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ABSTRACT 

The purpose of this study was to determine if sleep 

exists in the chuckwalla lizard Sauromalus obesus. Em

phasis was placed on sleep behaviorally, and recording 

electrographic measures during different behavioral states. 

These diurnally active lizards demonstrated, with 

regularity and predictability, cyclic periods of behavioral 

sleep and wakefulness while exposed to a laboratory con

trolled 24 hr day-night (dim) photoperiod. The gradual 

assumption of characteristic body positions leading to 

nocturnal sleep appeared to occur in anticipation of the 

nocturnal period onset. 

Chuckwallas clearly met criteria (commonly used to 

define behavioral sleep in birds and mammals) for behavioral 

sleep, which included (1) the maintenance of long-term, 

relaxed stereotypic positions throughout the nocturnal 

phase of the photoperiod, (2) higher arousal response 

thresholds to electrical stimulation at night than to 

similar diurnal stimulations, and (3) rapid reversibility 

from the sleeping to waking state following successive 

bursts of electrical stimulation. 

Evidence supporting the presence of a behavioral 

state intermediate between waking and sleep was less 

vii 
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obvious. Some individuals demonstrated an EEG pattern 

during diurnal resting or "drowsy" states that was clearly 

different from recordings during other behavioral states. 

Electrographic measures (EEG, EOG, EMG and EKG) 

were characteristically distinguishable between periods of 

behavioral sleep and wakefulness. The presence during 

sleep of reduced neck muscle tonus, decreased heart rate, 

and the general absence of eye movements, were similar 

to findings in other reptiles investigated. However, the 

cortical EEG was characterized by two distinct alternating 

patterns that recurred throughout the sleep period. These 

patterns were unlike those observed in other reptilian 

species, and were unlike slow wave sleep and paradoxical 

sleep seen in birds and mammals. 

It is concluded that Sauromalus sleep, and satisfy 

behavioral criteria for sleep that are also seen in other 

vertebrate groups. The use of the EEG for determining if 

sleep exists in a particular species appears to be of 

little value, due to the extreme variability of EEG 

patterns seen in different organisms while behaviorally 

asleep. 



INTRODUCTION 

Sleep behavior, investigated extensively in mammals 

and to a lesser extent in birds, has been characterized by 

the presence of two distinct stages of cortical electro-

encephalographic (EEG) activity. One stage, termed slow 

wave sleep (SWS), and characterized by a synchronous, 

relatively high amplitude and low frequency EEG, alternates 

with a cyclically recurring, desynchronized, lower amplitude 

and fast wave stage called rapid eye movement (REM) or 

"paradoxical" sleep (PS). All therian mammals investigated 

to date have been reported to show these alternating pat

terns. Only the monotremes, which show SWS, seem to be 

lacking the PS phase of EEG activity during sleep (Allison 

and Goff 1968, Allison, Van Twyver and Goff 1972); if 

further verified, this is an important phylogenetic fact 

in view of the primitive nature of this order. Birds 

exhibit SWS similar to mammals, but only brief periods 

(3-15 sees) of PS have been reported (Klein, Michel and 

Jouvet 1963, Ookawa and Gotoh 1964, Ookawa and Kadono 

1968, Rojas-Ramirez and Tauber 1970, Berger and Walker 

1972, Van Twyver and Allison 1972, Walker and Berger 1972). 

Other characteristics that accompany PS in birds and mammals 

include myoclonic twitches or jerks of the extremities, 



reduced neck muscle tonus, rapid movement of the eyes, and 

irregularities of autonomic activities such as heart rate 

and respiration. 

Research on sleep behavior in reptiles has been 

limited to a few species in the three major existing 

orders. Most of these investigations have compared rep

tilian electrophysiological measures with those character

istic of avian and mammalian sleep states. Flanigan et al. 

(1974) stated that the use of the mammalian EEG as the 

prototype for sleep in other vertebrate classes may be 

misleading. He maintained that (1) the EEG is only one of 

several physiological signs of sleep and wakefulness, and 

(2) the absence of mammalian SWS or PS in reptiles may 

not be due to the absence of sleep, but to the absence of 

a specific neurophysiological generator in a particular 

species. 

Most of the reptilian species investigated to date 

exhibit an EEG slowing during behavioral quiescence. This 

activity, which is polymorphic in form and irregular in 

frequency, is unlike typical mammalian SWS. Investigators 

have reported the occurrence of behavioral sleep although, 

unfortunately, few have studied these states in detail. 

The snake Python sebae was reported to show an EEG slowing 

during behavioral sleep (Peyrethon and Dusan-Peyrethon 

1969). Turtles and tortoises apparently showed the 



requisites for behayioral sleep as well as EEG slowing 

(Herman, Jouvet and Klein 1964, Vasilescu 1970, Flanigan 

1974, Flanigan et al. 1974). The crocodilian Caiman 

sclerops (Rechtschaffen, Bassan and Ledecky-Janecek 1968, 

Flanigan, Wilcox and Rechtschaffen 1973) , and lizards 

Iguana iguana, Ctenosaurus pectinata, Chameleo jacksoni, 

and C. melleri (Tauber, Roffwarg and Weitzman 1966, Tauber, 

Rojas-Ramirez and Hernandez-Peon 1968, Peyrethon and Dusan-

Peyrethon 1969, Flanigan 1973) have been reported to ex

hibit EEG slowing during behavioral sleep. 

Evidence supporting the presence of PS in reptiles 

has remained controversial. Tauber with associates (1966, 

1968) maintained that characteristics of mammalian-like 

PS were present in chameleons and the black iguana, and 

Peyrethon and Dusan-Peyrethon (1969) reported mammalian-like 

PS in a specimen of Caiman latirostris. Previous work by 

the author (Stropes 1971) showed that the fringe-toed lizard 

Uma notata demonstrated a cyclically recurring low voltage, 

fast frequency EEG, which alternated with a high voltage, 

slower frequency waveform during behavioral sleep. 

Flanigan (1973) listed a set of common character

istics, originally defined for mammals, which can be 

used to describe behavioral sleep for any class of animals. 

These characteristics are (1) the assumption of a species-

specific or stereotypic posture, (2) the maintenance of 
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behavioral immobility, (3) an elevated behavioral response 

threshold (e.g., the increased intensity of a stimulus re

quired to arouse a sleeping animal), and (4) rapid state 

reversibility from the sleeping to arousal state following 

relatively strong stimulation. 

The present study concerns a pattern of analysis 

of the behavioral characteristics of sleep and wakefulness, 

and the major electrophysiological measures (commonly 

utilized in most sleep investigations) accompanying these 

states in a southwestern desert lizard, the chuckwalla 

Sauromalus obesus. Emphasis is placed on the behavioral 

aspects of sleep using Flanigan's model outlined above. 

Two basic questions are asked in this study. Do Sauromalus 

lizards sleep? If sleep does occur in this lizard, what 

are the behavioral and electrophysiological characteristics? 

Sauromalus was selected because of its relatively 

large size (reducing surgical difficulties), availability, 

adaptability to laboratory conditions, and special at

tributes related to sleep behavior. This species repre

sents the only naturally occurring lizard in North America 

north of Mexico that has been investigated for sleep be

havior, with the exception of previous work by the author 

on Uma notata. 



MATERIALS AND METHODS 

Experimental Animals 

Eight individuals of the chuckwalla lizard 

Sauromalus obesus were used in this study. All animals 

were collected from natural habitat sites in the Muggins 

Mts., Middle Mts., and Castle Dome Mts„, near Yuma, in 

Yuma County, Arizona, during the summer of 1974, and the 

spring of 1975. Five lizards were used for behavioral 

observations of sleep and wakefulness, while four (including 

one of the previous five) were implanted with recording 

electrodes for electrographic monitoring during these 

states. The sample of eight included six males (one that 

was immature) and two females. These lizards ranged from 

138-198 mm snout-vent length, and weighed between 110-279 

grams. 

Maintenance of Animals in the Laboratory 

The animals selected for study were allowed to 

acclimate and otherwise adjust to laboratory conditions for 

at least 10 days prior to behavioral observations or electro-

graphic recording. They were individually housed in sep

arate glass observation tanks (25 X 45 X 23 cm). The floor 

of each container was covered with a layer of small-sized 

gravel collected from the habitats. The experimental tanks 

5 



6 

were placed on a table in a sound-attenuated room, which 

minimized disturbance. Lizards were prevented from viewing 

one another by the placement of opaque panels between ad

joining containers. 

All were exposed to a day-night (dim) 24 hr photo-

period, regulated by an automatic timer, which approximated 

conditions experienced in the natural environment. The 

diurnal period began at 0600 MST, and terminated at 1900 

MST. Two 100 watt light bulbs, suspended 0.75 m above all 

of the containers provided the diurnal light source. Dim 

overhead room lights (6 5 foot-candles) provided some light 

during the nocturnal phase of the photoperiod, which was 

necessary to permit behavioral observations at night. 

The lizards were fed shredded lettuce, carrots, 

apples, and creosotebush (Larrea divaricata) flowers and 

leaves. All animals were supplied with drinking water 

ad libitum. 

The temperature in the observation tanks was main

tained between 29-34 C, and was partially controlled by a 

thermostat which regulated the internal temperature of 

the recording room. Higher temperatures measured during 

the diurnal period were due to the additional heat gen

erated from the overhead light bulbs. All behavioral and 

electrographic data were obtained under these laboratory 

conditions. 
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Observations of Behavioral States 

Behavioral observations of sleep and wakefulness 

were made on each of five lizards for a total time period 

of three 24 hr days, which were recorded during nine 8 hr 

shifts at 10 min intervals. All lizards were monitored from 

behind a one-way viewing screen. One individual was im

planted with electrodes (technique described below) to 

determine if this procedure would have any deleterious 

effects on the activity patterns of these animals. Dis

turbance to the lizards was kept to a minimum during the 

recording of behavioral data. Feeding and removal of 

wastes were conducted during diurnal periods when the 

subjects were observed to be active and alert. 

Construction and Placement of 
Recording Electrodes 

Subsequent to behavioral observations, four chuck-

wallas were surgically implanted with recording electrodes 

to monitor the electrophysiological measures of sleep and 

wakefulness. Initially, some of the reserve lizards not 

used in this study were anesthetized with injections (30 

mg/kg ip) of Nembutal, prior to experimental implantation. 

However, reptiles do not catabolize barbiturates readily, 

and it was found that cooling an animal's internal body 

temperature to approximately 8 C provided sufficient short-

term anesthesia. This low temperature allowed for behavioral 



immobility and total lack of muscular reflex activity. 

The internal body temperature was monitored by a Yellow 

Springs Tele-Thermometer with a Model YSI 511 probe in

serted into the animal1s anus. Surgical recovery was 

excellent, as all subjects were active and alert less than 

1 hr following implantation when placed under a heat lamp. 

In contrast, 1-2 days of sluggishness generally followed 

Nembutal anesthesia. Although it required several cooling 

periods to implant all electrodes in a lizard, long-term 

after effects of drug anesthesia were avoided. 

An electroencephalogram (EEG) recording electrode 

was constructed of a stainless steel machine screw (1 mm 

in diameter and 5 mm in length) soldered to a Teflon in

sulated stainless steel wire (0.033 mm in diameter and 

0.5-1.0 cm in length). The free end of this wire was 

soldered to a male Amphenol connector (#220-P02). A 

female Amphenol connector (#220-S02) was attached to the 

above unit when recording was desired. The female con

nector was soldered to a flexible insulated wire, which 

plugged into a junction box, leading to a pre-amplifier 

on a Grass Model 5B Polygraph. Similar flexible wires were 

constructed for attachment to the other recording electrodes 

described below. 

While anesthetized, the skin tissue superior to the 

dorsal cranial region, directly superior to the cerebral 
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hemispheres of the brain, was completely removed from all 

lizards. Burr holes (approximately 1 mm in diameter) were 

drilled through the skull using a standard electrical 

dental drill. One hole was drilled superior to a cerebral 

hemisphere to a depth which did not penetrate the dura 

mater. An electrode was screwed into position through 

this aperture until it rested on the dural membrane, facili

tating the monitoring of gross, chronic EEG potentials. 

Another burr hole was drilled partially into the cranium 

4-5 mm posterio-lateral to the EEG recording electrode. 

A screw electrode unit was placed into this aperture to 

function as the reference electrode for monopolar recording, 

since this area proved to be relatively neutral in elec

trical activity. For bipolar recording (1 lizard) two 

screw electrode units were placed on the dural membrane 

through burr holes drilled (approximately 3 mm apart) over 

each cerebral hemisphere. Following electrographic recording 

each subject was sacrificed to determine the precise 

electrode placement. 

Two stainless steel wires, insulated to within 

1 mm of each tip, were inserted subcutaneously over the 

extrinsic ocular muscles of each eye to measure the electro-

oculogram (EOG). The implanted ends were bent into a U-

shape to secure their position. The free ends of the two 

wires were soldered to male Amphenol connectors. Eyeball, 
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eyelid, and nictitating membrane movement potentials were 

recorded using the same reference electrode that was 

utilized for monopolar EEG recording, and were referred to 

each other during bipolar monitoring. 

The EEG, EOG, and reference electrodes were held 

rigidly in position by a pedestal, composed of a mixture 

of Caulk orthodontic powder and resin, constructed on the 

dorsal cranial area (Figure 1). This pedestal was molded 

over and around the screws and wires, securing these units 

to the skull. The pedestal materials proved very satis

factory in adhering to lizard skin and bone tissue. 

Electromyograms (EMG) of the dorsal neck (nuchal) 

muscles were recorded using an insulated stainless^ steel 

wire and connector unit constructed like those utilized for 

EOG recording. One end of the wire, bared 1 mm at the tip, 

was bent into a U-shape and inserted into the head erector 

muscles near the mid-dorsal neck region. This wire was 

attached to a male Amphenol connector, and secured by the 

orthodontic pedestal by the method described above. The 

EMG electrode was referred to either the "indifferent" 

cranial electrode, or to one of the EOG leads during bi

polar EEG monitoring. Potentials of EMG activity were 

recorded during all phases of sleep and wakefulness. 

Electrocardiogram (EKG) activity was measured 

during all phases of behavioral activity. The implant 



Figure 1. Electrode placement (head, neck and 
thorax) and pedestal location in two individuals of 
Sauromalus obesus. 

11 
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technique was similar to the EMG procedure except that the 

recording electrode was placed near the mid-dorsal thoracic 

region of each animal. This electrode was referred to 

either the screw reference electrode used for monopolar 

EEG recording, or to the EMG electrode. A similarly con

structed ground electrode was implanted subcutaneously 

approximately 1 cm from the EKG lead 

The flexible electrode leads from an implanted 

lizard were bound together by light weight tape to form a 

cable which was plugged into the junction box. The ob

servation tanks, and animals, were grounded to minimize 

artifact potentials from appearing on the electrographic 

records. 

Subsequent to surgical implantation, all lizards 

were observed for at least 5 days for signs of behavioral 

irregularities, restriction of movement due to wiring, and 

electrode malfunction. Only individuals which showed no 

apparent abnormal behavioral patterns were used. 

The EEG, EOG, EMG, and EKG activities were re

corded at paper speeds ranging from 3-60 mm/sec, with the 

speed of 12 mm/sec utilized most frequently. When sleep 

activity was monitored, a minimum of 60 sec samples were 

taken at 10 min intervals beginning 1-2 hrs before the 

lights turned off, and terminating 1-2 hrs after the 

diurnal cycle began. Similarly, numerous recordings were 
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made of behavioral states during the diurnal phase of the 

24 hr photoperiod. The recording apparatus was set at the 

following h amplitude low and high frequency points: 

EEG, 0.6-60.0 Hertz (Hz); EOG, 0.25-15.0 Hz; EMG, 0.6-60.0 

Hz; and EKG, 0.6-15.0 Hz. 

Electrographic measures were monitored in an 

electrically shielded, sound attenuated room, under the 

same experimental conditions as for the recording of 

behavioral data. Visual observations of the lizards by the 

investigator or an assistant were noted on the recording 

paper in order to associate the various frequencies and 

waveforms seen on the electrographic record with concomitant 

behavior activity. Activities included movements of eye

balls, eyelids, nictitating membranes, head, neck, body, 

tail, extremities, swallowing or gulping, licking, and 

respirations plus electrode cable sway or other mechanical 

artifacts. 

Electrical Stimulation Experiment 

Electrical shock stimulations were delivered to two 

chuckwallas during periods of sleep and wakefulness. This 

experiment was designed after similar stimulation experi

ments on reptiles conducted by Flanigan (1973). A variable 

arousal response level to a given stimulus intensity, 

delivered during different behavioral states, should provide 
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evidence for the presence of different arousal thresholds 

in these animals. 

Square wave electrical pulses were delivered 

(through thorax implanted ground and EKG electrodes) during 

30 diurnal and 30 nocturnal trials to each of two lizards 

(#30 and #32), over a period of nine consecutive days. 

The pulses (pulse frequency 20/sec, pulse duration 1 msec) 

were delivered by a Grass Model S4GR Stimulator for a 1 sec 

burst, timed by a Hunter Model 100C Decade Interval Timer. 

The internal electrical resistance in the two animals used 

ranged from 50-60 kilohms, and remained relatively stable 

throughout the experiment. Voltages of 8.5-9.5 volts with 

current intensities of 140-190 microamps/pulse delivered 

were used during stimulation trials. A minimum of 50 sees 

of electrographic monitoring (EEG, EOG, EMG and EKG) were 

made prior to, and subsequent to, electrical stimulation. 

The criteria for arousal following stimulation were 

movement of the head and body or extremities, concomitant 

with, or immediately followed by, an eyelid opening. An 

arousal response was recorded if it was made within 10 sees 

subsequent to stimulation. A stimulus current strength 

(delivered to an individual) was used if it induced an 

arousal response approximately 50% of the time when a 

subject was in one of the two positions indicating sleep 

(Figure 2 E, F and G). In order to maintain this 50% 



nocturnal response level current intensities were adjusted 

per individual. During the day, stimuli were delivered 

at the constant strength of 8.5 volts. 



RESULTS 

Behavioral States During a 
24 hr Photoperiod 

Six distinguishable behavioral positions of 

Sauromalus obesus were observed during the diurnal and 

nocturnal phases of a 24 hr photoperiod (Figure 2). The 

criteria for distinguishing each position were (1) degree 

of limb flexion, (2) limb position with respect to the 

body, (3) head and body position, and (4) open or closed 

eyes. 

Position 1. An awake state with the hind limbs 

flexed and front limbs extended; all appendages close to 

the body; head and thorax elevated by the front limbs; 

and eyes open. Frequently, lizards, were, seen moving around 

the enclosure, or propped against a glass wall, usually 

attempting to scale it with climbing motions of the front 

limbs. Also observed were various tilting and side-to-side 

movements of the head and body, tongue licking of container 

surfaces or contents, and feeding behavior. 

Position 2. Same as described for Position 1 ex

cept the eyes were closed. No obvious head, body or limb 

movements were observed. 

16 



Figure 2. Representative behavioral positions of 
Sauromalus obesus observed over a 24 hr day-night photo-
period. 

A, Position 1, eyes open. B, Position 2, eyes closed. 
C, Position 3, eyes open. D, Position 4, eyes closed. 
E, lateral view of Position 5, eyes closed. F, superior 
view of Position 5, eyes closed. G, Position 6, eyes 
closed. 



Figure 2. Representative behavioral positions of 
Sauromalus obesus observed over a 24 hr day-night photo
period. 
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Figure 2. (Continued) 
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Figure 2. (Continued) 
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Position 3. An awake state with all limbs flexed 

or partially flexed and close to the body; head, body and 

tail prostrate (head occasionally elevated) on a container 

floor or wall; and eyes open. While propped against a 

glass wall an individual was supported by the tail and 

hind limbs with partial flexion of the front limbs against 

the glass. Only infrequent eye or eyelid movements were 

observed in this behavioral state. 

Position 4. Same as described for Position 3 except 

the eyes were closed. 

Position 5. One or both forelimbs were relaxed 

and parallel to the body (palmar- surface faced upward), 

and one or both hind limbs were relaxed and either somewhat 

parallel to the tail, or spread outward perpendicular to 

the body; head, body, and tail were prostrate on the cage 

floor; and the eyes were closed. This was the salient 

position observed throughout the nocturnal phase of the 

photoperiod. Occasional myoclonic jerks or twitches of the 

head .and neck, and slight shifts of the body along the sub

stratum were observed. 

Position 6. The head, neck and body were propped 

against a cage wall, supported by the tail and hind limbs, 

with the front limbs relaxed and suspended beside the body, 

and the eyes closed.. In this position, characteristically 
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seen during the nocturnal phase of the photoperiod, in

frequent head or body movements were observed. 

Generally, the behavior followed a regular se

quential pattern (Figure 3). Either at the onset of, or 

approximately 20 mins later in the diurnal period, each 

lizard was usually observed in Position 3. Stimulation 

from the sudden switching on of the overhead lights may 

have disturbed the subjects resulting in the assumption of 

Position 3 from Position 5 or 6. From Position 3 a lizard 

was observed to become active and alert by 0700 hrs. 

Following 0700 hrs each subject was typically in 

Position 1 (Figure 3). All animals remained alert, es

pecially during morning hours, with occasional eyelid 

closure (Position 2) throughout most of the diurnal period. 

By 1800 hrs all individuals assumed the behavioral postures 

leading to those seen throughout the nocturnal phase of the 

photoperiod. During 13 of the 15 nocturnal periods 

monitored each lizard assumed Position 5 or 6 by 2000 hrs, 

which was maintained until the diurnal onset (Table 1 and 

Figure 3). 

These animals were quite active during the diurnal 

period. Activities while awake included locomotion around 

the enclosure, attempts to climb or dig under the glass 

walls, infrequent licking of the container, and feeding. 

Since Sauromalus responded quickly to any noise or movement 



Figure 3. Behavioral positions observed over a 24 hr day-night photo-
period from three Sauromalus obesus. 

Arrow 1 (on abscissa) represents 0600 hrs and the diurnal onset, and arrow 2 
represents 1900 hrs and the nocturnal onset. Shaded area denotes the nocturnal 
period. These data are representative of observations made on all lizards 
studied. 
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Table 1. Amount of time spent (recorded at 10 min intervals) in behavioral 
Positions 1-6 over a period of 72 hrs (three 24 hr periods) from 
five Sauromalus obesus. 

The nocturnal phase of the photoperiod began at 1900 hrs, and ter
minated at 0600 hrs. 

Frequency of Positions 
Recorded Without Time 

(mins) 
Time 
(%) 

Lizard Position Day Night Total Day Night Total Day Night Total 

1 1 16 0 16 1870 0 1870 79.9 0.0 43.3 
2 12 0 12 220 0 220 9.4 0.0 5.1 
3 5 0 5 50 10 60 2.1 0.5 1.4 
4 8 1 9 140 10 150 6.0 0.5 3.5 
5 1 3 4 60 1960 2020 2.6 99.0 46.7 
6 0 0 0 0 0 0 0.0 0.0 0.0 

100.0 100.0 100.0 

2 1 22 1 23 1770 60 1830 75.6 3.0 42.4 
2 20 1 21 380 10 390 16.2 0.5 9.0 
3 4 1 5 60 10 70 2.6 0.5 1.6 
4 2 1 3 30 650 680 1.3 32.8 15.7 
5 4 2 6 100 1250 1350 4.3 63.2 31.3 
6 0 0 0 0 0 0 0.0 0.0 0.0 

3 1 13 0 13 1860 10 1870 79.5 0.5 43.3 
2 9 1 10 180 10 190 7.7 0.5 4.4 
3 5 0 5 110 0 110 4.7 0.0 2.5 
4 4 1 5 90 30 120 3.8 1.5 2.8 
5 1 3 4 60 930 990 2.6 47.0 22.9 
6 0 2 2 40 1000 1040 1.7 50.5 24.1 



Table 1. (Continued) 

Frequency of Positions 
Recorded Without Time Time 
Observed Change (mins) (%_) 

Lizard Position Day Night Total Day Night Total Day Night Total 

1 16 0 16 1970 30 2000 84.2 1.5 46.3 
2 11 0 11 170 0 170 7.2 0.0 3.9 
3 6 0 6 60 0 60 2.6 0.0 1.4 
4 2 1 3 40 630 670 1.7 31.8 15.5 
5 4 0 4 60 0 60 2.6 0.0 1.4 
6 2 2 4 40 1320 1360 1.7 66.7 31.5 

1 16 0 16 1810 0 1810 77.3 0.0 41.9 
2 18 0 18 330 0 330 14.1 0.0 7.6 
3 6 1 7 70 10 80 3.0 0.5 1.9 
4 3 0 3 30 0 30 1.3 0.0 0.7 
5 2 4 6 100 1970 2070 4.3 99.5 47.9 
6 0 0 0 0 0 0 0.0 0.0 0.0 
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made by the experimenter care was taken to observe the 

chuckwallas with a minimum of disturbance. If engaged 

in an activity such as climbing movements, or feeding,, the 

lizard would stop the activity and orient itself toward 

the direction of the disturbance. 

The five lizards spent 75.6-84.2% of the diurnal 

period, usually relatively motionless, in Position 1 

(Table 1). Position 2 was observed with the next greatest 

frequency (7.2-14.1% of the day). The high percentage of 

time spent in these positions, exhibiting little locomo

tion, was expected due to the limited space available, and 

to basking behavior (commonly observed in the natural 

environment). 

At night Positions 5 and 6 dominated the behavioral 

observations. The amount of time spent in these combined 

positions accounted for 97.5-99.5% of the night for 

lizards #1, #3, and #5, while lizards #2 and #4 spent 32.8% 

and 31.8% of the nocturnal period in Position 4, respec

tively. A mean of 51.2% of the entire photoperiod was 

spent in Positions 1-3 for all animals, while 48.8% of the 

time was spent in Positions 4-6. Once Position 5 or 6 was 

assumed S. obesus was rarely observed to show movements 

(usually fewer than 4-5) throughout the night. Observed 

movements included slight head or body shifts in position, 

and muscular twitching of the head, tail or extremities. 
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Electrical Stimulation and Arousal Responses 

The results summarized in Table 2 show high per

centages (75.0-100.0%) of arousal responses to stimulation 

during the diurnal phase of the photoperiod when in Posi

tions 1-5. During the nocturnal period an approximate 50% 

arousal response level was maintained even though many 

nocturnal stimulations were delivered at higher current 

intensities than during the daytime. 

Arousal responses at. night were not as obvious as 

those observed during the day. Typically, a nocturnal 

arousal response was characterized by a lizard raising its 

head, opening the eyes, then resuming Position 5 or 6 

approximately 30-60 sees following shock delivery. An 

arousal response during the day consisted of rapid move

ments of the head and neck, frequent body movements, and 

the assumption or maintenance of Position 1. However, 

diurnal arousal responses from lizard #30 (while in Posi

tion 2 or 5), observed 1-2 hrs before the nocturnal onset, 

were not as pronounced as other daytime responses. It was 

found that disturbances by the investigator at night rarely 

induced arousal responses from sleeping lizards, while 

similar disturbances during the day almost always elicited 

a response. In fact, if a lizard was gently lifted when 

in Position 5 or 6 it usually appeared quite limp and 

relaxed, and did not arouse for several seconds. These 
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Table 2. Electrical stimulation and arousal response 
trials during diurnal and nocturnal phases of a 
24 hr day-night photoperiod from two Sauromalus 
obesus. 

Lizard Position 

Number of Trials Arousal 
( 
Response 
%) 

Lizard Position Day Night Day Night 

32 1 15 _ 100.0 — 

2 
O 

9 — 100.0 — — — 

J 
4 4 1 100.0 100.0 
5 
6 

2 29 100.0 48.3 

30 1 11 _ 100.0 _ _ _ 

2 7 - 85.7 
3 2 - 100.0 
4 8 1 75.0 0.0 
5 2 19 100.0 47.4 
6 mm 10 50.0 

instances of delayed and lowered behavioral response levels 

at night were unlike the rapid, higher response levels 

witnessed during the day. 

Usually the EEG and EMG activity increased in 

amplitude, and the heart rate increased in frequency fol

lowing stimulation whether or not an arousal response 

occurred. Two or three shocks of the same current intensity, 

delivered in succession during Position 5 or 6, always 

resulted in the assumption of Position 1 within 5 sees 
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following stimulation, demonstrating rapid state reversi

bility in these organisms. A rapid reversal from behavioral 

quiescence to arousal following stimulation distinguishes 

24 hr cyclic periods of quiescence from more protracted 

states such as torpor or hibernation, which may require 

longer periods of more intense stimulation to arouse the 

animal. 

Electrophysiological Recordings of 
Behavioral States 

The electrographic patterns measured in this study 

varied in form and/or frequency during different behavioral 

states. Electroencephalogram activity showed characteristic 

features which differed during periods of waking, sleep, 

and occasionally "resting" (Position 2 or 4). The EOG, 

EMG, and EKG activities also varied between periods of 

behavioral arousal and states of inactivity. 

EEG Activity 

During wakefulness the EEG was characterized by low 

voltage and mixed frequency waveforms superimposed on a 

higher amplitude and slower wave EEG, and by aperiodic 

sharp waves (ShWs) shown in Figure 4. The most prominent 

EEG rhythm had a frequency range of 7-16 Hz with a mean 

of 11.5 + 2.1 (1 Standard Deviation) Hz. The amplitude 

ranged from 5-75 yV with a mean of 35.0 ± 7.2 yV. The 

slower wave EEG had a frequency mean of 2.6 ± 0.7 Hz (range 



LEFT EOG 

I 

RIGHT EOG 

NECK EMG 

vw 

CORTEX EEG 

l\ 

I 1 
1 sec 

Figure 4. Representative recording of electrographic activity during an 
awake state (Position 1) from an individual of Sauromalus obesus. 

Note the presence of sharp waves in the EEG. Calibrations are for 50 yV. 

to 



of 1-5 Hz) with, an amplitude mean of 52.0 ± 16.0 yV (range 

of 25-100 yV) . Bursts of faster frequencies (mean of 14.1 

± 1.5 Hz) were aperiodically observed throughout the diurnal 

record. These bursts usually, but not always, were seen 

concomitant with movements of the head, body or eyes, and 

while swallowing. The bursts may have been partially com

posed of overriding EMG potentials that originated from 

muscular contractions. 

Large amplitude ShWs with a voltage range of 50-170 

yV (mean of 90.4 ± 34.6 yV) and 250-581 msec in duration, 

were seen throughout the waking EEG. These ShWs were 

either biphasic or similar to the sharp waves observed 

during sleep (described below). 

Three of the lizards demonstrated EEG bursts be

tween 7-17 Hz (mean of 11.0 ± 3.3 Hz) of positive waves, 

which were relatively uniform in amplitude, during periods 

of behavioral quiescence 1-3 hrs preceding termination of 

the diurnal period (Figure 5). A lizard was either in 

Position 2 or 4 during these measurements. When the bursts 

appeared other waking EEG frequencies usually dropped out 

of the record. 

When lizards were in Position 5 or 6 during the 

nocturnal phase of the photoperiod a characteristic EEG 

pattern was recorded. Cyclically recurring trains of low 

voltage, mixed frequency EEGs of relatively short duration 
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RIGHT EOG 

NECK EMG 

X\r.,« 

EKG 

CORTEX EEG 

1 sec 

Figure 5. Recording of electrographic activity during Position 2 taken 
at 1750 hrs from an individual of Sauromalus obesus. 

Note bursts of relatively uniform amplitude, positive directed sharp waves (in
dicated by horizontal lines). Calibrations are for 50 yV. 
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(1.6-17.6 sees), alternated with higher voltage, mixed 

frequency waveforms of longer duration (Figure 6). The 

low voltage waveforms, given the term Pattern A activity, 

were desynchronized EEGs ranging from 1-14 Hz (mean of 

6.4 ± 2.6 Hz), and under 33 yV in amplitude. One or two 

unidirectional, positive or negative sharp waves between 

33-50 yV (mean of 41.4 ± 6.1 yV) were occasionally seen 

during this state of cortical activity, as were aperiodic 

sharp negative waves followed by a positive, sawtooth wave 

(described below with Pattern B activity). 

Alternating with Pattern A activity was a higher 

voltage EEG ranging from 3-11 Hz with a mean of 8.5 ± 2.1 

Hz, and amplitude range of 10-60 yV (mean of 31.1 ± 8.9 

yV), which was characteristically superimposed on a 

secondary rhythm of higher amplitude (range of 25-100 yV, 

mean of 54.8 + 15.9 yV) slower waves, ranging from 1-5 Hz 

(mean of 2.2 ± 0.9 Hz) shown in Figure 6. These waveforms 

were termed Pattern B activity. Infrequent bursts (1-4 

sees duration) of faster frequencies (range of 12-16 Hz, 

mean of 13.4 ± 1.4 Hz) were also recorded during Pattern B 

activity (and Pattern A), and were seen most often after a 

body movement or shift in position. 

Pattern B activity was also characterized by inter

mittent ShWs which were either sharply biphasic or more 

often sharply negative in polarity, followed by a positive, 



LEFT- EOG 

; J 
R!GHT EOG 

X 

NECK EMG 
ti I 
CORTEX EEG 

EKG — 
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Figure 6. Continuous electrographic recordings from three (#30, #32, 
#33) Sauromalus obesus taken during the nocturnal phase of a 24 hr photoperiod. 
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sawtooth wave of longer duration (Figure 6). Sharp waves 

were between 60-165 yV in amplitude (mean of 109.7 ± 34.7 

yV) and 83-167 msec in duration, but occasionally were found 

under 60 yV in amplitude. However, the lower voltage de

flections were difficult to distinguish from other Pattern 

B activity. The sawtooth, positive wave that followed the 

negative ShW ranged from 33-160 yV with a mean of 81.6 

± 33.7 yV, and were from 250-581 msec in duration. 

The amount of the total sleep time spent in Pattern 

A activity, summated from 50 sec samples taken every 10 

mins, began increasing 1-2 hrs prior to the onset of the 

nocturnal period, and reached maximum levels in all lizards 

between 2100-0300 hrs (Table 3 and Figure 7). By 0400 hrs 

the amount of time spent in Pattern A dropped off steadily, 

and by 0700 hrs this activity pattern was minimal (Table 3). 

Between 0700-1700 hrs Pattern A activity was essentially 

absent from the record. 

The quantity of ShWs declined in number during the 

nocturnal hours as compared to diurnal periods (Table 4). 

Figure 8 shows an increase in the frequency of ShWs when an 

individual was in an obvious awake state. As the animal 

became more vigilant or alert (during Position 1) the waking 

EEG exhibited the largest number of these waveforms (Figure 

8), as well as an increased overall EEG amplitude. 



Table 3. Amount (sees} and percent of time spent during 
the nocturnal phase of a 24 hr day-night photo
period (Positions 5 and 6) in cortical EEG low 
voltage Pattern A, and higher voltage Pattern B 
activity from three Sauromalus obesus. 

Time Time (sec) Percent Time (sec) 
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Lizard Interval in Pattern A Pattern A in Pattern B 

33 1800-1900 4.2 1.4 295.8 
1900-2000 51.3 17.1 248.7 
2000-2100 79.6 26.5 220.4 
2100-2200 74.6 24.8 225.4 
2200-2300 73.3 24.4 226.7 
2300-2400 69.2 23.1 230.8 
2400-0100 96.7 32.2 203.3 
0100-0200 103.8 34.6 196.2 
0200-0300 139.6 46.5 160.4 
0300-0400 104.6 34.9 195.4 
0400-0500 114.2 38.1 185.8 
0500-0600 98.3 32.8 201.7 
0600-0700 70.0 23.3 230.0 

1079.4 2820.6 

30 1800-1900 3.3 1.1 296.7 
1900-2000 22.1 7.4 277.9 
2000-2100 34.2 11.4 265.8 
2100-2200 67.1 22.4 232.9 
2200-2300 43.8 14.6 256~2 
2300-2400 45.4 15.1 254.6 
2400-0100 36.3 12.1 263.7 
0100-0200 45.4 15.1 254.6 
0200-0300 58.8 19.6 241.2 
0300-0400 17.5 5.8 282.5 
0400-0500 12.9 4.3 287.1 
0500-0600 1.7 0.6 298.3 
0600-0700 0.0 0.0 300.0 

388.5 3511.5 



Table 3. CContinued) 

Time Time (sec) Percent 
Lizard Interval in Pattern A Pattern A 

1800-1900 70.8 23.6 
1900-2000 122.1 40.7 
2000-2100 138.7 46.2 
2100-2200 139.2 46.4 
2200-2300 122.1 40.7 
2300-2400 182.1 60.7 
2400-0100 142.1 47.4 
0100-0200 109.6 36.5 
0200-0300 131.3 43.8 
0300-0400 89.6 29.7 
0400-0500 100.8 33.6 
0500-0600 40.8 13.6 
0600-0700 18.3 6.1 

1407.5 



Table 3. Amount (sees) and percent of time spent during 
the nocturnal phase of a 24 hr day-night photo-
period (Positions 5 and 6) in cortical EEG low 
voltage Pattern A, and higher voltage Pattern B 
activity from three Sauromalus obesus. 

Time Time (sec) Percent Time (sec) 
Lizard Interval in Pattern A Pattern A in Pattern B 

1800-1900 4.2 1.4 295.8 
1900-2000 51.3 17.1 248.7 
2000-2100 79.6 26.5 220.4 
2100-2200 74.6 24.8 225.4 
2200-2300 73.3 24.4 226.7 
2300-2400 69.2 23.1 230.8 
2400-0100 96.7 32.2 203 .3  
0100-0200 103.8 34.6 196.2 
0200-0300 139.6 46.5 160.4 
0300-0400 104.6 34.9 195.4 
0400-0500 114.2 38.1 185.8 
0500-0600 98.3 32.8 201.7 
0600-0700 70.0 .23.3 230.0 

1079.4 2820.6 

1800-1900 3.3 1.1 296.7 
1900-2000 22.1 7.4 277.9 
2000-2100 34.2 11.4 265.8 
2100-2200 67.1 22.4 232.9 
2200-2300 43.8 14.6 256  i  2  
2300-2400 45.4 15.1 254 .6  
2400-0100 36.3 12.1 263.7 
0100-0200 45.4 15.1 254.6 
0200-0300 58.8 19.6 241.2 
0300-0400 17.5 5.8 282.5 
0400-0500 12.9 4.3 287.1 
0500-0600 1.7 0.6 298.3 
0600-0700 0.0 0.0 300.0 

388.5 3511.5 



38 

Table 3. (Continued) 

Time Time (sec) Percent Time (sec) 
Lizard Interval in Pattern A Pattern A in Pattern B 

1800-1900 70.8 23.6 229.2 
1900-2000 122.1 40.7 177.9 
2000-2100 138.7 46.2 161.3 
2100-2200 139.2 46.4 160.8 
2200-2300 122.1 40.7 177.9 
2300-2400 182.1 60.7 117.9 
2400-0100 142.1 47.4 157.9 
0100-0200 109.6 36.5 190.4 
0200-0300 131.3 43.8 168.7 
0300-0400 89.6 29.7 210.4 
0400-0500 100.8 33.6 199.2 
0500-0600 40.8 13.6 259.2 
0600-0700 18.3 6.1 281.7 

1407.5 2492.5 



Figure 7. Amount (sees) of Pattern A electro
encephalogram activity during 1 hr intervals throughout 
the nocturnal phase of a 24 hr day-night photoperiod from 
three Sauromalus obesus. 

Pattern A activity is represented (between arrows) at 
the top of the figure on a strip of EEG recording taken 
during the night. Diurnal lights terminated at 1900 hrs 
(arrow 1 on abscissa), and began at 0600 hrs (arrow 2). 
Shaded area denotes the nocturnal period. Tabulations 
were made from 50 sec samples taken at 10 min intervals. 
Due to electrode malfunction, data for interval 7-8 
(0700-0800 hrs) were not available for lizard #33. Data 
in Table 3. 
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Figure 7. Amount (sees) of Pattern A electro
encephalogram activity during 1 hr intervals throughout 
the nocturnal phase of a 24 hr day-night photoperiod from 
three Sauromalus obesus. 
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Table 4. Number of high amplitude sharp waves (ShWs) ob
served during a 24 hr day-night photoperiod from 
two Sauromalus obesus. 

Tabulations were made from 50 sec samples taken 
at 10 min intervals. 

Number of ShWs 

Time Interval Lizard 32 Lizard 30 

1800-1900 56 266 
1900-2000 49 230 
2000-2100 36 192 
2100-2200 47 137 
2200-2300 25 134 
2300-2400 36 168 
2400-0100 33 148 
0100-0200 40 151 
0200-0300 32 186 
0300-0400 19 188 
0400-0500 17 158 
0500-0600 31 169 
0600-0700 23 178 
0700-0800 291 312 
0800-0900 302 380 
0900-1000 366 491 
1000-1100 334 341 
1100-1200 217 342 
1200-1300 271 247 
1300-1400 188 237 
1400-1500 186 252 
1500-1600 290 187 
1600-1700 302 197 
1700-1800 230 204 



Figure 8. Number of sharp waves (ShWs) recorded during a 24 hr day-
night photoperiod from two Sauromalus obesus. 

Typical ShW activity is represented (by arrows) at the top right on EEG re
cordings taken during diurnal and nocturnal periods. Behavioral positions 
are indicative of lizard activity states during the hourly intervals shown on 
the abscissa. Diurnal lights terminated at 1900 hrs (arrow 1 on abscissa), 
and began at 0600 hrs (arrow 2). Shaded area denotes nocturnal period. Tabu
lations were made from 50 sec samples taken at 10 min intervals. Data in 
Table 4. 
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Figure 8. Number of sharp waves (ShWs) recorded during a 24 hr day-
night photoperiod from two Sauromalus obesus. 
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Eye (EOG) Movements 

During a nocturnal period only 9-22 isolated EOG 

potentials were monitored from an individual. It was ex

tremely difficult to distinguish between eye or eyelid 

movement potentials (when the eyelids were closed) from 

records on the polygraph. However, visual observations of 

the sleeping animal by the investigator revealed that 

almost all of the observable electrographic potentials 

recorded from the orbital area originated from eyelid move

ments. These infrequent nocturnal EOG potentials did not 

appear to occur concomitant with any specific EEG frequency 

or pattern. 

During periods of wakefulness visual observations 

of eye, eyelid, and nictitating membrane movements were 

frequently correlated with EOG potentials recorded by the 

polygraph (Figure 9). Many of these potentials showed 

similar forms for both eye and eyelid movements, and were 

difficult to distinguish without direct observation of the 

animal. Figure 9 shows large amplitude, positive EEG waves 

following some of the eye and eyelid movements. 

Both nonconjugate and a few conjugate eye movements 

were recorded during waking; however, eye movements often 

occurred from one eye only (Figure 9). Potentials recorded 

from muscular contraction of one eye often appeared on 

the other EOG record at a lower amplitude, probably due to 



Figure 9. Recordings of electrical potentials originating from ocular 
and extraocular muscular contractions during waking. 

A, eyelid opening of the left eye. The potential recorded from the right EOG 
electrode was probably volume conducted. B, eyelids of both eyes closing. C, 
left eye movement (first positive deflection) followed by a quick eyelid 
blink. Again, the potential recorded from the right EOG electrode was probably 
volume conducted. D, eyelid movements recorded from both eyes followed by 
potentials originating from head and neck movements. Note corresponding in
crease in EMG amplitude. E, vertical, upward eye movement followed by a down
ward eye movement. F, rapid opening of the left eyelid followed by a slower 
closure of the same eyelid. G and H, swallowing activity that created dis
tortions on the EOG, EMG, and EKG records. I, nictitating membrane wipe from 
right eye. Note the large amplitude, positive waves in the EEG accompanying 
many EOG potentials, particularly during eyelid movements. Calibrations are 
for 50 yV. 
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Figure 9. Recordings of electrical potentials originating from ocular 
and extraocular muscular contractions during waking. 
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volume conduction of electrical activity originating from 

the moving eye (Figure 9). Extraocular muscular contrac

tions such as swallowing, or head and neck movements, fre

quently produced potentials on the EOG record. 

Neck Muscle (EMG) Activity 

Neck (nuchal) muscle activity (EMG) declined in 

amplitude during Position 5 or 6 at night, but did not 

appear to change during the nocturnal hours with respect 

to any specific EEG pattern. Occasional shifts in position 

at night produced a slight increase in EMG amplitude which 

subsided a few seconds subsequent to the movement. Periods 

of highest voltage EMG activity occurred when an animal was 

in Position 1 or 2, and especially during epochs of loco

motion . 

EKG Activity 

Heart rates during the nocturnal phase of the photo-

period ranged from 10-31 beats per minute (bpm) in all 

lizards. Once Position 5 or 6 was assumed each lizard 

maintained a relatively stable heart rate throughout the 

night, with a maximum variation of 8 bpm recorded from an 

individual during this period. During the day the EKG 

ranged from 15-56 bpm. More alert or active individuals 

(e.g., Position 1) showed higher heart rates (28-56 bpm) 
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while quiet, resting or basking lizards (Position 2, 3 or 

4) demonstrated lower EKGs (15-33 bpm). 

Artifact potentials often appeared on the electro-

graphic record for which no observable movement or activity 

from the animal was correlated. These artifacts may have 

originated from a number of sources including respirations 

(which were extremely difficult to monitor), shallow 

swallowing, unseen movements of an eye when the eyelid was 

closed, motions of the tongue inside the mouth, subtle 

muscular twitches or spasms, and electrode cable sway or 

other external electrical interference. 



DISCUSSION 

Sauromalus obesus clearly met the criteria for be

havioral sleep as outlined in the introduction. Evidence 

for behavioral sleep included (1) the maintenance of long-

term, immobile, stereotypic behavioral positions throughout 

the nocturnal phase of a 24 hr photoperiod, (2) substantially 

fewer arousal responses to electrical stimulation at night 

than during the day (Table 2), and (3) the assumption of an 

obvious awake state (Position 1) subsequent to 2-3 addi

tional electrical stimulations (same current intensities 

used for arousal experiment), demonstrating rapid state 

reversibility in these organisms. Nocturnal arousal re

sponses were less obvious behaviorally, and arousal thres

holds were higher at night than during the day. Similarly, 

responses to touch or handling at night were always delayed 

for a few seconds, whereas, the same method of manual 

stimulation during the day resulted in immediate avoidance 

responses, often before physical contact was made. 

Amphibians and reptiles have been reported to 

demonstrate periods of behavioral quiescence and unre

sponsiveness, but in most instances rigorous investigations 

of behavioral sleep were not performed. Bullfrogs (Rana 

catesbeiana) apparently may not sleep during laboratory 
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or field conditions (Hobson 1967, Hobson, Goin and Goin 

1968). Hobson, Goin and Goin (1968) reported that tree 

frogs (Hyla septentrionalis) remained nonreactive in the 

laboratory, became active only when heavily stimulated, 

and appeared to exhibit only resting behavior. The sala

mander Ambystoma tigrinum was suggested by Lucas, Sterman 

and McGinty (1969) as displaying only a "primordium of sleep 

and wakefulness". None of the electrographic changes found 

to accompany sleep in reptiles, birds, and mammals were 

found in these investigations. With the exception of 

recent publications on sleep behavior in the caiman, iguanas, 

and turtles and tortoises (Flanigan 1973, 1974, Flanigan with 

associates 1973, 1974), and a study on sleep behavior in the 

lizard Uma notata (Stropes 1971), investigators have not 

rigorously met criteria defining behavioral sleep in rep

tiles. 

In the present investigation, evidence supporting 

the presence of a distinct behavioral resting or "drowsy" 

state was not as conclusive as for waking and sleep states. 

Since waking behaviors were observed intermittently during 

time periods preceding the nocturnal onset, this pre-sleep 

condition was not reliably distinguishable behaviorally 

or electrographically from obvious waking or obvious sleep. 

However, the presence of an EEG wave pattern (seen during 

positions 2 and 4) recorded intermittently from three 



individuals, provided evidence for the probable existence 

of a third level of cerebral activity (Figure 5). Although 

this EEG waveform was not always recorded during the time 

period 1-3 hrs prior to the nocturnal onset, it nonetheless, 

did not appear during any other part of the photoperiod. 

Also, one lizard did not elicit an arousal response 3 out 

of 11 times following electrical stimulation during this 

diurnal time period (other daytime stimulations always 

elicited an arousal), which provided additional support 

for the presence of a transition state intermediate between 

obvious waking and obvious sleep. Laboratory conditions 

may have disrupted or disturbed a consistent appearance of 

a transitory "drowsy" state in all animals, which may occur 

with regularity in the natural environment. 

Enger (1957) reported- the presence of a dominant 

8-13 Hz EEG in the codfish Gadus callarias during behavioral 

activity in a dark room. He compared this EEG waveform to 

mammalian alpha rhythms which frequently occur during 

resting, drowsy states, with the eyes closed. It is in

teresting that the bursts (7-17 Hz) of resting, "drowsy" 

EEGs seen in chuckwallas showed characteristics similar to 

mammalian alpha rhythms. When a lizard was stimulated to 

arousal this waveform changed to the waking EEG pattern, 

analogous to mammalian alpha wave blocking. Hunsaker and 

Lansing (1962) reported similar EEG patterns in the lizard 

genus Sceloporus. 
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The importance of environmental exogenous cues for 

regulating physiological and behavioral periodicity in 

animals has been well documented in the biological litera

ture. However, investigators of sleep behavior have had 

little to say about environmental cues and their relation

ship to sleep-wakefulness cycles in animals. In view of 

this, the following brief discussion concerns the possible 

roles that light and temperature may have on the regulation 

of periods of sleep and wakefulness in Sauromalus obesus. 

The cyclic recurrence of epochs of behavioral 

activity and inactivity in S. obesus, observed over a 24 hr 

photoperiod in the laboratory, was related to light 

periodicity. Enright (1970) stated that many organisms 

may have an endogenous rhythmicity which depends on en-

trainment by day-night cycles of light or temperature. 

Chuckwallas decreased behavioral activity and spent the 

1-3 hr pre-nocturnal period primarily in Positions 3 and 

4, followed by sleep Positions 5 and 6, which were maintained 

throughout the night. The occurrence of minimal activity to

gether with the gradual assumption of sleep positions during 

this pre-nocturnal period indicated that the animals antici

pated the nocturnal onset (lights switching off). 

In the laboratory, temperature did not appear to be 

a significant factor or cue for regulating periods of be

havioral sleep and wakefulness. The temperature during the 
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pre-nocturnal period was relatively stable (33-34 C), and 

did not drop to the lower range of 29-30 C until 1-2 hrs 

after the overhead lights turned off. It seems unlikely 

that these lizards would regulate behavioral activity 

periods in relation to such a small change (usually only 

3 C) in temperature. Heath (1962) and Evans (1967) ob

served under laboratory conditions that, within certain 

limits, lizards of the genera Phrynosoma and Uta emerged 

from periods of inactivity independent of temperature. 

In the natural environment a photoperiod would seem 

to be a logical mechanism for regulating inactivity and 

sleep in a diurnal lizard at night. Light periodicity is 

not subject to as severe environmental pertubations as 

temperature, and would more reliably entrain a circadian 

rhythm of voluntary behaviors leading to the seeking of 

safe shelters for nocturnal sleep. Since poikilotherms 

generally depend on the external environment (sunlight) to 

maintain behavioral activity and internal body temperature 

(thus efficient physiological activity), then a temperature 

independent external regulating cue, such as light, would 

more accurately "signal" the animal to assume behavioral 

activity and inactivity when environmental conditions are 

tolerable. Furthermore, field observations by the investi

gator revealed that chuckwallas typically leave their 

territorial or basking sites, and disappear into rock 
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crevices even while temperatures are still quite warm, 

where they presumably remain throughout the night. 

If a circadian rhythm was regulated by temperature, 

then relatively high environmental temperatures occurring 

during late afternoon or evening, especially during the 

summer months, may prevent a lizard from seeking a safe 

nocturnal shelter. This condition may subject the animal 

to predation, especially if asleep and exposed. Although 

the results of this study support light as a prime exo

genous mechanism for regulating an internal biological 

clock in these lizards, other environmental cues, including 

temperature, may play a combined role for the entrainment 

of a circadian behavioral periodicity of sleep and wake

fulness in the natural environment. 

The shift from behavioral sleep to wakefulness in 

the laboratory did not appear to occur in anticipation of 

the diurnal onset. Although waking behaviors were observed 

mostly during the day, Table 1 shows that three obvious 

waking episodes were seen during the nocturnal period 

(primarily within 1 hr of the diurnal onset). However, 

these observations did not occur frequently enough within 

and between individuals to conclude that chuckwallas anti

cipated the beginning of the diurnal period. It is in

teresting to note that Heath (1962) and Evans (1967) 

reported lizards did anticipate the onset of diurnal 
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periods in the laboratory. Perhaps under other conditions 

chuckwallas may demonstrate similar patterns. In any 

event, most of the day was spent in awake states with the 

greatest amount of locomotion and body movement observed 

during the morning hours. Observations of chuckwallas in 

the field revealed that peak behavioral activity occurred 

during late morning hours, with lesser amounts of activity 

seen during mid-afternoon. Periods of immobile or resting 

behavior (e.g., Positions 2-4) which occurred in the 

laboratory may be a means of energy conservation and thermo

regulation in the natural environment. 

The presence of two cyclically recurring, alternating 

EEG patterns were characteristic of behavioral sleep in S. 

obesus. Similar EEG patterns that occurred during be

havioral sleep in the fringe-toed lizard Uma notata 

(Stropes 1971), and the regal horned lizard Phrynosoma 

solare (preliminary work by author) indicate that these 

sleep patterns are characteristic of some other southwestern 

iguanid lizards as well. Other investigators of sleep be

havior in reptiles reported some EEG slowing and decline in 

amplitude during behavioral sleep, but did not provide 

evidence of distinct alternating EEG patterns. Flanigan 

(1973) mentioned the occurrence of near isoelectric epochs 

(1.6-17 sees) of mixed frequency, polymorphic EEGs in 

iguanid lizards during sleep, which alternated with longer 
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periods of somewhat higher voltage activity. He did not 

determine these apparent recurring EEGs to be of signifi

cance to sleep in these lizards. It is my contention that 

the presence of brief epochs of low amplitude Pattern A 

EEG activity, alternating with higher voltage Pattern B 

activity, is of significance to sleep in obesus. These 

alternating EEG patterns were different (form and frequency) 

but not as striking as SWS and PS recorded in birds and 

mammals. Nonetheless, these cyclic waveforms dominate 

sleep in chuckwallas, and may represent primitive electro-

graphic patterns related to SWS and PS seen in more advanced 

vertebrate classes. 

High voltage spikes or ShWs were characteristically 

recorded from EEGs of most reptilian species investigated 

to date. However, reports on the number of these waveforms 

which appeared during sleep versus wakefulness varied 

between species. The series of investigations by Flanigan 

and associates showed that the caiman, iguanid lizards, 

and turtles and tortoises demonstrated greater numbers of 

ShWs or spikes during behavioral sleep than waking. Spikes 

were recorded only during behavioral quiescence in the 

Python, and in two species of Chameleo (Tauber et al. 

1966, Peyrethon and Dusan-Peyrethon 1969). Spikes in

creased in number (over waking episodes) when the eyes 

were closed in Iguana iguana (Peyrethon and Dusan-Peyrethon 



1969). Chuckwallas demonstrated the reverse of these 

findings. The greatest number of high voltage ShW activity 

was observed during waking and extreme vigilance, which was 

similarly seen in the iguanid lizard Ctenosaurus pectinata 

(Tauber et al. 1968). Peyrethon and Dusan-Peyrethon (1969) 

reported an increase in spikes following stimulation in 

Caiman latirostris, and a decrease when the eyes were 

closed. Despite these conflicting results, the presence 

of ShWs and spikes in reptiles during sleep and wakefulness 

suggest that these high voltage waveforms are regular com

ponents of the EEG during all states of behavior. 

Since the function of sleep remains unknown, the 

significance of ShWs, low voltage Pattern A, and higher 

voltage Pattern B activity, present during sleep in S_. 

obesus, can only be speculated at this time. Ephron and 

Carrington (1966) hypothesized that in mammals non-rapid 

eye movement sleep reduces the "cerebral vigilance" or 

"tonus" of the brain, providing neural rest. Conversely, 

frequent episodes of fast wave, or rapid eye movement sleep 

provides "endogenous afferentiation" which periodically 

increases the "tonus" of the brain throughout the sleep 

cycle, maintaining a homeostatic control on brain activity. 

Snyder (1969) stated that the need for an endogenous stimu

lation of the central nervous system may be necessary for 

the maintenance of brief, alert waking epochs from sleep at 
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night in order to scan the environment for predators. He 

further stated that an increased cerebral activity level 

would allow for alert waking at the end of the sleep cycle. 

It is postulated that in S. obesus the lower voltage slower 

frequency Pattern A activity, although dissimilar in 

appearance to SWS in birds and mammals, may provide neural 

"rest", while the faster frequency Pattern B activity 

maintains neural "tonus". Perhaps Pattern B activity, 

and high voltage ShWs are neurological mechanisms which 

prevent the sleeping brain from losing neural "tonus" at 

night. Thus, a prolonged decline in cerebral activity, 

which may result in the interference of normal waking during 

diurnal morning hours, would be prevented. It follows 

then, that maximal neural "rest" in the laboratory would 

occur between 2100-0300 hrs (greatest amount of Pattern A 

activity), and decrease steadily (as Pattern A decreases) 

to negligible amounts upon waking. Concomitant with this 

decrease of neural "rest", the brain "tonus" increases 

(higher amounts of Pattern B activity), perhaps preparing 

the organism for the transition from sleep to alert wake

fulness. This may be of special significance for poikilo-

therms since they depend on higher environmental temperatures 

for efficient behavioral activity. If the brain was to 

remain at a low frequency, low amplitude (or near iso

electric) level throughout the night, it may not adequately 
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initiate behavioral responses (i.e., locomotion) necessary 

to expose the organism to warm morning temperatures. On 

the other hand, frequent trains of high voltage, fast wave 

EEGs during sleep would allow the brain to maintain a 

degree of "tonus" throughout the night. Thus, an active 

central nervous system would be available, especially during 

morning emergence, allowing a lizard to react to potential 

predators by initiating appropriate avoidance responses. 

An efficient behavioral avoidance response would require the 

central nervous system to be capable of immediate motor 

control in potentially dangerous environmental situations. 

The electrographic sleep patterns measured in £3. 

obesus more closely resembled sleep characteristics in birds 

than mammals. Birds exhibit alternating rhythms of SWS 

and brief periods of PS, while chuckwallas show dissimilar 

but brief cyclic patterns of neural activity as well. The 

fact that chuckwallas do not demonstrate EEGs similar to 

avian species in form and frequency, does not mean that the 

EEG patterns present are not as important or necessary to 

lizard sleep as non-similar waveforms are to avian sleep. 

During behavioral sleep in IS. obesus eye movements 

rarely occurred, and neck muscle tonus did not fluctuate 

significantly while the animal remained immobile. Simi

larly, most bird species studied demonstrated only a few 

episodes of eye movement during some epochs of PS, and 
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showed little change in EMG activity during behavioral 

sleep (Rojas-Ramirez and Tauber 1970, Berger and Walker 

1972, Walker and Berger 1972). 

Alternating EEG patterns, whatever their function, 

that are present in several species of iguanid lizards may 

have evolved independently in this group of reptiles, since 

they do not appear to be present in other lizard groups. 

It is possible that some groups of ancient reptiles, an

cestral to modern reptiles and birds, may have possessed 

similar sleep characteristics (i.e., recurring EEG pat

terns; lack of significant muscle tonus variation; few 

ocular movements). However, if birds evolved from croco

dilian ancestors (Homer 1966), it is unclear why some kind 

of cyclic EEG recurrence has not been recorded during be

havioral sleep in living species of the order Crocodilia. 

The paucity of eye movements in chuckwallas while 

behaviorally asleep was similar to findings in most other 

reptilian sleep studies. However, Tauber et al. (1966) 

found that eye movements occurred during nocturnal sleep in 

chameleons. These eye movements were reported seen when 

the eyelids were open as well as closed. Flanigan (1973) 

maintained that iguanid lizards show brief periods of 

arousal, and occasionally open their eyes at night. 

Tauber1s et al. (1966) findings may have been witnessed 
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during brief periods of wakefulness immediately preceded 

or accompanied by epochs of eye movement, or eyelid opening, 

or both. 

Heart rate during behavioral sleep in £. obesus 

declined in frequency and remained relatively stable 

throughout the night, indicating reduced metabolic activity. 

Nocturnal heart rate slowing was not considered a function 

of temperature decreases (usually only about 3 C), since 

arousal responses from sleep states at night often resulted 

in a marked involuntary increase in EKG frequency (similar 

to diurnal EKG frequencies). The sustained nocturnal de

crease in heart rate and neck muscle tonus suggest that 

sleep in £. obesus is a state of physiological and muscular 

rest. These diurnally active and wary organisms must 

require physiological rest and recuperation, which would 

be provided for at night by the maintenance of prolonged 

inactive sleep behavior. In final analysis, the need for 

physiological rest in the circadian rhythm of all organisms, 

may be the ultimate criterion demonstrating that lizards 

do, in fact, sleep. 



SUMMARY AND CONCLUSIONS 

Sauromalus obesus clearly met criteria for be

havioral sleep commonly used to define behavioral sleep in 

birds and mammals. These lizards demonstrated (1) the 

assumption of stereotypic positions during nocturnal periods 

of quiescence, unlike behavioral positions observed di-

urnally, (2) the maintenance of these nocturnal positions 

with long-term immobility, (3) substantially fewer arousal 

responses to electrical stimulation from periods of be

havioral quiescence than wakefulness, (4) and rapid state 

reversibility from quiescent to arousal states at night, 

following 2-3 additional electrical stimulations. 

S. obesus demonstrated a cyclic pattern of be

havioral activity and inactivity, over a 24 hr day-night 

photoperiod, which occurred with regularity and predic

tability in the laboratory. Not only were behavioral 

states of sleep and wakefulness clearly differentiated from 

one another, the electrophysiological measures were dis

tinctly different between these states of consciousness. 

The appearance of two cyclically recurring patterns of EEG 

activity (termed Pattern A and Pattern B), reduced neck 

muscle tonus, decreased heart rate, and extremely infre

quent ocular movements at night, were characteristic of 
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electrographic sleep. Recorded measurements that dis

tinguished electrographic waking from sleep were higher 

voltage and generally faster frequency EEG patterns with 

greater numbers of ShWs, increased neck muscle tonus, 

increased heart rate, and numerous ocular and extraocular 

muscular potentials. 

Evidence supporting the presence of a resting or 

"drowsy" state of consciousness was not as clear. The 

occasional appearance of bursts of relatively uniform 

amplitude and sharp wave EEGs, different from obvious waking 

or sleep patterns, were observed in three individuals. 

The presence of this unique waveform, which accompanied 

behavioral Positions 2 and 4, indicated the existence of a 

third behavioral state intermediate between obvious sleep 

and wakefulness. 

Even though the electrophysiological measurements 

recorded during behavioral sleep in chuckwallas were unlike 

SWS or PS seen in birds and mammals, it is concluded that 

since these lizards sleep behaviorally, and demonstrate 

electrographic patterns when behaviorally asleep that are 

distinct from those of other behavioral states, they show 

neurophysiological signs of sleep as well. Since electro

graphic measurements (particularly the EEG) vary widely 

during sleep among reptiles and other vertebrates, then 

the use of these measures to compare states of sleep 



between species appears to be of little value. However, 

the behavioral requisites of sleep, demonstrated by chuck-

wallas and other reptiles, compare well with higher classes 

of organisms, and may ultimately be the best method for 

defining sleep in a particular species. 
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