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area decreases is called the endemics–area
relationship (EAR). This was proposed more
than a decade ago by Harte and Kinzig5 and,
they persuasively argued6, is more appropriate
than the SAR for estimating species extinctions,
especially under non-random spatial distributions7. (A species is endemic if it is found only
within some specified area.)
In their novel conceptualization of the
problem, He and Hubbell2 show that both the
classic SAR and the EAR can be derived from
a sampling theory based on spatially explicit
patterns of individuals. Applying this approach
to empirical data for woody plants in the rainforest and North American birds, which show
typical patterns of spatial aggregation, they
quantify the substantial discrepancy between
backwards-SAR-based and EAR extinction
rate predictions (finding overestimation as
high as 160% for the plants). Importantly, the
authors also justify the use of a simple approximation for the EAR that is robust to variation
in species’ spatial patterns and scale.
He and Hubbell, then, strongly question
the use of SAR to estimate extinction rates not
only from direct habitat loss, but also from projected species range contractions expected to
occur under climate change (see ref. 8 for an
example). But they emphasize that their results
do not in any way imply that there is not an
ongoing mass extinction of species, nor that
extinction debt is not a genuine biological phenomenon. Even with a better way to estimate
rates of future species extinctions, there is still a
need to obtain the data required to use the EAR
to make more rigorous estimates. There is also
the daunting problem of rigorously inferring
extinction — showing that the last individual
of a species has indeed died.
We invest heavily in infrastructure to store
and make accessible the data we have, but by
and large we have all but halted investment
in discovering and describing the diversity
of species with which we share the Earth. At
best we have described only about 10% of all
living multicellular species. If we ‘fog’ a tropical tree, literally hundreds of insect species
unknown to science fall to the ground. Every
year, many new species of even the best-known
groups, the mammals and birds, are described.
For only a fraction of the known species do
we have even a rough idea of their entire
geographical distributions.
Most of Earth’s biodiversity occurs in tropical regions where species occur at low density
and tend to have tiny geographical ranges. The
first individual of such a species encountered
in a brief inventory is not far from the last to
go when extinction threatens, compared with
populous, widespread species at higher latitudes. Thus, when modifying tropical habitat
through forestry, mining or agriculture, we
rarely have an idea which species inhabit the
environment we are about to affect, nor the
exact consequences of our action. The ‘body
bags’ are rarely counted. ■
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Bound and unbound
planets abound
Two teams searching for extrasolar planets have jointly discovered a new
population of objects: ten Jupiter-mass planets far from their host stars, or
perhaps even floating freely through the Milky Way. See Letter p.349
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wo decades ago, we had no idea whether
planets orbiting stars other than the Sun
existed at all. Today, more than 500 exoplanets have been discovered, and the field of
exoplanet research has advanced to become
one of the most captivating branches of astronomy. Observational techniques now aim to
address questions such as what the atmosphere
and weather are like on some of these planets,
and to determine their global statistical properties. On page 349 of this issue, the MOA and
OGLE research teams1 provide an exciting
result for exoplanetary science: the discovery
of a population of planets that have roughly
the mass of Jupiter and separations from their
putative host stars of at least ten times Earth’s
distance to the Sun.
The teams’ finding1 is based on gravitational microlensing, an established technique
for detecting exoplanets that is well placed for
statistical studies of exoplanets. There are two
particularly exciting aspects to the discovery
of this new exoplanetary population. The first
is the authors’ conclusion that, on average,
there is more than one Jupiter-mass planet per
Milky Way star. The second is the evidence that
these planetary-mass objects could be at great
distances from their host stars. Some of them
could even be floating freely through the Milky
Way — that is, they might not be gravitationally
bound to any star at all.
Gravitational microlensing is one of a suite
of planet-search techniques. The methods are
truly complementary to one another, each
probing different planetary properties and
having its own particular strengths2. But most
of them detect and explore nearby exoplanets.
By contrast, microlensing probes more distant

planets, using the host star–planet system as a
magnifying glass. When a foreground star (the
lens) passes in front of a distant, background
star, the latter is magnified and displays a
characteristic ‘light curve’3. The two observables that characterize such a microlensing event
are the height of the light curve’s magnification
peak and the duration of the magnification,
which depends, among other parameters, on
the mass of the lens: the lower the mass, the
shorter the duration. Originally proposed as
a way of searching for dark matter, it soon
became clear that microlensing could also
be used to detect planetary systems4: a planet
orbiting the foreground star would produce a
secondary peak in the light curve (Fig. 1).
Microlensing offers two advantages over
other methods: it has the potential to yield the
most representative statistical sample of Milky
Way planets and it is, in principle, sensitive
enough to detect Earth-mass objects5,6 with
current technology. However, the downside is
that microlensing events are rare: fewer than
one in a million stars in the central part of the
Milky Way are microlensed at any given time
by a foreground lensing star. And even if every
such lensing star had a Jupiter-mass planet at a
few times the Earth–Sun distance, only about
1% of these planets would be detected owing
to the exact geometric alignment required
between the background star, the planetary
system and an observer on Earth. So discovering such microlensing events is akin to finding
a needle in a haystack.
To tackle these statistical challenges, a
handful of independent research teams have
developed advanced techniques to monitor
the brightness of about 100 million Milky
Way stars every few days. These techniques
have allowed the teams to routinely find about
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Figure 1 | Planet microlensing. a, When a foreground star (red) passes in
front of a distant, background star (yellow), it bends the background star’s
light and causes it to brighten and fade with a characteristic ‘light curve’. b,
For a foreground system composed of a star and an orbiting planet (brown)
that are close to each other, the brightening and fading can be accompanied by
a sharp secondary peak due to the planet. c, If the host star and planet are far

1,000 (stellar) microlensing events per year. So
far, however, only about a dozen exoplanets
have been detected by microlensing. Never
theless, impressive results have been derived
on the abundance of planets in the Milky Way:
planetary systems similar to our own are
expected around one sixth of all stars7, and
cold Neptune-mass planets are common8.
In a specially designed study, the MOA
(Microlensing Observations in Astrophysics)
team9 monitored 50 million Milky Way stars
for about two years, each at least once per hour.
In this way, they were able to detect microlensing events of very short duration. In a careful analysis of the data — which excludes all
known sources of contamination — the team
has now discovered1 474 individual microlensing events, ten of which lasted for less than two
days. The researchers then added independent
data obtained by the OGLE (Optical Gravitational Lensing Experiment) team10, to substantiate their original conclusions that there are
many more short-duration microlensing events
than expected from the known population
of stars and brown dwarfs in the Milky Way.
The authors1 interpret this over-abundance of
short events as being produced by a thus far
unknown population of Jupiter-mass objects.
Because the observed light curves for the ten
very short-duration microlensing events do
not show any signature of a possible host star,
the authors1 conclude that these Jupiter-mass
objects must be located at distances from their
host stars of at least ten times the Earth–Sun
distance. When comparing their derived abundance of Jupiter-mass objects with upper limits
on abundances of wide-separation exoplanets
from direct detections, they1 argue that it is
very likely that most of their newly discovered
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apart, most observed light curves will display either the broad peak associated
with the star or the sharp peak associated with the planet; very rarely will the
alignment between the background star, the foreground planetary system
and the observer on Earth be such that both peaks are observed (the two
observations can be years apart). d, For an isolated planet without a host star,
the observed light curve will always display a single, short-duration peak.

planetary-mass objects are unbound. These
conclusions prompt at least two questions.
To be or not to be called a planet — that is
the first (linguistic) question. After the first
discovery, about a decade ago, of isolated lowmass objects in young star-forming regions11,
a heated discussion ignited over what to call
these entities. Among the contending denominations were ‘free-floating planets’, ‘isolated
planetary-mass objects’, ‘objects formerly
called planets’ and ‘rogue planets’. One of the
contentious issues is whether the mass and the
dynamic state of the objects concerned alone
should determine their class name, or whether
their formation history should also be considered. The International Astronomical Union
(IAU) succeeded, in 2006, in re-defining what
a planet is. But it postponed the definition
of an exoplanet. In light of the discovery of a
probable new class of objects1, it may now be
worthwhile to reconsider these definitions12,13.
To be or not to be a bound planet — that
is the second (astronomical) question. If
these objects do turn out to be unbound, we
want to understand how they reached this
state. The MOA and OGLE teams provide1
plausible arguments, but various hypotheses
for the formation and dynamic state of the
objects seem possible, and certainly deserve
further investigation. Ultimately, the question of whether these objects are bound to
stars or freely floating through the Milky
Way will be answered through astronomical
observations. In the former case, the relative
motion between the background star and the
foreground star–planet system will occasionally be oriented such that the background
star will be magnified a second time by the
focusing effect of the planet’s host star14. This

second (broader) peak may well happen a few
years after (or before) the planetary blip in
the light curve. Another signature of a bound
planet, known as astrometric microlensing, is a minute change in the position of the
background star during the magnification15.
The implications of this discovery1 are
profound. We have a first glimpse of a new
population of planetary-mass objects in our
Galaxy. Now we need to explore their properties, distribution, dynamic states and history.
A continuation of high-cadence groundbased microlensing observations will surely
shed some further light on these objects. But
dedicated observations by satellite telescopes
with large viewing angles will be pivotal for a
full understanding of this population. Welldeveloped concepts for such projects16–18 on
both sides of the Atlantic guarantee a head
start. Exploring unbound (former) satellites of
stars with bound (future) satellite telescopes of
planet Earth will open up a new chapter in the
history of the Milky Way. ■
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A positive side of
disaster
In October 1998, a hurricane visited death and destruction on Honduras, with
flooding and mudslides. A case history of a rural community documents how
recovery from that event produced socio-economic improvement.

I

t may seem heartless, or at least inappropriate, to talk of natural disasters as windows of
opportunity. Because they are major shocks
to socio-economic systems, disasters such as
Cyclone Nargis (Myanmar, 2008) or Hurricane Katrina (United States, 2005) are capable
of wiping out entire settlements, destroying the
lives and livelihoods of thousands, if not hundreds of thousands, and wreaking material
destruction on a massive scale1. The poor suffer
most2. But writing in Proceedings of the National
Academy of Sciences, McSweeney and Coomes3
suggest that even such disastrous events may
sometimes yield positive economic outcomes
for the rural poor.
Four years after the devastation caused by
Hurricane Mitch in northeastern Honduras
in 1998 (Fig. 1), the authors found that the
indigenous Tawahka community of Krausirpi was better off than before the disaster.
Further, income and assets in the community
were more equitably distributed. Households
had on average three times more land; poorer
groups and women had gained more land;
agricultural production had been re-established; sources of income were more diverse; a
new land-tenure system was in place; and the
community was probably more resilient to
future climate shocks.
What explains this relatively positive picture? Two processes helped: education among
those who had been land-poor, and new norms
of land tenure rooted in the diffuse character
of decision-making among the Tawahka.
Younger families with higher education found
it easier to access new employment and wage
opportunities offered by non-governmental
organizations and state agencies; these same
families tended to be smaller, and had previously found it difficult to clear land. Krausirpi
is a land-surplus community; after Mitch,

local residents quietly laid claim to new areas
of arable land through individual negotiations
— no explicit, centralized decision was made
to adopt a different system of land allocation.
McSweeney and Coomes, then, conclude
that Hurricane Mitch effectively reset the
social, economic and institutional machinery
in Krausirpi. The hurricane forced all households to look for new land and, in the process,
to accept a new mechanism through which
to allocate land. It encouraged local residents
to look for new sources of income and access
to assets. Finally, it permitted households to
take advantage of existing human capital in
novel ways because of wage opportunities
that became available with the presence of
development organizations.
What does this example have to say to those
interested in post-disaster reconstruction —
to those many decision-makers and aid workers who want not only to provide immediate
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Figure 2 | Disasters, interventions and outcomes.
The appropriate application and withdrawal of
interventions can alter the social trajectory of a
hard-hit community.

succour to victims of disasters but also to do
so in a way that makes recovery sustainable
and equitable4. The first point to highlight is
that disasters are a natural ‘reset button’ —
what happens in their wake is shaped by historical forces, to be sure, but they also enable
greater leveraging power to new resources,
fresh endeavours and innovative institutions,
because older structures and processes lose at
least part of their historical force.
A second point is that it is possible to
improve both incomes and equity in the wake
of disasters. But doing so requires a focus not
only on productive opportunities, but also
on strategies that favour the poor and the
less powerful; a focus on the creation of new
income streams and assets, but through access
strategies that are equitably distributed; and a
focus on processes of institutional change, but
those in which less advantaged households and
groups have a voice. In each case, part of the
attention is on enhancing incomes, but also,
and importantly, on achieving an equitable
outcome. Figure 2 summarizes these points.
Finally, many analysts of disaster relief and
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Figure 1 | Northeastern Honduras, 3 November 1998. Hurricane Mitch left severe flooding in its wake.
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