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FIGURE 6. Wakefulness (4) and sleep behavior (B) in the bee,
observed during the day and night, respectively. Note the lowered
head position and immobile, drooping antennae in the sleeping bee.
In comparison to wakefulness, bees in the sleep posture have higher
arousal thresholds. Reprinted from Kaiser W: Busy bees need rest,
too: behavioural and electromyographical sleep signs in honeybees. ]
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FIGURE 5. Schematic depicting the effect of position in the
group on unihemispheric sleep in ducks sleeping in a row. Ducks
at the ends of the row perceive greater risk and therefore spend
more time sleeping unihemispherically with one eye open and
show a preference for directing the open eye away from the other
ducks, as if watching for approaching predators. Adapted from
Rattenborg et al: Half-awake to the risk of predation. Nature
397:397-398, 1999; and Rattenborg et al: Facultative control of

avian unihemispheric sleep under the risk of predation. Behav
Brail‘l RES 105:163_172, 1999. Rattenborg NC, Amlaner Jr CJ. Phylogeny of sleep:

In Lee-Chiong Jr TL, Sateia MJ, Carskadon MA, eds,
Sleep Medicine, Hanley & Belfus Inc, Philadelphia, 2002, 7-22.
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Do all animals sleep?

Jerome M. Siegel

Department of Psychiatry, School of Medicine, University of California, Los Angeles and Meurobiology Research (151-A3),
VA-GLAHS, North Hills, CA 91343, USA

Box 1. Slease,. bhut ot as wee rnows it

Creapite relatively few detmilsd comparstives astudisess of slessp
phywEiologyw. many Speeaecies differsnaocess haws baesn ideaentified swan
werithim ths marmumea lian limnese. Haman st age < mnon-RER slsasp is linkesd
o grosesth hormeaors Seec s tion. Diaraption of stsge < slbsasp i child =
i= thhought o be linksd to short steturs. Howsseesr, in dogs. grossth

o rmeons Sscraetiomn mnommmally oocouars imn wwwasking. ot slssp [EEL. m
humeans,., armousasl threshold is lowsst im RERM slssp. bt imn rats it is
highsst im this Staets [&F S5 ). EBErsesctions hews besn ashowsn o b

presant durimng RERM slesp imn huameans armed rats [7500) 0 howeeses =r thie
aErmmaEadillo hes arsctions only imn mnon-RER slsaspn [F1]). BEload flosws o
metabolizm differ dreEamatica iy beteerssn neocortical regions im sdult
hurmean RERM slessp | FZ2EOFZ]. sahbhbough meosast amirmeal stuodiss assrm o
Essurme that thhsE neocortessxs baehaswvess =5 & unit durimng slesp. Lesions
of parisetal oortece @and ocaertsin othsr regions praEwsent e samding im
humeans, ewen in individusls continuaimng o shoss mnormmeal RER sles s
== judged by cortical EEG . suppreassicaon of musads tomns and raEpicd ayes
mowsrmeaEnts [F4A4). Huumans befor= =g= & do not hewse oreesam
meEntestion, paerhaps bbecauss thess ocorticasl regions haws naot seat
e walopsd [F5). Thas phhysiologicasl signs of RERM slesp in bBoth the
Pl e=tywpous [SE)] and the reslastsd rmonotresmes, thae ashort-nossd achicodmns .
5] =re= largesly strictsd o ths brainstsmm,. in contrast o thsir
propaegetion o the forsbhrasin imn sdalt plescentsl and o marmsEuapi=al
mammmeaEl=s. Theasss findimgs maks it gus stionasbhls wwhaethasr maomn- hurmsnm
marmmeaElas thhaet hasws RERM slesp. =11 of which heawes ocorticasl o resegiomns
& swrhosse structurs differs from that of sduhlhk homeans,. hees dressan
TAENDS in Newosaences mentastion. RERM slEaep ims present in &l btermeasatrial animals that hawe

5 - = TR i b= =n studied,. but so far signs of this stete hawese ot baesn ssesn in
FRgri L. 1Ight gleepera: Airi2ia bkt dheamy 11184 0 ). sief 1 ine) P grationt B o tscammnag. A substontial warilsticon im thes regp-omms bo Slees o o i o
f;ﬂmﬁﬂf;m:;:mmm::;ﬁ\iimtammm tiom is s=an betwressn hum ans of simiillar agse and hasshlth [FF) . Al of
bom; |8} bulfrog Rena m,mm Il white-crowned sparrow Tonotrichis thess findings=a ilubastrets the inesdsaguscy of compan@nng slessp sorosas
lucophrys. Rana catesbeima photo couresy of James Harding: killer whals =rndd sewithimn spescies in isolasticon from ecologic warnabhles by simpls
phoios courtasy of SsaWodd, San Diego. dichotoarmizimg itinto RERM snd mon-RERM slesp sand meassuring houars

of sle=s .
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