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Phylogeny of Sleep and Dreams

atrick McNamara. Charles Nunn, Robert Barton.,
Frica Harris, and Isabella Capellini

Sleep is a need. Whether we like it or not, we eventually succumb to sleep.
It v an involuntary physiologic funcrion. Like many other involuntary func-
nons, sleep appears to be maintained around a homeostatic ser point. Fol-
lowing sleep deprivation in many animals, there is a compensatory rebound
i the amount of sleep engaged in, such that the lost sleep is “made-up,”
unl 2 relacively constant daily amount of sleep is maintained over the long-
i, The manifescations of sleep rebound phenomena vary across amniotes
(that is, birds, repriles, and mammals, the three classes of animals we will be
considering in this chaprer).

In mammals, the deprivation of NREM sleep leads to a remarkable
micrease in both the amount and intensity of NREM slow wave activity
(N\WA; or sleep stage IV in primates). This effect is well-known and has
heen demonserated in a diverse array of species including humans, squirrel
monkeys, rats, mice, Syrian and djungarian hamsters, cats, and ground squir-
‘ol (Tobler, 2005). REM sleep is also homeostarically regulated in mamm als
(v REM amounts are increased after REM deprivarion), but it is unclear
whether an intensity dimension exists for REM sleep. Ourside of the order
mummalia, the manifestations of sleep rebound vary. Some reptiles (croco-
diles, for example) exhibit sleep-associated sharp slow waves and then
whound effects in the amount of these waves after rest deprivation. In birds,
there s lictle physiologic evidence for sleep rebound cffects after sleep depri-
vation, but behavioral signs of unihemispheric sleep (for example, increased
duration of unilateral eye closures) are increased in some birds after sleep
deprivation,
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Returning to mammals, the phenomenon of post-deprivation  slee
g F ! f

rebound points to a potential homeostatic function of sleep, meaning some
physiologic process that is indexed by sleep duration (and intensicy) and
maintained at an Dprimn[ level. This homeostaric component of slccp raises
the question of biologically imposed constraints on sleep and even porential
adaprive functions of slecp. If sleep serves some primary homeostatic physio-
logic function, it operates under specific biolosic constraints that in tarn are

g P £
likely to have an evolutionary history. Investigation of thar history may
reveal Important information about Slct:;.fs functional correlares.

SLEEP-RELATED MENTATION (SRM)

SRM refers to any perceprual or mental stace thar occurs in temporal

relation o some Slt:tp Process or srate. In humans we call some forms of

SRM “dreams,” where “dreams” refer to extended experiences of emotion-
laden imagery structured into story-like action cpisndus rypically CONCerning
the dreamer and his/her socially significant others. Many SRMs, however,
are not dreams. Instead, they may be classified as hypnagogic images or fleer
ing and isolated TE'LL!LIH]II l'_r:igmr:nts. ongeing ruminations, verbalizations, or
all manner of other types of mentation. Whether or not REM or NREM
sleep processes “cause” associated perceprual or mentation experiences is an
empirical question that needs to be decided after appropriate investigation,
There is lictle doubt, however, thar each of the two major ﬁfccp stares influ-
ences the SRM experience in humans,

REM dreams, for example, tend to be more vivid, story-like, emotional,
and action-oriented than their NREM counterparts even after controlling
for length of report, time of nighr, and other variables {Niclsen, 2000). On
the assumprion that brain activation patrerns produce all forms of menta-
tion, the maose salient candidate for the pmductiﬂn of REM dreams is the
characreristic pattern of brain acrivation known to occur during a REM epi-
sode, namely intense amygdalar, limbic, temporal, and occipital activation
along with prefrontal deactivation (Hobson, Pace-Schott, &  Stickgold,
2000). This pactern of REM-associated brain activation suggests that memo.
rable REM dreams (char is, dreams that are remembered upon awakening)
should on average contain a greater number of unpleasane (fear, anger, rage,
and so on) than pleasant emortions. Conrent analyses of hundreds of dreams
have generally, though not invariably, supported this supposition (Domhoff,
2003; Revonsuo, 2000).

Clinical evidence also suppores the supposition thar REM-associated brain
activity produces a tendency towards unpleasant emotional content in
dreams. One can see clear evidence of negartively toned dream content in the
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livams of patients who have lost the ability to inhibit the motor execution
@internally experienced dreams (thart is, the normal REM-associated inhibi-
v of the spinal motor neurons is destroved). Patients with so-called REM
W havior Disorder (RBD) may p}‘l}'simﬂ}' react to ovents transpiring in their
licams (Mahowald & Schenck, 2000). Up to 89 percent of the dreams
wported by RBD patients involve the dreamer being atracked by an animal
i a violent person. Partients react to the hallucinated atrack in myriad and
Linperous ways. Some individuals have been observed to jump out of bed

il rin wildly out of the room. Or individuals may actempt to jump out of

viidows or fire unloaded guns. In bed, they may punch, kick, or even
arempr to strangle their bed parters (Olson, Boeve, & Silber, 2000). EEG
wwastirements verify thar patients are typically in REM sleep when these vio-
loin behaviors take place. The lack of f.pinul motor inhibition uurm:ﬂl}' ass0-
ted with REM is confirmed via similar neurophysiologic measurement.
When the paticnt awakens, he is rL‘]:Ltivtl}f lucid and has no dif‘ﬂr:uir}-' pro-
ihing o detailed verbal report of what was happening in the dream. The
et typically involves threats of various kinds to the dreamer and closely
vt hes the dreamer’s violent bed behaviors.

Iaken together, the hundreds of studies of dream content alon g wich the

wlenee from RBD patients in the clinic strongly suggest thar SRM in

lnans is real, measurable, and L:l'l‘lﬂti[}ﬂ'.l”}' ::.uns::qur_*nri;ll, What abourt for
vemhuman animals? We, of course, do not know for sure whether SRM
sk in other animals. Alchough nonhuman animals may net experience
Jrcaming” as defined above (and that is an open empirical question), they
viy likely experience some types of emotional, perceprual, or imagistic
My in tandem with the two major sleep states. I, as happens in REM
ey, selected nerworks of the brain were activated to levels high enough to
upport mentation in humans, we would expect some sort ol mental pro-
oves toengage after such activation in nonhuman animals thac have REM
e

Bt how can we Vt'riﬁ,r whether SEM experiences occur in nonverbal ani-
il The experiences of patients with RBD suggest one strategy. In the case
b patients with RBD, we observed overe dream enactment behaviors occur-
ving in tandem with REM sleep when the normal REM-associated spinal
winor inhibition process was abolished by disease. What if thar spinal moror
mlubition process was experimentally abolished in animals? Would we see
Jicam™ enactment behaviors in these animals?

Very early in the modern study of REM sleep physiology (in the 1960s),
louwver and colleagues (Jouver, Vimont, Delorme, & Jouver, 1964; described
w Jouver, 1999) managed to selectively lesion REM  sleep-relared spinal
wwtor inhibition neurons in the brainstem of cats, thereby abolishing the
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normal REM sleep-associated muscle aronia in these animals. When the cars
were observed to enter an episode of REM sleep, they began to enact their
dreams. The cats hissed and arched their backs as if they were preparing to
tight an imaginary enemy. Often they would act as if they were stalking an
imaginary prey. These data indicate that other animals may experience some-
thing like dreams. At a minimum, the data suggests thar there is 2 marked
similarity in reactions at the behavioral level when REM biology is
disinhibired.

Most of us have observed sleeping dogs yelp, bark, or growl in their sleep.
Similar ancedoral reports of other animals of all kinds suggest that most ani-
mals experience hallucinatory and “emotional” imagery during sleep thar is
analogous to dreaming in humans. Even birds and reptiles emir vocalizations
during sleep. As is the case with human beings, these sleep-related vocaliza-
tions may be tuncrionally correlated with both SRM experiences and with
the underlying sleep state the animal is in when it vocalizes.

The case of birds may be particularly inscrucrive. Recent data on cellular
activity levels in avian brain nuclei devored o song shows thar these cells are
reactivated and [_‘r{:rhnp.t- resculpred during SEL'L']J. A form of apparent song
replay may oceur in selected sleep states in some birds, Dave and Margoliash
(2000; see also Deregnacourt, Mitra, Feher, Pytre, & Tchernichovski, 2005),
for example, showed that “spontancous” activity of certain neurons known
to be associated with song production during waking life are reacrivated dur-
ing sleep in a form that reproduces the sensorimotor activation patterns nor-
mally associated with song produced in waking life. In addition, the timing
and structure of neuronal activity elicited in the bird’s motor “correx” by
the playback of song during slecp marches neuranal activity during daytime
singing. The authors concluded that, “these data suggest a model whereby
sensorimotor correspondences are stored during singing but do not modify
behavior, and off-line comparison (e.g. during sleep) of rehearsed moror
output and predicted sensory feedback is used to adaptively shape motor
output” (p. 812).

Is the bird “practicing” its song during sleep? Is the bird “hearing” or
dreaming its song during sleep? How can we answer such questions? Some
birds exhibit the typical mammalian pattern of muscle aronia during REM,
If the REM-associated motor inhibition was experimentally abolished in one
of these birds, would we see any form of dream enactment behavior? As far
as we know, researchers have never investigated chis possibility in birds.
Complicating the picture is the fact that REM episodes in birds are quite
shorr, typically lasting on the order of seconds. Morcover, song replay in
birds is often associated with a non-REM form of sleep in these animals.
Finally, most birds exhibic what is called “unihemispheric sleep,” in which
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e hemisphere sleeps at a time (more about this later). Given this type of
complexity regarding sleep processes in birds and in various types of other
mnals, investigation of SRMs in nonverbal animals is |i|{cl}-' to be an ardu-
s and complicated process.

Although investigation of SRM processes in nonhuman animals will cer-
vunly be difficulr, such information can help us to better understand poten-
val tunctions of sleep and dreams. If it turns out, for example, that other
winials dream solely of potential predators or solely of porentdal mates or
alely of pon.’.nl;ial prey, then that fact 18 one more clue that can be used to
construct a theory of the funcrions of sleep itself. Data on existence and
content of SRM in other animals might also throw some light on the vexed
(uestion of the origins and funcrions of thought and consciousness itself.

I'hus, we are at an early stage in our understanding of whether other ani-
mily dream. Hrmwing the details of what thr:}' dream about is likcl:r' to be
cvin turther in the future, There are, however, data on the amount of REM
lep found in other animals, and this information can give us some clues as
i the L'vulutiﬂn;try hismr}' of at least one form of L‘Ereaming—I{EJ“vi dream-
v and of brain activation patterns during REM sleep. In humans, menta-
Hon can occur in tandem with both REM and NREM slucp states, but it is
i that REM-related mentation is more vivid and memorable, We will,
therefore, focus this review on the phylogeny of REM sleep. We will return
b the issue of SRM in nonhuman animals after reviewing the available data
v comparative REM slctp. First, we consider how broad cmlut[nﬁur}' pat-
wins in sleep can be investigated by using the comparative method. Next,
wi examine broad patterns of sleep across vertebrates, with a special focus
o mammals. Finally, we integrate these derails on the distribution of sleep
to tormulate hypotheses tor the origin of REM sleep and its links to dream-
i Our goals are 1o give an overview of interesting questions related to
[N .\|ccp and dreams and to prm'id:; this overview in a :-'}'nth-.:tic frame-
work that allows for progress in answering questions about the phylogeny
ol SIHM.L

ESING THE COMPARATIVE METHOD TO UNCOVER
HHE FUNCTION OF SLEEP

I'he study of variation in sleep patterns across species is an important
imcthod for studying potential adaptive funcrions of sleep. It is the only
method we have for interring the evolutionary history of sleep and the fac-
v thar have influenced variation in sleep patterns among animals. It is im-
poitant, however, to keep in mind several points when considering the
vwilutionary - history of somerthing as complex as the mental functions
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associated with REM. Rateenborg and Amlaner (2002) point out that think-
ing on the evolution of sleep has to some extent been distorred by an
assumption that mammals are more advanced than nonmammals. Yer in
some respects, birds have developed innovations in cortical laminar structure
not observed in mammals, Similarly, repriles have developed quite complex
neural systems specialized to transduce light information into neural
impu]ses that regli]a[e rest-activicy c}'clfs f:ﬂ.g., i pm'ietal eye, a ::mnpfﬁ:f pin-
cal system, and a brain site homologous to the suprachiasmatic nucleus or
SCN). Clearly, we should not be seduced by evolutionary stories that inevi-
tably lead to big-brained species sitting ar the top of “a great chain of being”
as the most fit or successtul. Nor should we denv the possibilicy thar cerrain
evolutionary transitions could have been crucial tor development of hig
brains, resulting in the highly differentiated REM and NREM sleep states
characreristic of primates. One can identify such transitions and innovations
without necessarily assuming that carlier steps in the pathway represent evo-
lutiﬂnar}' dead ends in the taxa in which those transitions occurred. Rarcher,
it is likely that sleep traits in those taxa continued to evolve, sometimes
slowly, sometimes rapidly, depending on selective pressures faced by the spe-
cies. Thus, differences in sleep traits across different species may, as Rarten-

borg and Amlaner (2002) point our, “actually reflect alternarive means of

fulﬂ“ing similar functions, rather than itldicating ditferent levels of H[I.:{_‘[J
evolution” (p. 7).

On the other hand, when one or more of the behavioral, physiologic,
cleccrophysiologic, or funcrional components of, for example, primate sleep
are identified in raxa whose q:liv;_'rgcncc from primates can be accurately esti-
mated (by using molecular phylogenies and comparative methods—sec
below), then we can make some reasonable estimates concerning  when
selecred traits of REM and NREM emerged in the line leading to the pri-
mates. Furthermore, when selected sleep traits are found to be associated with
significant ecologic, lite history, or physiologic traits across taxa with similar
hiﬁ[ngical characteristics, inr:luding brain structure, then it is reasonable to
investigate those associations in hopes of revealing functional relationships,

[n short, if we use appropriate methods—namely the comparative phyloge-
netic mechods o be discussed next, then analyses of sleep variation can hclp
us discern when a trait evolved, in how mary ]'[Iwﬂgcs, how lnﬂg it survived
over evolutionary time, and whar its consistent functional relationships are.

We need to discuss one final methodological point before summarizing
the phylogenetic approach to comparative sleep analyses. Analyses of any
kind are Unl}' as gmjd as the mnput data thf:r' work with. So, we need to say
something about the data used in these analyses. Phylogenetic comparative
analyses are typically carried our on large-scale darabases that conrain dara
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points on dozens of variables, including both sleep variables and variables
hypothesized to be related to sleep, such as body size, merabolic rates, brain
sze, and so on. Previously constructed comparative databases suffered from
4+ number of shorrcomings related to the reliability and validity of the data
voneained in the databases. Campbell and Tobler (1984) published a dataser
o toral sleep durations for 168 species, but there were no values for REM
and NREM. Zepelin (1989) constructed the largest published daraser on
REM and NREM (rather than just toral sleep) values (containing 84 spe-
vies), Elgar, Pagel, and Harvey (1988) analyzed a dataser comprising 69 spe-
vies. To control for phylogenetic associations, Elgar er al, (1988) caleulated
correlations across taxonomic families (by compuring means for species
within genera and then genera within families). This taxonomic approach
weduced sample sizes to between 20 and 34. They found correlations
beeween sleep quotas and body weight, metabolic rate, mode of development
laltricial - versus  precocial), and latitude. Subsequently, Berger (1990)
criticized this study on the grounds that a number of the species estimates
were highly questionable. Elgar, Pagel, and Harvey (1990) responded cor-
ietly that comparacive analysis is the only way to derive general conclusions
thout sleep, and largely replicated their original findings using a substantially
reduced sample that omitted data not satisfying Berger's criteria for reliabil-
iy (42 species, giving actual sample sizes of up to 30 families). Nevertheless,
analyses on these comparative datasets have been stymied by inconsistent
data collation and madest sample sizes.

Recent developments in comparative analytical methods can help address
these: methodologic problems concerning comparative sleep datasets. For
evample, use of the technique of phylogenetically controlled “independent
vontrasts” (Harvey & Pagel, 1991) obviates the need to exclude artention to
variance below the level of the taxonomic family, Thus, we can avoid the
problem of reduced sample sizes arising from a focus only at family-level
analyses, In addirion, a large proportion of the variance in comparative bio-
logical variables is commonly associated with two factors: body size (allome-
tiy} and, as mentioned previously, phylogeny. Allomerry is the study of how
v trait scales with body size. Previous studies of sleep quoras have found neg-
ative correlations berween sleep durarions and body size (Zepelin, 1994), but
lide arrention has been paid to establishing quantitative scaling relation-
dups, despite the face tha regularities in these relationships may be impor-
tane for understanding sleep variation in general. For example, metabolic
tare and body mass scale with an exponent of 0.75 predice similar scaling
patterns for sleep traits under hypotheses involving merabolic functions.

With regard ro the issue of phylogeny, problems arose in previous com-
|urative analyses because it was not elear (using only standard multiple
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regression I:lr:c]miques‘_fl whether similarities/associations in Siu::.p expression
obtained berween animals was because of common funcrional relationships
or common phylogenetic ancestry. Animals that were relared phylogeneti-
cally were all too often treated as wholly independent data points. Given
that most statistical tests of sleep variables in the databases (implicicy)
assumed independence of the species data, some of the results of these early
analyses are likely to be invalid. One needs to rake phylogeny into account
to identity true functional relationships berween sleep properties and some
other nun-sh:::p—rclatcd rrait. Indeed, in order to properly describe even the
allomerric scaling of a sleep trait, it is necessary to take phylogenetic infor-
mation into account (Harvey & Pagel, 1991; Nunn & Barton, 2000, 2001),
yet this is rarely dene in studies of sleep.

Properly conducted phylogenetic and allometric analyses can help us an-
swer four fundamental questions about the evolution of REM sleep. First,
do phylogenerically close species share similar REM properties (c.g., dura-
tions)? In other words, do sleep-related traits exhibic whae Blomberg and
Garland (2002) call “phvlogenetic signal™ Second, which sleep-related rraits
are -:L\-'Ulutiunuril}' primitive for mammals and birds, which are derived, and
which similarities have arisen through convergent evolution? Third, do
groups of taxa exhibic different scaling relationships? A deeper understand
ing of allometric pacterns can be accomplished through understanding such
“grade shifts” (Nunn & Barton, 2000). Fourth, what general evolutionary
relationships exist (a) berween sleep traits and (b) berween sleep traits and
other aspects of behavioral biology and ecology? Have particular taxa evolved
distincrively different patterns of sleep, and, if so, how do these parterns
relate to other features of their biology?

We cannot yet answer these F:ts:cinating questions abour the phj-.'iogen}-' of

chﬂp states because no such phj.'fugcucticaﬂly controlled studies of compara-
tive ﬁlucp values have yet been conducted. We mention the guestions here
to highlight these pmmiﬁing areas for furure ﬁ[l]:‘lj-.f.

THE PHYLOGENY OF SLEEP

We turn now to a survey of comparative sleep patrerns, ﬁucuaing mainly
on mammals, but wich a short excursus on rcptilcs‘ and birds. Our aim is to
reconstruct the basic picture of what is R:Lil'l’L'ltti}’ known abourt comparative
patterns of sleep, particularly REM sleep. [t will be necessary to keep this ba-
sic picture of the variability in expression of REM and NREM sleep parrerns

in mind so that we can gruund our discussion of che 1_"-.'v::|u[inn:1rj.' hismr}-' ot

sleep relared mentation firmly in the context of comparative sleep biology.
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Phvloreny of rh[:_-.:_'y and Dreams 6
Reptiles

Electrophysiologic signs of active/REM sleep appear to be absent in most
il |11:r|1ap!~: all r::prifcau (Frank, 1999; but see Rial, Nicolau, Lopez-Garcia, &
Mimirall, 1993}. :’L[[hmlg]l behavioral signs of :.lt:::p are c]uﬂr[}-‘ observable in
weptiles, correlations berween these behavioral signs of sleep and selected
I ¢ indices are difficult to evaluare given the complexities of recording
sleep EEGs from the reprilian scalp and brain, Early studies by Flanigan and
athers (Flanigan, 1973; see review in Rial et al., 1993) reported an associa-
ton berween behavioral sleep and intermiteent high-voleage spikes and sharp
waves recorded from various brain structures in crocodilians, lizards, and tur-
es. Other investigations found no such association berween behavioral sleep
v high-amplitude spikes and sharp waves in the same animals. Harcse
(1994 ;u'gued that high--umpii[udc spikes and 5|1;1rp waves define a reprilian
dleep state homologous with mammalian slow wave sleep (SWS),

[High-voltage slow waves superimposed on the waking and sleeping EEG in
reptiles has been proposed as a precursor of SWA found in the sleep of mam-
mals. The equation of reprilian high-voltage slow waves (HVSW) with mam-
malian. SWA s supported by findings (Flanigan, 1973) of compensatory
iehound of slecp-re]anﬂ‘] processes, im‘.[llding EEG spikes afrer blccp dcp:'i\'n—
ton in repriles. The latency to behavioral sleep was increased and the durarion
ol behavioral sleep was increased as well after sleep deprivation in repriles,

With respect to REM, the consensus at this point is that repriles do not
‘whibit REM sleep. When Frank (1999) reviewed the literature on repeilian
deep, he concluded thar no convincing evidence had ver been produced of
IthM-like states in repriles. Rattenborg and Amlanar (2002) also called the
cvidence for REM in repeiles “equivocal.” Even when imvestigators claim to
luve found signs of REM in a reptile, they have hitherto failed to report
whether those signs were observed while the animal was un responsive to the
cnvironment (that is, whether arousal thresholds were elevated) or other cru-
vl signs of behavioral sleep, Thus, it may be that putative REM-like epi-
wiles in reptiles were actually brief arousals into waking or some form of
wiking, On the other hand, crocodilian sharp waves and spike activity in
the context of HVSW may be a kind of indeterminate or mived form of
what is called in mammalian species REM and NREM, thus these repriles
iy exhibic protoforms of REM.

Wwian Sleep

As is the case with mammals, birds can be either monophasic (with one
consolidated period of sleep per day) or polyphasic sleepers (with several
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short episodes of sleep per day). Birds appear to exhibit a special form of

SWA and very lictle REM-like sleep. SWA in birds does nor appear to be
hm‘ﬁtmmtlm[h regulated. SWA in NREM sleep in pigeons does not decline
in the course of the dark period, suggesting that SWA in these animals is
not building up chemicals that are depleted during waking, Moreover, SWA
does not appear to increase after sleep deprivation. Unlike mammals, sleep
spindles are absent during NREM in birds. In addition to this unusual form
of SWA, birds also display sleep states that simultancously combine fearures
of both wakefulness and SWA. As in aquatic mammals, unilateral eve clo-
sure and unihemispheric SWA also occur in birds (reviewed in Rattenborg,
Amlaner, & Lima, 2000a, 2000b).

Avian REM-like sleep states are associated with desynchronized EEG,
impaircd Ehurnmrugulﬂtiun, and higher arousal thresholds, but they last only
seconds and are cumulatively only one-quarter the amount ypically reporeed
for mammalian species. Moreover, there appears to be no REM rebound fol-
lowing REM sleep deprivartion.

Maminals
Monotremies

Composed of three extant species (two species of echidna and the duck-
h]II.LLE l_ﬁ]iltj\']_]ll."i:‘:', Mmonotreimnes arc thUlfg]:'lt Lo hﬂ"ﬂ._' di‘.-‘crgcd FrL‘.Im t.I'IC |TI:li]'I
mammalian line before the divergence of marsupials and placental mammals.

Allison, Van Twyver, and Gott’s (1972) original polysomnographic study of

the short-beaked echidna ( Tachyglossis actlearus) revealed unequivocal SWA
but no EEG evidence for REM. Siﬁgc[, Manger, Nienhuis, F;lhringer, and
Pettigrew (1996) investigated activity of brain stem reticular neurons in the
same species. Parterned rericular neuronal activiry varies consistently in
REM and NREM stares. Discharge rate is high and irregular during REM
and low and regular during SWA. Siegel et al. (1996) tound irregular reticu-
lar discharge patterns during SWA in the short-beaked echidna (thar is, a
mixture of REM and NREM Signs}. REMSs were also later recorded in the
duck-billed platypus despite no overt EEG signs of REM. Thus, the mono-
tremes appear to exhibic a mived, indeterminate form of sleep containing ele-
ments of both REM and NREM mammalian sleep states. Siegel and others
have suggested that mammalian sleep states emerged out of this primordial
hybrid state of indeterminare sleep with SWS and REM segregating into in-
dependent brain stares dependent on the central nervous system organizacion

of the animal. Theretore, they assume thar monotremes are primitive in their

SiCL'Fl' PiLET.'L‘T]L

i maw g



wrm of
o ]:}L'
fecline
nals is
SWA
, sleep
| form
arures
e clo-
nborg,

EEG,
t only
yorted

td FQI-

duck-
main
imals,
dy of
SWA
, and
n the
ly in
REM
Lricu-
is, 4
n the
Lo
i ele-
ithers
srdial
o oin-
ation
their

om mepn e

Phylogens |~J"‘~||;_-_|¥ and Diecams 63

Nicol, Andersen, Phillips, and Berger (2000) reported REM characteris-
ties in shore-beaked echidnas. This conclusion was based on evidence for
voncurrent cortical activation, reduced tonic clectromyogram (EMG) acriv-
ity, and REMs under low, thermo-neutral, and high-ambient temperarures.
v investigators have suggested thar the REM sleep episodes reported by
Nicol et al. (2000) actually reflece a quiet waking state in these animals,
Ihese studies of REM in monotremes have led some tescarchers to acknowl-
vdpe that some REM-like elecrrophysiologic activity occurs in these animals,
buie che work also confirms previous impressions that REM without signs of
YWA does not occur in monotremes.

Varsupials

Marsupials show more definite signs of REM sleep. Affani, Vaccarezza,
md Abellone (1967) and Van Twyver and Allison (1970) were the first o
dovument abundant signs of REM in a marsupial—the opossum. Cicala,
Abert, and Ulmer (1970) found evidence for REM in the red kangaroo.
Walker and Berger (1980) obrained sleep and wakefulness recordings from
e opossums, aged 48 to 79 days, while they were in their mothers’
|niiches, The ontogenesis of sleep in this marsupial was similar ro that of
plicental mammals: quiet sleep increased from 13 percent sleep time ar 48
diys 1o 55 percent at 79 days; conversely, active sleep decreased from 87 per-
‘ont to 45 percent, respectively, The amplitude of the EEG during quict
leep increased with age and quict sleep could be categorized as SWA ar 75
days. Active sleep could be identified as REM sleep at the same age,

Vpatic Mammals

Members of three different orders thar contain aquatic mammals—cera-
cwans (dolphins, porpoises, and whales), carnivores (seals, sea lions, and
iters), and sirenians lfmanarr;cg}—t}'picaﬂy engage in unihemispheric sleep
v Lnger, 2006; Rattenborg, Amlaner, & Lima, 2000b). Cetaceans exhibit a
dear torm of unihemispheric slow wave sleep (USWS) or SWS. EEG signs
ol REM are absent, but cetaceans show other behavioral signs of REM,
inwluding REMs, penile erections, and muscle twitching. The two main fam-
lies of pinnipeds, Otariidac (sea lions and fur scals) and Phocidae (true
wals), show both unihemispheric and bihemispheric forms of sleep. Phocids
Jeep underwarer (obviously holding their breath) while both hemispheres
chibic either REM or SWS. Amazonian manatees ( Trichechus ininguis) also
lvep underwater, exhibiting three sleep states: bihemispheric REM, bihemi-
pheric SWS, and USWS. Both hemispheres awaken to surface and breache.
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[n addition, when REM occurs in marine mammals, it is always bihemi-
spheric. The bilateral nature of REM mav be considered one of its distine-
tive features, and the brain structure of cerrain marine mammals apparently
cannot mediate this feature. Interestingly, even when REM occurs in aquaric
mammals, it never occurs unihcmiﬁphcricali}f.

Explanations of the loss of EEG signs of REM and the emergence of uni-
hemisphericity of SWS in some aquatic mammals tend to reference the sup-
posed incompatibility of REM-related muscle atonia and breathing while
underwacer. Yer, as just described, other marine mammals with similar eco-
logic constraines (e.g, Phocidae) evidence bihemispheric REM sleep even
while underwater. Given the alternative means of sleeping and breathing in
water observed in pinnipeds, one would expect manatees (order Sirenia) to
dispfa:.r cither of these strategies. As noted, however, Amazonian manatees
(7. frnnguis) exhibic REM sleep, bihemispheric SWS, and USWS. Thus,
unlike thar in dolphins and Otariidae, USWS in manatees is not clearly

linked to surfacing to breathe. Nor does the relatively advanced nature of

the cetacean brain help explain the absence of REM in ceraceans. Other
mammals with equally developed brains (such as primates) express abundant
REM.

As in birds, unihemispheric sleep in aquatic mammals is associated with
keeping one eve open during sleep, which is typically the eve contralateral to
the hemisphere that is asleep. Goley (1999 quoted in Ratrenborg &
Amlaner, 2002) rcpurt::d that when a group of slccping Pacific white-sided
dolphins (Lagenorhynchus obliquidens) swim slowly side-by-side in a group,

they preferentially direct the open eve roward the other dolphins, as if

“"th{_'l'l]'l'lg toy maintain contact wich the group. [nterr:s:cingl:.-’, when the .r.]eep—
ng dulphins switched, on an hmlrf:f basis, from one side of the group to the
other, the side with the open eye swirched accordingly, as if allowing cach
hemisphere @ turn to sleep. Many male dolphins form coalitions to monopo-
lize access to fertile females (Connor, Smolker, & Richards, 1992).
Therefore, the open eve may be monitoring the herded female.

Placemal Terrestrial Mammals

Behavioral measures of REM in placental mammals include a species-
specific body posture and sleeping site, reduced physical activity (quiescence),
reduced muscle tone, reduction in neck/nuchal muscle tone, puruf}'siﬁ of the
antigravity muscles in some species, increased arousal threshold, and rapid
reversibility to wakefulness, Physiologic indices of REM sleep include signifi-
cant [ab't][q; in the autonomic nervous system {ANS), cardiovascular, and

rc:ipiratc}r}' systems, ;ﬂung with increases in merabolism, Elcctmph}'siulugic
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measures of REM include low-voltage fast waves, REMs, thera rhythms in
the hippocampus, and pontine-geniculo-occipital (PGO) waves. Electrophy-
dologic measures of NREM  include HVSW, spindles, and k-complexes,
Functional indices of sleep include increased amounts of sleep afrer sleep de-
pivation, and inereased sleep intensity after sleep deprivation.

REM sleep accounts for abour 22 percent of total sleep time in adult
humans. Humans are about average among placental mammals in the
mnount of REM sleep they engage in. Although the cortex is activated in
IKEM, arousal chresholds are higher in REM than in the waking state (or in
WWS for that marter). The phasic aspeces of REM, such as intermittent
nuncle twirching, ANS discharges, and REM, occur in some mammals in
weowciation with bursts of PGO waves. Placental mammals (with the possible
cuweption of humans) also exhibit a cheta thythm in the hippocampal for-
mation during REM, Like NREM sleep, REM deprivation results in a
rehound phenomenon, indicating that a certain amount of REM is required
il muse be made up if lost.

Alchough REM of placental mammals engages both  hemispheres, it
nepeets a very selective pattern of brain activation. Cerrain brain sites are
wiivated while others are deactivated. Recent positron ¢mission o mogmph}r‘
) and tuncrional magnetic resonance imaging (fMRI) scudies of che
lecping brain in both humans and nonhuman animals have revealed chat
1tI:'M demonstrates high activation levels in pontine, midbrain tegmentum,
portions of the cingulate gyrus, remiporal-limbic, and amvgdaloid sites, and
mhitofrontal cortex. Conversely, other brain regions are deactivated in
1M, including dorsolareral prefrontal areas, portions of the parietal cortex,
il the cingulate (Braun er al, 1997; Hobson, Stickgold, & Pace-Schorr,
1998; Maquer & Franck, 1997; Maquert et al., 1996; NL‘:fZil}gﬂr, Mintun,
WWisernan, Kupﬁ:l‘1 & Moore, 1997).

Finally, when human subjects are awakened from REM, they generally
pPOrt @ narrative Iiwufving the dreamer, with vivid visual detail, Lm]:rlcaﬁ;lnt
cotions, and occasional bizarre and improbable events (Domhoff, 2003;
ubson & Pace-Schorr, 2002: Nielsen, 2000; Strauch 8 Meier, 1996). As
mentioned above there is reason ro believe thar other placental mammals
ream:”

The foregoing briel review of the phylogenetic distribution of the two
major sleep states suggeses thar the emergence of distinet sleep stares, and in
pravticular of REM, began with the evolution of repriles and reaches its most
devived stare in terrestrial placental mammals, Avian REM is peculiar in that
i1 brief and shows no rebound effects. Nor does Avian NREM show clear
whound effects. Avian NREM furthermore appears to be unihemispheric.
lurning now to the repeiles, REM-like sleep states do nor occur at all in
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reptiles. On the other hand, the presence of HVSWs, as well as sharp spikes
in the EEG of reprilian sleep, suggests that what is now called SWA in
mammals first appeared in repriles. The fact that some aspects of EEG sleep
in reptiles appear to exhibit rebound effects after sleep deprivation supports
the argument that some form of SWA is present in reptiles. REM, however,
does not occur in rcptifcs, with the pc:ssib]c exceprion of the crocodiles.
Crocodiles themselves, however, seem to exhibit some behaviors of mammals
(like play in the young and care for young). It thus appears that REM-velated
mentation experfences—lers call them drveams for the rest of this chaprer—
dfrprear o b L'wamfmﬁnj-' THNGUAHOIS .fJf p.i‘.u!r;-mfz?mmzfﬁ;m and wmangnalian
Laxa,

With the appearance of the monotremes, clear signs of REM begin to
appear in the EEG, although they are mixed wich signs of NREM. Follow-
ing the evoludon of m:Lrsul:ri:Lls, clear cluctrnphys'm!ugic signs of REM
emerge but they are again partally mixed with NREM, and it is not clear
whether one or both Slctp states are uni- or hil‘tcnliz;phcric;tll}' L‘X]‘.‘H'L‘JSHHI.
Finally, with the emergence of placental mammals we get the derived statc
of bihemispheric REM sleep. Recall thar our review of comparative patterns
of REM expression revealed that REM never occurred in the unthemispheric
state, Only NREM or SWA occurred when unihemispheric sleep was pres
ent in a species.

We, therefore, tentatively conclude that REM requirves bibemispheric activa-
tion to occur, and this activation pattern must decisively influence the form of
mentation that eccurs in REM.

If REM is a uniquely bihemispheric phenomena, then REM sleep may also
require a {"unctiuning corpus callosum in order to achieve its full expression.
The corpus callosum connecrs the two hemispheres, thereby exponentially
increasing brain connectivicy and integration relative o unihemispheric
funcrional states (Scamvougeras, Kigar, Jones, Weinberger, & Wirelson,
2003). A functioning corpus callosum permires simultancous bihemispheric
activation and all manner of patterns of cross-hemispheric interactions, The
corpus callosum is a unique feature of the brain of placental mammals
(Aboitiz & Monciel, 2003). Alchough marsupials evidence enlarged anterior
commissures, the corpus callosum is less developed in them than in placen
tals. Aquaric mammals without REM evidence unique and perhaps reduced
(in size) forms of the corpus callosum (Gilissen, 2006). Avian REM, as far
as we know, is not strictly analogous to mammalian REM. Nor does avian
REM exhibir sleep rebound effects after sleep deprivation (as is the case with
mammalian REM). Thus, while hird song appears to be a partially sleep de
pendent process, it is related to unihemispheric NREM forms of sleep and
thus may not be like REM-related forms of mentation at all. The
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liemispheres in birds are nor as densely connected as are the hemispheres in
mammals. In birds, for cxamplc. there is no structure i:urrtspunf_{ing to the
mammalian corpus callosum. If REM does indeed require bihemispheric
i tivation to occur, it is not surprising then that REM sleep in birds is fleet-
g On the other hand, very licdle is known about this arca of research, thus
the relation berween mammalian REM/dreams o avian unihemispheric
NREM mentation processes remains a question for future research.

Bihemispheric REM produces a very special form of mentation or con-
winusness, Indeed, REM sleep itselt has been associated with increased
pamma wave frequencies (30-80 Hz)—an index of binding during waking
lile (Kihn, Pace-Schote, & Hobson, 1997; Llinas & Ribary, 1993). However,
wlule bihemispheric binding appears to be enhanced in REM, anterior-
prosterior connectivity is impairtd in REM. Within REM 5|c:‘:p, gamma fre-
quency oscillations become desynchronized berween frontal and posterior
perceptual areas (Corsi-Cabrera et al., 2003; Perez-Garei, del-Rio-Porrilla,
Cinevara, Arce, & Corsi-Cabrera, 2001). The picture, therefore, is complex,
While REM-related mentation appears o support integration of righe-left
vontributions, REM does not allow for integration of anterior-posterior in-
lormation sources.

Thus, REM-relatred menration expericnces are the expression of intense
wivation of the limbic and amygdalar centers as well as incegration of right-
fely humisphﬁric SOurces, -.]Inng with t‘]’.‘.‘-S}'I'iC]'lI‘L’JI'i}' in I:runtﬂ[-pﬂricmi areas.
e monotremes were the first to experiment wich binding across the hemi-
wpheres, bue the marsupials and terrestrial placencal mammals developed it
more tully. Bihemispheric integration of information is most fully expressed
in the primate line and of course in humans, This bihumiﬁphcric integrarion
ol informarion processing resources }'ie]ds additional mmpumtiunul power
and new emergent forms of attentional capacicies (Banich, 2003), When
mn]ﬂcd with ANLCTIOT-posterior d&-synchmny or disconnection, bih{:misphcric
ross-talk produces the new form of consciousness we call dreams. The pur-
pose of this new form of consciousness is still unknown,

REFERENCES

Aboie, o, & Montiel, J. (2003). One hundred million years of incerhemispheric com-
munication: The history of the corpus callosum. Brazilian Journal of Medical and
Riological Research, 36, 409-420.

Mlanng, J. M., Vaccarezza, O L, & Abellone, ], C, (1967). Difference in elecerical activ-
Hy during wakelulness and the ph.'ls{: of <-'ilt.:tp with muscular twitches' as recorded
from the cortex of the m'.trsupi'.ll Dz'.sfﬁ!'p.l"ﬂ_& azarae [South American npnssnm]. Expe-
vieatia, 23, 216-217,




68  Biological Aspects

Allison, T., Van Twyver, H.. & Goff, W. R. {1972). Elecrraphysiological studies of the
echidna, Tachyelossis acilearns. 1. Waking and Sleep. Archives of ltalian Biology, 110,
145- 184,

Banich, M. T. (2003). Interaction between the hemispheres and its implications for the
processing capacity of the brain, In K. Hugdahl, & R. J. Davidson (Eds.), The asm-
metrical frain I:Pp. 261-302}. Cambridge: The MIT Press.

Berger, R. J. (1990). Relations bevween sleep duration, body-weight and merabolic rate
in mammals. Ausmal Belavior, 40, 989-991,

Blomberg, 5. P, & Garland, T, (2002). Tempo and mode in evolution: Phvlogenetic
inereia, m‘!apmrinn and comparative methods. fowrmal q?f- Emfz;r:'ﬂmu:}f Hf'ufug}'. 5
299970,

Braun, A, K., Balkin, T. [, Wesenstein, N. |, Varga, M., Baldwin; P., Selbie, S., et al. (1997).
Regional cerebral blood flow throughour the sleep-wake cyele. Bram, 120, 1173-1197,
Camphbell; 5. 5. & Tobler, L (1984). Animal sleep: A review of sleep duration across

phylogeny. Newroscience & Bipbehavioral Reviews, 8 269-300.

Cicalu, G. A, Alberr, 1. B, & Ulmer, F. A, Jr. (1970). Sleep and other behaviors of the
red kangaroo (Megaleta rufa), Ansmid Bebavior, 18, 7T87-790.

Connor, B, O, Smolker, Bo AL & Richards, A FO(1992) Two levels of alliance forma-
ron among male borrlenose dc]Ephin:i [Tzuynp; ﬁp,:l. P:a'r;:'fff.:f.f;{g; .-_Jf'.n'a.-:' National dead
ey of Seiences, 89, 987-990,

Corsi-Cabrera, M., Miro, B, del-Rio-Portilla, Y., Peree-Garer, B, Villanueva, Y., & Gue-
vara, M. A, (2003). Rapid eye movement sleep dreaming is characterized by
uncoupled EEG acrivity berween fronral and perceprual cortical regions. Brain &
Cognition, 51, 337-345.

Dave, AL 5, & Margoliash, D. (2000). Song replay during sleep and computation rules
for sensorimotor vocal learning. Scence, 290, 812-816.

Deregnacourt, S, Mitra, P. I, Feher, O, Pytre, C., & Tceheenichovski, O. (2005), How
sleep affects the developmental learning of bird song. Natre, 433, 710-716.

Domhoff, G. W. (2003). The sceentific study of dreams: Newal networks, cagnitive devel-
apmeit, and content analysis. "lh}"a.ﬁhingl:nn. [ American Phjﬂ:hnh'.ugic:l.] Association.

Elgar, M. A., Pagel. M. D., & Harvey, P. H. (1988). Sleep in mammals. Animal Bebuav-
aor, 36, 14071419,

Elgar, M. A., Pagel, M. D, & Harvey, P. HL (1990). Sources of variation in mammalian
sleep. Awinal Bebaviowr, 40, 991-995.

Flanigan, W. F. (1973). Sleep and wakefulness in iguanid lizards, Cremosanra pectina.
Brain, Bebavior ¢ Evolution, 8, 401-436.

Frank, M. . (1999). Phylogeny and evolution of rapid eye movement (REM) sleep. In
B, M. Mallick & 5. Inoue (Eds.), Rapid eye movement sleep (pp. 15-38), New Delhi,
India: Narosa Publishing House.

Crilissen, E. (2006). Scaling patterns of interhemispheric connectivity in cutherian mam-
mals. Bebavioral ¢ Brain Sciences, 29, 16— 18

Goley, I\ D, (1999), Behavioral aspecrs of sleep in Pacitic whiresided dolphins (Lageno
rhynches obliqurdens, Gill 1863 Marine Manmmal Science, 15, 1054-1064.

Flarese, K. M. (1994). Sleep in insects and nonmammalian vertebrates. In M. H. Kryger,
T. Ratch, & W, C. Demenc (Eds)), Priuciples and practive of sleep medicine (2nd ed.,
pp. 25-104). Philadelphia, PA: W. B. Saunders.

. ——

| Larvey,
RITH

I 1ol
v
Il
||'A.'.|.|'i]
0y
Halwan
‘ill-..'l_'!"
[sver, B
e, |
ul th
“Ir.l.'llr’.l_
Il 1
I|-|l.'.“
'-'Illl.ll

I liwas, |
||||:|'|'I
Levie
Slalaw,
I K
-
Shaner,
atit O
ey

4 RONTHT
|45
St
I
iess
Sl S
losts
1=~
Diclien,
THEHY
Meden
el rinp
(199
.
M, |
|
I,
cg,
RTRTE
e,

'||'|.|L"



ivs of the
logy, 110,

15 for the
:IIEH.' -'L';:I.rﬂ.ﬂ'

aolic rare

r|1.‘.|5—__[t:m:ri4:

:f:;g]f, I3
i (1997).
-1197.

I ACross

sirs of the

¢ formau-
wal Aecad-

. % Gue-
tized h}'
Bram er
don rules
151 How
e devel-
CLLLLOI,

o Bebap-
immalian

1 peciima.

slccp, In
sy Delhi,

an manm-
(Lageann-

|, Keyger,
I:Eru.{ ed.,

I‘hj.]n'l;__r,c".i_‘. ol Sleep and Dreams 69

Harvey, Po H., & Pagel, M., D. (1991). The comparative method in evolutivuary ﬁl:'ﬂf;:@u
Uxtord: Oxford University Press.
Hobson, J. A, & Pace-Schott, E. F. (2002). The cognitive neuroscience of sleep: Neuro-
nal systems, consciousness and learning. Nature Reviews Newroscience, 3, 679-693,
Hobson, J. A, Pace-Schort, E, F., & Stickgold, R, (20001, Dreaming and the brain: To-
ward a cognitive neuroscience of conscious states. Behavioral ¢ Brain Scichees, 23,
T93-842.

Hubsan, J. A, Srickgold, R., & Pace-Schote, E. F. (1998), The neuropsychology of REM
sleep dreaming, Newrorepare, 9, R1-R14.

hver, M. (1999). The paradox of steep: The story of dyeaming. Cambridge, MA: MIT Press.

bver, D, Vimone, P, Delorme, F., & Jouver, M, (1964). [Study of selective deprivation
ol the paradoxical sleep phase in the cat]. Comptes Rendus des Seances de la Sociere de
Bialagy er de ses Filiales, 158, 756-759,

hahn, D., Pace-Schore, E. F., & Hobson, . A. (1997), Consciousness in waking and
dreaming: The roles of neuronal oscillation and neuromodulacion in determining
similarities and differences. Nenroscience, 78, 13-38.

Fhinas, R, & Ribary, U, (1993). Coherent 40-Hz oscillation characeerizes dream seate in

humans. Praceedings of the National Academy of Seiences of the United States of

Awerica, 90, 2078-2081.

Mahowald, M. W, & Schenck, C. H. (2000). REM sleep patasomnias. In M, H. Kryger,
1. Roth, & W, C. Dement (Fds.), Principies and practice of sleep medicine (3nd od.,
pp. 724-741). Philadelphia, PA: Saunders.

Manger, PR, (2006). An examination of ceracean brain scrucrure with a novel hypothe.
ss correlating thermogenesis o the evolution of a big brain, Biolugical Reviews, 81,
295-338,

Maquet, P, & Francks G. (1997). REM sleep and amysdala. Molecular Peychiary, 2,
195-196,

Maguet, P, Perers, J. M., Aerts, [, Delfiore, G, Degueldre, €., Luxen, A, et al. (1996),
Functional neurcanatomy  of human rapid-eye-movement  sleep and  dreaming,
Natare, 383, 163-166.

Nicol, 5. C, Andersen, N. A, Phillips, N. H., & Berger, R. J. (2000). The echidna mani-
fests tvpical characteristics of rapid eye movement sleep. Newroscience Letters, 283,
=52,

Miclsen, T. A (2000), A review of mentation in REM and NREM sleep: "Covert”
REM sleep as a possible reconciliation of two opposing models. Belavioral ¢ Brain
Nererices, 23, 851 -866.

Nubznger, E, A, Minmn, M. A, Wiseman, M. B, Kupfer, . . & Moore, R Y.
(1997). Forcbrain activation in REM sleep: An FDG PET seudy. Brain Research,
T, 192-201.

Nunn, €, L. & Barton, R. AL (2000). Allomertic slopes and independent conerasts: A
comparative study of Kleiber's law in primate ranging pacterns, American Naturalist,
156, 519-533,

MNonn, C. L, & Barton, R AL (2001). Comparative methods for studying primate adap-
tacion and allomerry. Evolutionary Anthropalagy, 10, 81-98,

Uon, E, I, Boeve, B, F, & Silber, M. H. (20000, Rapid eye movement sleep behaviour dis-
order: Demographic, clinical and laborarory findings in 93 cases. Braim, 123, 331-339,




Fil) H]u]i.t;ls.:;t! Aspuets

Perez-Giared, E., del-Rio-Porilla, Y., Guevary, WM. A Arce, T, & Corsi-Cabrera, M.
(2001). Paradoxical sleep is characterized by uncoupled gamma acriviey berween fron-
tal and perceprual cortical regions. Skeep, 24, 118-126.

Rattenborg, N. C., & Amlaner, C. ]. (2002). Phylogeny of sleep. In T, L. Lee-Chiong,
M. J. Sareia, & M. A. Carskadon (Eds.), Sleep medicine (pp. 7-22). Philadelphia, PA:
Hanley & Belfus.

R:ll:trnl}urj__; N. C., Amlaner, C. [, & Lima, 5 L. (2000a). Unihemisphenic slow-wave
sleep and predator detection in the pigeon (Colembia fivia). Sleep, 23(Suppl. 1),
A43-A44

Rattenborg, N. C., Amlaner, C. ], & Lima, §. L. {2000b), Behavioral, neurophysiological
and evolutionary perspectives on unihemispheric sleep. Newroscience ¢ Biobehavioral
Reviews, 24, B17-542.

Revonsun, A. (2000), The reinterpretation of dreams: An evalutionary hypothesis of the
funcrion of dr::nming. Bebavioral ¢ Brain Sciences, 23, 877-901.

Rial, I, Nicolau, M. C,, Lopez-Garcia, . A, & Almirall, H. {1993). On the evolution
of waking and sleeping, Comparative Biochewmistry & Plysiology. Comparative Physiol-
agy, 104, 189-193,

Scamvougeras, A., Kigar, I, L, Jones, D, Weinberger, D. R, & Witelson, S. F. (2003).
Size of the human corpus callosum is generically determined: An MRI study in mono
and dizvgortic twins, Newrascience Letters, 338, 91-94.

Siegel, J. M., Manger, P, R, Nienhuis, R, Fahringer, H. M., & Pertigrew, J. D. (1996),
The echidna Tachyglossns acnleatss combines REM and non-REM aspects in a single
sleep stace: ImFEicariﬂns tor the evalurion of sleep. Jonrmal of Newroscience, 16,
3300-3306.

Scrauch, L, & Meier, B. (1996). In tearch of dreams: Results of expevimental dream
researeh, Albany, NY: State University of New York Press,

Tobler, L {2003). Phylogeny of sleep regulation. In M. Kryger, T, Roth, & W. Dement
(Eds.), Principles and practice of decp medicine (pp. 77-90). Philadelphia, PA:
Saunders.

Van Twyver, H., & Allison, T. (1970). Sleep in the opossum Didelphis marsupialis. Elec-
!rr;.f'ﬂmpﬁ}m"o_ﬁrﬁpﬂa_}' e Clinical f‘l.-’rf;mjr:-fnl]-.l.'z'o.-"ngj.-, 29, 181-139.

Walker, ). M., & Berger, R. J. (1980). Sleep as an adaptation for CRCTEY CONSCIVaLian
funcrionally related to hibernation and shallow torpar. Progress in Brain Research, 53,
255-278.

Zepelin, H. (1989), Mammalian sleep. In M. H. Krvger, T. Roth, & W. (C. Dement
(Eds), Principles and practices of sleep medicine {pp. 81-92). Philadelphia, PA:
Saunders.

Zepelin, H. (1994). Mammalian sleep. In W, C, Dement (Ed.), Principles and practive of
sdleep medivine. (2nd ed.. pp. 30-48), Philadelphia, PA: Saunders.

[ [issre
il
I igand,
I T
IR
llll!'.ll:
|'II||'||
il |
||'||- |'|"A.'|..

["'1'““
vehi]
WOl
e leel
RIS |
vkl 1
v
P o
e
b diey

My
b ||1
vt
b e

(8 FTRR®



