news and views

a 50

€ 40 \
=t _TS=1960
%5 30 L
5
- 20 e

el 1990

107 7
1 2 3 4 5
Age (years)
b Late
=
S
T
E
©
(0]
j=2)
<
Early
Low High

Growth rate

Figure 2 Fishing out life histories. a, As Olsen

et al describe, the probability of an individual
maturing at a specific age or size can be
determined from where the negatively sloped
probabilistic reaction norms (solid lines), which
represent the age and size at which 50% of a
population reaches maturity, intersect the
positively sloped growth function (dashed line),
which relates length to age. In this hypothetical
example, an individual growing at the average
rate in 1960 would intercept the 50% maturation
probability contour — the reaction-norm
midpoint — at about 3.6 years and 38 cm.
Following intensive fishing, an individual
growing at the same rate in 1990 matures at

2.3 years and 22 cm. b, How traditional reaction
norms might look in an unfished population
(solid line), and as fishing increases to low
(dotted line) and high (dashed line) levels.
(Growth rate is often used as a proxy for
environmental change in the study of reaction
norms for organisms that continue to grow
after maturity.)

as possible, and expend higher reproductive
effortat thatage", irrespective of growth rate
(Fig. 2b). With sufficiently high mortality,
the potential for phenotypes to change
might decrease, leading to relatively invari-
ant phenotypic life-history responses to

environmental variability — a prediction
borne out recently by work on European
grayling fish">.

In any case, the potential for fishing to
generate evolutionary change within har-
vested populations can no longer be seriously
discounted. This may well be the most endur-
ing contribution of Olsen and colleagues’
research’. If evolutionary change in response
to harvesting proves to be the rule rather
than the exception for exploited species, we
must begin to address questions concerning
the magnitude of evolutionary change, the
reversibility of such change, and its conse-
quences for sustainable harvesting, popula-
tion recovery and species persistence. As with
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unintentional selection by humans against,
for instance, large animals and antibiotic-
susceptible pathogens, the long-term reper-
cussions of fishing are almost certainly more
complicated than previously believed. [ ]
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Jump-start for a neutron star

Duncan Lorimer

Radio emission from one of the neutron stars in the ‘double-pulsar’
system is strangely enhanced in two sections of its orbit — stimulated,
perhaps, by radiation from its companion.

ne of the most exciting discoveries in

astronomy in recent times was that

of the binary system' J0737—3039,
and its confirmation as a ‘double-pulsar’
system earlier this year”. Pulsars are rapidly
spinning neutron stars that form during the
supernova explosions of massive stars;
although their masses tend to be slightly
larger than that of our Sun, their radii are
only about 15 km. For the first time, both
neutron stars in this binary have been identi-
fied as radio pulsars — one that spins about
its rotation axis every 22.7 milliseconds
(which T shall refer to as ‘A’) and another
(‘B’) that spins with a period of 2.77 seconds.

This duo promise to surpass even the
original Nobel-prizewinning pulsar in a
binary system’as a testing ground for relativ-
ity, but they are also a fantastic laboratory for
studying pulsar emission. The intense mag-
netic fields of pulsars accelerate charged par-
ticles around them, causing the emission of
beams of radiation that sweep the sky like the
rotatingbeams of alighthouse. Already there
are intriguing observations of the emission
from the double-pulsar system —in particu-
lar that pulsar B seems to emit most strongly
in two separate parts of its orbit. On page 919
of this issue, Jenet and Ransom® offer an
explanation for this strange effect, in amodel
thatwill have importantimplications for our
understanding of this binary system.

The rotation periods of pulsars increase
over time, reflecting the loss of rotational
kinetic energy of the spinning neutron staras
itemits a‘wind’ of electromagnetic radiation
along its emission beams. The difference in
spin properties of the neutron stars in the
double-pulsar binary means that their winds
carry away energy at significantly different
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rates: therate of loss of energy from A is some
3,000 times greater than that from B. This,
and the compactness of the pulsars’ orbit,
implies that the energy carried in the respec-
tive winds from A and B is actually balanced
inside the emission region of B (ref. 2). As a
result, the energetics of A can be expected to
dominate the system.

The panels of Fig. 1 show the geometry
of the double-pulsar system, as seen from
above the orbital plane. The two stars hurtle
around their common centre of mass every
2.4 hours, at 0.1% of the speed of light. The
two regions of strongest radio emission from
pulsar B are indicated in orange in Fig. 1d.
Because observers on the Earth arelooking at
the system nearly edge on, essentially in the
same plane as the orbit, it is not surprising
that the emission from B is strongest when it
is closest to the Earth and A is furthest away.
But it is not immediately obvious why there
is a clear break in the emission between the
two parts of the orbit.

Jenet and Ransom' postulate that the
emission from B is somehow stimulated —
jump-started into action — when the light-
housebeam of A sweeps through B’s emission
region. The authors make the reasonable
assumption that A’'s beam is a wide, hollow
cone' whose size and opening angle can be
determined directly. It is then a relatively
straightforward geometrical exercise to show
that pulsar B intercepts A’'s beam at precisely
the points of the orbit where increased
emission is observed’. From current obser-
vations, the various angles in the system are
constrained such that they fit two slightly
different solutions of Jenet and Ransom’s
model, both of which produce the effect
showninFig. 1.
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Figure 1 The double-pulsar system J0737—3039. The orbit of the pulsars,
seen here from above the orbital plane, is so compact that it would fit
inside the diameter of our own Sun (1.4 million kilometres). The radio
emission from one of the pulsars, B, is known to be strongest in two
particular regions of the orbit, and now Jenet and Ransom* propose an
explanation for why this is so. They assume that the other pulsar, A, emits
radiation in a wide, hollow-cone beam. Panels a—d are snapshots of the
pulsars’ motion, showing the area swept out by A’s beam. a, B intercepts A’s

As well as explaining observations, Jenet
and Ransom’s model makes testable predic-
tions about the past and future visibility of
the binary system. This is because the pro-
posed geometry is strongly dependent on
the relative orientation between A’s emission
beam and the line of sight from Earth. This
angle varies with time through geodetic pre-
cession (arelativistic effect® that occurs when
the spin axis of an orbiting body is mis-
aligned with the angular momentum axis of
the binary system). The perturbing effect of
B on the space-time of A causes the spin axis
of A to precess around the angular-momen-
tum axis. The strong gravitational field pro-
duced in the double-pulsar system means
that A’s spin axis precesses through a full
360° in 75 years. Similarly, B precesses every
71 years. These are the shortest geodetic pre-
cession periods ever observed and as a result
the emission beams of A and B also move in
and out of our line of sight within these
timescales. This effect probably explains why
the system was not visible during a previous
survey of the sky over a decade ago®.

Using this precession rate in their two
best-fit solutions, Jenet and Ransom predict
that the emission beam of A will precess out
of our line of sight in either 4.5 or 14 years,
depending on the solution considered.
Within the next year, as changes in A’s beam
geometry begin to accumulate, significant
variations in the shape of that pulsar’s radio
pulses are expected; they should be sufficient
to enable observers to decide between the
two model solutions. As Jenet and Ransom
point out, it is not yet certain whether the
same precession effect will be observed for B
because the wind from A might have caused
its spin axis to align with the orbit.

Nature has provided a magnificent
spectacle. Time, however, is most definitely
of the essence as these two neutron stars may
notbe visible for much longer. Observational
astronomers are now working feverishly to
characterize this system further, taking data
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at many wavelengths across the electromag-
netic spectrum. If we assume that the new
model continues to describe the observa-
tions, the theoretical challenge is now to
establish whether it is feasible to jump-start’
a neutron star and what physical processes
could cause this to occur. ]
Duncan Lorimer is at the Jodrell Bank Observatory,
Department of Physics and Astronomy,
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beam and is stimulated to emit. b, This emission continues (orange band)
until it enters the hollow midsection of A’s beam and its emission is
reduced. ¢, B is stimulated again as it enters the active part of A’s beam for
a second time. d, Once more, the emission is reduced when B moves out of
A’s beam. The orange bands representing stimulated emission from B
match the regions of heightened emission seen in observations of the
system. (Graphic derived from an animation at www.physics.mcgill.ca/
~ransom/0737_Bflux_model.mpg)
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Tightrope act

David P. Corey and Marcos Sotomayor

A component of the ‘tip link’ that conveys tension to mechanically
sensitive ion channels in the inner ear has been identified. The finding
raises new questions about elastic elements in our hearing apparatus.

snatch of music from far away or a

slight turn of the head to find its

source generates mechanical stimuli
that are detected by hair cells of the inner
ear. A bundle of finger-like stereocilia rises
from the upper surface of each hair cell;
stimuli that deflect these stereocilia by just a
few nanometres can be reliably perceived.
Biologists have a detailed understanding of
the morphology and biophysical properties
of the mechanically sensitive apparatus at
the tips of stereocilia, but not of the protein
constituents of this apparatus. In this issue,
however, Nicolson and colleagues' and
Miiller and co-workers” describe how they
identified a major constituent of the tip link
— an extracellular filament that is stretched
like a tightrope between the tops of adjacent
stereocilia.

Mechanical stimuli that deflect a hair
bundle towards its tallest stereocilia cause
the tip links to tighten (Fig. la, overleaf).
This tension is conveyed to specialized
‘transduction’ channels at each end of the tip
link, which open to allow ions into the cell
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(Fig. 1b). This is the process of mechano-
transduction, and is the first step in sendinga
signal to the brain. Within each stereocilium,
several dozen myosin-1cmoleculessetarest-
ing tension on a tip link and its channels, to
bias the system to its most sensitive point.
Other than myosin-1¢, the molecular con-
tributors to mechanotransduction have not
been positively identified. But some compo-
nents of stereocilia have been identified from
studies of genes that are defective in people or
mice with inherited deafness. For instance,
genes that are mutated in the human Usher’s
syndromes — which produce both deafness
and blindness — have been found to encode
the myosin-7a, harmonin, SANS, proto-
cadherin 15and cadherin 23 proteins’. Defects
in any of these cause the stereocilia bundle to
fall apart, suggesting that they participate in
other, lateral links that connect adjacent cilia.
In younger mice, cadherin 23 is most abun-
dant near the transduction apparatus at the
tips of stereocilia. But it was thought to dis-
appear in adults, suggesting a role in develop-
ment but notin mechanotransduction’.
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