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ing a single seed) are consumed by a wide vari-

ety of animals. Most seeds are eaten by frugiv-

orous (fruit-eating) birds such as warblers,

robins, redstarts, mistle thrushes, woodpi-

geons, and carrion crows. However, a small

proportion of fruits are also eaten by otherwise

carnivorous mammals such as badgers, stone

martens, and red foxes. Pollen is dispersed by a

wide range of bees and flies. 

A seed contains a mix of genes from both

its mother and father and, as potential parents

in a population may themselves be related, it

can be hard to work out parentage with any

degree of certainty, even with the latest molec-

ular genetic methods. Jordano et al. exploited

a key factor to get around this problem. In

some species, maternal tissue is attached to

the seed. For example, the samara or “pro-

peller” of a sycamore is actually made up of

maternal tissue. Similarly, mahaleb cherry

seeds have a maternally derived seed coat, the

endocarp, which is not digested with the rest

of the fruit. Analysis of the seed coat by

molecular genetic techniques allows direct

identification of the mother tree. 

Jordano et al. trapped or collected seeds

from animal feces across the landscape. From

this they recorded which dispersal agents

excreted each seed, directly identified the

mother tree, and hence determined the dis-

tance the seed was dispersed. By combining

these complementary methods, this work has

been able to document what moves seeds, how

far they are moved, and even into what sorts of

habitats they are deposited by different dis-

persers (6). Similarly, they have studied the

pollinators and the pollen they deposit on the

two sexes of tree (7). Eventually, they will be

able to link the two components directly, by

genotyping both seeds and their endocarps.

This unusually thorough understanding of

seed and pollen movement is a real break-

through for the study of gene flow in trees.

As expected, birds remove most mahaleb

cherry fruits, whereas mammals take rela-

tively few. However, smaller birds move seeds

only relatively short distances (usually

depositing them within the boundaries of the

local population); larger birds and mammals

are overwhelmingly responsible for longer-

distance dispersal, particularly movement

between populations (6). Additionally, larger

birds and mammals are more likely to disperse

seeds to open habitat, where new populations

may establish. Pollinators prefer female trees,

and different assemblages of pollinators visit

the two sexes. As a result, pollen on female

trees on average comes from farther away and

from more pollen donors (7). Intriguingly,

there is much less long-distance pollen move-

ment than long-distance seed dispersal.

The implications for this species are note-

worthy. Although smaller birds dominate the

dispersal system numerically, loss or extinction

of carnivorous mammals in this system would

have serious consequences for gene flow (with

a large reduction in interpopulation movement)

and would likely lead to increased isolation of

populations (with fewer new populations being

initiated). The ramifications for other ecosys-

tems are also considerable. It is not only the

obvious or putative dispersal mechanisms that

are important (4), and the composite patterns

arising from these multiple dispersal vectors

may be very complex indeed (8). Relatively

rare events may dominate certain critical

processes such as establishment of new popula-

tions, range expansions, or invasions. Par-

ticularly large effects may be seen in tropical

rainforests, where rapid fragmentation dramat-

ically influences loss of large frugivores.

Jordano et al. show the way forward: Only with

a multipronged and synthetic approach can we

hope to disentangle the multiple drivers of

observed plant genetic diversity or to identify

possible consequences of changes in animal

communities or habitats on plant populations.
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I
n 2005, meteorologists embarked on an

ambitious hurricane research project,

RAINEX, to investigate how rainbands

affect hurricane intensity. Flying radar-

equipped aircraft right into the storms—

including the infamous Hurricane Katrina—

before they made landfall, the scientists

recorded wind speed and direction, tempera-

ture, humidity, and other data. On page 1235

of this issue, Houze et al. report exciting

results from this project (1). The authors

observed Hurricanes Katrina, Ophelia, and

Rita and then simulated them numerically on

spatial scales of less than 2 km. These highly

realistic simulations represent substantial

progress on the vexing problem of hurricane

intensity prediction. 

In the United States, 2004 and 2005 were

the most devastating seasons as measured

by inflation-adjusted damage, and 2005 was

the deadliest since 1928. Forecasts of U.S.

hurricane landfalls made as long as 60

hours before the event were excellent, but

Earth’s atmosphere is still fiendishly unpre-

dictable. It was a meteorologist who insti-

gated the modern appreciation of sensitivity

to initial conditions in deterministic mathe-

matical systems (2). Thus, both uncertain-

ties in the initial state of the atmosphere and

limitations of the numerical models can

cause forecasts that started from nearly

identical representations of today’s weather

to diverge after just 3 to 10 days. Hurricane

prediction remains an unforgiving enter-

prise with constant threat of public and

costly failure.

There are two crucial aspects to hurricane

prediction: forecasting the path it will take

(the hurricane track) and forecasting the

strongest wind anywhere in the storm (the

hurricane intensity). Track forecasts have
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improved steadily over the years,

but intensity predictions have

lagged a generation behind track

forecasts.

Track forecasts are important,

because storm surge—flooding

by wind-driven water from the

sea or lakes—usually causes

most hurricane deaths; this was

the case also for Hurricane Katrina.

Timely evacuation from the surge

zone based on track forecasts

therefore has the potential to save

many lives. Hurricane tracks

depend mainly on the steering

flow, that is, the prevailing wind

around the storm.

Numerical weather prediction

models form the basis of modern

forecasting. They tabulate mete-

orological variables on rectangular

grids and use the dynamical equations

of motion to advance them forward in

time. The steering flow has character-

istic spatial dimensions of more than

1000 km and takes over 24 hours

to change appreciably. Progress in

numerical weather prediction and re-

mote sensing has focused on these

scales, facilitating advances in track

forecasting. 

In contrast, to simulate hurricane

intensity changes, numerical models

need finer grid resolution to represent

the small-scale, rapidly evolving org-

anization of convection in the hurri-

cane core. For this reason, improve-

ments of intensity forecasts have been

slower. Numerical hurricane simula-

tions (3) of individual hurricanes with

resolutions of over 5 km predict cy-

clones that are geometrically larger,

weaker cartoons of their counterparts

in nature. Intensification and weaken-

ing also depend on ocean temperature

beneath the storm (4), interactions

with vertical shear of the steering flow

(5), and rainbands, eye structure, and

other manifestations of the internal

dynamics of the storm.

Eyewall replacements, in which a

ring of new thunderstorms forms around a

preexisting eye, are probably the most diffi-

cult phenomena to model. The outer eye-

wall supplants the inner by intercepting the

energy-laden air as it converges toward the

original eyewall in contact with the warm

ocean. Collapse of the inner eyewall re-

duces intensity. Subsequently, the hurri-

cane may reintensify if conditions remain

favorable.

Timing and magnitude of these eyewall

replacement cycles are crucial to impacts at

landfall. In 1992, Hurricane Andrew com-

pleted an eyewall replacement, intensified

rapidly as it crossed the Gulf Stream, and

ripped into Miami-Dade County (6). By

contrast, eyewall replacements and a less

favorable environment reduced Hurricane

Floyd of 1999 (see the figure) from a poten-

tially catastrophic windstorm to a rainstorm

that caused widespread flooding in the

Carolinas. Modeling weakening during eye-

wall replacements is challenging, but the

crucial forecast problem is rapid intensifi-

cation or reintensification. 

The accurate representation of individual

bands of convective rainfall in the 1.67-km-

resolution RAINEX simulations (1) suggests

that hurricane modeling may have advanced

to the point that sensitivity to initial conditions

rather than model shortcomings is the limiting

factor. Sensitivity to initial conditions may be

overcome by running ensembles of forecasts

starting from slightly different initial condi-

tions (7). The ensemble mean outperforms

individual members, and the ensemble spread

provides a measure of forecast reliability. 

Windstorm insurers employ catastrophe

models based on Monte Carlo simulations

of thousands of climatologically representa-

tive hurricanes (8). The calculated impact of

these virtual hurricanes on the actual distri-

bution of insured properties allows insur-

ance companies to estimate underwriting

risk on an annual basis. The very realistic

RAINEX simulations suggest extension of

this well-established technique to predict

human and economic impacts of individual,

real hurricanes as they approach the coast

and pass onshore.
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Hurricane eyewall replacement. (Top) This radar
image of Hurricane Floyd shows the eye sur-
rounded by outer and inner concentric eyewalls.
The yellow line indicates the approximate aircraft
track for the wind profiles below. Image dimen-
sions, 360 km by 360 km. (Bottom) Successive
profiles in Floyd (yellow curves) of the wind speed
at an altitude of 3 km show how an outer eyewall
forms, contracts in the course of 51 hours, and
replaces the former inner eyewall. Time increases
downward and is indicated as date and time next to
the axis for each profile. Red lines connect features
across time. Image and data from the National
Oceanic and Atmospheric Administration’s Hur-
ricane Research Division.
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