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Abstract

The sleep cycle and subcortical-cortical EEG relationships were

studied in the unrestrained chimpanzee. Sleep was recorded for 7

consecutive nights from each of.3 chimpanzees via biotelemetry tech-

niques. The animals averaged 6.5% of their total nocturnal sleep time

in Light Sleep (LS), 53.9% in Medium Sleep (MS), 20.3% in Deep Sleep

(DS) and 19.3% in rapid eye movement sleep (REM). The mean duration

of the chimpanzees' sleep cycle was PS min. A "first night effect" was

evidenced by a lower percentage of REM, a higher percentage of Light.

Sleep, more time spent in the Awake stage, and longer latencies to the

onset of both Deep Sleep and REM.

Computer analysis techniques were used in the description of the

physical parameters of the EEG to investigate subcortical-cortical

relationships during the various stages of the sleep cycle. During

REM, nonREM and the Awake stages of the cycle the cortex and each sub-

cortical area studied were found to have their own characteristic

patterns of spectral density. The spectral density patterns of the

ventral anterior thalamus and the midbrain reticular formation most

1!	 resembled those of the cortex while the patterns of the thalamic centre

median and hippocampus were least like those of the cortex.

Coherences between subcortical areas and cortex were found to be

either a) higher during the stages of sleep than in the Awake stage, as

between the midbrain reticular formation and cortex; b) higher during

some stages of sleep but lower in others than in the Awake stage, as

between ventral anterior thalamic nucleus and cortex; or c) relatively

low in all stages of the cycle, as t:etween the hippocampus and cortex.

The unrestrained chimpanzee's sleep cycle as well as his subcortical-

cortical EEG patterns were found to compare closely with that for man.



THE SLEEP CYCLE ANS SUBCORTICAL-CORTICAL EEG RELATIONS

IN THE UNRESTRAINED CHIMPANZEE

Introduction

Electroencephalographic sleep studies on man have usually been

performed in the laboratory environment with the subject lying com-

fortably in bed. The slight stress or novelty of this experimental

situation is known to have marked effects on man's sleep cycle. for

instance, Agnew et al (1966) "ound that the first night of laboratory

sleep, a night usually omitted from baseline data collection, contained

more awake periods, less rapid eye movement (REM) sleep, and more

stage changes than on subsequent nights. There were also longer

latencies from beginning of sleep to the onset of both deep slow wave

sleep and REM sleep.

Most previous investigations of sleep in the chimpanzee have been

conducted and animals restrained in a chair or couch (Adey et al, 1963;

Rhodes et al, 1965; Rickles,. 1965). The stress inherent in severity

of restraint and the unnatural slee7► ing position was found to have a

dramatic effect on the chimpanzee's sleep cycle, affecting both deep

slow wave sleep (Rickles, 1965) and REM sleep (Adey et al, 1963; Rickles,

1965). Under these conditions, the animals were found to spend less

than 67, of nocturnal sleep in the REM stage, with the first occurrence

of this stage, if it appeared of all, preceeded by three to five hours

of sleep (Adey et al; 1963; Rickles, 1965). On occasion deep slow wave

sleep was also found to be completely absent (Rickles, 1965). The

present study has investigated the chimpanzee's sleep cycle and the

subcorticaI -cortical EEG relationships under less stressful conditions.

Electroencephalograph recordings were obtained via biotelemetry from
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unrestrained chimpanzees sleeping in their home cages in the laboratory

vivarium.

Me t h,-,d

a. Subjects.

The subjects were three tamed immature chimpanzees named Dinky,

Charlie and Kelly, weighing 14.7, 13.4 and 16.8 Kg respectively.

Several months prior to the recording sessions, the animals were im-

planted under phencyclidine hydroch l - r ide (Sernylan) anesthesia.

Electrodes were placed with the aid of a Trent Wells stereotaxic

instrument, using coordinates from the chimpanzee atlas of Delucchi

et al (1965). Stainless steel bipolar electrodes with poles 2 mm

apart and 1 mm bared tips were used in all subcortical locations.

The electrodes were placed in some or all of the `ollowing areas:

hippoc3mpus (A7, L16 to 19, H+2.5); amygdala (A14 to 15, 05 to 19,

HG); inferotemporal cortex (A4, L32, H-5.5); ventral anterior thalamic

nucleus (Al2, L6 to 7, H+22); centre median of the thalamus (t.4, L5,

H+16); midbrain reticular formation (Pl, L4, H+10); nucleus ruber (A3,

L3 to 4, H+8); caudate nucleus (A22, L8, H+26).

Cortical screws were placed extradurally in the occipital, parietal,

and frontal areas of the cranium. Wire EOG leads were placed in the

lateral orbital ridges of the left and/or right eyes in the first two

animals, while the third had leads placed in the ventral lateral and

medial dorsal orbit of the right eye. Stainless steel wire leads were

also inserted in the dorsal neck muscles for EMG monitoring. All

recording leads were soldered to a specie'.ly designed array of 3

Winchester M9 plugs which were fastened in a holder and mounted to the

skull with dental cement.
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b. Procedure.

The three subjects, along with five other chimpanzees, were housed

separately in a large vivarium containing eleven fiberglass and stainless

steel cages. The cages measured 4 ft. high, 3 ft, deep, and 2 ft., 3 in.

wide. One cage of the vivarium had been modified to allow behavioral

monitoring of the chimpanzees during the night by a closed circuit, infrared

TV system. A 4-channel FM/AM biotelemetry system described in detail

in an earlier report (McNew et al, 1968) was employed to transmit a

cortical and subcortical EEG, the EOG and the EMG. This data along

with a chronolog time code were recorded on a Grass Model 6 Electrb-

encephalograph (paper speed--15wm/sec) and magnetic tape for subsequent

computer analysis. Position and movements of the chimpanzees were

monitored via the TV system and noted on the paper record.

Before the onset of the experiment, the subjects were trained and

well-adapted to wearing the telemetry pack strap ped to the back with

a short connecLiing cable leading from the head plug to the pack. The

week preceeding each chimpanzee's recorded sleep sessions,

the subject was transferred to the viviarium cage that had been modified

for TV monitoring. The monitoring cage thus became the hon,z cage.

Following adaptation, each chimpanzee's sleep was recorded for seven

consecutive nights. The nightly sessions began at 5:?0 pm and continued

until 7 :00 am, The vivarium lights automatically went off daily at 6:00 pm

and on at 6:30 am. For each chimpanzee the same (.ccipito-parietal

cortical site, EOG and EMG leads were used during all the sessions

while the subcortical site varied from night to night.

c. Criteria for evaluation of sleep stages.

For evaluation of seep patterns, five categories were used:



4

awake (Aw), light sleep (LS), medium sleep (MS), deep sleep (DS) and

REM (see Fig. 1). The sleep stages were analyzed by visual inspection

of the paper record supplemented by direct observation via closed

circuit TV. The following criteria were use.a.

Awake (Aw): Animal awake; behaviorally alert or moving; high amplitude

irregular EMG; abundance of eye movements and blinks apparent in

the EOG; low voltage fast cortical EEG. Alternately, the animal

judged to be awake, either in sleep position or behaviorally

inactive excepting movements to and from sleep position; decrease

in amplitude of EMG; sporadic or occasional eye blinks and eye

movements; some slowing and increase in amplitude from the awake

low voltage fast cortical EEG with apparent rhythmicity in the

alpha and beta frequency range.

Light Sleep (LS): Chimpanzee in sleep position; decreased and regular

EMG; absence of eye blinks and only occasional eye movements

observed in EOG; some increase in A^plitude and decrease in

frequency in the cortical EEG to alpha and theta range; absence

of delta slowing.

Medium Sleep (MS): Animal in sleep position; EMG remains regular;

eye movements absent; cortical EEG shows delta slowing; high

amplitude delta naves present in less than 5N. of scored epoch;

occasional spindling in the 12 to 15 Hz range and K complexes

present.

Deep Sleep (DS): Subject in sleep position. FMG regular; moderate

amplitude EEG may 5e seem in EOG channel; cortical EEG shows

E	 delta waves (0.5 to 3 Hz) of moderate to maximum amplitude

dominating over 50% of scored epoch.
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REM Sleep; The chimpanzee remains in same sleep position for duration

.of epoch; EMG very regular; occasional brief movements such as

facial or limb twitches observed on TV monitor; eye movements;

cortical EEG flattening with amplitude similar- to light :sleep;

occasional saw tooth waves of about 4 Hz; K complexes and

spindling absent.

An additional criterion of minimum maintenance of the sleep sta ge for

a one minute (3 EEG pages) interval, in which at least 500% or more

of that stage was present in each 20 sec interval (1 page) was used

in defining an epoch of a sleep stage.

Figure 1

Results

1. Slew staging

The 3 chimpanzees, during their 13.5 hour nightly recording

sessions averaged 11 hrs and 52 min of sleep. Their most frequent

sleeping position was curled on the side. Occasionally they would sleep

on their stomach but rarely on their back. The amplitude of the EMG

taken from the dorsal neck muscles was dependent on the sleep position,

or the position of the chimp's head during sleep. The EMG indicated,

for the most part ., only the animal's state of activity, i.e., awake

or asleep, and gross body movements, and did not reliably serve to

differentiate the REM stage from other stages of sleep.

Nocturnal sleep was interrupted only infrequently by brief episodes

of behavioral awakenings. When interruptions did occur, they usually

followed a REM epoch or were near the beginning or the end of the

sleep sessions. From the onset of sleep to morning awakenings the
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animals averaged 27 min in the awake stage. The range of the mean time

spent in this stage per session was 49 min on t!ie first recording night

to 16 min during the third recording night.

Of the total sleep time (TS) the animals spent an average of 6.5%

in light sleep (LS), 53.9'/. in medium sleep (RS), 20.3% in deep sleep

(DS) and 19.3% in stage REM (see Table 1). The chimpanzees averaged

only 15% REM sleep on the first night compared with 201/,, on the remaining

nights.

Table I

The percentage of LS per session showed a gradual decline from 9.7`'/0

during the first night to 3.7% on the seventh night. The MS and DS

percentages ranged from 55.47. to 51.9% and 17.6% to 22.9% respectively.

The largest differences between Ss occurred in the light sieeD

stage, the percentage values for the three Ss being 9.7, 1.9 and 7.9

respectively. The percentage variability of the other three stages

was greatly reduced, being 51.2, 58.0, 52.5 for medium sleep, 19.3,

20.3, 21.4 for deep sleep, and 19.8, 19.8, 18.2 for REM.

The time from onset of LS to the first epoch of MS, DS, and REM

and the duration of these epochs are given in Table 11. The first

epoch of MS, DS and REM occurred on the average 10, 27, and 128 minutes

respectively, after the onset of sleep. The mean latency to the onset

of MS ranged from 24 min on the first session to 2 min on the fifth

session. The onset latency of DS was from 37 min to 20 min on the first

and seventh nights, respectively, while that for REM showed a nightly

decline from 203 min on the first night to 80 min on the seventh night.

The duration of the first epoch was 6 min for MS, 22 min for DS, and 12
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min for REM sleep.

The duration of the chimpanzees' sleep cycles--the interval from

onset of sleep to the end of the first REM epoch and then from the

offset of each REM period to the offset of the next REM stage--averaged

93 .4 min with a standard deviation of 39.3 min. When the first seep

cycle of the night (onset of sleep to end of first REM) was excluded

from the computation, the mean cycle length was 80.3 min, with a

standard deviation of 28.9 min. They averaged a total of 7.6 REM

cycles per night. The individual REM epochs lasted a mean of 18 min

with a standard deviation of 10 min. Table III gives the mean number

of REMs, the mean length and the mean range of the REM periods of the

three chimpanzees during the seven recording nights.

In the computation of the sleep cycles, interrupted REM intervals

(intervals separating two REM epochs belonging to the some sleep cycle)

were distinguished from interREM intervals (intervals separating two

distinct REM periods belonging to two distinct cycles) by the method

described by Kripke et al (1969). The compilation of all intervals

separating REM epochs (Fig. 2) shows a bimodal distribution of the

interval duration.. Intervals of 17 min or less were considered as a

consequence of interrupted REM epochs and were included in the previous

sleep cycle. InterREM intervals of 25 min or more were assigned to

separate sleep cyc?es.

Figuregure ^

The distribution of sleep stages during the nightly sessions can

be seen in Fig. 3. Fig. 3A is representative of the later nightly

sessions where little time was spent in the Aw stage and few stage
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changes cccured. Fig. 3B depicts an early sessico where 72 min of Rw

(the maximum found in the 21 recording sessions) interrupted nocturnal

sleep and numerous stage changes were apparent. Two additional sessions

of the chimpanzee "Dinky" may be found in an earlier preliminary

report (McNees et al, 1968). DS was generally found dominant during the

first half of the session, while MS dominated the litter half of the

session.

Figure t

2. Cortical and subcortical EEG analysis.

From each nocturnal sleep session five consecutive ten sec epochs

of EEG recordings were selected from each stage of a sleep cycle. The

digitized cortical and subcortical EEG of these epochs were subjected

to spectral analyses (Walter, 1963) using a 360-91 IBM computer.

Results from 7 of 21 sessions showing the relationship between the EEG

activity of the various subcortical structures investigated and that

of the cortex during the sleep cycle stages are presented graphically

in Figs. 4, 5, 6 and 7. For each of these seven sessions 250 sec of

raw data have been compressed into autospectral and crosspectral

contour plots, allowing recognition of patterns of EEG and other

relevant details that otherwise mi .̂ght be quite transient and lost.

The autospectral plots map the relative spectral intensity or power at

each frequency of the spectral analysis for the subcortical structures

and for the cortex. The total sum of spectral power divided by 100

(total sumsp.) over the frequencies from 0 to 32 Hz during the 50 sec

of each stage is given above the appropriate epochs of the autospectral

map.



9

The ,election of intensity levels for the autosp--ctral maps was

made by visual inspection of the computer analyzed spectral values on

the basis of distinguishing between the different stages of the sleep

cycle in the subcortical structures. The specific intensity values

from the hippocampus and other brain areas are also dependent upon a

variety of variable in the data acquisition system inherent in electrode

and amplification differen(-es. The autospertral intensity levels of

each contour map were therefore interpreted with respect to the relative

changes and not to the absolute changes in intensity.

The crosspectral plot maps the coherence, a sensitive measure-of

shared activity, at each frequency between the subcortex and cortex.

The coherence levels of .44, .57, and .62 of the crosspectral maps

represert statistical significance at the .25, .l and .05 levels of

confidence respectively.

Figure 4

i )' Hippocampus: Spectral intensity levels of the right hippocampus

along with the concomitant spectral values of the left occipito-

parietal cortex and the shared activity between the hippocampus and

cortex are mapped in Fig. 4A for Aw (lying down), LS, MS, DS and REM

stages of sleep.

The spectral power in the hippocampus in Aw, LS, MS, DS and REM

was generally concentrated in the high delta (2 to 3 Hz) and theta

(4 to 5 Hz) frequency ranges. Relatively high voltage is also

apparent in the alpha and beta ranges. Hippocampal slowing through

the sleep stages is in the high delta and theta range, peaking at about

5 Hz with little increase in power below 2 Hz. REM sleep is typified

by low voltage f4st activity si-nilar to the awake stage but wi-h a
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h;gher proportion of activity above 16 Hz.

Although a lcw voltage fast activity characterizes the cortical

picture of the awake animal's paper EEG record, the highest spectral

density is found at 0 to 2 Hz. The LS epochs depict a broadening

of spectral power to :he high delta, theta, alpha and low beta frequencies

and a lowering of spectral intensity in the lower delta range. The

spectral power increase. in MS and DS was concentrated in the lower

}	 frequencies depicting delta slowing. Spectral density in the REM

stage shows relatively more power from 2 to 14 Hz than in awake records;

the peak at 4 Hz reflects saw tooth waves apparent in the paper record.

The sum of spectral intensities in the hippocampus increased from

awake to LS, decreased in MS, increased sharply in DS, and then

decreased greatly to its lowest power in REM sleep. The sum of spectral

intensity in cortical EEG records increased from Aw through

DS and then de=reased in power in REM to a level slightly

above both Aw and I.S.

The progression of sum of spectral power through the sleep cycle

between the cortex and hippocampus in this session was not consistent

in cycles of hippocampul activity in other sessions. The relative

total spectral power of MS and DS was reversed in one case (relatively

low power in DS and high power in MS), and in another case waxed and

waned in the same sequences as the cortical records.

The coherence map shows a sparcity of shared activity between the

hippocampus and cortex from epoch to epoch within the various stages

of the sleep-wake cycle.

ii) Amygdala: Contour plots of the spectral intensity In the

f
right amygdala EEG along with corresponding values of the left occipito-



parietal cortex and the coherences between the activity of these

structures are given in Fig. 4B. The spectral intensity in the

amygdala in the Aw (moving chimpanzee), LS, MS, DS and REM is concen-

trated in delta frequencies. Spectral peaks at 4 to 5 Hz and 23 to

24 Hz are seen in MS and REM respectively. The 23 to 24 Hz spectral

peak in REM reflects uncal spindling often apparent in this stage and

occasionally in the other stages of the sleep-wake cycle. Low voltage

fast activity was found in all stages, especialiy . in Aw.

In the cortex during the same time intervals the spectral power

was concentrated below 3 Hz in all stages of the cycle. Intensity.in

the higher frequencies above 20 Hz dropped from the awake moving chimpanzee

to the sleeping chimpanzee. In LS and REM there was a reduction of

power concentration in the delta range and thus proportionately greater

intensities in the theta, alpha and beta frequencies.

The sum of spectral intensity in the amygdala decreased from Aw

to LS, and then increased through MS and DS. In REM the total

spectral power fell to its lowest level. Concurrent values in the

cortex showed a slight reduction of spectral power from Aw to LS and

then increases of power through DS followed by a decrease in REM to a

sum greater than that found in Aw and LS.

The coherences between the amygdala and cortex were generally low.

Figure 5

iii) Caudate; The contour maps of the autospectral values of the

left caudate and the right occipito-parietal cortex and the

crosspectral coherence values of these structures are seen in Fig. 5.

In the caudate, the intercity peaked at 0 to 1 Hz in all stages of the
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cycle. The power was concentrated below 2 Hz in Aw, LS and REM stages

with broadening to 3 Hz in MS and to 4 Hz in DS. The sum of spectral

intensities decreased frxn Aw to LS in the caudate while in the cortex

the reverse was seen. In both structures, sum of power then increased

in slow wave sleep followed by a sharp reduction in power in stage

REM giving comparatively a very low voltage EEG picture in this stage.

The coherence levels between the caudate and cortex were found to

be high in LS in the middle frequencies, 6 to 16 Hz, and consistently

high from epoch to epoch at 27 Hz in MS, 17 Hz in DS, and 31 to

32 Hz in REM.

iv) Ventral anterior thalamic nucleus: Spectral analysis of the

right ventral anterior thalamic nucleus EEG and simultaneous activity

of the left occipito-parietal cortex is depicted in Fia. 6.

EEG power levels in the ventral anterior thalamic nucleus,

typically low in comparison with the cortex and hippocamaus, peaked

at less than 1.0 Hz throughout the sleep cycle. Spectral intensities

at higher frequencies dropped off in LS with occasional peaks between

17 and 26 Hz. In MS spectral power increased with additional peaks in

the theta (4-6 Hz) and alpha (11-12 Hz) ranges. Concurrent power

increases in these sleep stages were also seen in the cortex. In REM,

a general reduction in spectral intensity above 2 Hz occurrea.

Total EEG spectral power in the ventral anterior thalamic nucleus

in the various stages of sleep followed the pattern in cortex but

with proportionately smaller power increases in MS and DS.

Coherences between this thalamic nucleus and the cortex were

generally high, especially in the Aw and LS stages in the theta, alpha

and beta frequency ranges. In LS, high Coherences appeared with
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notable consistency from epoch to epoch at 6 t,) 12 Hz. During one

epoch of LS, very high coherences can be seen from 4 to 12 Hz, and

between 15 and 32 Hz (Fig. 6). In the REM stage consistently high

coherences occurred at 3 to 4 Hz, 7 to 8 Hz and 10 Hz.

Figure 6

v) Centre median; The centre median, like the ventral anterior

thalamic nucleus, has relatively low voltage EEG. Spectral maps of

the right centre median and the simultaneous activity in the left

occipito-parietal cortex is given in Fig. 6B. Spectral intensity was

concentrated at 0 to 1 Hz in all stages of the cycle with fast activity

riparent throughout. Relatively high amplitude theta activity was

shown by occasional peaks in LS, MS and DS. Proportionately high

voltage fast activity was found in LS and REM. The sum of spectral

power across the range 0 to 32 Hz for the various stages of the sleep

cycle does not always reflect the progression of cortical changes.

For those epochs selected for the session mapped, the spectral power

decreased from Aw to LS, then increased through DS, followed by a

decrease in REM to a level similar to that of MS. The concurrent power

in the cortex increased from Aw to LS, through DS and then decreased

in REM to a sum of power well below MS to a level slightly above Aw.

In epochs from another animal, the centre median more closely followed

the progression of changes in relative power sr.-en in the cortex,

except in REM sleep, where again it was comparatively high. In the

latter animal, the sum of power In the REM stage was less than that of

MS but well over twice that of LS. The greater power in REM was par-

ticularly apparent in frequencies above the delta range.
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Coherences between centre median and occipito-parietal cortex

were-generally high at all stages of sleep. Consistently high ceherences

from epoch to epoch were found at 8 Hz in Aw, 4 to 14 Hz in LS, 4 to

15 Hz in MS, 3 to 18 Hz in DS, and from 3 to 4, 5 to 8, 10, and 16 Hz

in REM.

Figure 7

vi) Midbrain reticular formation: EEG spectral values for the

left midbrain reticular formation and left occipito-parietal cortex

are given in Fig. 7A. In the retcular formation, the peak of spectral

power was concentrated at 0 to I Hz in Aw, LS, MS, and REM stages, and

broadened to 4 Hz in DS. Moderate spectral power was found in the

higher delta and theta range, peaking at 4 to 6 Hz in LS, MS and DS.

The spectral peak at 4 Hz in REM reflects saw tooth waves also found

in the concurrent cortical EEG. Low voltage fast activity was most

apparent in the reticular formation in the Aw stage and then to a

lesser deg^^ae as sleep deepened due to proportional ;ncreases of power

in the lower frequencies. In REM, the intensity of higher frequencies

decreased. The sum of power in the midbrain reticular formation

followed the cortical progression through the cycle, excepting REM.

In REM, the sum of spectral power in the midbrain reticular formation

was at a level between LS and MS, where the level of spectral power in

concomitant cortical activity decreased to a level lower than LS.

Consistently high coherences were found between the midbrain

reticular formation and the cortex in the Aw stage at 8 to 9, and 31

to 32 Hz; in LS at 5 to 6 and 13 Hz; in MS at 1 to 4, 8 to 11, and 15

to 16 Hz; in DS at 5 to 7, and 11 to 12 Hz, and in REM at 3 to 7 Hz.
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In general, coherences were higher during sleep than in the Aw stage.

vii) Red nucleus: Spectral intensity values of the left red

nucleus and concomitant values of the right occipito-parietal cortex

along with the shared activity of thes,: two brain areas are mapped in

B 6f Fig. 7. The intensity concentration of the spectra in the red

nucleus was in the delta frequencies below 2 cps, peaking at either 0

or 1 cps throughout the cycle. Moderate intensity levels were found

UP to 5 or 6 Hz and to a lesser degree through the alpha range. The

summed spectral power for the five epochs of each stage increased

greatly from the Aw stage through DS, then decreased in REM to a

level similar to that of LS. The cortex showed a similar progression

of total sum of spectral power through DS, but dropping below that of

LS in REM.

The coherence ,, of shared activity between the red nucleus and

the cortex were consistently high in the alpha and beta frequencies in

Aw, LS and MS, especially at 15 to 20 and 25 to 27 Hz in Aw, at 10 and

16 Hz in LS, and at 9, 17 and 20 to 21 Hz in MS. In 0S and REM there

is some decrease in the abundance of shared activity and high coherences

are not as consistent from epoch to epoch within a particular frequency

band.

Discussion

The overall sleep patterns of the unrestrained chimpanzee were

found to be more congruent with its phylogenetic position that those

reported earlier or the restrained chimpanzees. The young chimpanzees

in the present study, excluding the first night, averaged approximately

20% of their nocturnal sleep time in stage REM compared with 15% in

REM for the monkey ;Kripke et al, 1969) and 24% for preadolescent
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children (Ross et al, 1968). in the nonREM stages, the young

chimpanzees spent about 60/, of sleep time in LS, 54% in MS and 207, in

DS. This compares favorably with what Ross et al (1968) found for

preadolescent children. Their subject spent about 7% of total sleep

time in stage 0 and 1, 50% in stages 2 and 3, and 18 0/,,in stage 4.

Excluding the first nightly sleep cycle, in which the duration

was extremely sensitive to the stress of the experimental situation

(see below), the mean duration of the chimpanzees' sleep cycle was

86 min. This compares with a cycle of 51 min for the monkey and about

90 min for man (Kripke et al, 1969).

Our chimpanzees also occupied a position between monkey and man

in the distribution of interrupted interREM intervals and interREM

intervals. The interREM intervals of interrupted REM epochs were 17

min or less, while the interREM intervals for uninterrupted REM epochs

were 25 min or more. Kripke et al (1969) reported that for monkeys,

the interrupted intervals were 8 min or less and uninterrupted interREM

intervals were 10 min or more. He also noted from personal communication

with Dement (Kripke et al, 1969) that interrupted REM intervals for

man were 25 min or less while uninterrupted intervals were 30 min or

more.

The slight stress or novelty associated with the recording sessions

of this study, as in the investigations of sleep in man, had their

effects on the chimpanzees' sleep patterns. Even with extensive

adaptation procedures prior to the first recording session for each

animal, the "first night effect" was evident. On their first night the

animals averaged a lower percentage of REM, a higher percentage of LS,

and more time in the Aw stage than on subsequent nights. In addition,

i
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longer latencies from the beginning of sleep to the onset of both DS

and REM were found.

Inspection of Tables I and II suggested that adaptation was not

complete after the first night but continued to some extent throughout

the 7 consecutive recording nights. This was evidenced 	 the gradual

reduction of the percentage of LS and the shorten:ng of the latencies

to the onset of DS and REM of the initial sleep cycle of the nightly

sessions.

Changes in spectral density of the EEG during the sleep wake cycle

depicted in the autospectral maps clearly indicate in cortical and

most subcortical leads,that highest spectral density in all stages of

sleep was concentrated in the lower (delta) frequencies. Similar

results have been reported in the restrained chimpanzee (Rhodes et al,

1965) `.rd in man (French et ai, 1966). As sleep deepened, the spectral

power generally increased. In stage REM and Aw, the power was relatively

low. A notable exception to these findings was the hippocampus. First,

the spectral intensity during sleep was concentrated in the 2 to 6 Hz

band rather than between 0 and 3 Hz. Secondly, spectral power changes

in the hippocampus neither consistently paralleled neocortical slowing

nor did they consistently display the reciprocal relationship described

in other mammals (Adey et a), 1963-).

These findings are in general agreement with an earlier report by

Freemon e` at (1969). They observed that low voltage fast activity

could occur in the Aw, nonREM and REM stages of the cycle; that the

slower 2 to 3 Hz was usually apparent in REM and nonREM stages and 4

to 6 Iiz irregular activity could occur in either the nonREM or Aw

stages. Computer analysis of the EEG in the present study showed that
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in addicion to the above, intensi,y peaking of the slower 2 to 3 Hz

activity may also occur in the Aw Stage.

Subcortical structures also showed some deviation from the pro-

gression of cortical spectral density patterns through the sleep-wake

cycle. Areas that mirrored the cortex most were the ventral anterior

thalamic nucleus of the thalamus and the reticular formation. To a

lesser degree this was fouid for the amygdala, red nucleus and the

cauuate, while the centre median and hippocampus mirrored the cortex

least. Each area had its own characteris t ic patterns during REM,

nonREM and the Aw stages and, in conjunction with the cortex, could

aid in assessing the different stages of the sleep cycle.

Coherence between the various brain regions have also been

associated with differentiating the stages of the sleep cycle.	 in

this study, as has typically been reported for man (French et al, 1966)

and monkey (Hoshizaki et al, 1969), coherences are generally higher

during sleep than awake, suggesting that a different or more permissive

organization of nervous transmission occurs between brain regions

during sleep (French et al, 1966). Higher coherences during sleep

were especially clear between the centre median and cortex, and the

midbrain reticular formation and cortex.

Coherent activity between the ventral anterior thalamic nucleus

and cortex and the red nucleus and cortex showed yet another pattern.

In the thalamo-cortical relationship, the general increase in coherence

was seen only in LS and less shared activity in MS, DS and REM. In

the rubro-cortical case, generally lower coherences were also noted

in DS and REM. This suggests that amnng these areas, the organization

of transmission in MS, DS and REM lacks the moderate relationships
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p.esent when awake. A similar picture of lower coherences during

sleep has been reported between another thalamic area (the dorsal

medial nucleus) and the cortex in man (Brazier, 1969).

Still a third picture of cortical-subcortical relationships

during the sleep-wake cycle is reflected by coherences between the

hippocampus and cortex. A scarcity of shared activity between these

structures was found during all stages of the cycle. This, too, is

consistent with the findings in man (Brazier, 1969).

The powerful and sensitive computing techniques in this study

have proven useful in the description of the cortical-subcortical EEG

relationships during the various stages of the sleep-wake cycle.

They have been employed similarly in describing the EEG correlates of

decision-making in man (Walter et al, 1967), chimpanzee (Hanley et a),

1968), monkey (Berkhout et al, 1969) :ind cat (Elazar and Adey, 1967).

In the unrestrained chimpanzee the sleep cycle, as well as the

animal's cortical-subcortical EEG relationships during the stages of

the cycle, compare favorably with that found for man. The results are

congruent with the relative phylogenic position of the chimpanzee with

respecr to man (Wilson and Sarich, 1969) and suggest that the chim-

panzee may serve as a good experimental model for human sleep.
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FIGURES

Fig. l: Telemetered EEG data of a chimpanzee in different stages of the

sleep cycle.

Fig. 2: The distributiun of between-REM intervals compiled from 21

nights of sleep recordings.

Fig. 3: The distribution of sleep stages in unrestrained chimpanzees

during two different nights of sleep recording.

Fig. 4: Contour maps of EEG autospectral intensity and crosspectral

E

	 coherence levels during the stages of the sleep-wake cycle.
i

Total sumsp = total sum of autospectral power (intensity) divided

by 100 for the 5 ten sec epochs of each stage. Coherences of .44,

.57, .62 represent statistical significance at the .25, .1 and .05

levels of confidence respectively.

A. Autospectral intensity maps of the right hippocampus and left

occipito-parietal cortex and a contour map of coherence between the

hippocampus and the occipito-parietal cortex.

B. Autospectral intensity maps of the right amygdala and left

occipito-parietal cortex and a contour map of coherence between the

amygdala and the occipito-parietal cortex.

Fig. 5: Autospectral intensity maps of the left caudate and the right

occipito-parietal cortex and a contour map of coherence betw:dn

the caudate and occipito-parietal cortex.



Fig. 6: A. Autospectral intensity naps of the right ventral anterior

thalamic nucleus and the left occipito-parietal cortex and a

contour map of the coherence between the ventral anterior thaiarnic

nucleus and occipito-parietal cortex.

B. Autospectral intensity maps of the right centre median of the

thalamus and the left occipito-parietal cortex and a contour map

of coherence between the centre median and occipito-parietal cortex.

Fig. 7: A. Aut,,spectral intensify maps of the left midbrain reticular

formation and the left occipito-parietal cortex and a contour map

of coherence between the midbrain reticular formation and occipito-

parietal cortex.

B. Autospectral intens i ty maps of the left red nucleus and right

occipito-parietal cortex ar-^ a map of coherence between the red

nucleus and occipito-parietal cortex.
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