days lizards were more active 
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and to be found anywhere on well insolated rock surfaces. 

At these times it was noted that flies were also available 

on the rocks and capture attempts by lizards were witnessed. 

During one collection trip a crevice system was 

discovered among rocks small enough to be pried apart with 

the aid of an iron bar. In the deeper cracks larger indi

viduals in deep torpor were discovered. Also within the 

aggregation there were smaller, active lizards as well as 

dead animals in all states of decomposition. Aggregation 

is thought to be a facet of behavioral thermoregulation 

(Weintraub 1968) and it is interesting to speculate upon 

the heat of decomposition from former crevice fellows. 

In 1967 Burns (1970) made no collection after 

November due to weather conditions. During December 1969 

I was able to collect animals and made many captures one 

day in the third week of the month. Winter collections 

were best made after 1 pm on western slopes. 

Aggregative behavior persisted until May but some 

redistribution was noted in April. Lizards were dispersed 

throughout the environment even in forest shade when warmer 

air temperatures allowed. 

S. jarrovi easily avoids overheating in summer 

months by redistribution. Cracks are still utilized as 

retreats when danger is present. Maximum voluntary body 

temperature was measured at 37°C in June by Burns (1970). 
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The oxyhemoglobin relationship found in this study 

indicates that 37°C approaches the upper thermal limit of 

physiological function. Experiments at 42°C showed no 

change in the P^g value from that at 37°C. At 42°C there 

appeared to be a reduction in saturation, a phenomenon 

similar to the Root Effect (Root 1931) but produced by heat 

rather than by pH change. Experiments with Sceloporus 

blood at both 27 and 37°C demonstrated typical sigmoid 

curves with thermal shift to the right (Figure 6). 

The results obtained here may indicate an important 

factor in isolating this lizard at higher elevations. The 

warmer summer temperatures of lower elevations could raise 

body temperature above an efficient operating level for the 

hemoglobin of S. jarrovi, viz. 42°C. 

A comparison of Sceloporus 27°C oxygen dissociation 

with Dipsosaurus 37°C function shows remarkable similarity 

(Figures 5 and 6). The environmental temperature range for 

activity of S. jarrovi is recorded from 10.0°C to 37.0°C 

(Burns 1970) whereas the activity range of D. dorsalis is 

38.0 to 46.0°C (Licht 1965). It becomes quite evident that 

the nature of the hemoglobin offers physiological adjust

ment. Sceloporus, active at lower temperatures, possesses 

a hemoglobin capable of releasing oxygen at those tempera

tures. 

Comparing the 27°C curves in Figures 5 and 6 it is 

seen that the sigmoid dissociation character is retained by 
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§.• jarrovi whereas D. dorsalis exhibits a hyperbolic rela

tionship with oxygen. Of similarly saturated respiratory 

pigments that with a sigmoid function releases more oxygen 

at the tissue level. A hemoglobin with the sigmoid quality 

holds less oxygen at low tension, therefore, releases more 

of this gas at the tissue level than a hemoglobin with a 

hyperbolic dissociation. In S. jarrovi this fact alone may 

account for greater oxygen transport than available to D. 

dorsalis at lower temperatures. In order to substantiate 

this speculation, however, alveolar pc>2' t;*-ssue pc>2' anc* 

capacity of the blood must be determined. While some of 

these data are at present unavailable, this does not de

preciate the advantage conferred to an active animal by 

sigmoidal oxygen unloading. 

The activity of S. jarrovi extends through,some 18° 

compared to D. dorsalis with a span of 8°. Possibly this 

behavior results from the ability or disability of hemo

globin to release C>2 for tissue consumption. Activities 

must be interdigitated with thermoregulatory behavior. The 

attendant problems, however, are attenuated if the lizard 

is capable of activity over a wide range of body tempera

tures. 

At 37°C and over S_. jarrovi in its mountain home 

seeks a cooler microclimate. D. dorsalis at this tempera

ture is just initiating active behavior. Maximum activity 

temperature is given at 42°C by Norris CI953), Brattstrom 
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(1965), and Licht (1965). According to Schmidt-Nielsen 

(1964) the animal is still normally active at 44°C. Dawson 

and Bartholomew (1958) state that D. dorsalis is active at 

temperatures equalling or exceeding those tolerated by any 

other new world reptile for which data are available. 

The blood experiments reported here indicate addi

tional quantities of oxygen are released between 37 and 42°C 

to augment tissue requirement for maximum activity. Figure 

5 illustrates the increscent function between these tempera

tures. 

At 37°C there is apparent reduction in saturation 

but this situation vanishes at 42°C with return to 100% 

saturation. Since the only experimental variable was 

temperature decreased saturation is evidently a transitional 

thermal effect upon one or more of the hemoglobin molecular 

types present. 

A comparison of D. dorsalis and S. jarrovi blood 

dissociation from 17-37°C is provided in Figure 16. 

While collecting Dipsosaurus for these experiments 

in May, 1970, maximum activity was noted between 11 a.m. 

and 2 p.m. Collecting was best accomplished when animals 

first appeared from burrows. Thereafter, as hebetude 

diminished, capturing was easiest when the animals sought 

security underneath bushes. With increasing heat load the 

lizards sought shade under creosote bushes or occupied 

burrows briefly. Gaping was also observed in response to 



Dipsosaurus 
dorsah's 

Sceloporus 
j'arrovi 

Figure 16. The thermal shift in oxygen affinity for the 
blood of two species of iguanids between 17° 
and 37°C. 
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heat stress. This mode of evaporative cooling occurs at 

43°C and higher cloacal temperatures according to Dawson 

and Bartholomew (1958). Beyond the hottest portion of the 

day fewer Dipsosaurians were active and by 3 p.m. there was 

total disappearance. 

The lethal temperature of D. dorsalis is given by 

Schmidt-Nielsen (1964) at 47-49°C. Cowles (1940) proposed 

a more useful concept: a critical maximum point where co

ordination ahd purposeful locomotion are lost. High body 

temperature at which locomotor disability develops is 

ecologically the most meaningful measure of heat resistance 

since the animal cannot escape conditions that would prove 

fatal (Cowles and Bogert 1944). 

D. dorsalis, active at a maximum of 46.4°C (Schmidt

Nielsen 1964) exhibits no depression of activity, in fact 

more rapid bipedal locomotion is observed. Dill (1938) 

suggested reduced o 2 transport at higher temperature as a 

limiting thermal factor. o10 depression at higher tempera

tures has been investigated in reptiles and thought due to 

lack of oxygen at the tissue level (Cook 1949, Dawson 1960). 

D. dorsalis shows no such heat depression in laboratory 

preparations of excised heart up to 50°C. In fact, in this 

work by Dawson and Bartholomew (1958), myocardium in vitro 

showed consistent atrial response between 45 and 50°C. 

The o 2 consumption at 30°C is lower than expec t ed 

on the basis of other lizards. Moberly (1963) measured 
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depression of O2 consumption in the 30-40°C range. He 

believed the cause to be neurogenic breathing rate depres-

sion and that during hibernation this could be advantageous. 

If soil were to warm during the normal hibernation period, 

a deliberate suppression of metabolism, presumedly, would 

maintain the state of hibernation and conserve energy 

stores. 

The hemoglobin studies here show that O2 is avail

able for high temperature consumption but offer no addi

tional insight for the 30°C range depression. 

The results are quite different from those obtained 

by Pough (1969) from D. dorsalis. The Pgg values of Pough's 

dissociation curves in mm C>2 are 52.0, 58.3, and 65.5 at 

25, 35, and 40°C, respectively. Results in my study were 

7.5, 22.0, 34.0 mm 02 at 27, 37, and 42°C, respectively. 

Both sets of experiments utilized whole blood but one dif

ference in treatment was the exposure to CC^. Pough's 

blood was equilibrated in the presence of 38 mm CO2 as 

opposed to room C02 used here. 

During preliminary experiments to establish tech

nique I found that introduction of 38 mm CO2 had no 
measurable affect on P^Q values. In final experiments 60 

mm CO2 was added to assess Bohr effect. In this case P50 

was 35 mm 02 (c.f., 22.0 mm) at 37°C, still below Pough's 

values of 58.3, C02 = 38 mm, and 63.4, CC>2 = 76 mm at 35°C. 
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Results from the method of Roughton and Scholander 

(1943) herein were repeatable. Variation from individual 

blood samples are given in Table 1, Appendix B. The amount 

of Dipsosaurus blood used was 1-2 cc and this whole blood 

was exposed to decreasing pressures of atmospheric air from 

which P02 was calculated. 

Pough analyzed blood on a Millipore filter which, 

therefore, lacked the buffering capacity of plasma. The 

presence of C02 in this situation may have caused an in

ordinate shift in the dissociation curves. 

Pough's Dipsosaurus blood was first exposed to N2 

for deoxygenation over a ten minute period. In testing for 

the effects of. ,N2 exposure, I found the subsequent deoxy

genation curve shifted to the right; the P5Q value increased 

by 9 mm. 

Apparently, following a complete oxygen deprivation, 

there is a tendency of whole blood to decrease its C>2 

affinity. With the relatively large samples of blood used 

in the gasometric method, 1-2 ml, complete deoxygenation is 

difficult to obtain. The P^q shift is in the direction of 

Pough's values, however, Initial absence of 02 may effect 

blood values by causing red cell death and concomitant 

membrane changes. 

The values obtained for Dipsosaurus in this study 

are not aberrant. At its activity temperature (42°C) a P5Q 

of 34 mm compares favorably with Heloderma, P^q = 31 
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(Edwards and Dill 1935); Alligator, = 28 (Dill and 

Edwards 1935); Sauromalus, P,-0 = 25 (Dill et al. 1935); and 

Eumeces, P5Q = 24 (Dawson 1960). Moreover, oxygen con

sumption of D. dorsalis (Q^q = 2.5) is inherently lower 

than Eumeces obsoletus (Q^g = 2.9) as shown by Dawson 

(1960). Considering 02 requirements, then, a P^Q of 34 mm 

is plausible. Furthermore, the low temperature activity of 

Dipsosaurus hemoglobin is well suited to the state of 

hibernation. 

Some blood properties of a third lizard, Ctenosaura 

hemilopha, the Northern False Iguana, were determined. The . 

Ctenosaurs are considered the most primitive of North 

American Iguanidae. Within the family one phylogenetic 

branch gives rise to Dipsosaurus, the next most primitive 

iguanid. Another major branch leads to the Sceloporus 

genus (Mittleman 1942). According to Smith (1946) Cteno

saura hemilopha tolerates a varying body temperature since 

it is exposed to great variations in temperature throughout 

the day. Details of its thermal range of activity and body 

temperature are unpublished. It occurs in the southern two 

thirds of Baja California and central and western Sonora, 

Mexico. 

Different species of the same genus are thought to 

have similar body temperature (Bogert 1949, Dawson and 

Bartholomew 1958). During activity a characteristic 

temperature level is maintained behaviorally. The same 
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level in congeneric lizards implies physiological adjust

ments. 

Ctenosaura pectinata measured by telemetry (Mackay 

1968) regulates a core temperature in the 34.0 to 45.0°C 

range. 

Oxygen dissociation curves were derived from blood 

of C. hemilopha at 17, 27, 37, and 42°C. These curves 

appear in Figure 7. The total shift in P^Q value through 

this range is nearly that of D. dorsalis but less than the 

P50 shift seen with S. jarrovi; thus the two primitive 

iguanids have similar temperature sensitivity. At 37 and 

42°C overall function of Ctenosaur and Dipsosaurus blood is 

almost identical. At the lower temperatures, 17 and 27°C, 

Ctenosaur blood has the lesser affinity 

A comparison oft Sceloporus and Ctenosaur function 

at these lower ranges shows Sceloporus to be far more 

temperature sensitive. In fact, when Sceloporus blood is 

exposed to 27°C the P^q is the same as Ctenosaur at 37°C 

(± one mm C^) . 

Ctenosaur blood dissociation function appears to be 

that of a thermophilic lizard, one which tends to prevent 

high temperature metabolic heat suppression. Apparently 

low temperature adaptation for either O2 storage, as in D. 

dorsalis, or activity, as in S. jarrovi, is lacking. 

For all three lizards, D. dorsalis, S. jarrovi, and 

C. hemilopha, temperature sensitivity curves are given in 
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Figure 9. The greater slope of the curve for S. jarrovi 

indicates greater change in P50 value as temperature in

creases. The two primitive iguanid forms, D. dorsalis and 

C. hemilopha, have similar sensitivity curves. 

P5O Value Shift With CO2 

For all three lizard species studied Figure 8 indi

cates the shift in P^q values at both 17 and 37°C following 

addition of 60 mm CC^. The least change was recorded from 

S_. jarrovi blood at 37°C. 

pH values of blood samples were measured before and 

after treatment (see Table 3, Appendix B). The least dif

ference, an average of 0.65 pH shift, occurred with S. 

jarrovi samples. D. dorsalis and C. hemilopha each acidify 

by approximately one pH unit. While the difference is not 

great it is indicative of a greater buffering capacity in 

S. jarrovi blood. 

Oxygen Capacity, Hematocrit, and 
Grams Hemoglobin 

The quantity of oxygen associated with saturated 

blood is referred to as the oxygen capacity and is given in 

m3 02/100 ml blood. It was discovered in this study that 

the more closely related iguanids, D. dorsalis and C. 

hemilopha, have similar capacities. The capacity of £. 

jarrovi is significantly lower. This fact is a reflection 



59 

of the significantly lower hematocrit value found for S. 

jarrovi. 

For all three species of lizards it was determined 

that the hemoglobin contained in red blood cells closely 

approximated 33%. The lower hematocrit, erythrocyte per 

cent, is the variable accounting for both lowest 0^ 

capacity and lowest gram per cent hemoglobin in S. jarrovi. 

Considering the lower atmospheric Pq^ in the 

habitat of S. jarrovi a compensatory increase in hematocrit 

would be expected. By simple observation of density, the 

low hematocrit of some individuals was observed during the 

blood withdrawal procedure. These animals were active and 

appeared in good health. This observation leads to a 

speculation of low hematocrit value being the result of 

blood pooling and erythrocyte concentration in sinusoid 

organs such as spleen and liver. 

Oxygen Binding Coefficient 

The oxygen capacity divided by the gram per cent 

hemoglobin results in a value referred to as the oxygen 

binding coefficient. If each iron atom in hemoglobin 

associates with one molecule of a tetrameric hemo

globin theoretically binds 1.3 6 ml C^/gram of hemoglobin 

(Bernhart and Skeggs 1943). 

A calculated O2 binding coefficient compared to the 

theoretical value may be used to assess efficiency of a 
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hemoglobin system. One factor contributing to a lower than 

theoretical coefficient is the presence of inactive hemo

globin. Analyses indicate that inactive hemoglobin is 

oxidized hemoglobin or methemoglobin with the iron in the 

ferric state. Irreversible oxidation is normally prevented 

by an enzyme system, methemoglobin-reductase, so that iron 

is maintained in the ferrous, reduced state (Ingram 1961). 

O2 binding coefficients of less than 1.36 may relate to the 

presence of inactive hemoglobin and indicate curtailed 

efficiency of the reductase system. 

C>2 binding coefficients reported here indicate that 

the hemoglobin systems of the three species of lizards is 

below the theoretical value yet differences among the 

species are slight. These data are given in Figure 17 and 

Table 4 of Appendix B. 

Plotting C>2 capacity against grams hemoglobin gives 

a scatter diagram derived from the same values used in the 

C>2 coefficient calculation (Figure 18) . The hemoglobin 

efficiency of the three lizard species is compared by means 

of regression lines determined by the least squares method 

(Simpson, Roe, and Lewontin 1960) . 

Oxygen capacity is obviously dependent upon the 

amount of hemoglobin and D. dorsalis approaches zero 

capacity at zero hemoglobin. Both S. jarrovi and C. hemi-

lopha show by regression, however, a significant oxygen 

capacity at zero hemoglobin level. This may represent 
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Figure 17. Oxygen binding coefficients for three iguanids. 
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either an oxygen content of plasma or a statistical 

manipulation. Since both C. hemilopha and D. dorsalis show 

the same plasma O2 capacity, the results here may be 

meaningful. 

An inspection of Figure 18 shows hemoglobin function 

not diverse within normal range of concentration for the 

animals. It may be concluded, then, that the depressed O2 

capacity of £3. jarrovi is based upon factors other than the 

efficiency of its hemoglobin molecule. 

Electrophoresis 

In obtaining an electrophoretic separation of D. 

dorsalis blood H. C. Dessaurer, as reported by Pough (1969), 

used a vertical starch gel as a medium. His technique 

yielded a primary band and a second, slower migrating band. 

The polyacrylamide gel used in this study gave sufficient 

resolution to isolate three hemoglobin fractions from D. 

dorsalis blood, four bands from C. hemilopha, but only one 

from £. jarrovi. 

Pough (1969) observed that juvenile D. dorsalis, 

with one hemoglobin type, had a greater affinity for O2 

than adults with the two hemoglobin moieties isolated by 

Dessaurer. Pough related the presence of more than one 

hemoglobin molecular type to seasonal variation, apparently 

in the belief that adults retain the propensity to manu

facture the juvenile type under stress. He found that O2 
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affinities were significantly higher in Spring than in 

Fall. 

In this study no seasonal variation was detected in 

O2 affinity. That is not to say, however, that quanti

tative variations of multiple protein fractions could not 

contribute to an overall difference in blood-oxygen affinity. 

Obviously, for the hibernating lizard seasonal variations 

would be adaptive to the environmental change. 

To pursue this line of reasoning, S. jarrovi is not 

a seasonal hibernator and this lizard has but one hemo

globin type. Its winter survival is dependent upon the 

availability of deep crevices in rock which remain, all 

winter, above the lethal minimum temperature for the 

species. During periods of warming the lizard takes ad

vantage of thermal mosaics in the environment to seek food. 

At these times a hemoglobin capable of releasing oxygen to 

active tissue is a necessity rather than a hemoglobin with 

a greater affinity needed for burrow survival during 

hibernation. 

The multiple hemoglobins found in D. dorsalis, 

three in this study, may act as a transfer system for 

oxygen from the low tensions in the winter burrow atmos

phere to the metabolizing tissue. At hibernating tempera

tures one hemoglobin type could provide an oxygen store by 

exerting a high affinity for the gas. Other hemoglobin of 

lower affinity, although not saturated with O2, would be 



more capable of transferring its O2 to tissue. This 

postulated hemoglobin would reload, again incompletely, 

from the blood gas level which would be dependent upon the 

hemoglobin of high affinity and the extent of alveolar 

exchange. Considering the P^g value for D. dorsalis blood 

at 17°C (Figure 5 and Table 2 of Appendix B) such a 

diffusive transfer system may be necessary. 



SUMMARY AND CONCLUSIONS 

The blood of three iguanid lizards, D. dorsalis, S. 

jarrovi, and C. hemilopha, was investigated to demonstrate 

the presence of hemoglobin fractions and to determine 

oxygen capacity and the oxygen dissociation function at 

each of four temperatures (17, 27, 37, and 42°C). These 

temperatures were selected specifically to coincide with 

recorded environmental temperatures of the animals so that 

attempts to correlate blood properties with the autecology 

could be made. The results were: 

1. Oxyhemoglobin dissociation properties of the three 

lizard species correlated with the thermal activity 

ranges. At low temperature O2 dissociation prop

erties of D. dorsalis blood imply obligatory hiber

nation but provide possible adaptation for oxygen 

storage. At high temperatures avoidance of meta

bolic depression is effected by unimpaired 0^ dis

sociation properties. Dissociation curves for D. 

dorsalis exhibit the least temperature sensitivity 

so that reversible 02 affinity continues at high 

temperatures to support activity. The 02 dissocia

tion curves of S. jarrovi exhibit the greatest 

temperature sensitivity within the animal's normal 

thermal range. At low temperature the character 
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of dissociation allows metabolic support for 

facultative winter feeding activity. At tempera

tures higher than those preferred by S. jarrovi 

release of additional O2 appears to be curtailed. 

The dissociation curves for C. hemilopha appear 

intermediate with neither low temperature nor high 

temperature specialization. 

Significantly lower 02 capacity existed in £. 

jarrovi and this was explained by low hematocrit. 

This reduced corpuscular volume may ameliorate low 

temperature increase in blood viscosity as an aid 

to winter activity. 

Using the criterion of the oxygen binding coeffi

cient, hemoglobin molecular efficiency with respect 

to loading 02 was judged to be similar for all 

three lizards. Therefore, within the temperature 

ranges investigated and with normal pulmonary 

ventilation all three species would have highly 

saturated arterial blood for support of activity 

Oxygen dissociation curves of iguanid blood exhibit 

a Bohr Effect, a heme-heme interaction and reveal 

a relatively low oxygen capacity. 

No Pall to Spring variation was found in the hemo

globin fraction count or in the dissociation prop

erties. 
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6. The most primitive iguanid had the highest count of 

globin molecular forms; the most advanced iguanid 

retains but one hemoglobin molecule variety. Four 

hemoglobin fractions were isolated from C. hemi-

lopha blood, three hemoglobin fractions were 

isolated from D. dorsalis blood, and one hemoglobin 

fraction was shown in S. jarrovi blood. 
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Figure 19. Factors to convert saturated volumes to 0° dry and 760 mm Hg pressure 
— Adapted from: Tables, factors, and formulas for computing 
respiratory exchange and biological transformations of energy 
CCarpenter, 1939, Table 43). 
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Table 1. P^Q values for the blood of three lizard species. 

PC°2 = atmospheric PC02 = 60 mm Hg 

17 27 37 42 17 37 

Dipsosaurus dorsalis 3.5 7.5 22 34 19 35 

Sceloporus jarrovi 7 26 45 45 21 52 

Ctenosaura hemilopha 5 15 27 38 20 46 

Table 2. The half-saturation variation of individual 
oxyhemoglobin association curves in mm C^. 

N 17° N 27° N 37° N 42° 

D. dorsalis 2 0.5 mm 3 2 mm 4 14 mm 2 4 mm 

S, jarrovi 35 mm 64mm 3 12 mm 4 6 mm 

C. hemilopha 32 mm 32mm 5 5mm 22mm 

Note: Sceloporus curves determined with a pooled 
sample from three animals. Difference among individuals 
probably greater than here indicated. 
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Table 3. Blood pH values of three iguanid lizard species 
after oxygen associations determinations. 

Dipsosaurus Sceloporus Ctenosaura 
Exposure dorsalis jarrovi hemilopha 

Ambient air (11) (12) (11) 
8.4 + 0.24 8.0 + 0.14 8.3 + 0.14 
(7.9-8.9) (7.6-8.3) (8.0-8.6) 

Ambient air plus (4) (4) (3) 
60 mm Hg CO- 7.43 7.35 7.45 

(7.1-7.7) (7.1-7.6) (7.3-7.6) 

Note: The upper numbers in parentheses give the 
sample size, the middle numbers are the means and the 
standard errors x t95, and the lower numbers in parentheses 
represent the ranges. 
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Table 4. Oxygen capacities, hematocrit values, and related 
blood values for three species of iguanid lizards. 

Dipsosaurus Sceloporus Ctenosaura 
Species dorsalis jarrovi hemilopha 

Oxygen capacity (16) (24) (13) 
(volume %) 9.3+0.8 6.3+0.6 8.8+0.7 

(6.9-12.9) (4.0-9.1) (5.3-9.9) 

Hematocrit (15) (25) (13) 
(% RBC) 27.9 + 2.4 19.0 + 1.7 29.5 + 3.3 

(19.0-36.5) (14.0-26.0) (15.0-37.0) 

gm Hb/100 ml blood (14) (16) (13) 
(gm % Hb) 9.2+0.8 6.9+1.0 9.6+1.0 

(7.0-12.0) (4.2-10.1) (5.0-12.0) 

gm Hb/volume RBC (13) (16) (13) 
.334 + .012 .338 + .023 .326 + .015 
(.300-.368) (.271-.422) (.300-.362) 

Binding coefficient C14) CIS) (13) 
(ml 02/gm Hb) 1.01 + .04 1.02 + .08 .924 + .046 

(0.95-1.11), (0.86-1.25) (0.81-1.07) 

Note: The upper numbers in parentheses give the 
sample size, the middle numbers are the means and the 
standard errors x tgc, and the lower numbers in the 
parentheses represent the ranges. 
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Table 5. Electrophoretic data for the Hb of three lizard 
species. 

Hemoglobin 
Number of 
fractions 

Migrations 
(mm) R values a 

Human (standard) 32 1.00 

Dipsosaurus dorsalis 3 11.5 
15 
18.5 

.36 

.47 

.58 

Sceloporus jarrovi 1 16.5 .52 

Ctenosaura hemilopha 4 9.5 
12.5 
16 
19.5 

.30 

.39 

.50 

.61 
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