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The El Niio/Southern Oscillation (ENSO) sys- 
tem is a prominent component of interannual 
climate variability, and the Southern Oscillation 
Index (SOI) is a primary measure of the state of 
the ENSO system (1). Here, we present evidence 
that ENSO-related changes in the terrestrial car- 
bon cycle can be recorded by stalagmites, thus 
providing a proxy for past El Niiio events. Our 
analysis of a stalagmite from Belize reveals a 
strong correlation between the SOI and carbon 
isotope ratios (83C values), even though the site 
experiences no discerible local weather effects 
that are correlated with the SOI. 813C values of 
this stalagmite must re- 
flect changes in the over- 
lying rainforest ecosys- 
tem's carbon budget that 
are sensitive to subtle 
modifications of local 
weather related to ENSO. 

Using high-resolution 
microsampling techniques 
for stable isotope analysis 
(2, 3) (-1300 samples at 
20 ,im increments pro- 
ducing weekly to monthly 
temporal resolution), we 
have discovered large 
[-13.3 to -2.2 per mil 
(%o)], rapid (-7%o in -6 
months) fluctuations in 
speleothem 813C values at 
interannual to subseasonal 
time scales. Our analysis 
of a rapidly growing cal- 
cite stalagmite (ATM7) 
from the cave Actun Tu- 
nichil Muknal in central 
Belize indicates a remark- 
ably strong correlation be- 
tween 13C values and re- 
cent El Nifio events (Fig. 
1). Discovery of this rela- 
tion is puzzling in light of 
the absence of significant we; 
ing recent El Niiio and La N 
area. Analysis of meteorolo 
show any statistically signifil 
tween the SOI and local mete 
tions (supporting online tex 
apparently trigger a response 
tope system in this area sucl 
Niiio signal is derived from 
weather fluctuations. Ecosy 
weak climate signals has 

marine ecosystems in the North Atlantic (4). 
ATM7 was actively growing at the time of 

collection (January 2001) and contains visible 
band pairs that are distinguished by variations in 
color, fluid inclusion density, stable oxygen iso- 
tope ratios, and trace element composition. Re- 
sults of 137Cs dating support our interpretation of 
visible band pairs as annual couplets. Counting 
backward through the layers from the actively 
growing stalagmite surface, the base of each 
annual couplet was assigned a March date (av- 
erage onset of the dry season) for the appropriate 
year. The time required for meteoric water (car- 
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Fig. 1. ATM7 carbon isotope record and Souther Oscillation Index (SOI). 
Stalagmite s13C values (black) are depicted with the SOI (gray, inverted). The 
time scales and associated curves are offset, reflecting the time lag between 
SOI and ATM7 calcite deposition. Strong El Nino events (1987-88,1997-98, 
and 1982-83) and lower amplitude events (early 1990s, 1979-81, and 
1970s) are readily apparent ATM7 was collected in January 2001 from Actun 
Tunichil Muknal in central Belize. Temporal resolution is - weekly to month- 
ly. s13C data are reported in per mil (%o) relative to V-PDB. 

ather anomalies dur- rying dissolved CO2) to percolate through the 
iia intervals for this soil and bedrock to the cave is estimated at 3 to 
gical data does not 10 months for ATM7. 
cant correlations be- A number of mechanisms may be responsi- 
eorological observa- ble for the large variation observed in stalagmite 
4t). El Nifio events 813C values (Fig. 1). Under tropical rainforest 
e of the carbon iso- canopies, the "13C values of CO2 can be very 
h that a coherent El low (<-33%o) because of recycling of respired 
i indiscerible local CO2 (5). Changes in soil respiration rates (or soil 
!stem sensitivity to pCO2) can also modify the 813C value of soil 
been modeled for CO2 (6). Changes in the pH of drip water, 

contribution of organic versus dissolved lime- 
stone bedrock carbon, regional isotopic compo- 
sition of atmospheric CO2 (7), and degassing 
rates of drip water within the cave are unlikely to 
be important factors because even the maximum 
magnitudes of these effects are insufficient to 
produce the observed 13C variations. We sug- 
gest that variation in ATM7 813C values may 
arise primarily from changes in local rates of soil 
respiration and ecosystem CO2 recycling; how- 
ever, the relative importance of various process- 
es (e.g., autotrophic versus heterotrophic respi- 
ration and degree of soil-atmosphere CO2 ex- 
change) currently remains unconstrained. 

ENSO-driven changes in terrestrial eco- 
system carbon cycle dynamics from regions 
without obvious ENSO teleconnections may 
be an important component of seasonal to 
decadal changes in global CO2 fluxes. Our 
findings indicate that some ecological sys- 
tems are capable of magnifying the amplitude 
of weak or distributed local climate signals 
such as ENSO. This work further suggests 
that ENSO affects a much larger area than 
just where fluctuations in weather patterns 
are discernible. This stalagmite isotope 
record provides not only an El Nifio proxy, 
but also records significant and measurable 
variation (at interannual and shorter time 
scales) in the carbon cycle of tropical rain- 
forest ecosystems on subannual time scales 
that merits further examination. 
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