
Rogers and Randolph's results can also 
be viewed as an attempt to pinpoint areas at 
greatest risk for new malaria outbreaks. Cli- 
matic variables that predict the presence or 
absence of malaria are likely to be best suit- 
ed for forecasting the distribution of this dis- 
ease at the edges of its range (that is, where 
its existence or nonexistence is most clearly 
marked). However, detailed ecological and 
epidemiological studies are still needed to 
assess the true local risk. Questions to be 
addressed in such studies should include: 
How might local species of anopheline 
mosquitoes extend their breeding ranges in 
response to altered climate? What is their 
susceptibility to the malaria parasite? What 
species interactions-with competitors, 
predators, and parasites-might influence 
mosquito abundance? How might changes 
in abundance affect transmission rates? 
How do temperature and humidity affect the 
behavior and longevity of adult mosquitoes? 
What is the potential for malaria to be im-
ported through human migration? 

The resolution and competence of cli- 
mate models is improving rapidly, and 
this improvement will be of benefit to fu- 
ture analyses that strive for better expla- 
nations of the distribution of malaria. It is 
less certain that such studies will have ac- 
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cess to better disease data, because infor- 
mation on insect vectors and malaria inci- 
dence is much harder to collect. This is 
especially true for the regions of Africa 
that carry most of the world's malaria 
burden. Much will depend on the success 
of new systems for data collection, such 
as INDEPTH ( 1 3 ) ,  a network of field 
sites that produces information on health 
and demography by continuously moni- 
toring vital events in selected popula- 
tions. INDEPTH now has 15 sites in 
Africa (see the figure) and more than 40 
worldwide. The present statistical output 
lists deaths from all causes, but in the fu-
ture it may provide estimates of deaths at- 
tributable to malaria alone. 

In some instances, climate variations 
do produce a detectable signal in malaria 
incidence, although the dominant fluctua- 
tions in caseload are determined by the 
ups and downs of control programs (14). 
The goal of those involved in malaria con- 
trol over the next 50 years should be to 
make certain that climate change is indeed 
irrelevant to the distribution and preva- 
lence of the disease. Given adequate fund- 
ing, technology, and above all, commit- 
ment, the campaign to "Roll Back Malar- 
ia," spearheaded by the World Health Or- 
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C
limate can vary substantially over 
millennia1 time scales; the most 
prominent examples are the ice 

ages that have periodically occurred over 
the past several hundred thousand years. 
Variations in the heat exchange through 
the surface layer of the ocean play a key 
role in these climatic changes. Reliable 
sea surface temperatures (SST) are there- 
fore crucial to the reconstruction and 
modeling of past oceanic salinity and den- 
sity, water column stratification, thermo- 
haline circulation, and ice volume. Partic- 
ular emphasis has been placed on obtain- 
ing records of SSTs during the last ice age 
because the climatic scenario during the 
Last Glacial Maximum is often used to 
test computer models designed to predict 
forthcoming climatic changes. 

On page 17 19 of this issue, Lea et al. 
(I)  take a convincing step not only toward 
accurate SST reconstructions but also to- 
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ward constraining the timing of surface 
ocean warming with respect to continental 
ice sheet melting during deglaciations and 
deciphering changes in continental ice 
volume. This is important because in or- 
der to understand the causal chains that 
trigger climate change, leads and lags be- 
tween different ocean and climate ~roxies  
need to be defined. Environmental param- 
eters that lead over others and form "the 
head of the queue" are likely candidates 
for initiating and changing climate. 

In the late 1970s to early 1980s, the 
ClimateILong-Range Investigation, Map- 
ping, and Prediction Project (CLIMAP) 
(2) generated the first global SST recon- 
struction for the Last Glacial Maximum 
on the basis of the statistical evaluation of 
changes in microplankton assemblages. 
The project initiated intense paleoclimate 
research based on deep-sea sedimentary 
records. Today, the CLIMAP reconstruc- 
tions still serve as foundations for paleo- 
climate research, but many of its results 
remain controversial, for example, regard- 

ganization (WHO), will have halved 
deaths related to l?falciparum by 2010 
(15). By 2050, the map of malaria distri- 
bution should bear little resemblance to 
the one drawn by Rogers and Randolph. 
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ing the extent of sea ice in high latitudes 
or the relative change in tropical SSTs. 

Since CLIMAP, a whole range of ap- 
proaches for reconstructing SSTs have 
been developed. Ice core records from 
equatorial mountains and records of 
glacial snow line depression suggest that 
terrestrial temperatures during the Last 
Glacial Maximum were cooler than dur- 
ing the Holocene by as much as about 
5°C. Noble gas measurements in ground- 
water also initially implied a 5°C glacial 
temperature drop, although revision of the 
data led to only a 1.9" to 2.5"C tempera- 
ture difference. Data from alkenones (a 
group of temperature-sensitive lipids 
found in sediments that are used to recon- 
struct the paleoenvironrnent) provide evi- 
dence for a 2" to 4°C temperature decline 
of tropical surface waters. A large tropical 
SST reduction of around 4" to 5°C is also 
supported by coral records and recently, 
by temperature reconstructions based on 
planktonic oxygen isotope (6180)records. 

The inconsistencies between the tem- 
perature reconstructions mainly result 
from the heterogeneity of the applied geo- 
chemical and micropaleontological meth- 
ods, which all rely on different assump- 
tions, are used on different types of sam- 
ples, and have different limitations. For 
example, the reconstruction of ocean tem- 
peratures from stable oxygen isotope ra- 

7698 8 SEPTEMBER 2 0 0 0  VOL 2 8 9  SCIENCE www.sciencemag.org 

mailto:dnuernberg@geomar.de


S C I E N C E ' S  C O M P A S S  

tios (6180) from calcitic microfossil shells Mg/Ca is measured on the same biotic car- record of past ocean surface water. The 
is complicated by the fact that the 6180 is rier as 6180, thereby avoiding the season- latter is largely a function of the changes 
affected not only by the temperature but ality andlor habitat effects that occur when in volume of ice stored in continental ice 
also by global ice volume change and proxy data from different faunal groups sheets and salinity change. 
evaporatiodprecipitation effects. are used (see the figure). The magnitude Lea et al. (1) demonstrate that the sur- 

Lea et al. (1) apply the relatively new and timing of SST and 6180 changes can face equatorial Pacific cooled by 2.9 h 
method of Mg/Ca paleothermometry to thus be separated, and the residual 6180 0.4"C during the last glacial and that the 
planktonic protozoans (foraminifera) and record can be extracted by removing the maximum cooling during the past 450,000 
measure the stable oxygen isotope ratios temperature effect, resulting in a 6180 years was 4OC. During this time, tropical 
(6180) of the same specimens. MgICa SST cooling was synchronous to tempera- 
paleothemometry is based on the tem- -0.25 mm 

H ture changes in the Antarctic atmosphere, 
perature dependence of the substitution as revealed by the Vostok deuterium record. 
of magnesium into calcium lat- The authors also find that the 
tice sites. It has long been tropical ocean surface waters 
known that tropical calcitic Ice volume Temperature 

I 
generally warmed about 3000 to 

shells are generally more en- Temperature Salinity 5000 years before continental ice 
riched in magnesium than sub- Salinity Dissolution sheet melting. These observa- PH 

polar shells, but the well-de- tions lead the authors to empha- 
fined exponential dependence size the tropical Pacific's role in 
of the MgKa ratio on tempera- 6180 (%o PDB) =T~g/ca CC) forcing climate change. Al- 
ture within single planktonic $ .O 0.5 0.0 -0 .5  -1.0 -1.5 23.5 24.5 25.5 26.5 27.5 though local hydrological influ- 
foraminifera1 species only be- ences cannot be ruled out, the 
came clear from systematic '3 10 extracted record of the 6180 of 
core-top investigations covering seawater is interpreted to be due 
a wide latitudinal range (3, 4) & 20 to changes in global ice volume, 
and from species-related culti- and this interpretation is sup- 
vating experiments (5,6). 30 ported by the convincing match 

These findings were an ex- between the seawater 6180 and 
citing step toward a new paleo- past sea-level fluctuations. 
ceanographic tool but were, I Paleotemperature rn equation Despite the successes in estab- 
nevertheless, viewed critically. lishing MglCa paleothernometry 
Indeed, factors other than tem- 

p p 

as a tool for reconstructing past 
perature also affect the amount 

1 
ocean temperatures, particularly 

of magnesium incorporated during Global ice volume change Lea et al.'s stimulating work, 
foraminifera1 shell formation. Inter- methodological details still need to be de- 
species and ontogenetic variations may o fmed, and the method must be used in con- 
affect Mg/Ca ratios. Preferential removal junction with other established or new SST 
of relatively soluble magnesium-enriched 3? l o  proxies. Foraminifera1 calcium isotope mea- 
calcitic parts clearly alters the Mg/Ca ra- 8 surements (14, for example, will most cer- 
tios (7), although recent studies found % 20 tainly contribute valuable new insights (15). 
that during dissolution, Mg/Ca and 6180 a 
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