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REM sleep was initially described in mammals and was later

found in birds. As the results obtained in reptiles were

unconvincing, this suggested for years that only homeothermic

species have REM sleep. However, recent studies in lizards

also suggest the presence of two electrophysiological states

and provide a better picture of their sleep. Nevertheless, due to

differences in the expression of these states in two lizard

species, as well as missing information, homology with

mammalian REM sleep still could not be established. As

ectotherms and homeotherms have very different physiology

and neuroanatomy, we expect that, even if a state like REM

sleep exists in ectotherms, its phenotypic expression should be

different. Therefore, we think that a comprehensive

understanding of the evolution of REM sleep will come from

efforts to examine both the similarities and difference between

sleep states in homeotherms and ectotherms.

Address

Neurosciences Research Center of Lyon, CNRS UMR5292, INSERM

U1028, University Claude Bernard Lyon 1, Lyon, France

Corresponding author: Libourel, Paul-Antoine (pa.libourel@univ-lyon1.fr)

Current Opinion in Physiology 2020, 15:xx–yy

This review comes from a themed issue on Physiology of sleep

Edited by A Jennifer Morton and Vladyslav Vyazovskiy

https://doi.org/10.1016/j.cophys.2020.01.001

2468-8673/ã 2020 Elsevier Ltd. All rights reserved.

Introduction
Sleep is a ubiquitous phenomenon found throughout the

animal kingdom [1]. However, the division of sleep into

two distinct sleep states (non-rapid eye movement

(NREM) sleep and REM sleep) was often thought to

be the monopoly of the homeothermic species (mammals

and birds) [2]. Recent discoveries (and often forgotten old

papers), however, challenged this assumption [3��,4��,5�].
Besides the factual and evolutionary interest in knowing

that REM sleep could be much older than expected if it is

not only found exclusively in ‘warm blooded’ species, its

existence in ectothermic animals, would drastically

impact our view of its function(s); notably, by rejecting

the hypothesis that REM sleep coevolved with thermal
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genesis. This would suggest that REM sleep was not

correlated with the active lifestyle of homeotherms. As

the function(s) of REM sleep remains unknown, its

presence or absence in ‘cold blooded’ species is crucial

to determine why it exists. Therefore, this question

should be addressed with the utmost care and effort to

properly assess its evolution and existence across species.

What is REM sleep? A mammalian and avian view

Before screening ectotherms for REM sleep, it is neces-

sary to first think about what REM sleep is. Its discovery

in humans and cats in the fifties was made based on the

observation that eyes exhibit rapid saccades during

behavioral sleep [6,7]. The activated wake-like brain

activity measured via electroencephalography (EEG)

during REM sleep is also one of its major features that

gave REM sleep another name: paradoxical sleep [8].

During REM sleep, many physiological parameters

change dramatically. The cardiac rhythm loses its regu-

larity [9], motor automatism and twitches are frequent,

thermoregulation mechanisms are turned off [10], penile

erection occurs [11], brain temperature increases [12], and

the cerebral blood flow also increases [13]. All of these

phenomena occur while a deep muscle atonia is present in

most skeletal muscle [14]. Since its discovery, multiple

species have been screened to determine if they also

express REM sleep. In accordance with this definition

(often simplified as all the parameters were not easily

accessible) a REM sleep-like state, with a wake-like

EEG, rapid eye movements, and sometimes muscle

atonia and muscular twitches was identify in all terrestrial

mammals screened to date, as well as in all birds exam-

ined [15].

REM sleep in reptiles: what was found in the 70’s

REM sleep seems to be expressed in a similar way in

mammals and birds, but what about reptiles (lizards,

snakes, turtles, and crocodiles) that share a common

ancestor with their homeothermic cousins? Do they

express this phenomenon? This question was investi-

gated as soon as REM sleep was discovered. Most of

all the experiments were conducted on these taxa before

the 80’s; but, unfortunately, those experiments failed

to reach a consensus on whether reptiles exhibit REM

sleep (reviewed in Ref. [16��]). Indeed, as illustrated in

Figure 1, from those old papers around half of the studies

in lizards (11 of 20 studies) reported the presence of two

sleep states suggesting the existence of a putative REM

sleep state [16��]. Three of the 12 papers conducted on

turtles and one out of the 6 on crocodilians species
www.sciencedirect.com
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Figure 1

Current Opinion in Physiology 

Phylogenic tree of the Chordata displaying the number of species studied per family; the Z icons represent the number of species recorded for

sleep with electrophysiological recordings in each group. The icon is black (Z) when only one state was reported and red (Z) when two sleeps

states were reported (at least once, if multiple studies have been conducted in the same species). The number of species studied is based on

[16��,54,55]. The tree was built using the ‘interactive Tree Of Life (iTOL) v4’ [56].
reported two sleep states [16��]. Then, since the 60’s, two

sleep states were already reported in reptiles; however

their nature still remain unclear. This is partially

explained because the EEG findings vary greatly across

studies, sometimes even in the same species. The find-

ings include either no electrophysiological difference

between wake and sleep, signs of one NREM sleep-like

state, or two types of sleep suggestive of NREM and

REM sleep (reviewed in Ref. [16��]). Slow waves have

rarely been reported in reptiles but isolated high-voltage

sharp-waves (HShw) were often proposed as a marker of
www.sciencedirect.com 
sleep, similar to the mammalian hippocampus Sharp

waves or cortical slow waves [16��,17�,18].

In reptiles, most of the studies, claiming that REM sleep

(or at least a similar state to REM sleep) was present,

based their conclusions on the presence of a wake-like

EEG during behavioral sleep, associated with eye move-

ments and sometimes motor automatism, seen in its

mammal counterpart. In studies reporting the presence

of REM sleep in reptiles, no clear muscle atonia

was recorded (only four studies reported atonia over
Current Opinion in Physiology 2020, 15:134–142
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40 [19–22]) and only one arousal threshold evaluation

during putative REM sleep was conducted [23]. Thus,

none of these studies were able to provide enough clues

to unambiguously assert that those periods of wake-like

EEG with eye movements were not short awakenings

from sleep. Moreover, different brain regions were

recorded, the number of individuals studied was usually

small, and the ambient temperature varied across studies.

All these factors might contribute to the diverse findings

reported in reptiles.

Recent discoveries

The topic of REM sleep evolution recently returned to

the main stage with two publications re-investigating

sleep in reptiles [3��,4��] with up-to-date methods.

Indeed, most of the previous recording were conducted

with a polygraph, with data collected on paper. Conse-

quently, it was difficult or impossible to apply signal

processing analysis on the whole data set. Now, data

digitally sampled at a high rate simultaneously from

multiple brain regions and can be subject to spectral

analysis across the entire recording. Digital video can

also be analyzed precisely. In 2016, using modern meth-

ods silicon probes to record multisite local field potentials

and unit activity combined with close up videos, Shein-

Idelson et al. revealed that the bearded dragon (Pogona
vitticeps) displays a period of behavioral sleep character-

ized by the occurrence of high amplitude sharp waves

(one to two per second) in a deep brain structure, the

dorsal ventricular ridge (DVR), a possible homologue of

the mammalian isocortex, or claustro-amygdala complex

[24,25] (discuss below). Those periods alternated with

periods of desynchronized brain activity, similar to that

recorded during wakefulness in these animals [3��]. The

periods with desynchronized activity were preferentially

associated with eye movements (Figure 2). The two

electrophysiological sleep states alternated with an almost

clock-like periodicity of 80 s, never recorded before in any

species (including mammals and birds). The authors

concluded that those two brain activities during the sleep

period of the animal were the reptile equivalent of

mammalian and avian NREM and REM sleep. They

also suggest that the high voltage waves found could be

homologous to the hippocampal sharp waves ripple com-

plex, an electrophysiological marker of memory proces-

sing in mammals [26]. However, as explained later, these

sleep homologies are still unclear.

In 2018, we replicated those results in the bearded dragon

[4��]. Although we found similar electrophysiological

patterns during behavioral sleep, when we investigated

sleep in a different lizard species, the Argentine tegu

(Salvator merianae), those results painted a different story.

Two sleep states were also identified in recordings from

the same brain region (DVR) as in the bearded dragons.

The first sleep state was characterized by the presence of

isolated high amplitude waves (one every min on average)
Current Opinion in Physiology 2020, 15:134–142 
emerging from a background pattern without a dominant

rhythm. The second sleep state showed an unprece-

dented sustained brain oscillation at 15 Hz, not seen

during wake. This oscillation was associated with isolated

eye movements (Figure 2), a very slight decrease in the

muscle tone, and was suppressed after the injection of a

serotonin reuptake inhibitor that suppressed REM sleep

in mammals and birds. Thus, in both species two

electrophysiological sleep states seems to exist, but as

explained later, the expressions of none of these states

completely matched classical NREM sleep and REM

sleep. Therefore, we do not fully agree with the current

widespread idea that reptiles have REM sleep because

two states were found in two species. In the next para-

graph, we will discuss the pros and cons and will argue

that in a comparative context the current view of REM

sleep should be challenged.

Why the absence of consensus in sleeping
reptiles should change our classical view of
REM sleep?
The mammalian sleep traits used to identify or charac-

terize REM sleep are sustained by the anatomy and the

physiology of the animals. Thus, using those mammalian

traits as a correlated of the presence or absence of REM

sleep in reptiles, species that show important differences

in telencephalic neuroanatomy, metabolism and lifestyle,

could sometimes be puzzling. Below we will review the

different features that define REM sleep in mammals and

birds and discuss their existence and expression in

reptiles.

Reptilian brain activity during sleep states

Most of the studies that describe sleep states from cortical

EEG recordings attempt to draw comparisons with what

was described in mammals. However, the cortical EEG

(like any brain potential) originates from the surrounding

neural tissue and is therefore shaped by its neuroanatomy

and connectivity with other brain regions [27]. But, what

about species, such as reptiles, with their 3-layer cortex?

This peculiar cortex seems to lack the equivalent of

mammalian layers II and III, the layers with extensive

intracortical projections in the mammalian neocortex [28],

layers that seems to play a key role in the generation of

slow waves [29]. What about species that have a reduced

telencephalon with a cerebellum or an optic tectum that

could be more than 10 times larger than the telencepha-

lon? Should we expect to have the same brain signature as

mammals in those species? Reasonably, we might find

that unlikely. Then, the absence of slow waves reported

in most of the reptilian studies might simply reflect

differences in neuroanatomy and connectivity.

Moreover, some reptilian studies (including the two most

recent ones) recorded local field potentials (LFP), but

interpreting deep brain LFP can be even more challeng-

ing that cortical EEG (Figure 2). Indeed, due to their local
www.sciencedirect.com
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nature, the LFP is even more variable across region. This

was notably illustrated by the hippocampal sharp waves

ripples complex, a brain oscillation associated with mem-

ory processing, that occurs during immobility, and slow

wave sleep in rodent [26]. The hippocampal sharp waves

ripples complex can be recorded into the stratum radiatum
layer of hippocampus CA1 region, even though the asso-

ciated ripples complex show the maximal amplitude in a

different layer of CA1, the pyramidal layer [30] during

NREM sleep. Thus, the only argument supporting

homologies between the ‘Slow sharp’ wave recorded in

the DVR in the bearded dragon and the whole brain of the

Argentine tegu is their morphological similarities with

their mammalian counterparts. As a consequence, to draw

direct parallel from the LFP signature recorded in the

lizards, functional and mechanistic study remains neces-

sary. Without a proper understanding of the brain organi-

zation and the underlying neuronal networks responsible

for this phenotype, the information obtained is circum-

stantial at best if it is not correlated with other physiolog-

ical or behavioral changes.

In addition to neuroanatomy, other factors, such as tem-

perature, might influence brain activity signature and

thereby complicate attempts to draw parallels with mam-

mals. Indeed, even in mammals, it has been demonstrated
Figure 2

Selected recordings of the different vigilant states in the Argentine tegu, the

oculogram (EOG), filtered with a low pass filter at 10 Hz, for Active Wake (b

equivalents for squamates in red and green, respectively. From the top to t

Salvator merianae (Aa), the bearded dragon, Pogona vitticeps (Ab), and the 

for the same states and species. DVR = Dorsal Ventricular Ridge, Hipp. = Hip
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that brain temperature has an effect on the EEG; when

brain temperature drops, EEG waves decrease in fre-

quency and amplitude [31,32]. In mammals, the effect is

negligible as the brain temperature is kept quite constant,

but in ectotherms the brain temperature follows environ-

mental temperature. In the wild, most reptiles are diurnal

and when sleeping they are exposed to colder temperature

than during the day. The difference between day and night

can be more than 20�C, thus, comparing the EEG in an

ectothermic species under these conditions to that of

mammals is questionable. Even in lab, where reptiles were

often recorded in a more controlled conditions with con-

stant temperature, around 25�C, their brain temperature is

far below that of mammals. Thus, to make true compar-

isons, should we compare the EEG with a mammal in

hypothermia or reptiles at higher temperatures? Compar-

isons of this sort are likely to be meaningless, as neither

condition reflects normal sleeping conditions for the spe-

cies. Altogether, this show how complicated it is to draw

parallels between species that do not share the same

neuroanatomy and body temperature.

Sleep homeostasis

The homeostatic regulation of sleep states is one of the

major features of sleep and can be assessed through

depriving animals either of all sleep, or just REM sleep.
Current Opinion in Physiology 
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lue), Quiet Wake (orange), and NREM and REM sleep and their putative
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Unfortunately, in reptiles, the homeostatic regulation of

putative REM sleep states has not been examined. In the

Argentine tegu, after total sleep deprivation for 9 hours,

the REM sleep-like state did not increase like REM sleep

in mammals. However, after this 9-hours sleep depriva-

tion, Argentine tegu’s sharp waves density increased, as

reported by Flanigan in turtles, crocodiles and lizards, and

like the slow waves in mammals [33–35] and birds [36,37].

This tends to support the idea that reptilian sharp waves

could be a marker of sleep intensity. However, data are

missing to say whether they have the same role in

memory processing or not. In the bearded dragon, Shein

Idelson et al. postulated that the DVR sharp waves could

be like the mammalian hippocampal Sharp Waves ripples

complex. However, the fast activity observed during

sharp-waves in dragons may also arise from the same

processes that give rise to the fast (80�200 Hz), ripple-

like, activity that occurs during the upstates that give rise

to extracellular slow-waves [38]. However, no functional

studies have been able to confirm this homology and the

only morphological similarity is not enough to draw such

parallel.

The paradox of the wake-like EEG as a necessary

condition of REM sleep

In the 60’s, Jouvet renamed REM sleep as paradoxical

sleep because of the presence of a wake-like EEG in a

sleeping animal. Since this discovery, the wake-like cor-

tical EEG has been one of the major criteria to identify

REM sleep. But in 2018, we reported a sleep state in the

Argentine tegu sharing similarity with mammalian REM

sleep (eye movements, reduced muscle tone, suppression

after fluoxetine injection), but without wake-like LFP

activity in the DVR. Instead, a sustained 15 Hz oscillation

specific to this state was recorded. Does that mean that

this electrophysiological pattern could not be REM sleep,

as a distinct 15 Hz oscillation was not present during

wake? From our point of view, a wake-like EEG should

not be a necessary criterion to identify REM sleep.

Indeed, REM sleep have different functions than wake

and imply the recruitment of a specific neuronal network

[39]. Therefore, the electrical potentials recorded in

specific brain regions should differ between wake and

REM sleep. Far from the stereotype, this is also the case

for rodent. Indeed, when looking carefully in rats and

mice, due to the hippocampal theta rhythm, the parietal

EEG during REM sleep display a very singular and

regular frequency at 7 Hz. As show in Figure 2, this

oscillation differs from the parietal EEG of an awake

animal (not walking) where the frequency is more spread

through the theta band (4–9 Hz).

Eye movements during sleep in reptiles?

Eye movements were associated with REM sleep since

its discovery, making ocular saccades one of the major

signatures of REM sleep that has been used as a marker of

its existence in other species. In almost all reptile’s
Current Opinion in Physiology 2020, 15:134–142 
studies, from crocodiles to lizards and turtles, eye move-

ments were reported during behavioral sleep suggesting

the potential existence of REM sleep in reptiles [16��]. In

the bearded dragon, eye movements were more frequent

in the beginning of the sleep state with a wake-like LFP

[3��]. Whereas in the tegu the eye movements were more

frequent during the 15 Hz state. But as no arousal thresh-

old has been conducted, it remains possible that those

periods were wakefulness or at least micro-arousal. Beside

this, the density of eye movements as well as their

amplitude during sleep raise questions. In the bearded

dragon as in the Argentine tegu, eye movements during

sleep are isolated, small and do not occur in burst like they

do in mammals (Figure 2). This is not related to their

ocular capacity, as during wake, eye movements are more

frequent, faster and larger in amplitude (Figure 2). Does

that mean that REM sleep is not fully expressed in

reptiles, or that this REM sleep-like state in reptiles is

not homologous to mammalian REM sleep? Or that

potential REM sleep functions associated with the eye

movements are not as predominant in reptiles when

compared to mammals? As all of these possibilities could

be true, more studies of eye movements during sleep in

reptiles are needed.

Phasic and tonic muscle activity during sleep state

Muscle atonia, like ocular saccades and wake-like EEG

activity, is a key feature of mammalian REM sleep. But

unlike the other two features, muscle atonia differentiates

REM sleep from wake. In mammals, it was previously

thought that atonia prevents the animal from moving

when its cortex is activated (during dreaming in human).

This view is still likely, but challenged, in particular by

the report of dreaming without movement during NREM

sleep [40,41] or the partial expression of muscle atonia in

birds [42,43]. Therefore, the presence or absence of this

trait in animals during a REM sleep-like state could be

key to understanding whether it serves an important

function of REM sleep or if it’s a mammalian epiphe-

nomenon. In reptiles, muscle tone was often recorded,

but muscle atonia was seldomly reported. Even in the

Argentine tegu, the tone of the deep postural muscle of

the neck, during the 15 Hz oscillation, is significantly

lower than during the rest of the sleep periods, the

differences are very subtle and no clear atonia (like that

in mammals) could be identified. This could be explained

by the fact that no true muscle atonia is present during the

possible homologue of REM sleep in reptiles, suggesting

that in homeotherms, muscle atonia is either an epiphe-

nomenon of REM sleep or serves a specific function

related to endothermy. Another hypothesis to explain

the absence of clear atonia in reptiles could be that they

are always atonic during sleep. Indeed, as ectotherms, this

would be consistent with their energy conservation strat-

egy. Finally, if the muscle atonia was a core feature of the

expression of mammalian and avian REM sleep, this

could also mean that reptiles do not have an equivalent
www.sciencedirect.com
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REM sleep that serves the same function as in mammals

and birds.

Of all the traits of REM sleep, twitching is also one of the

more obvious. In neonates, REM sleep is identified

mainly from this prominent feature. Twitches occurring

during REM sleep are thought to play an important role in

brain development [44]. Unfortunately, no clear associa-

tions between twitches and putative sleep states have

been established in reptiles. Short movements of the toes

and tail were reported sporadically in many studies of

adult reptiles, but none (including the recent studies in

the bearded dragon and the Argentine tegu) was able to

clearly link those movements with any specific pattern of

brain activity.

The apparent absence of a clear association between

twitching and putative REM sleep states in reptiles raises

several questions. Is twitching during REM sleep present

only during development (in ovo) in reptiles as reported

by Corner [45]? Or is REM sleep (defined as an active

state with twitches) simply absent in reptiles? Does

putative REM sleep observed in some reptiles serve

the same functions as in mammals. Additional compara-

tive and developmental work is needed to fully under-

stand the true motor nature of REM sleep.

Sleep architecture

In mammals and birds, the respective quantities of

NREM sleep and REM sleep vary across the develop-

ment and across species (Figure 3). In addition, in birds,

the duration of REM sleep episodes is much shorter,
Figure 3
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typically only lasting between 5 to 10 s [46]. But more

generally, as seen in Figure 3, the quantity of REM sleep

reported in adult mammals and birds is much lower than

the quantity of NREM sleep. In the bearded dragon, the

putative periods of REM sleep constitute 50% of the time

asleep. If this state truly does reflect REM sleep, this

would mean that dragons have the greater quantity of

REM sleep ever seen in adults of any animal, (excluding

the platypus with its mixed sleep states [47]). This would

have huge implications for our understanding of the

functions of REM sleep. Indeed, such high proportions

of REM sleep were only seen in neonates, supporting the

developmental hypothesis of REM sleep [48,49].

The other unique aspect of the bearded dragon’s sleep

states is the almost perfect regularity of its sleep cycle,

which is unlike that observed in any mammal or bird.

Moreover, in mammals and birds, REM sleep increases in

quantity progressively throughout the sleeping period.

However, in the bearded dragon this is not the case.

The bearded dragon’s sleep architecture not only differs

from that of mammals and birds, it is also dramatically

different from that observed in the Argentine tegu. In the

tegu, putative REM sleep encompasses a far lower pro-

portion of the time asleep, is more prominent at the

beginning and at the end of the night, and does not occur

with clock-like regularity. The duration of REM bouts is

also more bird-like than that of the bearded dragon.

Altogether this shows how variable sleep phenotypes

are, even between two species of lizards. Finally, these

differences in sleep architecture between bearded
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dragons and mammals, birds, and tegus, underscore the

challenges of determining homology between reptilian

sleep states and those observed in homeotherms.

Others mammalian REM sleep features in reptiles

Aside from brain activity, muscle tone, and ocular activity,

other traits have been reported during mammalian and

avian REM sleep. Such traits should also be examined in

reptiles to determine how similar the “reptilian REM

sleep-like state” is to what has been found in mammals

and birds.

One of those traits is the reduction of thermoregulatory

responses in mammals and birds. However, as

ectotherms, this trait would never be found in reptiles.

Therefore, should we consider this feature of mammalian

and avian REM sleep as a key component of this state? If

the loss of thermoregulation mechanisms is considered a

defining feature of REM sleep directly linked to its

function, then it becomes clear that reptiles could not

have REM sleep. However, this trait could also be a

derived feature of REM sleep that appeared convergently

in mammals and birds. Importantly, the presence of REM

sleep in ectothermic reptiles, would then suggest that

REM sleep had an initial function before its involvement

in thermoregulation.

The greatest quantity of REM sleep found in young and

altricial species is also a major characteristic of REM

sleep, supporting its crucial role in development. Yet,

even if rhythmic movements have been recorded in ovo in

reptiles [45], this question has not been investigated

using EEG recording.

Finally, another way to determine if REM sleep is present

in reptiles would be to examine the neuronal network that

generates and maintains REM sleep in mammals and

birds. We now know that the circuitry that supports

mammalian REM sleep involves multiples nuclei in

the brainstem and hypothalamus. As the brainstem and

diencephalic structures are highly conserved across ver-

tebrates, all of these neuronal populations seem to be

present in reptiles [50–52]. Therefore, it seems possible

that reptiles possess the basic neuronal architecture

required to generate REM sleep. However, as no precise

brain atlases exists for reptiles, and despite one unsuc-

cessful attempt to find a REM sleep-specific neuronal

pattern in the turtle pons [53], the role of these structures

in putative REM sleep in reptiles is unknown. The study

of the activity and connectivity of reptilian structures

involved in REM sleep in mammals is needed to draw

a parallel and determine the level of homology between

reptilian REM sleep-like and mammalian REM sleep.

Conclusion
The phenotypic expression of REM sleep was mainly

defined from mammalian studies. Most of the traits
Current Opinion in Physiology 2020, 15:134–142 
expressed in mammals during REM sleep were also

found in birds, suggesting that both groups display a very

similar state. As most of the mammalian features of REM

sleep were found in birds (wake-like brain activity, atonia,

ocular movements, twitches, homeostasis, absence of

thermoregulation mechanisms, ontogenesis, architec-

ture), it became obvious that REM sleep exists and,

perhaps, supports the same function(s) in homeothermic

species. In reptiles, things become more complex.

Indeed, multiples studies from the 60’s reported REM

sleep in reptiles. Unfortunately, due to the high degree of

similarity between REM sleep and wake, none of them

convinced the scientific community. Recently, the stud-

ies in the bearded dragon and in the Argentine tegu nicely

demonstrated that two sustained electrophysiological pat-

terns exist during behavioral sleep in two different lizard

species. In both cases, one sleep state was preferentially

associated with eye movements (often small and isolated)

than the other. However, doubts remain regarding homol-

ogy between these states and mammalian and avian REM

sleep. Indeed, many of the other traits associated with

REM sleep in mammals (e.g. complete atonia, twitches,

homeostasis, loss of thermoregulation) were not found (or

not fully expressed), were not investigated or could not be

expressed. Further adding to the challenges of interpret-

ing the evolutionary implications of the research on sleep

in reptiles, is the finding that the expression of putative

REM sleep states differs dramatically between two spe-

cies of lizards studied using the same methods in the same

laboratory. Therefore, it is still unclear whether reptiles

have a mammalian REM sleep like state (sharing the

same function) but differently expressed, if they have a

partial mammalian REM sleep-like state or if they have

another sleep state supporting other functions. Although

our ultimate aim is to gain understanding about REM

sleep in mammals, through tracing its evolution, we

strongly believe that in addition to the similarities, the

differences between putative REM sleep in reptiles and

mammalian REM sleep should be given equal attention

when studying reptiles. Indeed, because of the specific

physiology and neuroanatomy of reptiles we believe that

we should not expect that most of the mammalian REM

sleep traits will be present in reptiles. To our point of

view, the only way to understand the evolutionary history

of REM sleep is to conduct more studies in additional

species, and to investigate the other main traits of mam-

malian REM sleep, like its ontogenesis, homeostasis,

neuronal basis . . . Our understanding of REM sleep

will come from our emancipation from its mammalian

expression. Recent very high quality studies promote the

existence of REM sleep in reptiles, and even fishes [5�],
seemingly pushing the origin of this state further back in

time. However, we should be cautious about reaching

simple clear-cut conclusions about the evolution of REM

sleep that fail to incorporate the differences between

species. Indeed, we strongly believe that the differences

between mammals, birds, and reptiles, as well as between
www.sciencedirect.com
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reptilian species, may prove to be a rich resource for

examining the evolution and functions of REM sleep.

This more genuine comparative approach will likely yield

a more comprehensive understanding than one that

attempts to force reptilian sleep states to fit within the

template used to define mammalian REM sleep.

REM sleep is a phenotypic expression of a singular,

mammalian state also found in birds. Just like mammals

have a hairy skin and birds a feathery skin, reptiles have a

scaled skin. All skins protect the animal from infection,

but, in mammals and birds, it also provides a high level of

thermal insulation. Just like skin, REM sleep could have

different species related phenotypes and could serve

common and specific functions. Therefore, we will under-

stand its nature and functions by studying its phenotypic

variability across species, not by trying to dress it in

mammalian clothes.
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