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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

Brain Res 105:163-172, 1999.
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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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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. Crocodiles increased

Kelly ML?, Peters RA!, Tisdale RK?, Lesku JAS3, Lhe amoun('; of UfEC " .reI.Tpon.se to(;che
Unihemispheric sleep in crocodilians? uman, and preterentially oriente

J Exp Biol. 2015 Oct;218(Pt 20):3175-8. their open eye towards both stimuli.

unilateral eye closure (UEC) has been observed.
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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. ]
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, Los Angeles and Neurobiology Research (151-A3),

WA-GLAHS, North Hills, CA 91343, USA

Review

FRgure 1. Light sleepers: animals that show litfe or no sleep during migrations, in
the postpartum period or throughout their lives. {a) Commerson’s dolphin; (b}
bottlenose dolphin Tursiops truncatus; (c} 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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