
space requirements, and

progressively saturates our

capacity to learn. This is in

agreement with the way Yoo et al.

[ 12] interpret their results.

The second part of the

hypothesis b rings sleep into play.

D uring sleep, slow waves start to

emerge and b ecomemore f requent

and of larger amplitude the deeper

we f all asleep. S uch slow waves,

even though mainly a cortical

phenomenon, seem to persist also

in the hippocampus [ 18 ] . The

synaptic homeostasis hypothesis

now predicts that the amount of

slow waves, quantifi ed as slow

wave activity, is refl ecting synaptic

strength. Thus, the increase of slow

wave activity af ter wak ef ulness

would b e a direct refl ection of

strengthening of synapses. S low

wave activity during sleep is not,

however, j ust an epiphenomenon

of increased synaptic strength,

b ut has a role to play. I t causes

the downscaling of synapses:

a generaliz ed decrease in synaptic

strength that recalib rates neural

circuits [ 19 ] . S uch synaptic

downscaling would b e refl ected in

the well- k nown progressive

decrease of slow wave activity

during an ordinary night of sleep,

gradually reducing synaptic

strength and returning it to an

appropriate b aseline level. A gain,

the k ey f unctional corollary is

that synaptic downscaling has

b enefi ts in terms of energy and

space requirements and, due to

increased signal- to- noise ratios, in

terms of learning and memory.

Thus, when we wak e up, neural

circuits do preserve a trace of

previous ex periences, b ut are k ept

ef fi cient at a recalib rated level of

synaptic strength, and the cycle

can b egin again.

The synaptic homeostasis

hypothesis is b ased on a large

numb er of ob servations at

many dif f erent levels, f rom

molecular and cellular b iology to

systems neurophysiology and

neuroimaging [ 15 ,16 ] . Thus,

according to the hypothesis, to

preserve, in the long run, the ab ility

to acquire new inf ormation, we

need to entertain a healthy b alance

b etween wak ef ulness and sleep. I n

that respect the new work of Yoo

et al. [ 12] provides a very important

piece of inf ormation, namely that

memory network s, as is the

hippocampal complex , seem to b e

susceptib le to even one night of

sleep deprivation. Particularly

today this could b e an important

conclusion b ecause many people

do not get enough sleep.

A ccordingly, W alk er’ s team calls

their fi ndings ‘ ‘ worrying

considering society’ s increasing

erosion of sleep time.’ ’
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I sn’ t A l w a y s S ex y

A recent st u d y h a s fo u nd t h a t d i fferences i n a m a l e t ra i t ,

co nsi d ered a t ex t b o o k ex a m p l e o f sex u a l sel ect i o n, a re i n fa ct d u e

t o na t u ra l l y sel ect ed v a ri a t i o n i n t h e a ero d y na m i c o p t i m u m fo r

ea ch i nd i v i d u a l .

Reb ecca J . S a fra n1

a nd M a rk E . H a u b er2

The troub le with D arwinian

sex ual selection is that it

appears to contradict

predictions of D arwinian natural

selection: sex ually

selected traits are considered to

b e costly, while naturally

selected traits are considered to

b e b enefi cial in terms of

survival- related fi tness [ 1,2] .

B oth are predicted to increase

the lif etime reproductive

success of individuals.
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Traditional approaches in

evolutionary b iology have

assumed that sex ual selection

operates on most traits that are

sex ually dimorphic and that

reduce the f oraging or

survival success of its b earers

(reviewed in [ 3 ] ) . Thus, sex

dif f erences of an ornamental

trait must b e under sex ual

selection and convey

inf ormation to potential mates

and competitors in the

population ab out the

individual’ s quality, status, and

fi ghting ab ility. Yet, until a study

reported in this issue of C u r r en t

B i o lo g y [ 4 ] , the assumption

ab out sex ual selection b eing the

primary mechanism underlying

variation b etween individuals in

ornamental traits has remained

untested.

The reality f aced b y anyone

studying phenotype is that traits

that serve an individual in b oth

mating and non- mating

contex ts may have b oth

naturally and sex ually selected

components. A lthough, at

times, dif f erences b etween the

mechanisms are hotly deb ated

[ 3 ,5 ] , various models of sex ual

selection predict that it is the

sex ually selected portion of the

trait in question that has evolved

to signal individual quality,

b ecause it provides usef ul

inf ormation to an audience

interested in sorting out

potential mates (intersex ual

mate choice) and true

competitors in the b unch

(intrasex ual competition [ 3 ] ) . I t is

easy to see how peacock trains

and loud b irdsong all represent

classically sex ually selected

traits, in that these components

of the phenotype do little to

increase the day- to- day survival

or f oraging success of

individuals, and

instead represent a haz ard

through attracting predators

and reducing the chances of

escape. S o what ab out those

traits that are used to improve

the survival of individuals, or

their young, b ut that are also

used b y potential mates to

assess indirect or direct

b enefi ts of mate choice? F or

instance, nest architecture is the

b asis f or mate choice in B aya

W eavers P lo c eu s p h i li p p i n u s

(mating investment, sex ual

selection) , b ut it also indicates

sturdier nest structures that

protect eggs and young b etter

(parental investment, natural

selection [ 6 ] ) .

E longated tail streamers of

B arn S wallows, H i r u n d o r u s ti c a

(F igure 1) , are a tex tb ook

ex ample of a trait that is

involved in mate acquisition and

also af f ects an individual’ s

survival [ 7 ] : individuals with

longer streamers suf f er f rom

impaired aerodynamic

perf ormance which may result

in lower f oraging ef fi ciency [ 8 ,9 ] .

B ut swallows with too short

a set of streamers also suf f er

f rom reduced fl ight sk ills,

implying that natural selection

already shaped the morphology

of this species to accommodate

elongation and sex ual

dimorphism of tail streamers

[ 10 ] . I n a novel set of

ex periments, B ro- J ø rgensen

et al. [ 4 ] have tak en an

individual- b ased approach to

elucidate the ex tent to which

variation in the length b etween

male swallows’ streamers either

refl ects dif f erential ab ility to

withstand the costs of ‘ too long’

streamers, as predicted b y

handicap- models of sex ual

selection [ 11] , or represents the

individual- specifi c match

b etween b ody siz e and tail

streamer length to optimiz e

fl ight and f oraging perf ormance,

as predicted b y survival- b ased

natural selection.

E ver since the notab le

ex perimental studies of A nders

M ø ller in the late 19 8 0 s [ 12] , the

elongated tail streamers of b arn

swallows have b een considered

a classic ex ample of sex ual

selection: in several populations

of b arn swallows, males with

longer tail streamers have b een

shown to enj oy greater

reproductive success than their

short- streamered neighb ours.

A lthough there is mounting

evidence of f ascinating

geographic dif f erences in the

ex tent of sex ual selection on this

trait across populations [ 13 – 16 ] ,

using tail length manipulations

researchers have shown that

males f rom the E uropean

sub - species with streamers that

had b een ex perimentally

elongated garnered greater

reproductive success, b oth in

terms of social pairb onds and

genetic measures of reproductive

output, compared to males

whose streamers were

ex perimentally shortened (f or

ex ample [ 17 ] ) .

B ut tail streamers are also

critical f or b arn swallow fl ight

perf ormance, as they need to

f unction ef fi ciently f or this aerial

insectivore. O ne needs to look

no f urther than f emale and

j uvenile b arn swallows — they

too ex hib it ex tensively f ork ed

F igure 1. A male’ s outer tail streamers are visib le as he approaches the nest to f eed his

young.
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tails used in fl ight control. E vans

and colleagues, in a series of

pub lications [ 10 ,18 ,19 ]

culminating in the most recent

work pub lished in this issue [ 4 ] ,

have addressed this primary

question: what is the underlying

evolutionary cause of tail

streamer length variation in b arn

swallow males? The authors

have devised an ex perimental

protocol that allows them to

identif y the length of the

streamers that max imiz e fl ight-

perf ormance (the naturally

selected optimum) , and to

calculate the ex tent of

ex aggeration represented b y

sex ual selection (mate choice

f or longer tail streamers) , b y

tak ing the dif f erence of the

actual streamer length and the

estimated fl ight- optimising

length. U sing sophisticated

equations, in the new paper [ 4 ]

they then answer the question:

does variation in streamer

length represent dif f erences in

the naturally selected optimum

associated with each

individuals’ phenotype? O r does

it represent dif f erences in

the sex ually selected

ex aggeration of tail

streamers?

Through their serial

manipulations of the same

individuals’ tail lengths,

B ro- J ø rgensen et al. [ 4 ] work ed

out the relative importance of

natural and sex ual selection

contrib uting to the variation in

the length of the tail streamer.

S pecifi cally, these elegant

series of streamer

manipulations of the same

males were employed to

determine each individual’ s

aerodynamic perf ormance

tested in a fl ight maz e and in

terms of the siz e of prey

captured, to estimate f oraging

ef fi ciency. The authors’

conclusions are surprising, as

no evidence was f ound to

support the b asic assumption

that the sex ually selected

component of this trait refl ects

individual variation in some

aspects of male quality as an

advertisement to choosy

f emales or competitive

males. I nstead, the authors

conclude that the optimal

streamer length varies

signifi cantly among males, b ut

that the additional component

of the streamer — assumed to

b e caused b y sex ual

selection — does not. This result

counters the patterns predicted

f or variab le sex - dimorphic traits

under sex ual selection. The

conclusion is that it is the

naturally selected, and not the

sex ually selected, component

of the streamer that conveys

inf ormation ab out a male’ s fl ight

and f oraging perf ormance,

leaving open the question of

why streamers are elongated

past this optimal value. I n other

words, swallow tail streamers

are in f act not a true ornament,

and variation b eyond the

naturally selected optima may

simply serve to signal the age

and sex of the individual (adult

male versus f emale or j uvenile) .

Teasing apart the ex tent to

which variation in a phenotypic

trait is the result of natural

selection, sex ual selection, or

b oth is not a trivial endeavor b ut

the resulting inf ormation is

critical f or determining the

evolutionary f orces at hand. The

compelling results reported b y

B ro- J ø rgensen et al. [ 4 ] b ring to

light new questions not only

ab out the inf ormation content

that individuals may glean

f rom a male’ s streamer length in

a classic study system f or

sex ual selection theory. These

results also open doors f or

investigators to caref ully

consider ex periments that test

f or relative contrib utions of

natural and sex ual selection as

ex planations f or variation in

traits used in the contex t of

f emale mate choice and

male– male competition.

Previously, all models of sex ual

selection made the assumption

that variation in ornamental

traits are the result of

mate- acquisition b ehaviours,

b ut this new study f orces us

to adopt a b roader

perspective.
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