
Insight into bird flight sheds light on the 
animals’ evolution and provides design 
inspiration for engineering. Harvey et al.1 
report findings on page 648 that deepen our 
understanding of some of the funda mental 
mechanisms governing bird flight.   

A key step in the early stages of aircraft 
design is the development of equations of 
motion. These equations relate the intrinsic 
properties of the aircraft, such as its mass and 

geometry, to its aerodynamic performance 
(the forces and moments involved). The ratio of 
the forces and moments to the mass and inertia 
(the resistance to a change in motion) provides 
information enabling designers to determine 
an aircraft’s possible acceleration capacity. The 
equations of motion also help in assessing an 
aeroplane’s essential characteristics, such as 
its possible speeds, orient ations and ability  
to manoeuvre (to change the direction of  

its flight path and its velocity). 
Developing such a framework is the stand-

ard way to discover both design limitations 
and opportunities. By contrast, although 
bird flight has long fascinated scientists and 
engineers, even back in the time of Leonardo 
da Vinci, a standardized framework for 
study ing flight and manoeuvrability in birds 
has been lacking, in part because of limited 
data on the inertial properties. 

Harvey and colleagues take a major step 
towards the establishment of such a frame-
work. They developed an analytical approach 
to determine the inertial characteristics of 
22 species of bird (Fig. 1), using measurements 
of the full range of elbow and wrist movements. 
Assuming that a bird can be modelled as a 
composite of multiple simple geometries, the 
authors determined the contributions of the 
wings, body and tail to inertia as a function of 
different wrist and elbow angles. These inertial 
quantities can serve as inputs to a theoretical 
framework for studying manoeuvrability as 
the birds change their wing shape (known as 
wing morphing) during flight. 

Compared with experimental approaches, 
which are limited to observable flight 
behaviours, taking an analytical approach to 
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Birds trade flight stability 
for manoeuvrability
Aimy Wissa

An understanding of how wing shape affects a bird’s 
agility requires parameters relating mass and geometry to 
aerodynamic performance. Analysis of one aspect of flight, 
inertial characteristics, fills a gap in our knowledge. See p.648 

Figure 1 | Great blue herons (Ardea herodias). This is one of the 22 bird species that Harvey et al.1 used to analyse wing properties. The authors’ analysis of inertial 
characteristics as the wings change shape fills a gap in our knowledge.   
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study ing manoeuvrability offers a way of test-
ing evolutionary hypotheses about the limits 
of manoeuvring capabilities. Such a method 
can also be used to uncover how the geometric 
properties and range of motion affect stability 
(the bird’s tendency to return to equilibrium 
after a disturbance) without the need for 
extensive flight tests and observations. 

The study’s key findings provide insight into 
the effect of wing morphing on the location 
of the bird’s centre of gravity; offer a way to 
estimate the contribution of various bird com-
ponents to the rotational characteristics in 
different directions of movement (termed 
pitch, yaw and roll); and enable an assessment 
of birds’ ability to shift from stable to unstable 
flight and vice versa. 

Harvey et al. show that the centre of gravity 
remains nearly constant over the whole 
range of possible elbow and wrist angles. 
The contribution of wing morphing to the 
rotational inertia in the pitch is minimal com-
pared with the contributions of the tail, torso 
and neck. By contrast, morphing the wing, 
especially the elbow angle, strongly affects 
the roll and yaw inertia. This could imply that, 
during flight, birds favour moving their elbow 
joint to induce a change in roll angle and speed. 

By exploring the full range of motion for the 
elbow and wrist joints, Harvey and colleagues 
present a large parameter space that allows 
conclusions to be drawn about how the overall 
wing shape affects inertial properties. How-
ever, crucially, it relates the parameter space 
to insights about aerodynamic efficiency, 
stability and manoeuvrability. 

Often, just as in the case of aircraft design, 
there are trade-offs between efficiency and 
manoeuvrability. The most efficient aeroplane 
configurations, such as those of gliders, have 
reduced manoeuvrability, whereas configu-
rations that are more manoeuvrable, such as 
those of fighter jets, tend to be less efficient. 
Earlier work2 indicates that birds might 
control this trade-off between efficiency and 
manoeuvrability by changing their elbow 
angle. 

However, it is unclear whether birds have 
evolved towards having more stable or more 
manoeuvrable flight capacity. A metric used 
to assess the pitch stability of an aircraft or 
a bird is known as the static margin. This is 
defined as the distance between the centre of 
gravity and the neutral point, which is the point 
at which the aerodynamic forces act. A positive 
static margin, indicating that the neutral point 
is behind the centre of gravity, suggests a more 
stable and less manoeuvrable configuration, 
whereas a negative static margin (with the 
neutral point in front of the centre of gravity) 
indicates a configuration that is unstable, but 
highly manoeuvrable. 

Previous work3 suggests that birds 
are evolving towards becoming more 
manoeuvrable and less stable (in the direction 

of a more-negative static margin). Harvey 
and colleagues’ key finding is that although 
the centre of gravity remained nearly con-
stant for the full range of the elbow and wrist 
angles analysed, there was a notable shift in 
the neutral point. Such a shift caused the static 
margin to vary. Indeed, 77% of the species  
analysed can shift from a stable to an unstable 
configuration and vice versa. This suggests 
that evolutionary pressures on the range of 
motion of the wings maintain birds’ ability 
to transition between stable and unstable 
flight. This is a powerful finding, because 
it indicates that not only can birds adapt 
their wing geometry to trade efficiency for 
manoeuvrability and vice versa, but they can 
also modulate and vary the level of in-flight 
manoeuvrability. 

Examining the wing shape of birds, 
and relating this feature to flight-related 
characteristics, provides insight into the 

physics and evolutionary pressures governing 
avian flight. It might also enable key principles 
to be distilled for developing superior 
bioinspired, unmanned aerial vehicles. Such 
vehicles might adapt their wing shape across 
missions to maximize efficiency, stability or 
manoeuvrability under various operational 
conditions. 
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The broad-brush picture of how and when the 
stars in our Galaxy came together has been a 
topic of active research since the early 1950s1. 
Much can be learnt about this process by look-
ing at the chemical composition of stars, which 
is, in turn, determined by the ‘birth date’ of a 
star — the precise time at which it formed from 
the chemical elements in its vicinity. But such 

precision requires a remarkable timepiece, and 
it turns out that the subgiant phase of a star’s 
evolution offers the most precise stellar clock 
available. On page 599, Xiang and Rix2 use this 
method to report the ages of almost a quarter 
of a million subgiant stars in the inner halo and 
disk of the Milky Way — revealing the sequence 
of events that took place to form our Galaxy. 

The first clues about the Milky Way’s forma-
tion emerged from studies of the composition 
of stellar atmospheres, which revealed heavy 
elements with a wide range of abundances 
that differed from that of the Sun3. These 
abundances are often parameterized by a 
quantity known as metallicity, which is the 
logarithm of a ratio that compares the num-
ber density of iron in a given star, divided by 
that of hydrogen, to the same relative densities 
for the Sun. The most prominent structure in 
the solar neighbourhood, the disk of the Milky 
Way, was shown to be populated mainly by 
stars with metallicities close to that of the 
Sun, whereas roughly one in 1,000 local stars 
exhibited substantially lower metallicities, 
down to less than one per cent of the solar 
level4. These stars were recognized as being 
part of the halo of the Galaxy.  

A more detailed picture of the structure of 
the Milky Way began to emerge in the 1980s, 
with the recognition that the disk comprises 
at least two populations: a thin disk, which 
includes the Sun, and a thick disk, which is 
more extended vertically5,6. Both popula-
tions seem to be in rapid rotation around the 
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A stellar clock reveals the 
history of the Milky Way
Timothy C. Beers 

A brief stage in stellar evolution offers a precise means of 
dating stars in the Milky Way. The ages, compositions and 
motions of these stars all pinpoint the dynamical processes 
involved in the Galaxy’s formation. See p.599

“When low-mass stars  
have no core hydrogen  
left to burn, they are forced  
to seek alternative means  
of avoiding collapse.”
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