
gas, moving towards the observer; that is, the  
CO spectral lines are shifted towards the  
blue part of the spectrum. Snellen et al.1 detect 
longitudinal winds of about 2 km per second, 
which is more than 7,000 km per hour — 
roughly six times the speed of sound at Earth’s 
sea level.

Measuring spectral lines from molecules 
in the atmosphere of an exoplanet and using 
them to derive the planet’s mass directly is a 
remarkable achievement. Equally striking 
is the fact that the observations have been 
made using ground-based telescope facilities. 
Until just a few months ago, such chal lenging 
precision measurements were thought to be  
possible only from space-based platforms. The 
high varia bility of Earth’s atmosphere seemed to 
present an insuperable obstacle to attaining the 
precision necessary for detecting the faint signal 
of exoplanets. Space-borne instruments such 
as the Spitzer Space Telescope and the Hubble 
Space Telescope were the only option and, 
with the cryogenic lifetime of Spitzer coming  
to an end, the new field of exoplanet atmos-
phere studies might have come to a grinding 
halt until the launch of the James Webb Space 
Telescope, scheduled for 2014.

Snellen and colleagues’ results1 were 
obtained with one of the European Southern 
Observatory’s Very Large Telescopes, which 
have a main mirror of 8.2 metres in diameter, 

Figure 1 | An exoplanet’s Doppler signal. When 
a planet passes in front of its host star, light 
from the star crosses the atmosphere of the 
planet. During the crossing, the stellar light is 
partially absorbed by molecules in the planet’s 
atmosphere. Depending on whether the planet 
moves towards or away from an observer on 
Earth, when the stellar light reaches the observer, 
absorption lines arising from the planet’s 
atmosphere will be shifted towards the blue part 
of the light spectrum (shorter wavelength) or the 
red part (longer wavelength), respectively. By 
measuring these Doppler shifts in atmospheric 
absorption lines, Snellen et al.1 have been able to 
detect the orbital motion of the planet directly 
and in this way derive its mass.

Orbital trajectory
of the planet

Star

To the
observer

and their findings are just the tip of the ice-
berg in understanding the physics of exoplanet 
atmospheres. A new fleet of telescopes with 
primary mirrors of 20 m or more is in sight — 
including the planned Giant Magellan Tele-
scope (24.5 m), the Thirty Meter Telescope 
(30 m) and the European Extremely Large 
Telescope (42 m) — ensuring further progress 
in this field. Small rocky planets like Earth will 
soon be discovered. When this happens, and if 
current developments in instrumentation and 
observational techniques continue, researchers 

will be ready to characterize the atmosphere of 
these planets. ■
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ECOLOGy

Fish in Lévy-flight foraging
Gandhimohan M. Viswanathan

Lévy flights are a theoretical construct that has attracted wide 
interdisciplinary interest. Empirical evidence shows that the principle 
applies to the foraging of marine predators. 

Ecologists have long drawn inspiration from 
mathematics. Theory applied to population 
dynamics is one example. Another is the Lévy-
flight foraging hypothesis1, which has been 
invoked to explain the strategies of organisms 
searching for food. Lévy flights, or walks, 
are characterized by rare but extremely long 
‘step’ lengths, and the same sites are revisited 
much less frequently than in a normal dif-
fusion process. The existence of Lévy flights 
as a foraging strategy has been the subject of 
controversy, but Humphries et al.2 (page 1066 
of this issue) now report a notable advance. 
They have carried out a direct empirical test of 
the Lévy-flight foraging hypothesis, using the 
largest animal-movement data set assembled 
for this purpose.

How organisms move and disperse is of 
central importance in several fields. The clas-
sic paradigm of simple diffusion is used to 
describe a wide variety of phenomena, rang-
ing from how humans dispersed out of Africa 
to how pollen spreads. Until the twentieth 
century, Fick’s laws were thought to be uni-
versally valid for describing diffusion. The 
physiologist Adolf Fick introduced the idea 
that diffusion is proportional to the gradient 
of concentration; this idea describes Brown-
ian motion and is analogous to Fourier’s law 
of heat conduction. A prediction of the theory 
of Fickian diffusion is that the mean squared 
displacement of a ‘random walker’ increases 
linearly with time, not super linearly (for exam-
ple, quadratically) or sublinearly (for example, 
as the square root). Any process that is incon-
sistent with Fick’s laws is known as anomalous 
diffusion: super diffusion leads to superlinear 
growth of the mean squared displacement 
with time, whereas subdiffusion leads to  
sublinear growth.

Much of the interest in Lévy flights is due to 

their superdiffusive properties. The rare but 
long steps of Lévy flights follow the simple rule 
that a step of length l is chosen from a probabil-
ity density function P(l) ~ l –μ, with 1 < μ ≤ 3. Such 
an asymptotic power-law function is sometimes 
termed a ‘fat-tailed distribution’ because the tail 
falls off much more gently than for a Gaussian 
(or normal) distribution — hence it is ‘fat’. This 
property lies at the heart of the interesting and 
unusual behaviour of Lévy flights.

Why would animals adopt a Lévy-flight for-
aging strategy? In a Brownian random walk, 
the walker frequently returns to the same place 
(Fig. 1). By contrast, Lévy walkers can outper-
form Brownian walkers by revisiting sites far 
less often1,3. Biological Lévy flights were first 
conjectured to be a useful search strategy in 
1985, during a NATO Advanced Study Insti-
tute conference4. A decade later, an analysis of 
data obtained from recording devices attached 
to the legs of wandering albatrosses generated 
broad interest in biological Lévy flights and 
prompted many further investigations5. 

Formulation of the Lévy-flight foraging 
hypothesis arose from a study1 that showed 
mathematically that Lévy flights, character-
ized by an inverse square distribution of step 
lengths, optimize random searches under spe-
cific conditions, when targets (such as prey) 
are scarce. Scarcity of resources is common, 
and observations of Lévy flights have been 
extended to species ranging from dinoflagel-
lates6 to fish7, and even to human movement8. 
Such findings have been the subject of a News 
Feature in these pages9. Moreover, random 
search has blossomed into an interdisciplinary 
subfield of physics3, as discussed in a new book 
on the physics of foraging10.

The results reported by Humphries et al.2 
give a convincing answer to whether the 
Lévy-flight foraging hypothesis stands up to 
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empirical scrutiny — one of the more con-
troversial problems in theoretical movement 
ecology. The authors’ data set of more than 
107 measurements, compiled from electronic 
tags on 55 individual fish — sharks, tuna, bill-
fish and a sunfish— is an order of magnitude 
larger than the last reported data set7. They 
find strong evidence of Lévy flights, but, as 
predicted theor etically, these flights are not 
universal. Lévy flights are expected in places 
where prey is scarce (such as the open ocean), 
whereas a Brownian strategy is more likely to 
occur where prey is abundant (as in marine 
regions where the mixing of water bodies  
produces high densities of phytoplankton, 
zoo plankton and organisms higher in the food 
chain). The observed2 pattern of switching 
between search modes is not entirely consist-
ent with these expectations. But it is nonethe-
less plausible, as seen for instance in the data 
on a blue shark that moved from the prey-rich 
waters of the western English Channel to the 
oceanic environment of the Bay of Biscay.

Figure 1 | Comparison of a Lévy flight with a 
Brownian random walk. a, Walks of identical 
total length of 1,000 unit steps are shown drawn 
to scale. Lévy flights (or walks) have ultra-long 
steps, which are absent from Brownian walks. 
b, A close-up of the Brownian walk, in which 
the walker returns many times to previously 
visited locations (a phenomenon known as 
‘oversampling’). By contrast, the Lévy walker 
occasionally takes long jumps to new territory. 
This reduction in oversampling is part of the 
theoretical basis for interest in the Lévy-flight 
foraging hypothesis, which predicts that 
Lévy flights offer higher search efficiencies in 
environments where prey is scarce. Humphries 
et al.2 show that marine predators often move in 
patterns that are consistent with this hypothesis. 
(Plots modified from ref. 10.)

The fact that some organisms perform Lévy 
flights has deep implications that transcend 
those for marine ecosystems, and it raises many 
questions. Did humans disperse from Africa 
superdiffusively rather than diffusively? Does 
pollen from genetically modified crops spread 
superdiffusively? What are the con sequences if 
influenza epidemics spread superdiffusively? 
In a reaction-diffusion context, superdiffusion 
leads to significantly increased overall reaction 
rates, because the reacting species — which 
may be chemical or biological — meet each 
other more often. What more can be learned 
about such interactions? These questions and 
many more await investigation. ■
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EVOLUTIONARy BIOLOGy

Expanding islands of speciation 
Erin S. Kelleher and Daniel A. Barbash

Speciation can occur even when the incipient species coexist and can 
interbreed. An extensive analysis of two fruitfly strains suggests that many 
genomic regions contribute to speciation in such cases.

Speciation is a process of branching, whereby 
one species splits into two. How do the 
genomes of two nascent species become dif-
ferentiated from each other in sympatry, the 
situation in which they share a geographical 
range and can exchange genetic information 
through interbreeding? In a paper published 
in Proceedings of the National Academy of Sci-
ences, Michel et al.1 address this question. They 
reveal that the degree of genomic differentia-
tion in the early stages of sympatric speciation 
may be vastly under-appreciated. 

Michel and colleagues studied two strains of 
the fruitfly Rhagoletis pomonella (Fig. 1, over-
leaf), which feed and breed on hawthorn and 
apple fruits, respectively, and demonstrate that 
their genomes are highly differentiated. This 
finding stands in contrast to ‘genomic island’ 
models2, according to which interbreeding 
homogenizes the vast majority of the genome 
between incipient species, except for a few 
regions that are crucial for the reproductive 
isolation that is ultimately necessary for species 
to diverge. It is particularly unexpected because 
the colonization of apple fruits by hawthorn R. 
pomonella occurred only about 150 years ago, 
suggesting that this exceptional genomic diver-
gence has occurred in the evolutionary blink 
of an eye. 

Sympatric speciation has long been a con-
tentious topic. Darwin himself was a propo-
nent of speciation in sympatry, arguing that 
competition is an engine of speciation and 
biodiversity3. Evolutionary biologists, however, 
have struggled to understand how two distinct 
gene pools emerge from a single population of 

organisms in the face of interbreeding and 
genetic exchange. Benjamin Walsh, an early 
investigator of R. pomonella, proposed4 that 
their specialized ecology, in which they favour 
a particular host plant, allows for sympatric 
speciation when members of the population 
are able to colonize a new host such as apple 
fruit. Adaptation to a new host requires differ-
ences in traits such as breeding time, which will 
isolate colonizing individuals from those that 
remain on the ancestral host.

Recent hypotheses about sympatric specia-
tion have focused on the genomic architecture 
of divergence, such as how much genetic vari-
ation is shared between incipient species, and 
how this variation is distributed throughout the 
genome. One hypothesis5,6 is that chromosomal 
rearrangements such as inversions, in which 
part of a chromosome becomes reversed, can 
provide a ‘safe haven’ that maintains clusters 
of genes that influence reproductive isolation. 
The process of recombination between differ-
ent arrangements of parental chromosomes is 
often suppressed or can produce inviable prog-
eny, effectively eliminating genetic exchange 
and allowing divergent gene clusters to be 
maintained in the face of interbreeding and 
gene flow between incipient species. 

An alternative view7 is that genes subject 
to strong divergent selection between incipi-
ent species, such as those relevant for habitat 
choice, can create differentiated regions in the 
genome even in the absence of chromosomal 
rearrangements. Selection on such genes will 
also lead to differentiation of adjacent genes 
owing to their physical association. If the 
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