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W
ell-dated records of terres-
trial environmental change
in Southeast Asia spanning
the past 50 kyr (kyr = 1,000

y) are few and far between. The problem is
often one of preservation. Organic-based
paleoenvironmental proxies in warm and
wet tropical environments are often sub-
ject to severe microbial degradation pro-
cesses rendering them unsuitable for
radiocarbon (14C) dating. Notable ex-
ceptions to this problem include tropical
speleothems, which can be dated using the
230Th method (1) and can provide in-
formation on the relative intensities of
isotopically depleted Asian monsoonal
rainfall back to ∼400 kyr ago (2). Speleo-
them records tell us little about the spe-
cific ecosystem responses to past rainfall
and temperature changes, however. How
can we tell how much rain is needed to
maintain dense tropical rain forest as op-
posed to more open grasslands? Pollen
and charcoal records go some way toward
filling this knowledge gap in tropical set-
tings (e.g., refs. 3–5), but they can be af-
fected by biases in the representation of
local plant species and are sometimes
difficult to date accurately. In PNAS,
a relatively innovative technique is ex-
plored in insular Southeast Asia that uses
the vegetation-derived carbon isotope
(δ13C) records preserved in cave guano
deposits (6).
In tropical regions with monsoonal cli-

mates, plants can be divided into two main
categories according to the photosynthetic
pathways they use. C3 plants include most
trees, shrubs, and other dicots, whereas C4
plants largely comprise grasses. Because
each of these has distinctly different car-
bon isotope compositions, it should be
possible to reconstruct the changing pro-
portions of forested vs. grassy habitats in
the past by δ13C analysis of preserved or-
ganic matter. In lower rainfall temperate
and arid areas, soil carbonate can be used
as an integrator of vegetation δ13C values,
but soil carbonates rarely form where
precipitation exceeds 100 cm/y (e.g., ref.
7), thus ruling out the tropics. So what
other means are available to obtain rep-
resentative samples of vegetation in trop-
ical settings? This is where the study of
Wurster et al. (6) displays a high level of
“out of the box” thinking.
Guano deposits are ubiquitous features

in thousands of caves throughout South-
east Asia and accumulate from the labors

of bats and cave-dwelling swiftlets (echo-
locating birds) (Fig. 1), which act as “ran-
dom samplers” of the local insect pop-
ulations. The insects, in turn, feed on the
prevailing vegetation, fixing the average
carbon isotope composition into their tis-
sues in the process (8). Therefore, guano
deposits represent a promising archive for
preserving the average δ13C of vegetation
in the feeding catchment area of cave-
dwelling insectivorous bats and birds. They
can also be composed of well-stratified
and continuous sequences and are ame-
nable to 14C dating; thus, they represent
rich pickings indeed for the isotope pale-
oecologists among us.
The results of the study by Wurster

et al. (6) reveal spatially varying re-
sponses in the δ13C of vegetation across
the northern sector of insular Southeast
Asia during the Last Glacial Period. The
guano δ13C records indicate considerable
reduction of rain forests at certain times
in the past 50 kyr in Peninsular Malaysia
and the southern Philippines but more
persistent forest cover in northern Bor-
neo. The results suggest that ecosystem
responses to past changes in climate were
quite site-specific. This highlights the
utility of the guano isotope technique in
providing a realistic and complete picture
of ecosystem responses to climate and
a deeper understanding of ecosystem re-
siliences to climate change. The potential
detail available from the guano technique
is astounding. Imagine how useful an-
other 20 such guano-based vegetation
reconstructions spread throughout
Southeast Asia would be to the climate
modeling community wishing to in-
corporate vegetation structures into its
model simulations (e.g., ref. 9). From the
collective knowledge gained by our Flores
research team (ref. 10 and accompanying
background story) as a result of extensive
fieldwork and caving exploration in In-
donesia and Southeast Asia, it would not
be unrealistic to surmise that at least one
long guano record could be obtained
from at least one cave in every river valley
in a karst terrain.

Fig. 1. Speleothem δ18O records from China (11,
12) indicate dominant insolation control on mon-
soon strength during the past 50 kyr B.P., with
greater monsoon strength occurring at times of
higher summer insolation. Superimposed on this
insolation signature in the Chinese speleothem re-
cord are millennial-scale events associated with the
Younger Dryas and Heinrich stadials (gray shading).
Coincidental millennial-scale variability is also ob-
served in ice core δ18O records from Greenland and
Antarctic (13, 14) and speleothem records from
Flores, Indonesia (10). Note the antiphased North-
ern vs. Southern Hemisphere proxy responses.
Likely vegetation changes from insular Southeast
Asia arising from insolation-driven changes in
monsoon rainfall are marked by blue (increases in
rain forest extent) and pink (decreases in rain forest
extent) arrows. V-PDB (Vienna-Pee Dee belemnite);
V-SMOW (Vienna-standard mean ocean water).
Also shown is a cave-dwelling bat fromMulu Caves,
Sarawak, Malayasia. Bats similar to this one would
have contributed to the formation of the guano
deposits investigated by Wurster et al. (6).
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The guano isotope records of Wurster
et al. (6) also show that vegetation in this
tropical region has responded dynami-
cally to climate forcings observed in
other parts of the Southeast Asian
monsoon system during the Last Glacial
Period (e.g., refs. 11 and 12). For in-
stance, the close correspondence be-
tween guano records from the
Philippines and speleothem δ18O records
from China (at non-Heinrich event
times) between 30 and 15 kyr B.P. is
suggestive of insolation forcing as the
common driver. The maxima in summer

insolation at ∼30 and ∼10 kyr B.P. (Fig.
1) correspond to periods of increased
monsoon strength and rain forest ex-
pansion at this site, whereas the in-
solation minimum at ∼20 kyr B.P.
correlates with rain forest contraction.
Although the resolution of the guano
records of this study limits more precise
comparisons, the guano records do in-
dicate that the millennial-scale variations
seen in speleothem δ18O records from
China and Flores (10–12) (Fig. 1) could
also be shaping the response of the guano
isotopes in insular Southeast Asia.

Further work on guano records such as
that by Wurster et al. (6) is needed to
confirm a link between vegetation
changes throughout the tropics and
the millennial-scale perturbations ob-
served in Chinese speleothems and
high-latitude climate records (e.g., refs.
13 and 14) during the Last Glacial
Period. After all, it would be a shame
to see all that diligent aerial fieldwork
go to waste.
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