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This thesis is concerned with the ¥ariation which occur
in the &lectroencephalograms eyemovewmts fid neckauscle
potentials of three 3pecies the pigeon rat and chicken during
prolonged recording- under normal gonditions under conditions in
which the animals were fatigued and gfter drugs had been admin-
istered. While the recordings from the rat showed the two 3tage
of deep sleep typical of ®Atmals no distinctive "sleep” pattern
were observed in the record fro® Birds except after nembutal
had been given. The results seen to support the idea that Bird
do not sleep.
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CHAPTER ONE

IHTRODUCT10S

In a sense, sleep is everyone’s problem. As Kleitmnn
d, ; I, c't 7't [ in-
dividual considers himself competent to write be< ;0 per-

sonal interest and first hand experience.* (1959, p. 6) Yet,

despite this truly voluminous literature on the subject, the
mechanisms of sleep still remain a mystery to us.

Barly theories of sleep centred on the notion that
somehow fatigue substances accumulate in the organism during
wakefulness, and the action of these substances on the nervous
system causes sleep. Although these ideas are over one hun-
dred years old we are still compelled to accept some variation
of C.". toe- . odem electrophysiology has ted th;
the cite of action of these substances may be iIn the hypo-
thalamus or so-called activating sys - e«. However,
is necessary at all is still a "_Ae.

Nauta has emphasised the difficulties that are a
result of our lack of knowledge:

“The essential role of the nervous system in the regu-
I-"tioa of the sleep-w-"king rhythm of higher animals 1
widely recognised. So less a person than von Economo, however,

drew attention to the fact that the phenomenon of sleep cannot
be accounted for by a mere functional change of the central

1



nervous system from its condition during the waking 3%tate It
is indeed an important fact that the fund®": -a of 3leep instead
of being characteristic of higher animals,is also observed 1in
several organisms which do not poss - canttf ' tervous system,
and even in several vegetable species. It I® therefore iImpos-
sible to attribute this mysterious function to any special
organ. Since all experimental work on »lee | .s hitherto been
confined to r ', chiefly to cats and monkeys, practically
no data concerning the comparative physiology of this pheno-
menon are available."™ (1946, 1. 285)

It i1s to this latter | tement of ' auta’s th "o

search to be reported in this thesis is directed. While, since

1946, several comparative studies have a] . , have em-
ployed submamraalian species as subjects. This fact is . tally
remarkable, since, as we ee, consider bl oo
been placed on the role of mammal eertex

sleep theorist®. I, a® these authors sees to suggest, different

stages of sleep are a function of the activity of the neocortex,
what would one expect from an organism lacking such a structure?
The present research represents an exploratory attempt
to answer some of these quemtions. To achieve this, electro-
encephalograms wore recorded from different species over long
periods of time and under several different exp sntal condi-
tions. Specifically, we were iInterested in whether the typical
*s¥eep-type 130 pattern® whic’ / Im® La, occvr aiy
or could be experime; Lo cod . B r~ecica.
is incomplete since no behavioral observations were made. How-
ever, it was felt that finding out the extent of variations in

the WV records of birds would he of sufficient theoretical



interest to warrant such a design.
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The oldest theories of sleep centre ai id 1 cir-
culation and distribution of the blood. Alcmeon, who lived in
the sixth century B.C., is credited with the Ffirst theory of
sleep (Kleitman, 1939). In this time when the importance of
the brain was unknown, Alcmeon hypothesized that sleep was a
result of the retre it of blood into the veins. wakening was
thus due to venous disgorgement. "ristotle, who also ¢ ed
the heart as the centre of "hervous functions, saw sleep
result of the ' 're proo . ‘ n
occurred, and the heat froia th.i& process rose thro ‘ .,dy
causing drowsiness and sleep. Pati.pun act-?! | a solvent in
the body, therefore yielding the same result. Aristotle also
suggested that the proportionately longer time sjent in sleep
in Iinfants was a result of infants having larger heads compared
with their body size.

These ancient theories are essentially limited in
nature, since more importance is att .ched to the mech alam of
sleep than to the problem of why sleep occurs. However, they

are the forerunners of the 17th and 18th eentury *cerebral



anemia” theories. With a better underr t both the
function of the brain and of circulation, numerous | . >rs
proposed that sleep resulted from either a c in the blood

composition or a change in the blood flow to the brain. With
the i1mproved techniques of the last 50 years or bo, most of
these early notions have been experimentally to I the
results have either failed to show the Appropriate relation-
sgﬁp or have shown the exact < ite. Thus, while these early
theories showed considerable i t on t

< ‘ : !
authors, few have been borne out by modem facts.

With the many gains made in the latter half of the 19th
/ century ir. the u><:eie leadin"- nd neurology,
| numerous new theories of sleep were proposed. Kleitman (1939)
has cleneified these into two groups- humoral and neural,

shall therefore follow Kleitraan’s example.

"t ' I A\-ll<r Wl
theories In this gr upt ’'“The common feature that characters-1s
the humoral theories of el- '
of certain substances, usually end products . \f
either in the tissues, in general, or in certain organs, such
as the brain.” (p. 479) A number of these theories emphasize
the importance of the oxygen balance iIn the brain. One factor

leading to the attenuation of the oxygen concentration included



MH I r > "1® c-
earban dioxide and 1 r-t on the brain ( its)
has been noted.

Several theories have postulated the existence of

certain fatigue substances (toxins). In these theories, the
fatigue toxin accumulates during the waking hours and causes
sleep. During sleep the fatigue toxin dissipates or iIs counter-

acted by an anti-toxin.

Similar to the toxin thtories are those theories which

emphasize endocrine function. lore, | ire released into
the blood 11 | equently affect certain ''sleep centres.”

‘ tn s | s
Salmon pro - . the --ateriar lobe of
uuced MI 1 titoxic norMNM t-a.-t revent Doe :lns from

operating during wakefulness. The posterior lobe produced a
vasoconstrictor hormone wl . | sited the activity of the
sleep centres and lead to sleep. The support for Salmon
theory came from three sources, as Kloitnan (1939, p. 485)

has pointed out: 1) the production of sleep by the injec-
tion of posterior-lobe extracts into the brain ventricles? (2)
the favorable effects of these extracts in cases of hypophyseal
syndromes wit". and (3) the increase in sleepiness
in hypertrophy and h: mhnb¥ of th©® hypophysis (pregnancy, IiIn-

cipient acror- , . —-tretio -, ft -oidIsm, nnd iIni-ctleus



such as influenza and encephalitis).” While Kleitman concedes
that Salmon’s sleep centre may be located in the dienes in
he argues that this cannot possibly be the donia™t control of
the sleep-wakefulhness rhythm. The burden of proof for Kleitman
lies In the “well-known fact” that lesions in t .sis do

not result in c< stlon | : e

mone theories are unacceptable: (1) Th; - D "fa

the ee»e eeneentratio .. the "Bleep-produein, substance” iIn a
single individual can at one time reeth ... b oo . \ o
- wakefulness. This mi | depend entirely on the circi -ices.

In other words sleep, at least in adult humans, 1is a vo?.v.ttory

act. (2) Babies, despite a minimum amount of activity, sleep
most of the time. (5) Parabiotic monsters, babies with two
heads and at .~ | circulatory system, have been ob-

served when one of the heads was sleeping and the other nursing.
This observation has also be de on several sets of Si i

twins. (4) Cross-blood circulation studies on ' ed
that they Bleep independently. (5) Kleitnui’s own

on humans that have been kept awake for several days have shown
that they do not get continuously sleepier, but rather follow a
periodic cycle of sleepiness. His subjects were much less sleepy
on the third day than they wore on the second night. Kleitman

also suggests that if the toxin-horraone theories were valid, one



would rise
in fact, this doos not occur.
The exponents of this . uf theories c d-

ly answer Kleitman’s criticisms, some more easily than &thers

Tor example, : L voluntary
act does not preclude 1 . olity toxin sul MHI exist.
It may be that the f | ;.6 elements predispose certain neural. pat-

terns and. that sleep results from the integration of a number of
factors, including® iieural activity Involved in the ’voluntary
desire.” The cyclic day-nlg

may be well within the critic -1 result
in “coapulsoi’ylM sleep,

Thus, the fatigue su h

issue but are implicit in  _____._._ isi
Failure to di. o I mubatamcm dues not prove

the theory Talse. It might menu instead th-f t < . ..-..stic tech-
nique used is inappropriate, or that the crucial sub. re is

rapidly dissipated in the blood stream, after affecting a Msleep
centre.” However, despite these possibilities, scientific iInterest
has generally shifted away fro. me—-toxin theories to the

group to described i | o0 next section - nc r

Wsmatml .T~ 0os

The earlf | ) O

toward the end of the last century. These theories generally



port® incd t ‘ 'nd C.

il W : xt 19J
originally ‘ mt
cell in the carte- ' 2y fro - cell
body, th?. ... ... ‘ ‘ | »50
circuit was broken r - - - During sleep, the shrun-
ken dendrites : r .+ elongated ‘ :ts
were reestablished caut ‘ -m. \ modified
and somewhat more complicated ameboid movement theory - ,>0-
posed by Cajal. However, since there is no evidence of histo-
logical changes during . it does n
tnble tc - into <

’ j ‘ . In-

fInit 1 r are th..;. ' - i of ] i-
tioa. .."hilc >itlo I theeri b<n 1 ;ro-
posed, none have reached t r
?avlov (1927, lectur & XV1), Pavlov’s basic m is

that "'sleep and what we call internal inhibition are one and the

same process.” (p. 251) ™M example offered 1 Jlov al.-.it

demonstrate this relationship:

"An ani L1 reflexes . < to dif-
ferent stimuli, inoludi 5. a defind . nsical tone. During
the whole period the animal remains alert,. The development of a
differentiation of a tone close to the positive one is now started,
and it is noticed that <L \ >0 process, the animal gets drowsy.
The drowsiness , creases, and often c a
deep sic . a complete relaxation of the skeletal muscles,

and snoring, so that when no other positive conditioned stimuli
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orc uxlainl I reinforced by food ' stir
up the animal and even to introduce the food forcibly iInto its
-emxth to initiate t o (1927, 1)
this "typical” experiment, tion
of various cortical units st#
i.e., after each s us element, food was delivered to the
animal, Wille initi t (unco toned. ilus,
, elicited ‘ 2.r
‘ if
brought forth the eonditi ;« 2ol
non-reinforced discri lory sti e
of trials. This proc (11 vt result,
widespread cortical inhibition (neural description) or s
(behavioral o rr tion), iwlov’r I st
(1 *,.,thFf eortdc 1 elements, 1ent th st
point of develo. stem, are extremely sen-
i ‘ : " M Nt | tive
1" (2 "The pr a ... as-
sumes the role r of 9irtioal si eventing
highly sensitive structure.” ,
example, oonditionin I L. gar

state in numerous cortical elements to a point (near exhaustion?)
where any discriminatory yti ' the antlt I of exci-

tation - iInhibition. "|] ss s amber of cortical elements had been
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unite (inh?

type of inh.il - " [
Sleep re: Id!

Pavlov ci oh various tech-
niques wei"e used to achieve the same fFesults For example, if

a delay procedure was used (where the onset OF the C3 occurs

prior to the US and continues uni tion of the US)
‘.t (m“»> 3 interval (time between the onset of the 0S and the
onset of the US) ¥ ex " . ".n inhibitory
state oc '

In Oth: ! ?

Hquick trr 11 < n?.

sleep n . (p- Tz.’-r1 the cud of

the CS-US interval, 1  ft

copiously. ( p. 26:

riw’e I . ‘ vincing
("The eyes close, the head ''rojpe, f...c e body relaxes, and
hangs on the loops of I . an oc-
casional snore.” p. 261) serit ,—retical questions can
be asked concerning his exp? on of this phenov- 1 . I1though
localized cortic¢ ’ .ent to one in which

excit ti") 1 la cccv

during sleep, inhibit.!. ' ..to cell-
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of i cart 1ly. (p- .IVO) t
suppressed inhibitors . -1 ' -s the
If, in fact, aan (p. 272-4)
[ for b
............ , Ltiox ie
from? (2) What is responsible i Jtaittl " st

(3) If inhibition it

animal fulls asleep with, each i

the [-., @ . C. e j.oai..

in a state of corny” . . . >ition? BH . . list could bl z%e
e \ d < ‘ nee

in the fora o recoi "rou tie cortex,

Warts (1960, 1901, ... Lo ;-

cording froia

-jority

of cello H 1%oc -0 at a higher

[
In fact, Swarts hat C e oo ..hi of r
Beta cells iIn the notor curu;:f ‘ jid bursts
during sleep, that e~ ‘ ~ itery 8en

w cells, re "B othi. | u
as the iIncreased susceptl111.111/ t . Ing sleep of epi-

leptic patients.



-<us, 1t cun V ion® c ty ” theories
of sleep have pr tc r entire t ¥#st . -re
based on propositions whic ] X i V. m
could not be proven, or were not incorj ; newer
"mjcoveries, Tn fie 1330%e . ency to ~ovc

from attempts at complex theories and to apply the iIncreasing

electronic tr-' -- to eluci of el.. . The
follov: ! to 1 -.10
studies O <hc

Modern 1 vo.ry

"That slow potent!;..In - r a1 F-e record when a sub-
ject i1s asleep was on® c¢c' 1 e FTirst : ... to be esta-
blished in electroencephalography; and since Berger®"s (1932,
1933-34, 1935) origin'! jifjr

been plentifully confirmed b subsequent workers, (Brazier,
1949, p. 193)

The significance and import |1 of this observation of

] mp’8 w ' v ‘ : ' Z0'n.
r the first time an effect.!-- i altering device was available
to Bsasurs 1sstrie 1 ctivity of |
Gerard (1937, p, 692) have statedi eHectric"-1 pc " of the
huEiort brain, led fro ' o ! tn oh

jure of thO® activity of this organ which may be corrcl;. ted with
other physiological or psyoholo ;ic 1 —_ . Th eunaiAerabls
number of papers were repori thic time t .c various

changes which occurred in BIG patterns during wakefulness and sleep.
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.00 the iIndividu 1 papers re not particularly Important for

ry of r on

rev crs will be descr? sks | rd, 19°57) Blake,
1957) looxais, -hrvy start, 1957] Davis, Davie, rooaie,

...... ‘ . rt, 1939; Blake, Gerard and Kleltm i, "' 9,

It & ‘ Iy ip I agreed that the \3” represents

“mussed synaptic potentials of apical dendritec of rv.l yra-
mid>.1 colls, becoming synchronous ' nd oecil.l--t. of
maximal amplitude.” (Glaser, 19&3, 6) Boraal human G, 1in

the waking State but relaxed, usually has dominant rhythm,
called alp? a, hieli varies between 8 and 13 cycles per second
(ops). The aiaplit ! »e Is In ths range from JO to
microvolts (uV), 'nd they appear Host prominently In the
parietal :uid occipit « u th<

[ . m | ?se sr a", but most

often in red xce' a . Lltude. *d

.-.ited with sensory stimuli, the alpha rhythm is ’'"blocked” or

diminished in amplitude i t ... Lo It I (15-
30 cps) which is faster than the alpha and of lowr litude.
| ! tendency

for the alpha to diminish and the gradual appearance of irregular

activity in the 4-7 ep» r "c i -long with si itive waves.

Interspersed with this activity »ay m ’¢c indling” (bursts of
12-3 voltage, fast activity. As

sleep deepens the de. it rhythm appears ae large, slow, and
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irregul
;se of si--.'w.
It . . OCCXE? ;-
tlo : !
' cts.
The e'™
t ‘ - L e
not cease o I O-
nizlng aeohaniF... - oo [
is- ‘ - - - - - -
sleep occur, and t .ically reflected in th.
ms. (@]
Jke t ‘ .ifted
to no). <e
to ctrical rhytluns o . 3
this,  ...... ' I ‘ . cl
changed from "Why do nninel: "o to
I i-

Fluence (1939, chapt . 12.8ilman » >n the wake-

I b N S I 6 . . h»
factor *evolutionary” theory whloh trill now 1. . d.

Kleitmanls Evolutionary 22°-c sry

From Kleitman’s view, it is not sleep which requires



reaction, an actiT<lv . N

hibition of cortlc urea* there is not

about 1. "dally well 1:.
a of ‘ D (1 >¢ 50
cycle,
(¢)) L o
.t control >rtic

a supplement;

sleep vau

cor:. I\ Funx . , Wakefulness o0f necessit, |,
counterpart, . : .
l. t
1o,
strong external ) e
latter might be re.?; . . B

16

of

Iw*

aa a let-

. ribee

ach baa as i1ts

oy

ins or excretory func-

to 1ts norm 1

cion) the interoceptive stimuli

are reduced, and the organism returns to the sleeping state,

rlj , .

; jo-r . al L

In contrast, c I0icu ifc

\ o

. jh

tITO
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function ’ ftp - ¥ soci! lturation to the finally
-af oo Vv : 7, 76r)
IB is
' »1S. " tor | Iotell ] ‘
that Bleep is regv ' uitwvoi --er, conventional

~Ing habits of humans are arobebly a convenience dictated

our dr-.y-nifht eyol . Heitman (1952) ha® shown that daily

olic rhythms can be altered by avoiding daylight ant arti-

ficial l;- . d & of different lengths. Similarly, Oswald
p. 172) reports that two of his 11 leagues "adapted’” to a
I hour %day While they originally took 7.5-8 hours of sleep

' 1 11-12 hours of sleep every two days at

I ' end ‘ w
ot of
sic. p,

: tion of external and internal stimuli. C -
fulness of choice and 1 I I -leep-wakefuln.ee, eyole are
accounted F ¥ soel v : ions.

i
Central to ¥ 0©Ovo LA . the concept
of a wakefulness < & [ . rtieal area or nucleus
responsible for the maintain of .. 1
bed


wakefuln.ee

18

fill -.1. .- owsvor, without this
afFferent sti could not stay awake. "fter re-
Vi 1, -""leitman (1939, chapter XXXV) concluded

t — / P t b §

i-i " also represents the
/

Iofp . t et ptic r to tl tex, ".n
important role of this wakefw « atre in Kleitmnfs original
facial ation 1> "turn off” rent sensory str- . to the
eortex. However, v 1. 1ines of research have shown that dis-
tu . the cl.-ssteal | is not crucial.

‘afa First worker to show the effects
of verioue hrrh 1 ' e Cctj >»>s In the cat. IT the section was

11  (enccphnle isole), the EM showed normal

-nd *ulness. However, 1i1f the
eat "meectioned (cervc . -), the

I - slow ThythMBe MT felt

' IS

the eort-u ' t cortc cutdFielw.it
vt 1 rns. 1 feta-

tion ' ined until the discovery of the activ Kk . pro-
perties of t - "1 Eten reticular formation ( ; hy Morusai

1 (1949).

(1949), Weaew Lo ige from, the

surface of the cortex In anesthetized cats, while rapidly stimu-

lating (up to 300 pulses/sec.) the - . with a low volt"ne (1-3



of

...... a |
r [ P
for by direct
.icit oLl oo 33, ¥t
cular ../-_lion did not effect the c."
authors concl.
of maintained uctivlt. »;l.th.i th ti~
b "ulness, while r-' 'no
u.l bt ‘ W1
injury and disease, B#y r . ‘ .cipitatc nor.
Do > ‘ ‘ ‘ { ‘ .
472) Shis latter theo.l - 0,,.. i \Y nt
by 5.
' re-
I 1 le-
ft I
,0 or ting
from bar-. sl 1, 9§ feed, tri
I id t
; 1 , 3
‘ 1

wakefulness still appeared. Thus, the result. sun and his



IM 1

fnrhnus, 1t can r.e seen

it

workers have conee.

20

b I tot
I
8L A"~
, 1 Cop
It
J S art 1 Ly -.i,

that the BSRF is functionally close to

‘ *77, i

..... r,
‘ - hA
¢ U = | to the
, Lo
- 1.?
It
BS!
loo..
L} . <»S
~-F I these
ol
i nucler of o~ ' * -s.

tioni excitation

lafivm
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X C~
-H'r 1l . Ilall rl -, he « - / . - n? this
the N ( v r-ortex. ee frora hie
' | v ‘ iS
- -a a
I Tn - - - -
hi o a | v tonn leeiona and tnMSectl.ro j o0 0.- -eg
of the < significant -Iter-hh, is in the rr—e. _eo of
®1< ¢ "mi"i1at«PSl transec!’ or ¥esion | Ln the
£n 1 leeye so in 1 - I c:
I rii- t imj lesion® in the 11 | flfced vakefulnea to

lesser degree, However, control sections between the anterior

and terlor ©a® ii vr-" | Ke> i :;; a®tenlis 11 1 » v@nt-

r-e header of the tl tlaauB failed to produce - riotioQ tn. the

r-’. kil co i | ie e e. oif.-

-t 0 n* ' - '.-0 cause dirt"- n ' eel Q@F
earncl . ' S Kor< )i tir i o= i.-t of

-dr’'brMn tegnentwa? r } is of spec-’f;.-: o -eT... oc or tee

. f .C(? QF
tion ¢ ' . mtrewj* (11?4b, . 314)

rwatl ' e ' , .« . 7,..et.Vinal
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role of ' >t be
inconsistent with th r - — reticular
fABBation. Lindsley (1960) point® ond m ‘ -
stance extends iIn to the posterior hpnotJt.nl-> 1

efferent pro~cttffiMl | | it extend, to ' ypotha-

1UB,u (1960, p. 1561) Gellhom hlaself recognizes t'Jf. rela-

tionship f< states) ''Both structures have | o<, 00
in c . 1
appears Tairly clear from these sonnet -.a that thr ‘ ting
syoten of the IN 1 I cepTiolon.
‘i
. r of
Studies . i ich Jcswr 1 - the
isej . : mi
r<t Xo945]| . ?» 1961;
» SS3 7 . : , 1. | i pila,
| o I ‘v '1 al) noted
..... . a
i [ V"
' . ____tudied
rei-

fiaial k. .3 1ndue.



23

1. Thle S ! S
the activ- oten r=1 < "
1
Horowitz = = i = -eer phase of
sle .well 1 t e “slow wave phase. Tn tug phase, io0
Voee | L | Jog« reeo Proa
an .? art an! sal. Durin the oal arewal thres-

hold was increased considerably. These observations have been

plentifully c¢-- ;n.r’-d by ciouvet (196l1la, Holb uoive
research suggested a possible controlling mechanism for
t"v-
- - - the i 1 ; I

prepared er.In. co0 L O J# 1y
or partially decor - LA v rtl".1 brain steal
section, 12 wit trial coagulation of the brain stem, and 2 in

rch there wee tor- bl ti »n of 1

was studied fro® 6-12 Moure a day for a minimum of one week. As

well as Ih», | m-o0k muscle |« .tial ' + recorded
from each cat. The results of ‘ -.trot- -ed two
distinct “types” of f- v .rifyi; -ller - -In

o [ - ee (slow sleep) there wae a general tendency for the

6 to sio-’ -N. r t al;" uh:'re continued, large spikes appeared
1 For a full discussion or" thin r ' boir
N : )-
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(300-" ‘ muscle
potential boi fitly,” "I of
sleep, (rapid, paradoxical, or r tije, fast
-c-tivit” | ‘ i the cortex tad ' v.Ueueej™alon. 0S;:
patter. Indi ) .akefulness. ‘t a. ¢ snaB
time-, 6-0 : > toe pon-

tile reticular formation. "

Co. ‘ S
occurrence of - | eye "jo-tew. thavioral arousal tests
-a t. , in this latter phase, the *. . [ -3

times. v, onitory stimulation insufficient to cause

behavioral arousal would return the patterns to the former "slow™
phase. Jouv< . .1 ncladed fr< I the
rhombencephalic phase represented a much deeper and "‘prcCewnP
sleep than the "slow" phase.

The results of the various lesion and section prepara-

tions [ D ts wi ' oval
of neocortcz 0 e h err < - L m
recorded, fr .res, There was an rmt

luck of slow I ntivity, 9C the record being
dominated bh;. rhOBbeneephalic sleep rhythms. Sectia

base of the diencephalic formations (cerveau isole, | r, 1935)

showed continuuw;.. slow wave and spike activity when records wore
made in the cortex above the section. IT the recordir.-y was fr

below the section, however, there was rapid activity during
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wakefulnesr ‘ \
1 1) s
< cortex
1/or d I .- [0
elec- ir tri--pnfl the ® of th S I
i in the Tt [ . tter

is was tested by making 5-4aia lesions in the pontile
regions. : al

, trace of rh

CO clui 10 ' ! ", O

are two dietinc
«low sle”r JWret c’lls “ttooeloep since it ' ‘ under the
control of neoeortioal structures. shorn I ?ept being
triggered by subcort eetrue” i; N t as “‘archisleep.«

Thia e'- > O
Kleitiaan™s (1939) two-fold theory. It will be rec -1 that
Kleitman described a primitive al ’ "th i1ts ca -vu. ry

state, wakefulness of necessity. This he held to be of a sub-
aortic I,re. In contrast, wakefulnea lolee and the
diurno?. c-rcic w ' + .-onts. However, it from
Kleitman examples (n. 14) th--t theae phasei w re renr

tive of different ex? o [ T

I'he studies of humans and cate (as well ar ot-"f’ an -n' ev

shall shortly see) show that archisleep and neoslecp appear 1in
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I eri-
ti< &
Im [ If
"lisle \,o0l
‘ “ -u iwt,
recording® e acolp of neon*® .t ©how these pat-
terns hut r * elow adtivi
i 3 n-'mf . 6-9). h ' -, however, ho cavi in the
t | nt
of cortex in neo ” id ascon. transmission
may be sparse. " - .a-
JoWwet rd! 1 I o
I mi ’ o r " f ,
I with .
H
-\ r : I
(which Dement t ""activated’) the lcr- I, i « activity
W-"S acec ' W.
I o' t ft = I neatly
confirmed for other species. tfeitsman (1961) reco ‘ . From
thr - a continuous eip-ht hour sleep. -wilts

I T i rei Olee 1|



mse two ph. » occt
))p((
P
ovo'’
*52) mea
of ;% p. ' "o
ot;
nm slow

threshold, While this phase appeared to

sleep™ of .

mits” in muscle 1

trades, die I-.-:-.

sudden "jerks.e These, however,
ly did not offset the lwe.".
It is of r

[ been recorded. i *

a Loy

vated sleep.
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ng

| -ed
Swisher

| 1®
L tE<r-

|
' to the ee¢archi-

-.re

1
-According to Hall,

: 1T >-

were short laatl i "

<. ‘ .

y

surface of the cortex ir t’.e rat,

while rm recorc. - the cat cortex are considerably faster and
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of lower amplitude. These difference® will be considered in
later discussion.

As well as the animals previous ‘ od, Ri |
(1963) has recently reported a study of S!'G activity during
sleep in eh . ! ses O /ity wen I i.-
lar to those reported by Jouvet and others.

Thus, as we have seen, there are two distinctly separate
phases of deep alee 'e the ala repraaaated.2 The Ffirst of
these, ’slow wave?2 sleep is characterized by a pronounced slowing
of the BBG pattern, slight attenuation of neck muscle potential
and heart rate, and regularity of breathing. The deeper sleep,
(rapid, paradoxical, activated, or rhombencephalic) 1is associated
with complete attenuation of neck muscle potential and RJHs. The

coduri . v ..1s latter i K « low ver : -C-
tivity similar to that found in th® alert waking state (thus,
BP* ")y in most of the led, to a m ironoua
6-8 ops activity iIn the rat. Jouveil ftteapte > show tl
the Ffirst of these stages is under cortical control, while the

latter is triggered in the pontile reticular formation.

2 It should be noted | i pid sleep has also been re-
corded from human subjects. This phenomenon was first reported
b; Blake and Gerard (1937) but attracted little interest until it

was shown to be associated with dreaming by Dement and Kleitman

(1957). These latter authors ed that when low voltage,
fast activity occurred with h*"l.’s, awakened subjects reported that
they had been dreaming. dince 1957, < considerable number of
clinically oriented studies have i .red usi; G and eye move-

ment measures ac monitors for dreaming.
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The Present a- | :

The present status of our iInformation about sleep has
now been reviewed, it is quite obvious re
large gaps in our knowledge. One such gap, as pointed out

-uta at the beginning of the paper, is our total ignorance
about sleep and the neural mechanisms of sleep, particularly

as seen iIn submammalian forms of life.

f at Lt ) L - m A
on t ‘ ' ‘ p
we have seen, Jouvet, has at a ;0
this structure, and nuch of his evidence c¢ I ‘ te
. r' " rations - c .rt >inly a BMM truamio procedure at the
best of times. t It nut be . -tractive to look at altera-

tions i1n BHG rhythm in an intact animal, such as the bird, which
lacks a neocortex?

Furthermore, contemporary theovdJ - 11 appear to make
the assumption that sleep is a biological necessity, for homio-

therraic animals at least. This assumption is so implicit, in

fact, t I t - - J tom r- . [ -
/v ' it-
i, 1927) |
lower species, especially birds. In fact, little

tion there is, seem to suggest tMat perhaps certain members of

this class a.\- te, for instance, certain behavioral
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observations whic een reported in the literature t - t
the on. Vendell Levi, an emi >rit? 07 | .M
writes, "In -
to come upon any pigeon at aay time that was sleeping, although
everybody seems to understand that they do,"” (1937, p. 365)
This tbs rvr.tio". is r rgely based on ti.o fact that pigeons rarely,
iIT ever, close their eyes for | ‘ 'y ' c-cod
(Levi, 1957). While i phenomenon has been noted in mammals,
including humans, its iIncidence is generally quite rare.

Skinner (1960) ha® informally reported that piyeons in

hi® labor:" tory have maintained pecking behavior on various

schedules for periods vy,, | ] | hours. Tn a more detailed
paper, skinner M ) "a--
nating 1)RL, ?R, and V.T MFIMMh >r-7 1\
behavior for over 10C days. ‘ ‘ , however, showed

the birds did, in fact, take numerous short breaks from their

routine. There still remains several runs in which a high level

of activity was maintained. ird, for example “worked" for
12 days with only two |MHMI a 10 minutes, wo analysis
for pauses less than 10 minutes were reported. Although it is

possible that these birds may have slept during the short pauses
which occurred, it was certainly not the type or quality of sletp
found 1in fhc cumulative records Mmht that during the

[ 5 ; -

] f I r

sufficient t. . -vce m-thor rc t.
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ILe
subject .to?
concerning its normal M7 patterns. in
the literature which reports ci _-=y?h
Silva, Estable, and 3egundo (1959) studied K.0'¢ activity in
various structures of the "tero” bird (Belonopterv y..-
lampronotus) in the " .1t " [|HI during "hypnosis.” This
was achieved by sudd "ting or rotatin al while,
at the same time, Firmly re; at. ’ tir v
brief report on this bird, the . .-"lai BBG was measured from the
corticoid surf ce . X om0 r| . Do elluai,
optic tectum and mes? 1 . . ' mu-u to
1.Jactr, de "7 " | W r ' e 7!
a lack of t p . 10-
sis, there wr: tea easy toward si I -2
amplitude. Although th tempt to establish, a re-
lationship the records o tic
sleep state, they admit in a foornote: ”0o0 far, the_ ; »>rs | ve

not encountered a situation in .which it (the tero bird) exhibited
behavior and SPG conforming to a satisfactory picture of sleep

for a pr.P 1. \. At night time, 1In a quiet environment

I.? . I

Peter, o1 rs (1958) A '

ecords | .u ryos.
These workers were, however, primarily iInterested in tic recx™nse

to photic stimulation anf d not report any changes
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intermitentl; ;e amplitude, slow (1.5~%5, 8-12 cps) waves.
(1959, y. 175) This work thus sugge.-.-tc that VSB rhythms appear

quite different than those of the mammals discussed earlier

both in wakefulness and sleep. There is also the suggestion
that if, in feet, the tero does si' , it may well be that
there exists : Ln c It is of

MM i1Bterca.t t .
rather than “archieleep* as Jouvet*
gest.

.us, prompted both bj t . - previa. ;a evidence,
and the theoretic?" ' |
animals, throe experiments were designed employing the pigeon.
In each experiment, electroencephalograms were recorded in
order to detc: extent of variation th CCurs. is
well as t o f ow ic | proven to be the most sensitive

indicator of the state of aweremesn, two ci cr physiological

r t ‘ .
r.uch information is available ! its i
brief -to 1u foienee by richer (1762) . id -'1.1
to some extent contradictory, and do not give any evidence a

eye movement c. The | . because it

z Italics ours.



is easy to get to keei + laboratu-r o

fact that it is known to be susoc a to "hypnosis.'™ Since
Silva et al believe the B3G of t.".e hypnotized tero bird shows

a pattern similar to sleep, it was felt that it would be in-

structive to see t ttern HEtW bird.

Th -is then, if m exploratory study of longterm
ME recording in three th chronically implanted
electrodes, nature. + First part of

MFft work, which is not discussed here, consisted of developing

suit-—Me
> 1
6 of birds

of activity which Beemed related to sleep, 1 h visual ob-
servations or ke 1t Ma - t1 of the bird were not carried
out, it was felt that record onts and muscle
activity wo oe indication of their behavioral state.

ME . . -d at giving further data on
the mechanisms of sleep in thi1 - t, >n hypnosis in the

chicken.



CHAPTER THREE

Four ae ‘ ~mled ..at. .. ci-1-
MM 1, | oc r interval® 99V r
a 72 hour Il to
appeared. In Experiment 2, the effects of o>- ML f NfIR

were i1nvestigated by observing how a 48 hour period of wake-

fulness effected the EEG. Experiments 3 and 4 were designed to

study the effects g e EEG pattern of nembutal and "hypnosis
u - ‘ r.
riaents, it will be outli ied below. eoifi oedures
followed in each experime:. ed in the next chapter.
jects and *.0a
Wile t ijor inter* Lo CO mm
pigeon (Columba dome;-.-tlea) , two other species were e - »r

control purposes. The hooded rat served as a mammalian control
and the domestic chicken (byline; Lo 11,
14 animals were used: nine male pigeons weighing between 325

and 410 grans, 3 male rats weighing between 320 and 345 graras

| two hone- 860 and %10 S.
The apparatus used for t ‘ niolo . . re-
cor " -ur channel Model 1V Grass electroencephalograph,

34
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which was fitted wit cctronic sampling timer which con-

trolled a set of ST relays between the last amplifier stage and

the recording pens. This : the amplifiers to
"be rtu. . continuously and thus | a *®arm-up period '
th<- inning e . rive leo discon-
nected when the tive. In | ants 1 and 2, the
time-r to rcjoord 43 seconds every 12 minutes. ] . 1 re-

" f | At !. C at 3 ep»|
for muscle potent! ' , 5 and 70 cpo.
instances it was nocessar, . . the high band pass Ffilter 1in
order to tA ': 60 c rence. n Irivi

Ithw 15.° ) | /sec.
;as located in the hl near the

soundproofed rec . .5 were kept

in a plywood and wire cage, comparable iIn size to their home

X", t te P le at all times. The out-
side walls of the c -ed wl sided wire- 8ere
to reduce interference. | . the door of the roc
olo uch of the record” 1 1 (. [

could not ebeerre |

2. ' " el of be
to record for several. days without disturb! e lIs.
In Experiment 2 u It with "fatigue” a treadmill

was used. This consisted of a box ¥8 x 5” and 14” high with a
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pl side, (For . ap-

Btix 1). The floor of the box wa:- otor
driv e belt i rate of 367/niin.
This was relatively slow rate ai itly
largo fo ? to turn arounde Mo ; ;on
1 ] | < o Lo

It |

it e -
W S | ‘ hsr
drive would have >een pMtecd a, 1 lite, thus
rendc-rinj m;ult.
Preparations

.11 SB were pr d .for recording with i eritoneal
injections of pentobarbital sodium anesthetic (nembutal). When,
on oc>; i, 1t -
ficient, t | esthesia w-s. maintained with eth loride,

I OF t,
and both chic seived 42 ng, Th
t.

The electrodes -.010“ enamelled nic
alloy wire (Driver- El-rris Company, Hnrrison, i.J.). ybc wire
was mounted on \mphenol | (27-9) O ctors
2 or 3 ne, OF the enamellc. way and s-., to the con-

nectors using 10:". phosphoric a<si

flux, Two wires were soldered



oxi er.ch cu. . or, $
cement (luweld; Caulk), T.

desired lexigth

Following anesthesia, j3s wer

for implanting. A standard i

for the rat. for

the head could be rigitly .o.ld by clamping p wne Jacks

ears and support!: a beak.

20mm) was th;
ole. . o3 th.tifr-

and supporting jeweller-‘e s.

cemente It - - - Eh—

open W<ges o0-. -... xund,

..,vni;. x.i t .. r-;t were i1in th® cortex.
they were situate An ths neostriatum end at the base
oerebrwa slightly posterior to the optic ohlMm.

placements were checked at the terrain.-

by examining hlsto
Two different tvi | |

movements in the bia *
;.."ted thr. a burr-hole

above the orbit, so the tip

*1

bared tips WSTW o-\-

1 sections.

in the skull

?

t

hr both. th

d?

. ckcu

.or record!

31

t

in the

"1-Alu X

.ad

of the
The electro.-

the experiments

octre

. es

situated directly

orbit

-ere
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[ , 'a
-l ! »
orbit. technique wm used for re-
T-. : >f
id 2-5@0® i ‘ from
m.ent to - oh end was then
inserte or the chin -ed into the orbit, The | iol
connectors iIn each case were cemented in place on the skull.
The electrodes for tial were

made In the same way as those for the eye. The insulation was

f 25-¢ 11
rt oj J1ither el o tJi
KB sutured, . 3 Sulfs I | the edges of the
wound to prevent irifectl . Follow
returned to their [ d to recover for a period

of 5-5 days.

The electrodes for these three measures were not ira-
tiiod in all 3s, sirs ay of the techniques involved were
<Wwtloped durif | | . y» A BK y of the . tions and

experimental use of Os i1s given in Table 1.



Summary of Subjects,

Biped
' 1 2
2 2
i 2
4 2
9 2
6 1
7 2
S 2
9 2
ch..1Cl i 2
2 2
m 1 2
2 2
3 2

TABLE 1
Preparations,
uti-odea.
ok Jot-
1 1
2

1 1
2

1 1,
1 1
1 1

* Died from overdose of nembutal

and experimental

.Experiment Used

1 a 1

39



CHAPTER FOUR

THE EXPERIMENTS

Experiment 1

It was felt that if the birds sleep, they should show
sone distinctive pattern, of JL"G activity at certain tines. To
find this out, it was decided to record from the over
prolonged periods. Also, as we were interested iu finding out
whether there was any difference in the E. G during the 1I:
and during the dark, the following procedure was ado

Five or six days after the . . ition were plo A1
the experimental cage and observed by E for one-half hour while
recording. Following this, Zample were taken (48 seconds every
12 minutes) over a three day period. During the Ffirst 48 hrs.
the room was completely dark. On the last day the room lights
were on all the time.

All nine pigeons were used In this experiment and each

of the physiological . urea (EG, eye movement, neck muscle)
was represented In at least 2 birds. (For complete record of
implantations t. . re 1.) .'s well, two chickens tmd three

rats were used as controls.
The results from this and other experiments are il-
lustrated with samples from a few animals. However, the records

40
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from all animals of each type used are similar, and the re-

cords shown are representative.

pjgeoM* the . fe-itviu h" F? r

tailed .. . >a we the laoh of syn-

chronoue activity - th < - almost im >le to de-
r e

normal p- D ‘ . o0

q

about 4-12 cps. Th. Co ‘

t i1dings ox Bilva et al (1939) ©a the of the tero bird.

There were extensive Tl i the yntt

to eeoondF the relativ [ irsiotence of a parti-

cul x < . [/ " o1 Lgher mammals (an

can even be seen in the rut) was not observed.

Figure 1 shows the ““Xi r '/ fow 4. relaxed
animal, The amplituv to 140 uV., -'and the aix-
ture of frequencies i1s apparent. e slow ! ?~5 OP»)
occur, ( \ ; - . o
sei

reaction™, MPt is frequently observed.

i _ L

J The exact dete. tion of the distribution of fre-
quencies ie Impossible without the benefit i electronic fre-
qguency analyzer. h Silva et, al reported that they a i

id such an instrument in analyzing "th- ' the tero bird
they only reproduced the frequency histograms for their mammalian
subjects. This ommission probably eu t the results of

the analysis were particular '



Pigeon 9

FIGURE 1

EEG and Eye Movement Recordings Showing Normal Patterns for
Pigeon 9 (Channel 1 - neostriatum; Channel 2 - base of

cerebrum; Channel 3 - neostriatum - base of cerebrum;
Channel 4 - eye, All calibration signals 100 uV and 1
second unless otherwise noted)



Any strong st | '

re;t '

apptre kt on ohannol 19 i

ird jb the
b i ‘ ifo ro .
' jog 2. ‘ 11 o t
m the
| rod
. on)
! I o \ lions
J e ) roo-
- 1 ey
J 'C o oL
1 0 ! I | >
P ooo
;1o . r '/ r.lu-
t rote blee the xotcvnis
, It od
? : -3
‘ | tt m ean be eoen io
..... \Y el 0 rei C '
B ' o b5; b <

, —=<=.-V; E 1
to 3 o+ ar o.f tea
Stott to I ' '
Ovnr ' 7?7 vo- 1\
to Tl [ [ 1
Sho-ro 1 ¢ [T |
v 0"r - \ J
I t-i-ef | '1- | 1re io to
o—o01fr G F o o of
Is
| 0 "o r.—-ooo
ti-o | o<:? Figure 3 aoat
obt o €< lhi 30
oui T’'v-t Titoi ok O’ ole- | 3
bl t1 v-
[ e 4.
plir r | re o beg L1
Y in Jja a ae | Jwt be



Pigeon 9

overaent Recordings

t'houinr; '.rous”/i



m il

N fox-

Pigeon 9



Pigeon 9

FIGI

-X0CO
-.lie 'llart for Pigeon 9



13

Um retiri Crty i I

twitching of i .

here did not ' "to
patterns recordr - 11/ d in the dark, at least not
of the magnitude that con detected by visual sis.

The range of variation seen in Figures 1-3 was evident under
both conditions.

A* w have seen in the introduction, one of the a®st

prominent indicators of what Jouvet has called isleep**

"i- Fo .. --""rance of large rapid eye movements.
In our exper] -fore, 3 for r»c)r::
bird"s eye movements were impl Tt
obi 11 ‘ ; a ‘ 2.0
three different types of waves. ' [ live
of these, the trenor or -~ :k, cC. a rapid oscillation

varying from 25-40 cps and lasting for .08 to 1.0 second. This

process prob ' -« 1ts from closure of the alct .—.mbrane
eand eyelids. ".Zhen the eye was careful” i rved, 1t could be
.-Ilaticrc in the record el I occurred when the
bird blinked, ..r : - g | o [
' ith |

ve) which one t
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greatly in amplitude. xon can
eere ir.
it |
I <
jf th 1 r, ) e
T . . | 1 AN
. ..ur
much less frequently t. in r
is lalla wit 'ma \ tions of
Heron.) reflect. . Feet m moves
[ '.e time.
I ;
veil, to 1 level of arousal. , when slow
t, th*

to he small or absent# They also occur at ir-

ular ini on
ttar record ie . : ', the tr <ly,
ff - i fee of oso;1?
on 0 waves. I ooww3 rtwe putt- > the eye
movements however, is n rfeot one, since, . we n *0 in

liipure 1,
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< y»
re--. - ‘ : " -.-vol
l I

i orb? | eyes moved independently

?
I ] ,l I if

Llr i ! ' LU X

I J. 5 md 6) or

(1 T L

I tic different ii the -"7mm &F ©Oe<

tremors men mecor d ‘ I
made in the dark, The ¢* OoCCu; a 10 see
of eltcrir ' | .. By tu.: 1 rk
= of oc ' .ce
r [ 'ry 2 ‘ . e termination of
A in to ! 1.
L l.... P B’ ot L
the not | o -
I O-lIft
i? f-.0 tremor i -t -
which 7 >n. This shift >t-

ted for three pigeon® and is shown iIn Figure 7. As can be seen

from this figure, the percentage distribution of eye tremors for
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PERCENT SAMPLES

EYE TREMORS PER SAMPLE

FIGURE 7

Distribution of Samples as a Function of Eye Tremor Frequencies
under Light and Dark Conditions for Three Pigeons
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in the neck muscles* In the ease of the pigeon, however, the
only time that the neck muscle activity was seen to change was

when the bird moved, it this time it showc : Vo

Never, when M waves and flattening of the OG Oecurz. .ere
a decrease in muscle potential. Thus, if we take . evic

int.A  .ccuu.it 11 \Y
fro:a t’bit of the ! 1.

Chickent The range of variation in the chicken X Q recordings
was similar to that seen in the pigeon. The lack of 1zy
and mixture of frequencies covered - ‘ cely the 1 a.
In the normal relaxed bird, waves appeared varying in fre- ueiicy
from 4-12 epa. There i1s however, a greater tendency for slower
rhythms to occur.

The ran- variation of the XXS records is pi-. .zed

in | ¢ 9. Record A (Fig. 9) shows the 1 IB rhythm of the

normal relaxed bird. The amplitude of the waves varies from

-1f" 1.5, [ I A S ! oot
hi e-leu- Cr a-.,.
The arousal pattern . rc | [
When this occurs slower waves are attenuated an. . record
ears to fl This pattern can . ecord B
(Fig. 9). "3 amplitude is :
Besides these two p tterna, slow 1 Ml appeared v,

showed a high proportion of waves under 6 ops whose amplitude
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(Kecjr-:. . ~ . teeord B- j .



- . exceeded

of greater araplitu

The eye by
the same eye tremor t. :
however, were slower (16-25 cps). ;i or
woo : hi as 2 -is,

- - - - - I
0 eye [ id . N
ill 10. U , |
" -n H | f - - 0 C ...
in | .,

The H waves occurred eve... /
lu
waves seemed to be les- | can 11
three samples of figure 9.

Rat? The electrophysiological records from the rat uite
different ir of either pigeon or chicken. [ extent
0t t-Jc i ' :
(Tig- 11) she eorcj.M.-b 1In
|

Bl

nt 1. - - -

eher, 1962) io ¢

as seen in kacord (I"ig» 12;* The deeper . ...
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"activated” slee the 't patter- ecord 3 (Tig.
12). for | * for -7
nd 7 cp» X I th;" to 2J0 #V

Seco | otont? " o o] ;e
| During t -oused st ( .coord 11),
amplitude of the neck potential | rom 50-70 u7. During
the light stay i of sleep (Record A, Fig. 12) the amplitude is
reduced to 10 u/. Finally, dur activated Bleep, there is a
dramatic disappearance of all neck muscle activity (Record B,

Fig. 12).

(1963). As well a
thio I™Mlant also allowed
heart rate dur Lo
deflects -n on
During slow r’

beats/minute. While this

normal alert animal,

of the data was lost due to the neck muscle potential.

tivated Bleep,

This observation

a Ffull analysis was

is in -t with Hull’s bindings

els

ctivity, it will be noted that

some ei- in

7i1on of the c

sleep. FhB f--st v rtioal

eeneck” <« epresent heart beats.
rt r ' v I

is consider bly slower fvi.--. !
impossible sin- .ch

During

the rate drops to 280-290 beats/ainutO.

The results of the eye movement recoruing were less

clear-cut. Vo'

in the skull, 1in
and th® fact

suited

<e« eye electrodes for the birds were

the ret they were

in some interference cn t

implanted
in muscle over the eye. This
electrodes tend to pick up

cord. However,
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tingotBh the >vw tha noise level.
fIMI most obvious eye movers- records
as an oscillatory wave. Frequently, only one or two of these
WMhNIT a I -ver,
of these were apparent over several aeeonde (Record , . , 11).
1
during slow sleep, when eye A r~nwaa,
cord A, Fig. 12)e-
Earlier resc | L '
n 1961) od ev
during activated sleep in the cat and noo

phase of sleep i1In the r

Although the dominating *#¥atMWtMt sleep pattern .

4 r.e occ iS
Loov gl PR | |
The effect Ip dc™~ 1 . ttd I ¥ fe®tintxous 30 uec-,.
shown in Figure 13. while t T TR
muscle activity for the duration of tnl« vie, tho / c

rhythm is blocked several times, aad low voltags fast waves
ear. On = | " .M] cy v,

it may well bo that these brief i >f low volte, o |



M
®=cti 10.10;- oordingB Showing
Blog;Lxj ;;nriat ’ctiv.

for Rat 3
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activity are the true homologues of * id or rhombencophalic
sleep in higher mammals. If, as Jouvet suggests, the trig-
gering mechanism for earchisleep is subcortical, the evidence
from the rat sv | I 6-8 cps pontile rhythms may undergo
considerable Modifier e cortical level. This hypo-
thesis will be examined further iIn t . [ : m.

sis of the t™ree electroph,;
used, an attempt wi he to | Hr i the of 11; c
in the various 3tags of wakefulness and sleep. Given the pre-
sent sampling method and lack of vioral observ these
Ffigures are, at best, only crude estimations of the tot. pic-
ture. However, they have proven to be reasonably reliable with-
in a single rat. Table Il shows the percentage of time during
two 24 hour periods (24 hours light followed by 24 hours dark)

spent in the different stages of wakefulness and sleep for Rat 5

\
)

ercent- 1a - F Samples Representing afferent
tages of i" o o !
J-xrk

A¥AO0 .

Movement 30 e

Alert 21 32

Transitional (Drowsy?) 13 14
SLB3P

Slow sleep 28 30

Activated sleep 8 5
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(The criteria for ttio
“typical" records shown in figures 11 and 12. Cccnsiccially
medium amplitude waves ar which we have called "transi-

tional”.) As can be seen from this table, total time sleeping
in light was 35% while the total time slee: ' in the dark was
36%. Activated sleep accounted for B% of the total time.
The proportion of time spent iIn activated sleep in two other

rats was i1n the range from 510 ;h

It is interesting to note that the total sleeping time

of the rat is ’ Imiler to that of the hu . t-
tern, however, 1i1s rr- ' ' " ' r t rends to sleep
frequently and for brief 1 -1

sleep-type records was , Lo /A I

36 minutes. There is still no way of knowing, of course,

whether the animal was sleeping between samples.

. .perigent.2

The First experiment, then, has not given us any clear
indication that birds sleet:. On the er hand, there was a
slight sup ,-stion in some of the records iron the pigeon that
brief patterns of eye movement activity, &#ssociate i low
voltage MW did occur, -uid it is possible that this may be re-
lated to activated sleep. Since the muscles potent! " cords

showed ho change during these periods, however, no conolusic

could be drawn.
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It seemed reasonable to suppose that 1If we were to keep
the birds “awake” vorki . -1 some task for a prolonged
period, a comu.’-.rii. . records before and after this
treatment might differ.

rive pi Y, two e" rat i ‘ lis
phase of t "11. olertrodce for
meats, the rat and one chicken had electrodes for recording
neck muscles as well. The procedure was to put the ss in t
recording box for one day’s adaptation. Recordings were then
taken for 24 hours in the dark (Pretest), following this, they
were put on the treadmill for a 48 hour period. (The chicken
was only subjected to this procedure for 24 hours since it

tended to lie on the treadmill.) A half-hour break was given

at the end of 24 hours for feedi -l watering. Im tely
on rew 1l g treadmill, ss were replaced in the recording
box and records taken for 12 1 . J. - “ c) —
parison va» then made bftvtsa t e | ‘ ! Ude.

1. ... ots of this treatment on the pigeon were = ral-
ly quite limited. "1l of the electrophysiological measures taken

in the Test period seemed normal and there appeared no extensive
change due to the "walking.” Test records were similar to the
Pretest records, and of course, to those reported iIn Experiment 1.
Since gross inspection of the records seemed to show no differences

various forms of analysis were carried out. As all of these were



based on the oscillo. -ad tec of t on
apparently typical of the avian brain, they were necc ..ly crude

First, an attempt was made to find out whether walking
had any effect on the T,ercentage of time that low volt- a- ac-
tivity dominated the E G pattern Thia analysis revealed no
differences between the Pretest and Test records. In the Pre-
test period, blocking in 1 . .2 ,oon occurred between 16 and
2T% of the time, while iIn ' feat recor; | variation was
from 17 to 50% n an indiv: bird, the c a
never greater than

Mext, a wave count an e type ¥
Bagels et al (1944 was em id.
the number of waves iIn each one second interval, and calcu-
lating the percentage of the total time that intervals with
the various number of waves occurred, .l .-ae For samp-
les within the Ffirst four hours of the Test period and compare!
to an equal iInterval at the com b tiae of the Pretest
day. The results of this analysis for a typical bird are
shown in Table 1I11. It Is apparent that . technique showed
no differences beyond those expected © rendem variatio ,
The distribute au of wave eeunts before and after walking are
very similar. It ible,
have been obscured by the fact that p' = . - ‘ : [

a mixture of frequencies, and this technique is most powerful
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TABL"1

Percentage of /ave Counts at Different Frequencies
in Pretest and feat Conditions for Pigeon 2

6 7 8 9 10 11 12 1

Pretest
V 1-4) 4 10 25 55 10 3 5 13
Test
(H 1-4) 4 9 Tt 55 10 5 2 14
when applied to rw | V...
It will be recalled fro Lier i I
panted by blocking of the oceuri ' . the pigeon (Fig. 8),
and that it was felt that this might be si" | p to tt = oti-
vated sleep pattern of | -Is. Vi, re only

available for one pigeon, the results of our procedure tended

to show a slight decrease in tic occurrence of the eye movement

and flat EBG complex. In the first 8 hours of the Test period,

t [ .ume ti. os for a MMm duration

of 4.0 seconds. Vurin-- the ecu " ,?21, , it

was present IFf | . - 1@a of 5.4 sc . o

this change is significant, will have to await verification
further experimentation, but it strongly suggests that, at any
rate, the walking procedure had little or no effect on the length
of time this pattern appeared. On the basis of the duration d
the pattern, it seems obvious this phase is not similar to ac-

tivated sleep In the mammal. In the rat, for example, the
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activated pattern tly exceed

Im analysis of the pattern of eye tremors between the
Pretest and Test periods was also made. This analysis showed
little difference | the . items.

Thus, the general impression gained from these results

is that the - ocedure had little m
or eye movement patterns. If, in f-.ct, -y c* of
the-» 1 ctors < SBS of | ' ok of ch"ngo

between Pretext 1 > Test suggests that the rv
meat had not effected, the no. I
sion, there still appears to bo no semi "
highly differl. . . ted sleep pattern iIn pigeons. The results
of this experiment suggest, iIn fact, th-.t this is especially
true of the activated sleep

This conclusion is ¢ >d by the chichen data.
The chicken records were analysed in the same wi were

those of the pigeon. Wave count frequency distributions

showed no |l -ences between Pretest and Test periods. A
summary of the perce.: wave counts for the two periods
is presentc | Table 1V.
Simil , the percent. = of tl ' o
rm was present were compared for the two periods. 3 | cken

2, Ffor example, flat records appeared for 14% of the time 1iIn

the Pretest peri -0 15% duriny the Test. Counts of the



57

incidence o tresore irars l.-.- 11 U 'm, ‘' '

Test periods and no different -S

ti TV

Percentage Wave Counts at Different frequencies 1iIn

Pretest en <
fbsouwct
6 7 o JIl i 11 12 *13 1

Pretest

(KSW 1-4) 5 11 21 20 18 11 8 6
Teat

(HOURS 1-4) 2 11 1B 18 20 14 8

red to both the
- I-" I | kt 1.
The BW records fro® the rat were analyse-.". ric for
two periods, the First 20 hours during the Pre and the first

siXx hour® of the Test. The results of thU aaTysis fire shown

TAB12 V

Percentage of Samples Showing "ifferent Stage® of Wakefulness
< q | R |

test 6 hr Test 1.
Awake
Movement 40 17
Lart 27 43
Transition®;! (Drows.? 10 17
Sleep
Slow sleep 1 17

Activated sleep
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in Table F It can be seen that the walkin--; ;-ri :re caused

< drastic reduc- ¢ mount of movement of the - . 1,
there 1B

type record. Little change, e, Occurn

percentage of records showing slow : : | de® |

Umeriment 3
Ab attempts to modify the BB® patterns of the pigeon
and chicken by the walking procedure seemed to have no effect,

it seemed reasonable to see what results would be produced by a

barbituate anesthetic. 1. . .is is known to have potent effects

on brain atera muc as in.... .3 and ca B slow waves

(which are somewhat simil . ¢ > those seen in sleep) to appear in

cortical and siaw rtia: etures, it seemed of iInterest to

find out n - -.d.
The procedure was as f- >wss The - . : e

the recording box und a sample record taken. It was then in-

jected intraperitoneally with nembutal (40-60 mg/fcg for the birds,

60 mg/kg for the ruts) and the experlrecording was begun,

and continued for ... lout. Three pigeons, one chicken, and

one rat were used.

The records for r ., . r' |l -nm in ‘igure 14. It can
be seen that slow w.-.ver | in to appear r.ft'-r 2] minutes. After
10 minutes, :ies In th® range of 3-6 ops are most promi-

nant. ever, it v u-.-.ted that i e conditions.



14

©cording®
Show- ots of Fc'ribut*\I >
(40 mg/kg. 1’0" * -1i00s”Tio.tns)
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the pigeon’s E'fic shows a considerable lack of synchrony.

The eye movements of the pigeon show several changes.
The tremors attain a greater degree of regularity as the anes-
thetic progresses, and after 10 minutes show a decrease in both

duration and amplitude. The 0 wave shows a similar decrease.

*b M wave eye J a- | tel,/ fol-
ctlom KTI otic Ily "hr.ji'; "m cc,
and by 10 : ze die vl.
Record a - the chicken show similar patterns to

the pigeon in all but one reaj-ct. This is shown iIn Figure
15. It will be noted that in the final record (60 minutes
after injection) eye tremors have become exceedingly rare.
(The rhythm : I 1s a result of "IQ
interference.) By adtual count, they had decreased to 1 per
minute. This was the lowest rate of occurrence of the eye
tremor recorded for the chicken in all experiments,

the % 'Q, neck jpuscl

eye movements Tfor the rot are shown iIn Figure 16. The effects

of the nemV the s3G rhythms are apparent 2| rh.-mhon after
in~ectl™~- ,n uu.uhoh o." 1 2 - >f
the pattern. This i1s follow neral slowing of the
waves, 20 minutes after injection. At this time too, there was

a complete disappearance of neck muscle potential.



15

Ay v e | | mm; 'te:clrecording®©
cts of tr.1 O ert 2
(40 r.\,/- » m - 0 tri--.turn)



flow: 16
M|| Bye Movement and Be.- ' o>m, .

Kwr* I .cr.ta? .at 3
(60 rag/kg. X Xl - shallow cortex)
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flayeriment ,4

| roviouc o?<x:riit
the appearance of high amplitude, slow frequency rhythms in
birds which differ F rved under | conditions.

Recently, ailva et al (1959) have shown that struc-

tures in the brain o tlo tero bird show elow patterns of ac-
tivity during H; 1 hypnosis* which they feel are similar to
sleep waves, as other tterapts to modify t JQ without
giving drugs had been ineffective, we decided to sec what ef-
fect "hypnotizing” the birds would have.

e proceo . te-.i was to held tn? head OF i1ae Hii

under i1ts wing and place it on its back re '

The pigeon, however, woo not very s tible, and o.'
to of immobilization could be achieved. The bird’s eye
stayed open and there were many head movements. e:  procedure
was completely unsuccessful ! | electrode lends were at-
tached to the bird’s head, so that no records c obtained.
The < -ent hewver, proved to be an ideal subject for
‘ni,y no. ] Tc ' ' ' ' ac-

cording box or the connecting leads, and ‘“hypnosis” was suc-
cessful in better H . I / ts. T'.-j duration of
the hypnotic sessions ranged from 3-15 minuter, ad no doubt
would have been lorr-cr 1If there had not been test stimuli pre-

sented. bacamples of the changes wh .o 'Hypnosis
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are presentc Figure 17, BMW>ltbtely on release of the
bird (at first arrow), t 1 pattern appear : flat
(Recur/: , .. . 17, and r .t 1 per
second, t flat record continues for when
large slow®™ (3-5 cys) - l.r .n t, : R , bt 17).
7itk t is sij |

After one-minute, F Lc doni/r.tod b €u z"\» roz- (Re-
cord C, Fig, 17), Record D (Fig, 17) offers an e e of ¥
rousal under hypnosis. The arrow repr ch
B clapped his hands, This action remltcd in t-
tentuation of the slower waves and a ! reuse in the

rate of eye tremor. Record E (Fig, 17) 1is a continuation of

Record D. The duration of this “blockin was from
60 to 80 seconds. t the ent Of v - - = b wave
pattern retur. | , ‘ 1 unti eked by .tion
or luxtil ‘ V.

Behavioral observations fftiow that change® ©
during the early ; . e of hypnosis, Puri- D
pattern, the eyes remain open, claws are stretche I . rigidly,
and the head undergoes Shifts in position. After the Ffirst 60
seconds, however, the animal appe r i
The eyes close, the claws curl under the breast and there ap-

pears to be a general relaxation of muscle tone, During the

early stages, twitching of the h nd lege often occur 1in



17

(Record * - “"Thicken r od by j| at arrw] Record B - JO seconds

Tecord C - 60 seconder after release; ojrt D -

after release;
-V

-clap st arrow; Recc.

arovs
"se of cerebr

Record T-. ;a — ncocLriatw® - i
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response to auditory or visu-1 :tl._nuli. deeper
stages as characterized by the slow :; ;6 patterns, I 1s hit-
tle behavioral reaction to theoe stimuli. In -rd D
(Fig. 17) for example, the stimulus which c pro-
found ch in th ems fTailed to evoke any behavioral
response.

Recov - ; .. I.mcharred
nati . ‘ bird by pre ‘. tory or
visual stimuli. -, th
(touching the bird or knocking t*; 1 c .0 effect of

b Ln . tho bird to full 10



discwstoil.

Bis 3tudy then 1MB [ ‘ >
raent pattern of tvo kinds of birds over *x

and no evidence was found that indicate® that Bleep occurs.

In addition the study has bv ed th rt t.if- activated sleep
pattern of the rst may be cloeer to t.: ' of o0z:z -.wals than
. vious believed. 1 I come peculiar records
associated with "hypnosis* iIn the <« MU
0 ‘ 0. "r
> stri M-, “our-
rence of a I tyo ofF frequencies whi< cords
obtained from most structures in [ ! . 0k

cords presc |

and to structur ’ ‘ o-

inents In jaraS ‘ |

At no time do highly synchroniser- It S
in fact, tirzt- t vl res-
ponsible for the rel v ?.. . .v> patterns of activity
observed in the . ) St N |

in birds. " riytlyt ! are are
fewer interconnect con-
sequently lea ;Fluence. o t the results

63
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suggest th t i1t WNV14 M of great Interest to carry out in-
vestig; tic I .-r to thos Leh were de to
demonstrate the recruiting and ‘ © i

whether there are equivalent synchronising mechanic

bird.

Ab we have said, the B eye movement patterns
not give any indication that sleep occurs. There were no general
changes 1n activity notice! over the 72 hour sampling period,

nor could any changes be detected after the birds had been
wakling for 48 hours. However, slow waves do occur, and there
are periods in which they are more prominent than in others.

In addition. gse periods are frequently cevoc.. . with the
long, multloseillation eye-blink $l tie | >t superimposed on

the 0 waves, a y ttern which is atypical of the alert animal.

However, it she- .w noted J . ocour
in the alert bird (go .. 4,-, ' . I\ B, C-
companied by high voltage slow waves in 1 I are found in

the *hypnotised chicken. The suggestion is very strong that
in this case the bird is awake# since very weak stimuli cause

a dramatic blocking of . Thus, like Silva et al, we are
forced to conclude that there is no clear electrophysiological
evidence for sleep in birds.

I¥ they do sle | all, the resile, t-op est that the

state is probably o - slot . The eactivated"
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sle ttern which presumably would be predicted by Jouvet,

occurs rarely, and then only for periods of a few seconds.

As far - = concerned, the study shows that
the activated slee an Is aceompanie e . .to,
though these arc \rently less fr<.
in the c
published accounts. The 7 ops rhyt 1 1h-
by Hall is | * S for 1 i ?f

time than our cunpies (48 secui-ds), The results agree with
Hall in findii .ele tone disappear® during this period,
and do not fit in with Swisher’s observations.

The ntechaaiUB i1nvolved in causing the 7 cps rhythms

which appear at the cortical level in t® but not in higher

i- .uuals is still obscure. It is possible, of course, that
they are t- ‘ Coas < ‘ :
and are in synchrony with this system. One observ .hick

was made which is of interert - ; ) Co

7m0 - > Y ‘ rit T periods o MW
Thus, it may be th/’t th® ! . le
for cortical bloc*" -tive under 1 41-
ditions in the rat, re stil3 o 1.

The action of the nembutal was somewhat different for

the birds thru for the rat. Tn both the chicken and the pigeon

the SBG waves appeared both slower and of " ?2r amplitude than



those seen at any time i.< ' -1 stat-:. ?at EEG

under the br._.rbitw.t. w 1°r to th -t during
slow sleep. e ret: L ~rent con-
trolling mec’- for » "e induced slow

wave mt patterns exist for bird;

- - (@) - (@) O -

tions for fut’uw- i . 10—

logicHl r.e“ci-rcf U | | ' < o

toms in the birds, it wold b

tione In the arousal threshc t tc. c-
with the BEG patterns. Possibly a v: xlar to that
of Iforowiti: normative. Phoae workers

tested the cortl

pet* to varying levels in st .a.

Koro intero;: ? 1crh.-.ys, is th 1 "oblem of brain
control MM -.Sue. ' Int for
example, «c e for the extraordineril, 1 rge slow

,-ls
< | 11 1,

<BTing hypnosis? |If knowledge of the changes in these struc-
tures were available, greater understanding of the avian brain

and its relation to the mammal would be forthcoming.



SW® IRX

eHectroj 0j cg,
and neck muscle potential rare made from ti n the
geon, chicken a. t. Chose measure »d over 72

hour periods, after experimental “fatigue and during nembutal
anesthesia, as well, recor re th rom the chicken during
animal hypnosis. Certain characteristic differences were noted

between the 239 of birds and those of the rut. Chile the rat

showed two (. ‘ of sir o I ac-
tiv ' terns
" , or I option
" 11.

Sye movement results al; ‘ ereen
the bird; the rut. In the pigeon si ap-
peared both indepc.r I, ster
oscillating tremor. In the chicken, slow o,nl® oared
ghperimposed on eye tremors. The r- alien

eye movement patterns.
muscle recordings showed no change in the case

of 1 in the r; L} ‘ of sleep,

muscle tone

67
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ThotOFf of T: iH sed

In Experiment 2



