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A key factor hampering our ability to 
confidently assess the human influ- 
ence on the warming of the past cen- 

tury is our limited understanding of the cli- 
mate changes believed to have occurred in 
previous centuries. What caused the "Little 
Ice Age" of the 15th to 19th centuries or the 
putative "Medieval Warm Period" of earlier 
centuries (I, 2)? Might not the same, presum- 
ably natural, factors bear some responsibility 
for the dramatic warming of 
the 20th century (3-6)? On 
page 270 of this issue, 
Crowley (7) provides some 
convincing answers to these 
questions and makes a com- 
pelling case for the asser- 
tion that anthropogenic 
greenhouse gas increases 
are behind the continued 
warming of the globe. 

Conventional approach- 
es to understanding the fac- 
tors underlying the recent 
warming have involved 
complex numerical models 
of the combined ocean-at- 
mosphere system. Although 
highly suggestive of a de- 
tectable human influence 
on climate, these studies 
have been limited by intrin- 
sic uncertainties in compar- 
ing model-predicted cli- 
mate change patterns with 
the instrumental climate 
record. At roughly one cen- 
tury, the latter is too short 

diative balance (solar radiative output, vol- 
canic aerosol loading, anthropogenic 
greenhouse gas concentrations, and indus- 
trial aerosols). Comparison of the predict- 
ed response with independent (although al- 
so uncertain) estimates of Northern Hemi- 
sphere annual temperature variations over 
the past millennium based on proxies such 
as tree rings, ice cores, and corals, which 
naturally record climate variations (9, 10) 

emergent anthropogenic forcings of the 
20th century, and (iii) more detailed cli- 
mate models used to detect and attribute 
observed patterns of climate change to an- 
thropogenic factors (8) appear to capture 
the unforced component of climate vari- 
ability with sufficient accuracy. The last 
conclusion strengthens the independent 
conclusion drawn from simulations using 
more complex models that human-induced 
climate change is now detectable. 

Nonetheless, Crowley's study does not 
explain the entire climate history of the past 
millennium. The model does not, for exam- 
ple, reproduce the cooling of the late 19th 
century that is seen both in proxy-based cli- 
mate reconstructions (9, 10) and the early 
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Temperature histories explained? Comparison of proxy reconstructions of annu- 
al mean Northern Hemisphere (NH) temperature change (9) with the EBM results 
described by Crowley (7). The blue-shaded region represents the approximate un- 
certainty range in the empirical temperature estimates of (9). Two extratropical 
warm-season Northern Hemisphere temperature reconstructions (20, 21) are 
shown for comparison. 

to allow unambiguous attri- 
bution of changes to human influences (8). 

Crowley's study circumvents this limi- 
tation by making use of empirical informa- 
tion about longer term climate variability. 
The author uses an Energy Balance Model 
(EBM), calibrated to exhibit a similar re- 
sponse to external radiative influences as 
more elaborate coupled ocean-atmosphere 
models. This allows an efficient investiga- 
tion of forced changes in annual mean tem- 
peratures in the Northern Hemisphere over 
the past millennium. The model is driven 
with (admittedly uncertain) empirical esti- 
mates of the time histories of the most rel- 
evant factors affecting the atmosphere's ra- 
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(see the figure), yields fairly close agree- 
ment (11). Of equal interest, however, is 
the level of disagreement: Within estimat- 
ed uncertainties, the amplitude of the resid- 
ual temperature variations not explained by 
the model agrees precisely with the typical 
amplitude of purely random or "stochastic" 
climate variability observed in coupled 
ocean-atmosphere models. 

Crowley's report thus strengthens the 
case for a detectable human influence on 
20th century global warming by establish- 
ing that (i) much of the climate history of 
the past millennium can be explained in 
terms of a few well-established, physically 
well-constrained radiative forcings, (ii) the 
dramatic warming of the 20th century can 
almost certainly not be explained by the 
natural forcings, but instead requires the 

instrumental record (12); 
the warming, in essence, 
begins too soon in the mod- 
el. One possible explana- 
tion offered by Crowley is 
that both the reconstruc- 
tions and the instrumental 
record may independently 
underestimate the hemi- 
spheric temperatures dur- 
ing this period, for exam- 
ple, because of sparse spa- 
tial sampling. A better ex- 
planation, however, also 
noted by Crowley, is that a 
potentially important sur- 
face radiative forcing not 
included in his simula- 
tions-land usage changes, 
which affect Earth's surface 
albedo-may be responsi- 
ble for the observed cool- 
ing. A recent study (13) in- 
dicates that anthropogenic 
large-scale land usage 
changes should have culmi- 
nated in an annual mean 
cooling of more than 0.3"C 
in the-19th century. This 

additional anthropogenic forcing is not only 
large enough to explain the discrepancy be- 
tween observation and Crowley's EBM re- 
sults, it has also been implicated (14) in an- 
other residual discrepancy, namely the ob- 
served differences between conventional 
proxy-based estimates of past hemispheric 
temperature changes (9, 10) and ground 
surface temperature estimates from bore- 
hole profiles (15). 

Crowley's study also does not explain 
the regional complexity of surface tempera- 
ture trends during the past millennium. 
There is little doubt that the temperature 
anomalies associated with the Little Ice Age 
and the Medieval Warm Period were far 
more prominent in some regions (such as 
Europe) than in others. These large regional 
anomalies vary in amplitude, timing, and 
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sign and thus average out to yield more 
modest variations for the Northern Hemi- 
sphere on the whole (9, 10). In recent 
decades, Europe has warmed faster than the 
Northern Hemisphere on the whole, where- 
as certain regions in the North Atlantic have 
actually cooled in the face of widespread 
warming. This is a result of a combination 
of regional temperature overprints by the 
North Atlantic Oscillation (NAO) and relat- 
ed, but distinct, patterns of multidecadal 
variability associated with the thermohaline 
circulation of the North Atlantic (16, 17). 

It is quite reasonable to assume that 
similar factors were associated with the 
pronounced temperature changes in Eu- 
rope in past centuries that accompanied 
more modest hemispheric-wide tempera- 
ture changes. Keigwin and Pickart (18) 
have shown evidence that a heterogeneous 
temperature pattern in the North Atlantic 
region consistent with the NAO coincided 

with the European Medieval Warm Period 
and Little Ice Age. There is evidence that 
the aforementioned multidecadal varia- 
tions in the North Atlantic can couple to 
variations in solar radiative output that oc- 
cur on similar time scales (19). 

Could a similar mode of North Atlantic 
variability resonate with solar radiative 
variations at millennia1 time scales, im- 
printing a regional pattern of enhanced 
anomalies on top of the more modest 
hemispheric-scale warming that Crowley's 
study attributes in part to solar forcing at 
these time scales? Only further, more de- 
tailed modeling studies and expanded net- 
works of paleoclimate indicators will fur- 
ther elucidate the spatial and temporal pat- 
terns of climate change in past centuries. 
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pairs begin to move toward the pole be- 
longing to whichever microtubules they at- 
tach to first.  The problem is that the 
amount of time required for the unattached 
kinetochores to capture microtubules ema- 
nating from the other (now distant) pole is 
highly variable. This difficulty is com- 
pounded by the small number of micro- 
tubules that extend far enough to reach the 
unattached kinetochores. If the cell initi- 
ates anaphase and starts to segregate chro- 
mosomes before all the homolog pairs 
have established connections with both 
spindle poles, some gametes will inherit 
two copies of a missegregated chromo- 
some, and others none (see the figure). 
Two copies of any chromosome in one of 
the gametes causes trisomy in the embryo; 
no copy of any chromosome (except X or 
Y) gives rise to monosomy, an embryonic 
lethal abnormality. The loss of the X or Y 
chromosome in sperm produces the XO 
genotype (Turner syndrome). 

Somatic cells in mitosis (normal cell di- 
vision) ensure the correct attachment of 
daughter chromosomes to opposite spindle 
poles by a molecular safeguard called the 
spindle checkpoint. This checkpoint detects 
the presence of even a single unattached 
kinetochore and arrests the Droeress of mi- . " 
tosis until the unattached kinetochore cap- 
tures microtubules from the distant soindle 
pole. Mutations that compromise the spin- 
dle checkpoint contribute to chromosome 
instability, a hallmark of many human can- 
cers (3). Although the activity of this 
checkpoint in meiosis has been document- 
ed in insect spermatocytes (4), most analy- 
ses have been conducted in mitotic cells, 
with scant attention devoted to the check- 
point's importance in meiosis. 
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The Mad Ways of Meiosis 
Greenfield Sluder and Dannel McCollum 

Many organisms, including our- 
selves, are diploid, that is, they 
have paired homologous chromo- 

somes (1,  2, 3, and so on) and two sex 
chromosomes (XX in females and XY in 
males). Meiosis is the cellular process by 
which diploid reproductive cells shed one 
whole set of chromosomes before they dif- 
ferentiate into haploid gametes (sperm or 
egg). This remarkable process involves 
two steps, each accompanied by a reduc- 
tion in chromosome number. First, all the 
chromosomes replicate to form joined 
pairs of chromatids; then, homologous 
chromatid pairs bind (synapse) to each 
other (see the figure). The homologs sepa- 
rate and are pulled to opposite spindle 
poles and the cell divides into two daugh- 
ters (meiosis I). Immediately thereafter 
(without an intervening interphase) a sec- 
ond spindle is assembled in each daughter 
cell, and the sister chromatids of each ho- 
molog are segregated equally to opposite 
spindle poles (meiosis 11). 

A low incidence of unequal chromo- 
some segregation during meiosis seems to 
be no big deal-right? Wrong. For humans 
the gain or loss of just a single chromo- 
some during meiosis in either egg or 
sperm can have devastating consequences, 
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On page 300 of this issue, Shonn et al. (1)  
suggest a possible cause of chromosome 
missegregation during meiosis and pro- 
pose that the fidelity of chromosome dis- 
tribution depends on the signaling protein 
Mad2. 

About 20% of all conceptions have ma- 
jor chromosomal abnormalities caused by 
missegregation of chromosomes during 
meiosis (2). Most fetuses with autosomal 
trisomy (three copies of a chromosome) 
and all of those with autosomal monosomy 
(one copy of a chromosome) are sponta- 
neously aborted. Fetuses with autosomal 
trisomy of chromosomes 21 (Down syn- 
drome), 13 (Patau syndrome), or 18 (Ed-
wards syndrome) survive until birth but 
have severe physical and mental abnormal- 
ities. Trisomies of the sex chromosomes 
include XXY (Klinefelter syndrome), 
which results in mental retardation and 
sterility, and XYY, which may be associat- 
ed with a predisposition toward antisocial 
behavior. 

At the onset of meiosis I or 11, a spe- 
cialized complex of proteins on each chro- 
matid, called the kinetochore, captures mi- 
crotubules coming from one of the two 
spindle poles (see the figure). For chromo- 
some segregation to be equal, each ho- 
moloe in meiosis I and each sister chro- " 
matid in meiosis I1 must become attached 
to microtubules coming from opposite 
'pindle poles' Sister kinetochores3 howev-
er$ not capture microtubules simultane- 
ously; as a consequence, the chromosome 
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