AR L

ARYI(CEEI HERA
BEFHOAT.IER
B TEBERTHLTH
HTEHOENEES
B THLHIEDHAR
DEEZHEZEL. HA
BANEZ TWSEE
DIMEYDERSRIZ,
EaNEMTHs L
DFEIE L, RY
ZEMNLE=CEDH
WA RATNRIER
PRELTL =L TNIX
ERWVET, ZLTHE
IECOBEBEHNES
ADSEDEZHEE
ZBBD—BIZEn(E
FEVTY,

RRIDIEF e 8
ZEMNMNILTLWSHEAH =]

1| 98288 I T—ay [RY AP BRERE
2 | 10A58 RY DR FL&HIZ, 1FE
3|10812H RYDHEIK2 2E
4108198 RYZBkHS 3F
5|10826H iR 2 O (3 idd AT 5E

6| 11H2H BEF2Tl&--- 6E
711898 | RYTZATHIEVLDOETELWN? 7E. 8§

8 [11A16H RYEME — Karoshi 9F
9|11830H RYEME 10E

10| 1287H ¥R ZARY 115
11|12A8148 R B R R 12EF
12|12A21H RYDHEE 13EF&

13| 1AN1B |R)—=TFANRRY—=TFYTF5L— 145, 158

14| 1188 Pro/Con 16E. {FEk. HEHYIC
15| 18258 FEHEHER




Take Home Message

BEIRMBILNAWNAHD



9— 1. EEREFFHIZOVWTIELWWDIZEN?
1. RN TEICH D, 2. FRTHIMEICH S, 3. BHIEARTEIZH D,
4, 1—3FFTXTELVY, 5. 1—3[XTXTiEY

9 — 2. RIBMHBRIZOWVNTIELWLDIZE LN ?
1. HitEoExZEmD 5, 2. WHEIIEEINEE S, 3. HERDWE E:O D,
4., 1—3FTXTELVY, 5. 1—3FTXTEY,

9— 3. FRAFIRY BDENDOT, RALYVERBEIZHY, ONXn?
9—4., AR EDT 4 ATV AIELN TV D HITITREIERADLZH S, ONX ) ?
O—5. FnehiEE 5N WVDITEREDIFITHD, ONX)n?
9—6. HEATRKHHE TWADITRETIRS BRLDITZRENED RN BT7E, OXn?

9—7. YHIZTOWTIELWVWDIL?

1. —RIZFEREICBITAANTHOREIZBRNELD L E,

2. BHWKITIEMEAZIKR TN E5, 3. BEAEONKITEMRELZEHD 5,
4. 1 —31FFXTIEELY, 5. 1—31FFTXTEDL,

9—8. FEHLDOIRVIZOWTIELWWDIZEIUHN?
1. FERFFE 2R TILIEWDOETH LV, 2. HEA-STEL, HIE TSI HES
3. RIZlzoT=-bED, 4. 1 —3FF_XTELY, 5. 1—3FTTXTHED,



8 — 1. MEIRFFMEINENE A ZARY w7 Ra—AZRAERREE S, ONX )2 O
8—2. [HIOKRIEE LY LESTEDIZID, "EFELIKEETENS, OMXn?
O

8 — 3. ANBIDOWKIIIOZEZZITDH, ONXINe? O
S8—4. RRZbLbT-OTWEAT h= 3K D EHAL THHIMENSE, OXNn? X
8—5. [JEHE LWV IS WVWHITHER KT, OMX ) X

8—6. BEIZOWTIELWLWDIZENN?

1. wiE45713 & 5%,

2. BERNCH 7 oA &2 BEL TiTWIT 22,

3. BHLGEITIMEIZA > TREDRE,

4. 1—3TFTXTIELV,

5. 1 —31TTXTEDL,

8—7. HIKFV A LZHZ2 D ECREIZ EixEnm?
1. FDE

2. KO

3. BEESR)

4. 1 — 31X XTKY)

5. 1— 33T XTAmE

8—8. Hir oKL idtue h=DEEE2E:0H 5 O



HRHSADIXEDREMNS

PETCWDEREEIMNDOBE >R EITEH2IBICIZETEL . Z2FIXFA
HIZBECETW OB L TWVADEASERBEDR TV ITNE . R FHTAD

NEZFHATHMRLEL- TBLAELEEFIXLNTETWSNOKEADE
BlZaE OSGETHLOMYMEEMNBEIC A>TV =DM GERLELTS,

IRAMZELA TS DBLTTAMIAZ—®EITLTYO-EBIET HITAA—
EAYELWVELE=A ., KRS E=DIZBLVEHEBARWEELTLVELT -,

BAZEHFEBLATECKIENE VRIS TWNAHET. EHAH5ELTINA LR
MNFIESLLY,
WEDHARTIIMEZIZECELDSES AN ZETHDIEHETIILGWLNERVE
I, FATEEBRDEEA-EETAHEESLEEOWDLONYEBZTESZ-LVERE
L\ile:o

FADRIFH )= Zo=EIET 2 EEFE DI YEEZTULVTLIDHFRIC
WL T, =FICEZEDHLETEAMTM4TLTULWVELZ, TTH, BLM->TH S —

IUEFHEOTHLETDFELHAFIZLT WFELESIZELNTINT, ETEAXA
FLE=EDIZBWET, ATA4ThbAFAFA~



FB; ANEIEBHREDEHYIZDUNT

« HBAIZHEAZLS
. 'WHIJJ 3

IZlEN., BRZEZEWIT NS, BREHKE,

>3 ﬁ ABLE A>T ZDBRE. AEEER
EIEYI>THEIY B N TE




FB; i 1= 2> T—F BT BRET?

. J:__ﬁIJE’JI RFERDRA, #x, B SHZ Mol
ESAITEETLTATYT , BRELTLESL VA,

« XF5. St %0)1%_% RKR.ZEZX.EXDED. F
IKEED O, %dﬂziﬁmﬂ EDEFEDIK, E
FKIT<DI . ZDEIOLAEOKR,. K. BAIFDH
TiE. BFROEFLAR, -t EFNAERIZ
foub)ﬁE&a_t %O)Fhwh_% K. Z8. A(AIXE

—&B) . FLA7E ..




SHOT—IEHRLGERY

o TIELVoT=-WEALGZEHL-=-?HHWNIIDERE
[TEST-ERYDHLHDH ?

Sleep arid Re st ¥ b e
in Animalg = ‘

THE
DOLPHIN'’S
HALF-SLEEP




Invertebrates
i Teleost fishes



IFH¥L58

PEAMZLEZMET S, Jerome Siegel (XTTHELIEDIRY DHEEERRBAD THAMN IELIBIXDES
ZIEELEDOIRY DREBEFELZOM TGN, ZLDEHRA. /UL LAEROKRE T RILEF—RE
EHERDEIEICHDHELTIND,

}/AHEE%:F;EI LTI, ERIRF OB BNGROE S, BFFORERE, RIEFEOHEZREETS
RERH DB,

HEEEARZRETERYDELHER., Fin. FERDOKES, EENKEN VAR,
REl. BIRGFTOTEHEICEAEL TS,

IRY I ZS<DEEZTTET A-OICHAMNGRE T, BEDEWVIINoDSLDEEEMNTEIZEST
EGHTHAICEZTERLTNG, [EFED,

SHIZARXTIE.
[BRDEREITABE TR, HBEINHRE. EBETIEDEL, |
(ERBETIIRYDEIIEZARDKESERLEHT S, |

FEFL B PKEMMELEAZ RS, MELFAISRKEREL LERZE Y 54, BRY O 8 3 0 B G
[XBARMIPNEL, ANV REEL, 1BEAOBRIIBIAIETO7Y o Id1.8REIE=EMN, T3 FME
1) xR A= T84 (Zepelin et al 2005) 1 EFRHFEL TNV,
HPERMBEEMICLERMEIRMEZEZSNTWAITILYFCIELLABEERENZNERESINTINVS
(Jha, et al, 2006) .



prove in the dolphin, the primitive long-nosed echidna and
Domesticated sleep

A pet cat will stay awake during 8 the duck-billed platypus, all mammals share the same
' alternating pattern of slow-wave fast-wave sleep.

the day because it is imitating its
human masters. Cats in the wild
hunt at night. The domesticated cat
has swapped rhythms of sleeping and
waking. But even during the day, a
well-fed cat will make the most of long
drawn-out naps, only stirring to walk
over to its cat dish or for grooming.
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2L, 15— ADFKIIRENI—2 DR ERT &M TES (Rattenborg &
Amlaner, 2002).
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EEL TULVA (Lyamind, 2002) (E6).

« BHEIVSHTIIVLERIXIFEAEREEINTLVEL (Lyamin, 2000).
o YT T1—bRAIF RO FKEREZ 29 S (Mukhametovrad, 1992),
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al 1996).
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-HAEDORKETIFAIO KR RIRIKEREZ 2T S (FAIF 3RO TR IKEEER : Rottenborg 2000) .



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
Brain Res 105:163-172, 1999.
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HEBBENTULSA, BT HIH NS REZERNRLEINATIVEL.

-HAEDORBETIIRAIOKBKFEERN R REREEZ 29 5 (F A3 Bk 1R K EEAR : Rottenborg 2000).
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SERBEMELGLHONDELDOD ., BEHHAR D IZ(ZERRRE A 2/3ICH AL TERICEEDERESE
RIGHENRTI=h B EHE LT= (PLoS Biol. 2004 Jul;2(7):E212. Epub  2004)



1D SOMKREIEREH 1 5F A ErEREHT
BOEBOAFVINIIFR, 7TOAANG = a—I—5 Y FETKEFERHET S 1
F1000FuRh2MEETRITLUIC &2, XKMWEREBFROWEF —LDBALEHE
ICX 2B THERRE L. 2 2 HfFDRFENIIHEDHRFEICHE LT,

F—LICEB L. CNETICRIRET N BORERERTORRIE. +—2 F
ZVT7HhoHEETORH6 50 0Faz--/Rkoa s F T, COREHFE RS, F
— LIEKT S AIMNBRTEMT 244V INY I FINVOBIRREBR2ES, TEE
8 HERICRU N> 1 FDAANIHRIC=a—I—FV RICEETAETH1 A1 6
8 OFZMUEIIZIZD., HIDAAAPTIN=a—h L RF=7AEFXFT1 AFall k.
MEPERIT Uz, XARICHARBHANE WA RBIREN7390F a7, TOR. &
AT DAENED LIZIEHEEL B o, KEFEREE, BRPTHRDZET I 7Hh
D)— MR, 5 TORKUERERNBOGEBRDIDIEOBFIEE NS, F—LA
F TOHLHKETICMRUEITONB EE) EENTWVS,



ARTICLE

Received 18 Feb 2016 | Accepted 6 Jul 2016 | Published 3 Aug 2016 DOI: 10.1038/ncomms12468 OPEN

Evidence that birds sleep in mid-flight

Niels C. Rattenborg'*, Bryson Voirin'2*, Sebastian M. Cruz3, Ryan Tisdale!, Giacomo DelOmo?,
Hans-Peter Lipp>©/, Martin Wikelski®® & Alexei L. Vyssotski®

Many birds fly non-stop for days or longer, but do they sleep in flight and if so, how? It is
commonly assumed that flying birds maintain environmental awareness and aerodynamic
control by sleeping with only one eye closed and one cerebral hemisphere at a time. However,
sleep has never been demonstrated in flying birds. Here, using electroencephalogram
recordings of great frigatebirds (Fregata minor) flying over the ocean for up to 10 days, we
show that they can sleep with either one hemisphere at a time or both hemispheres
simultaneously. Also unexpectedly, frigatebirds sleep for only 0.69hd ~ ! (7.4% of the time
spent sleeping on land), indicating that ecological demands for attention usually exceed the
attention afforded by sleeping unihemispherically. In addition to establishing that birds can
sleep in flight, our results challenge the view that they sustain prolonged flights by obtaining
normal amounts of sleep on the wing.
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FIGURE 3. Emperor penguins (Apzenodytes forsteri) displaying
the typical avian head postures associated with wakefulness (righ)
and sleep (/ef? and middle). Reprinted with permission of Grass-
Telefactor, An Astro-Med, Inc. Product Group.
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Here, we explored the use of UEC
In juvenile saltwater crocodiles (1)
under baseline conditions, and in
the presence of (2) other young
crocodiles and (3) a human.

Kelly ML?, Peters RA!, Tisdale RK?, Lesku JAS3. Crochiles increased the amount of
Unihemispheric sleep in crocodilians? UEC In re_spons_e to the hl_Jman, and
J Exp Biol. 2015 Oct;218(Pt 20):3175-8. preferentially oriented their open

eye towards both stimuli.
unilateral eye closure (UEC) has been observed.
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Figure 1. States of arousal and quiescence in
the cuttlefish Sepia officinalis.

Cuttlefish exhibit clear periods of activity where
the animals actively swim (A) or hover (B) and
periods of quiescence (C) where they lie on the
surface or are partly buried in gravel bedding
with closed eyes.

;«'3' ; I
Mlsteeptlike states it cuttlefish Sepia officinalis. PLoS ONE. 7(6):e38125. PubMed.
Seibt J, Dumoulin M, Aton SJ, Coleman T, Watson A, Naidoo N, Frank MG. (2012).




Chronology of sleep-like behavior in representative cuttlefish ‘Tiny’. Animal is oriented
with head facing upper right corner of the frame. 0:00-1:06| Quiescence (sleep-like state),
0:07-2:09| Sleep-like state+CA (activation of chromatophores, movement of eyes beneath
lids, small movements of arms, 2:10-2:45| Transitions in and out of arousal, 3:34-|
Quiescence resumes.




Chronology of sleep-like behavior in representative cuttlefish ‘KY’. 0:00-0:29|
Quiescence (sleep-like state), 0:30-1:03| Sleep-like state+CA (activation of
chromatophores, movement of eyes beneath lids, small movements of arms), 1:04| arousal.
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» 73 (Anderson, 1968), /\F (Kaiser, 1988), I ¥7'1)
(Tobler, 1983), /\I (Hendricksi, 2000;Shaw,
2000) #LTH VY (Tobler & Stalder, 1988) C, ¥
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=hstateMNEIHLNTULVS.




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. ]
Comp Physiol A 163:565-584, 1988; with permission.
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Do all animals sleep?

Jerome M. Siegel

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

Fgure 1. Light slespers: animals that show litfle or no sleep during migrations, in
the postpartum period or throughout their lives. {a) Commerson’s dolphin; (b}
bottlenose dolphin Tursiops truncatus; (¢} and {d] killer whale Orcinus orce being
born; (&) bullfrog Rana catesbeiana; (f) white-crowned sparrow Zonotrichia
leucophrys. Rana catesbeiana photo courtesy of James Harding: killer whale
photos courtesy of SeaWorld, San Diego.
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