
This explanation requires a correction of the present. On the other hand, the approxi- proper interpretation requires a 
model processes that transport trace constitu- mate agreement that holds for a broad range large number of support measure- 
ents into the upper troposphere from lower of environments, including NO, levels of a ments to determine the various parameters 
altitudes where they are abundant. Such a few parts per billion, indicates that our basic that control OH, which in turn demands 
correction will have a strong impact on the understanding of the processes controlling large field campaigns. Such work is in 
prediction of the photochemical O3 produc- OH is correct. Still, there is much to do. progress, hopefully at an accelerated pace as 
tion in the upper troposphere (1 ). Only a few of the atmospheric chemical re- more groups join the field. 

In contrast, the ground-based measure- 
ment of OH in remote or rural areas shows 
better agreement with the model-predicted 
values. There is, however, a consistent over- 
prediction by the models of about 30% (2, 
6). Because the difference is much smaller 
and the chemical system much more com- 
plex than those in the upper troposphere, 
there are many possible explanations for the 
difference, few of which can be excluded at 

gimes have been tested by OH measure- 
ments. In particular, the more polluted en- 
vironments have hardly been investigated. 
The few older measurements that exist indi- 
cate larger discrepancies and poor correla- 
tion between measured and modeled OH 
concentrations (2). Only recently .have ac- 
curate and fast measurements of OH and 
H02  in the troposphere been possible, and 
only by a few groups worldwide. Moreover, 
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Warmer and Wetter 6000 
Years Ago? 

Warren Beck 

Since the first auantitative measurements 
of ice-age temperatures ( I )  in the early 
1950s, there has been controversy over the 
use of oxygen isotopes of marine carbonates 
in reconstructing past climate. Originally 
viewed as the Rosetta Stone for unlocking 
the mysterious causes of climate change, 
measurements of past temperatures based on 
oxygen isotope data have never quite lived 
up to expectations. The main defect of this 
technique has been that there are too many 
variables and not enough equations. More 
particularly, the '80/'60 ratio of marine car- 
bonates varies as a function of temperature 
and the 180/'60 ratio of seawater. The latter 
ratio is not constant, however, changing 
substantially on glacial to interglacial time 
scales because of fluctuations in the volume 
of the polar ice caps. This variability results 
from fractional distillation of '80 from 1 6 0  
during the formation of vapor and precipita- 
tion as water is transferred between the 
oceans and ice caps (2). Various clever 
strategies (3) have been employed as means 
of placing bounds on this ocean water 
'80/'60 variability, but these methods have 
not been entirely successful, particularly for 
sea-surface temperature (SST) reconstruc- 
tions. High spatial and temporal variability 
in ocean surface water '80/'60 has hampered 
such efforts. This variability is linked to 

changes in the salinity of the sea surface, 
which is caused by fluctuations in the pat- 
terns of rainfall, evaporation, and water mass 
transport fields (4). Altogether, these salin- 
ity-related effects can have an impact on the 
'80/'60 ratio of marine carbonates formed at 
the ocean surface that is as large or larger 
than the impact of temperature variations. 

As reported on page 1014 of this issue, 
Gagan et al. turn this defect in the oxygen iso- 
tope thermometer into a strength through use 
of coupled '80/'60 and Sr/Ca concentration 
measurements in corals (5). Because coral Sr/ 
Ca ratios also vary as a function of SST (6), 
the use of both tracers in parallel apparently 
allows for simultaneous solution of SST and 
ocean surface lQ160 ratios. The latter can 
tell us a great deal about the patterns of evapo- 

ration, precipitation, and ocean surface salin- 
ity over the ocean basins (see figure). Gagan 
and colleagues have used thii technique on a 
-6000-year-old coral (5) from the Great Bou- 
rier Reef, Australia, to show that mean SST 
was then 1.2"C warmer than Dresent. and that 
the sea surface in this regionL- ekiched in 
'80 by a substantial 0.5 per mil (1 per mil = 
0.1%) relative to modem seawater. Ti~ese au- 
thors suggest that these two observations may 
be coupled, that is, increased tropical SST 
may have enhanced evaporation from the 
tropical Pacific, causing '80 enrichment of the 
residual sea surface. 

To sustain this '80 enrichment, the ad- 
ditional water vapor distilled from the tropi- 
cal oceans, they argue, must also have been 
exported to higher latitudes. If Gagan and 
colleagues are correct, then the extratropics 
should have experienced wetter conditions 
at this time as a result of intensified Hadley 
circulation. This is, in fact, a result pre- 
dicted by some general circulation models as 
a consequence of increased tropical tem- 
peratures (7). Secondary effects of this mois- 
ture redistribution may have included 
changes in the high-latitude surface ocean 
salinity field, which might have triggered 
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How rainy was it? The salinity of ocean surface waters (9) covaries with 180/160 (as 6180) (left). 
The author is at the N ~ ~ - ~ r i z o n a  Accelerator Mass This covariance is linked to the difference between precipitation to evaporation (9) occurring over 
Spectrometry Facility, University of Arizona, Tucson, the ocean surface (right). These linkages allow us to recover information about the variations in 
AZ 85721. USA. E-mail: wbeck@physics.arizona.edu past rainfall and atmospheric moisture transport from paleorecords of ocean surface 1 8 ~ / 1 6 ~ .  

www.sciencemag.org SCIENCE VOL. 279 13 FEBRUARY 1998 



changes in the strength or structure of the oce- 
anic thermohaline circulation. Althoueh " 
there may be other interpretations of Gagan 
and colleagues' primary findings, the implica- 
tions of their findings are quite wide reaching. 

But does the coral Sr/Ca thermometer re- 
ally work? The long ocean residence times of 
Sr and Ca would suggest that its Sr/Ca ratio 
should be relatively constant on 100,000-year 
time scales. If so, this proxy thermometer 

coral used for calibration grew and the site at 
which the temperature records were taken 
from for calibration. Gagan et al. attempt to 
address these issues by deriving calibrations for 
Pon'tes lutea corals from three widely separated 
sites where the corals grew in suboptimal envi- 
ronmental conditions. These corals were ex- 
posed to wide seasonal extremes in SST, salin- 
ity, coastal upwelling, and water column tur- 
biditv, but all l~ielded essentially the same cali- 
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I 
UPDATE: MUSCLE CONTRACTION 
0 

Heartthrobs 
Dottie Hanck 

Each  beat of the heart is triggered by an electrical srimulus 
that launches a cascade of events involving tens of proteins and 
free ions and ending in contraction of the heart muscle. We've 
come to understand most of the elements of t h ~ s  elegant cas- 
cade. In the heart, depolar~zation of the sarcolemma (the 
muscle cell membrane) opens voltage-dependent calc~um 
channels; calcium Ions enter the cytoplasm through these 
channels and bind to sites on release channels located close by 
in the membrane of the sarcoplasmic ret~culum, a complex in- 
tracellular network of membranes. The calcium stored in the 
sarcoplasmic reticulum exits through the activated release 
channels into the cytoplasm, where ~t Interacts with the actin- 
myosin machinery and initiates contraction. 

In skeletal muscle, the cascade is the same except that the 
release channels are physically connected to the voltage-gated 
calcium channels. In this case, the \,ohage-dependent move- 
ment of the sarcolemmal calcium voltage-gated channels 
themselves, rather than the ions that enter through them, open 
the release channels. Two different muscles: same theme, ml- 
nor \,ariarion. Puz:le solved-well, almost. 

Santana et al. discuss a puzzling result noticed by several latro- 
ratories. In heart, under conditions of stress or excitement when 
P-adrenergic inputs are highly active, calcium can be released 
from the sarcoplasmic reticulum even after all known pathways 
for calcium to get through the sarcolemma are blocked. Maybe 

Mother Nature didn't really vary the theme after all; perhaps 
sometimes in heart voltage-gated calcium channels can d~rectly 
couple to sarcoplasm~c reticuli~m channels to release calc~um. 
On page 102i of this issue Santana and colleagues dash our 
hopes that t h ~ s  reasonable explanation is correct. 

These authors used one of the cleanest pharmacological 
tools known-tetrodotoxin, a puffer fish toxin that blocks so- 
dium channels with high specif~city. Surprisingly, In thc pres- 
ence of tetrodotoxin the res~dual calcium release disappears; 
t h ~ s  result is not what's expected if voltage-gated calcium 
channels are directly coupled to release channels. None of the 
pathways try which calcium may be crosslng the sarcolemma 
seem suitable to explain these data. So which protein 1s acting 
uncharac ter~s t~cal l~  

Sanrana and colleagues accuse the voltage-gated sc7dium 
channel, even though there are no previous data to ~ndicate 
that apprec~able calc~i~m can permeate these channels. This is 
not the only provocative proposal they make; they also suggest 
a new connection hetiveen sodium channels and drugs such as 
ouahain and digox~n, which inhibit the sodium/potassii~m 
ATPase and so ~ndirectly augment cardiac contractiliry. The 
authors suggest that these tivo drugs can also augment flux of 
calc~um through the sodium channel. T h ~ s  action may help 
these drugs regulate contraction under pathophys~ological con- 
ditions like heart fa~lure. 
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