
DOI: 10.1126/science.1228466
, 1610 (2012);337 Science

Jerome M. Siegel
Suppression of Sleep for Mating

 This copy is for your personal, non-commercial use only.

 clicking here.colleagues, clients, or customers by 
, you can order high-quality copies for yourIf you wish to distribute this article to others

 
 here.following the guidelines 

 can be obtained byPermission to republish or repurpose articles or portions of articles

 
 ): October 1, 2012 www.sciencemag.org (this information is current as of

The following resources related to this article are available online at

 http://www.sciencemag.org/content/337/6102/1610.full.html
version of this article at: 

including high-resolution figures, can be found in the onlineUpdated information and services, 

 http://www.sciencemag.org/content/337/6102/1610.full.html#related
found at:

can berelated to this article A list of selected additional articles on the Science Web sites 

 http://www.sciencemag.org/content/337/6102/1610.full.html#ref-list-1
, 4 of which can be accessed free:cites 14 articlesThis article 

 http://www.sciencemag.org/cgi/collection/evolution
Evolution

subject collections:This article appears in the following 

registered trademark of AAAS. 
 is aScience2012 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience 

 o
n 

O
ct

ob
er

 1
, 2

01
2

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://oascentral.sciencemag.org/RealMedia/ads/click_lx.ads/sciencemag/cgi/reprint/L22/1549114280/Top1/AAAS/PDF-R-and-D-Systems-Science-120806/RandDSystems-v2.raw/1?x
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/content/337/6102/1610.full.html
http://www.sciencemag.org/content/337/6102/1610.full.html#related
http://www.sciencemag.org/content/337/6102/1610.full.html#ref-list-1
http://www.sciencemag.org/cgi/collection/evolution
http://www.sciencemag.org/


28 SEPTEMBER 2012    VOL 337   SCIENCE    www.sciencemag.org 1610

PERSPECTIVES

        S
leep has been viewed as 

a maladaptive behavior 

because it is incompatible 

with activity required to acquire 

food, defend against predation, 

and mate. Yet it appears to be 

nearly ( 1) universal among birds 

and mammals, leading to the 

assumption that sleep serves an 

unknown but vital physiological 

function. However, no function 

that can explain the huge varia-

tion in sleep times within and 

between species has yet been 

fi rmly identifi ed, although many 

candidates, including reversal of 

oxidative stress, memory consoli-

dation ( 2), extension of life span, 

and removal of various neurotox-

ins, have been proposed. On page 

1654 of this issue, Lesku et al. ( 3) 

show that in one species of bird, 

those that sleep the least gain an 

advantage—they produce the 

most offspring.

Male polygynous pectoral 

sandpipers engage in complex 

courtship displays and aggres-

sive defense of potential mates 

over 3-week periods. Lesku et al. 

observed that during this time, the 

males show no reduction in activ-

ity or degradation of performance 

despite little or no sleep. This fi nd-

ing and other recent work under-

mine the dominant paradigm that 

postulates a vital physiological 

function for sleep in birds and mammals. 

Killer whale and dolphin mothers and their 

calves are continuously active with eyes open 

for 6 or more weeks after birth. No rebound 

of inactive behavior follows ( 4). During this 

period, the neonates’ brain and body grow to 

their prodigious size and capacity without 

any apparent need for sleep-linked detoxi-

fi cation. Adult dolphins working for reward 

can accurately discriminate between visual 

stimuli presented at 30-s intervals on their left 

or right sides, 24 hours per day, for as long as 

5 days. During this time, their performance 

shows no progressive decline. No rebound of 

inactivity follows the session ( 5). By contrast, 

humans whose sleep is interrupted on a simi-

lar schedule are dramatically impaired ( 6), 

demonstrating the variability of sleep regu-

lation across species. Migrating birds greatly 

reduce sleep time with intact learning abili-

ties and high rates of performance, with no 

subsequent sleep rebound ( 7).

If male sandpipers that are continuously 

active during the breeding season clearly 

leave more offspring than males who sleep, 

why hasn’t natural selection eliminated the 

sleepier males? An attractive explanation 

is that the active males are more likely to 

deplete caloric reserves. Under 

optimal conditions, this depletion 

can be prevented by eating more. 

However, in conditions of food 

scarcity, the birds that most greatly 

depleted caloric reserves during 

mating will be least likely to sur-

vive to the next mating season. 

Thus, in the long run, a dynamic 

balance should be achieved across 

a range of sleep times ( 8,  9).

A similar balance appears to 

exist in humans. People of similar 

age, sex, and body build can have 

very different sleep times. They 

can also vary in their response to 

sleep loss, with some being highly 

impaired, unable to resist sleep, 

and others showing high levels of 

functioning despite sleep loss. The effect 

of sleep deprivation on performance is not 

strongly related to baseline sleep duration 

( 10). Furthermore, human sleep duration is 

not linearly related to health, with both high 

and low values being linked to shortened life 

span ( 11). Death of rats due to sleep depriva-

tion may be related to stress rather than sleep 

loss. Sleep deprivation has not been reported 

to cause death in pigeons, mice, or in rats 

deprived by techniques that do not involve 

waking them frequently at sleep onset. 

Fatal familial insomnia can cause death in 

humans, but sleep loss does not appear to be 

responsible. This disease affects many body 

organs ( 8,  12).
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Sleep can be seen as an environmentally 

determined, adaptive behavior.
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Sleep across species. The strongest cor-
relate of sleep time across mammalian 
orders and avian class is diet. Animals 
that eat food with high caloric density do 
not need to spend as much time ingesting 
food. In zoos and laboratories, where most 
sleep studies have been done and animals 
are well fed, carnivores sleep more than 
omnivores who sleep more than herbivores 
( 12). However, food deprivation increases 
waking and decreases sleep ( 13). Flex-
ibility in sleep time increases the likeli-
hood that energy input and output will be 
equalized and that other essential tasks, 
such as mating and care of young, will be 
successful ( 12). Caloric density of food: 
carnivores (+++); ominvores (++); herbi-
vores (+). Sleep durations in hours/24; life 
span in years. REM, rapid eye movement.
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So why do most of us feel so poorly when 

we reduce our sleep time? Natural selection 

has imposed a certain amount of sleep on 

us to restrict activity to appropriate times of 

day and to reduce long-term nonvital energy 

expenditure. The pressure to sleep operates 

by reducing brain activity. Although individ-

uals with naturally short sleep times are not 

at elevated risk compared to those with natu-

rally long sleep times, repeated sleep depri-

vation below the body’s programmed level is 

stressful and likely to impair health. Certain 

hormonal processes are linked to sleep. How-

ever, these are not universal, but rather are 

species and age specifi c ( 8,  12).

Sleep duration varies enormously across 

species, with total sleep amount ranging from 

20 hours per day in the big brown bat to 2 

hours per day in the horse. However, attempts 

to correlate sleep time with various parame-

ters do not support any sleep physiology the-

ory ( 8,  12). But species that eat food with low 

caloric density (e.g., herbivores) sleep less 

than those eating more nutritionally dense 

foods (e.g., carnivores) ( 12) (see the fi gure).

Quiet waking (with reduced motor activ-

ity) could serve the energy conservation 

functions attributed to sleep without the risks 

associated with the sleep state. However, the 

brain consumes an inordinate percentage of 

metabolic energy during quiet waking, as 

much as 25% of the body’s energy at rest. 

Brain energy consumption does not greatly 

differ between quiet and active waking, but 

it is greatly reduced in sleep ( 8). Animals will 

achieve a selective advantage in reducing 

brain energy consumption by sleep, but only 

if they have safe sleeping sites, such as under-

ground burrows. Accordingly, large prey ani-

mals that do not have safe sleep sites do not 

sleep much and sleep very lightly ( 12).

In addition to mating and migration, sleep 

can also be reduced during food shortages, 

presumably to allow animals to invest more 

time in searching for the available food ( 13). 

Species whose environment has a severe 

seasonal variation in food availability have 

evolved to increase sleep during periods of 

food shortage and decrease sleep when food 

is available. Other species that have safe sites 

hibernate during periods of greatly reduced 

food availability, reducing energy expendi-

ture even further ( 8).

The development of small devices that 

monitor sleep-related brain and muscle activ-

ity is likely to lead to major insights into 

the regulation of sleep duration under natu-

ral conditions ( 14). Darwin’s evolutionary 

monograph that underlies so much of our 

understanding of species survival does not 

consider the role of sleep in animal evolution. 

But understanding how the brain regulates 

sleep in response to behavioral requirements 

and environmental conditions across species 

will be a fruitful new paradigm for both sleep 

research and evolutionary biology. 
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How Oblate Is the Sun?

ASTRONOMY

Douglas Gough

Recent measurements show that the Sun 

appears to be rounder than current 

understanding predicts.
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        A
t the end of the 19th century there 

was much concern over Le Verrier’s 

realization that the orbit of Mercury 

differed from that expected from Newtonian 

physics. After taking account of perturba-

tions from other planets, there was an unex-

plained residual precession of the elliptical 

orbit that amounted to just 43 arc sec per 

century. It was pointed out by Newcomb that 

this residual precession might be explained 

by the Sun being oblate. Einstein then dem-

onstrated that his new general theory of rel-

ativity accounted for almost all of the pre-

cession, assuming the Sun to be precisely 

spherical. Only a small 0.2% of the original 

discrepancy then remained to be explained 

otherwise, presumably by an oblateness 

caused by rotation of the Sun. The most 

natural way to determine the oblateness is 

simply to measure the apparent shape. How-

ever, despite many attempts over more than 

a century, that has not been possible with 

the required precision. The reason is that 

ground-based observers must contend with 

variations in the refractive index of Earth’s 

atmosphere, which distort the image of the 

Sun. Only with instruments in space has it 

been possible to approach a useful measure-

ment ( 1). On page 1638 of this 

issue, Kuhn et al. ( 2) present 

results from the Heliospheric 

and Magnetic Imager (HMI) 

on NASA’s Solar Dynamics 

Observatory ( 3), indicating 

that the Sun appears not to be 

as fl attened as it should be.

The visual oblateness of 

the Sun, defi ned as ∆v = (Re − 

Rp)/R, where Re and Rp are the 

equatorial and polar radii and R 

the mean radius, can be sepa-

rated into two parts. One is the 

direct distortion ∆Ω due to the 

pull on the surface layers by 

the centrifugal force, which 
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Solar distortion. Superposed on the setting Sun is a graph depicting 
by how much Ω2 contributes to the distortion of the Sun’s gravita-
tional fi eld as a function of distance from the center ( 14).
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