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to be worked out. But, because halteres sense
rotatory self-motions, it seems reasonable to
assume that the observed visual motion sen-
sitivities must be interpreted in this context.
Thus, although the halteres have been
thought of as an extremely specialized, hard-
wired and purely mechanosensory system,
Chan et al.” have forced us to reconsider the
fly’s ‘gyroscopes’ as sense organs that are
under neural and visual control. O
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Climate change

The past as guide to the future

Gabriele Hegerl

e know that in recent years the

Earth’s climate has been getting

warmer. But is this warming
unusual relative to low-frequency variations
in temperature? If it is, then how much of it
hasbeen caused by anthropogenic changes in
the composition of the atmosphere?

On page 779 of this issue', Mann et al.
provide a reconstruction of past temperature
back to the year AD 1400, extending previous
records further into the past, and deriving
annual temperature anomaly patterns over
large parts of the globe. As examples, the
authors have produced reconstructions of
the ‘year without summer’ (1816), which was
probably influenced by the eruption of
Mount Tambora in Indonesia, and of 1791
when a strong El Nino is known to have
occurred. Such reconstructions are poten-

ST

50 YEARS AGO from 24 April 1948.

NOTTINGHAM AND DISTRICT
TECHNICAL COLLEGE
Shakespeare Street, Nottingham

Principal :
H. Baker, Ph.D., AMILCE., AMIME.

Applications are invited for the post of Senior
Assistant Lecturerin the following subjects: dyeing
and finishing, mainly with reference to the hosiery
trade. Hosiery manufacture.

Applications are also invited for the following
posts: Responsible Lecturer in Organic Chemistry.
Lecturer in Physics, preferably with subsidiary
chemistry,

The salary scales are those of the Burnham
(Technical) Report. For Senior Assistants the
scale ranges from a minimum of £700-£790 to a
maximum of £800—£905 (man) or from £560-£632
to £640-£724 (woman). For the Lecturer (if a
man) the scale ranges from a minimum of £300—
£39%0 to a maximum of £355-£660; the com-
mencing salary may in certain cases be increased
by an amount up to £180 on account of industrial
or teaching experience. The salary of the Respon-
sible Lecturer carries an additional allowance of
£75 per annum.

Further particulars and form of application may
be obtained from the Registrar of the College, 1o
whom the completed application should be
returned within a fortnight of the appearance of

this advertisement.
F. STEPHENSON,
Acting Clerk to the Governors.

758

tially useful for interpreting the warming
trend in the twentieth century. For example,
the reconstructed record for the Northern
Hemisphere suggests that the warming is
unprecedented, atleast since 1400. Also, from
amultivariate correlation between the recon-
structed temperature time-series for the
Northern Hemisphere and external climate
influences, it seems that increases in green-
house gases have been the main forcing in the
twentieth century, whereas natural climate
forcing by changes in solar irradiance and
volcanism dominate the early part of the
record.

Mann et al. use a quite original and
promising method to produce their recon-
structions, employing data from tree rings,
ice cores, ice melt indices and long historical
records of temperature and precipitation.

100 YEARS AGO from 21 April 1898.

The reconstruction is based on large-scale
patterns of temperature fluctuations in the
twentieth century as recorded by instru-
ments. The authors derived an empirical
relationship between the strength of these
patterns in the twentieth century and the
palaeoclimate indices, which were then used
to estimate the magnitude of the same pat-
terns in times before instruments were used
to record temperature. This approach differs
from that taken in producing local tempera-
ture reconstructions, on which other recon-
structions of global-scale temperature are
based (see, for example, refs 2 and 3), and
enables use of instrumental data other than
temperature and of proxy data influenced by
more than temperature. For example, tree-
ring data may reflect, among other influ-
ences, a combination of temperature and
precipitation. Mann and colleagues attempt
to use the relation of such variables with
atmospheric dynamics to reconstruct large-
scale temperature patterns.

Given the novelty of this approach, it is
not surprising that the uncertainties need
moreinvestigation®. As theauthors acknowl-
edge, climate reconstructions can only be as
good asthe underlying data. The value of dif-
ferent data as temperature proxies’ varies,
which should also influence the pattern
reconstructions. Similarly, problems in dat-
ing some records may decrease the quality of
the reconstruction. Also, we need to know
more about the influence of non-resolved
patterns on global-scale averages, about the
validity of the assumption that proxy and
temperature data are related linearly, and
about the quality of the reconstruction in the
earlier part of the record where data are
sparser.

Still, when Mann and colleagues’ recon-
struction is compared with other new recon-
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structions, as described elsewhere”, the main
features are broadly the same. Taking the
record as a whole, most of the twentieth
century has been unprecedentedly warm,
whereas the nineteenth and the seventeenth
centuries were quite cool. The comparison,
however, also reveals quite substantial differ-
ences in the estimated magnitudes of the
warm and cold phases, meaning that work
still needs to be done to improve reconstruc-
tions of past temperature averages.

In the light of these uncertainties, Mann
and colleagues’ interpretation of the climate
record — in terms of correlations with dif-
ferent forcing agents (greenhouse gases,
solar radiation changes and volcanism) —
should be considered primarily as a consis-
tency check on results from more rigorous
‘fingerprint detection’ techniques’”. In this
line of research, the model-simulated evolu-
tion of the climate response to anthro-
pogenic climate change, in both space and
time, is used to detect such a change in the
observations and distinguish it from internal
climate variations and from the response to
the naturally occurring forcing mechanisms.
Thus far, the evidence from these fingerprint
detection studies suggests that a significant
part of climate change is indeed attributable
to human activity’. Mann and colleagues’
method uses time information only, and
assumes a linear response of climate to forc-
ing with no time lags. But their results sup-
port, independently of climate models, the
conclusion that anthropogenic influences
have dominated the evolution of tempera-
ture in the twentieth century.

Our incomplete understanding of natural
climate variability is the largest limitation in
fingerprint detection work. In most cases the
internal variability ofatmosphere—ocean gen-
eral circulation models is used as a substitute
for instrumental observations, which cover
too short a time span to sample natural cli-
mate variability on the relevant timescale of
several decades. Also, model simulations are
used to estimate the influence of natural exter-
nal forcings on climate (for exampleref. 9).

A very useful application of reconstruc-
tions of past temperature variability would
therefore be to verify model estimates of
natural climate fluctuations'’, and of the cli-
mate’s response to past changes in solar radi-
ation and volcanism. The paper of Mann et
al. is an important step towards reconstruct-
ing space—time records of historical temper-
ature patterns, which could reduce the gap in
our knowledge of that variability. Such work
can not only provide a window on the past
butitcanalso deliver invaluable information
for a more reliable detection of anthro-
pogenic climate change. This in turn brings
us closer to glimpsing what the future may
hold for a world with increasing levels of
greenhouse gases. O
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The evolution of menopause

Paul W. Sherman

enopause is the permanent cessa-

tion of menstruation, and it affects

all women by the time they are
about 50 years old. As well as raising person-
al, medical and social issues, menopause is
an evolutionary puzzle — because natural
selection favours increased reproduction,
how could terminating it early be beneficial?
On page 807 of this issue, Packer et al.’
explore this question, using data from free-
living olive baboons and lions (Fig. 1). They
conclude that menopause is a non-adaptive
result of senescence (ageing).

Four hypotheses have been proposed to
explain menopause. Two are non-adaptive
and two adaptive. First, it may simply be a
cultural artefact. According to this ‘blessings
of modern life’ theory?, menopause occurs
because women live longer now than in the
past. Most animals reproduce as long as
theylive, but zoo specimens and pets (whose
lifespans have been artificially lengthened)
often stop reproducing before they die’.
Menopause may similarly result from
medically increasing the lifespan of a pri-
mate that is born with a fixed total number
of gametes®.

Second, menopause may be explained
by ‘senescence’ theory. Senescence occurs
because the product of reproductive value

and survivorship of young individuals
always exceeds that of old individuals’. Ten-
dencies to be vigorous, healthy and fertile
pile up in youth, whereas somatic and re-
productive maintenance is neglected later in
life. Thus, menopause may be like geriatric
memory loss and failing eyesight — the
uncontrolled deterioration of a physiologi-
cal process that once was well regulated.

But these non-adaptive hypotheses leave
some questions unanswered. Why does
gamete production terminate abruptly
in women, yet taper off gradually in men®?
And why does ovulation cease so early in
a woman’s life? Although average life
expectancy has increased due to medical
advances, this results mainly from reduced
juvenile mortality’, and the maximum
human lifespan (about 115 years) has
changed little for centuries. Even in tradi-
tional, hunter—gatherer societies, many
women live long enough to experience
menopause®. Moreover, the complex, seem-
ingly programmed way in which menopause
occurs suggests adaptation rather than
pathology®”’.

The first adaptive theory proposes that,
because birth defects increase with maternal
age, menopause protects the human gene
pool. The flaw in this ‘group selection’ theory
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Figure 1 Good mothers — lioness and female olive baboon with young. Packer et al.' have studied
these animals and conclude that reproductive cessation is a non-adaptive consequence of senescence,
rather than an adaptation to enable grandmothers to help rear their daughters’ young.
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