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‘The only constant is change’ (Einstein, 1879–1955)

 

Isotopes as recorders

 

Since the beginning of the industrial revolution, ecological
changes of unprecedented rate and magnitude have affected
earth systems from oceans to forests to the atmosphere.
Human population growth and ever-increasing resource
consumption continue to drive major changes in
atmospheric gas concentrations and climate (IPCC, 2001),
biogeochemical cycles (Vitousek 

 

et al

 

., 1997; Klee &
Graedel, 2004), land use and land cover (Brovkin 

 

et al

 

.,
2004), and species distribution and abundance (Thuiller,
2003). Understanding how these factors have varied in the

past is essential to predicting future ecological changes.
Stable isotope recorders are allowing biogeochemists to
reconstruct ecological history and, using historical data,
forecast ecological trends. Researchers in the field of stable
isotope biogeochemistry have developed ways to track dynamic
ecological processes on temporal scales from days to millennia.
Scientists from 26 countries recently converged at Tomar,
Portugal, to discuss ecological changes recorded in materials
as diverse as hair, wood, lake sediment, and ice cores.

 

‘Trees are promiscuous integrators – they record

so many interacting signals from their environ-

ment that interpreting their isotopic signatures is

often difficult or impossible without adequate

 

replication.’

 

Isotope archives as windows into the past

 

Ice cores from high latitudes and altitudes have played a
pivotal role in reconstructing the climate and atmospheric
conditions of the past. James White (Colorado University,
Boulder, CO, USA) and colleagues presented a 2000-year
global methane budget estimated from Antarctic ice cores
(Ferretti 

 

et al

 

., 2005). Methane is a very efficient greenhouse
gas, and its atmospheric concentration has risen to
historically unprecedented levels since the industrial
revolution began. However, ice core 

 

δ

 

13

 

C-CH

 

4

 

 values have
fluctuated significantly over the past 2000 years, suggesting
that source contributions to atmospheric methane have
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changed over time. Biogenic CH

 

4

 

 emissions, originating
from wetlands, are highly depleted in 

 

13

 

C and are sensitive
to climate. At the other end of the isotopic spectrum,
biomass burning produces a less depleted 

 

13

 

C-CH

 

4

 

 signal,
approximating the 

 

δ

 

13

 

C of the biomass being combusted.
By linking CH

 

4

 

 concentrations and isotope values from the
ice archive with paleoclimatology and human population
dynamics, White and colleagues found that the two
principal controls on the 2000-year global CH

 

4

 

 budget are
climate effects on CH

 

4

 

 biogenesis and a decline in North
American biomass burning after 

 

c

 

. 1500 

 

AD

 

 (Ferretti 

 

et al

 

.,
2005). The partitioning of CH

 

4

 

 into sources is especially
relevant in light of the current uncertainty in the global
methane budget (Keppler 

 

et al

 

., 2006). White and
colleagues hope that stable isotopes will help resolve critical
questions concerning the current magnitude of CH

 

4

 

originating from terrestrial plants, as well as from shifts in
land use and climate.

Temperate trees record climatic and biogeochemical sig-
nals in their growth rings with perfect annual resolution,
making them excellent integrators of past conditions
(McCarroll & Loader, 2004). Isotope records in temperate
trees extending thousands of years into the past have been
retrieved from ancient living trees and dead wood preserved
in cold lakes. Ancient forest sites preserved in cold bodies of
water are widespread in the northern hemisphere and are
valuable sources of tree-ring isotope chronologies. By sam-
pling individual trees as replicates, researchers can calculate
confidence intervals around estimates of past climate condi-
tions. Neil Loader (University of Wales, Swansea, UK) sug-
gested in his presentation that replication is both a strength
and a necessary evil in the realm of tree-ring isotope
archives. Trees are promiscuous integrators – they record
so many interacting signals from their environment that
interpreting their isotopic signatures is often difficult or
impossible without adequate replication. But, when
sampled intensively, tree rings can provide precisely bounded
estimates of past environmental conditions within stands
and across regions. Such high spatial resolution could
enhance our understanding of past regional-scale climate
variability, which would be very useful to climate modelers
today.

 

The future is in isotopes

 

Isotope recorders are not only used to reconstruct the past,
but may also provide glimpses into the future. Claudia
Mora and colleagues (University of Tennessee, Knoxville, TN,
USA) are using isotopes to evaluate hurricane frequency
over the past several centuries in the eastern USA, well
before coastal weather events were routinely documented.
Because 

 

18

 

O is fractionated during evaporation, rain from
hurricanes is heavily depleted relative to precipitation from
even the most severe thunderstorms (Gedzelman & Arnold,

1994). Thus, hurricane precipitation carries a unique 

 

18

 

O
signal, providing a marker that is preserved in tree rings
when taken up by shallow rooted species. Indeed, Mora and
colleagues have identified highly depleted 

 

18

 

O signals in tree
rings that correspond with known hurricane events, and
conversely they have found prolonged 

 

18

 

O-enriched signals
that are aligned with hurricane dry spells. So, what about
linking the past to the future? Mora and colleagues hope
that using this method to reconstruct hurricane patterns
across the south-eastern USA over the past 500 years will
inform us about what is controlling decadal variation in
hurricane frequency, and ultimately improve models used to
predict hurricane occurrence, severity, and distribution.

Isotopes also are becoming an increasingly popular tool
for quantifying human influences on atmospheric gas com-
position and ecosystem function. Diane Pataki (University
of California, Irvine, CA, USA) presented work on isotope
tracers in urban environments, an area of research that is
increasingly important as urban ecosystems expand (Grimm

 

et al

 

., 2000). Pataki and colleagues used a dual isotope (

 

18

 

O
and 

 

13

 

C) approach to partition CO

 

2

 

 sources in urban envi-
ronments, identifying the fraction of CO

 

2

 

 emissions derived
from respiration, and natural gas and gasoline combustion
(Pataki 

 

et al

 

., 2003, 2006). In an effort to evaluate variabil-
ity in CO

 

2

 

 sources across the dynamic and mottled human
land-use gradient surrounding cities, they are conducting
research in suburbs and exurbs as well as in dense urban
areas. Pataki works closely with land-use planners to trans-
late results from isotope studies into tangible information
for decision makers grappling with air pollution and energy
consumption. Pataki envisions that this work will contri-
bute to complex coupled human-environment models used to
inform scientists, policy makers, and urban planners alike.
Nina Buchmann (ETH Zurich, Zurich, Switzerland)
expressed parallel sentiments, discussing the role stable
isotopes play in assessing mechanisms of biodiversity and
ecosystem function (Kahmen 

 

et al

 

., 2005).
A central objective of the isotope community is to syn-

thesize empirical observations in models that predict
global-scale trace gas composition and the distribution of
anthropogenic source gases such as CO

 

2

 

 and NO

 

2

 

 (e.g. Cuntz

 

et al

 

., 2003a, >b). Matthias Cuntz (Australian National
University, Canberra, Australia) and Markus Leuenberger
(University of Bern, Bern, Switzerland) discussed progress in
the global modeling of trace gases and isotope fluxes. While
improvements are being made in the predictive power of
these models, the isotope community as a whole is unified
in citing the need for a broadly distributed gas sampling
network, analogous to and possibly in conjunction with the
EuroFlux and AmeriFlux networks established to measure
CO

 

2

 

 and H

 

2

 

O fluxes across a range of ecosystems in Europe
and North America. Monitoring networks that emphasize
real-time data collection will enhance our understanding of
current global change trends and, when integrated into
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process models, could be used to make predictions about the
future. As Keeling’s atmospheric CO

 

2

 

 data from Mona Loa
did, long-term gas isotope measurements may reveal signifi-
cant trends only after several years (e.g. Keeling 

 

et al.

 

, 1995).
With instruments such as the tunable diode laser providing
instantaneous gas isotope ratios, widespread and long-term
measurements of isotope fluxes may become much more
common in the coming decade. Just as field measurements
of H

 

2

 

O and CO

 

2

 

 fluxes have increased with portability of
the infrared gas analyzer, expect the isotope community to
grow with technology. And while the only constant may
be change, as Einstein suggested, stable isotope recorders
documenting past and present variability in climate, land
use, and biogeochemistry undoubtedly will advance our
capabilities to predict future change.

 

Acknowledgements

 

Lucas Nave thanks Biosphere-Atmosphere Research and
Training (NSF-IGERT) for financial support to attend this
meeting. Both authors thank Peter Curtis for his editorial
advice.

 

Lucas E. Nave and Christopher M. Gough

 

*

Department of Evolution, Ecology and Organismal Biology,
The Ohio State University, 318 W 12th Ave.,

Columbus, OH 43210, USA
 (*Author for correspondence:

Tel: +1614 2926454; Fax: +1614 2922030;
Email: gough.21@osu.edu)

 

References

 

Brovkin V, Sitch S, Von Bloh W, Claussen M, Bauer E, Cramer W. 
2004. 

 

Role of land cover changes for atmospheric CO

 

2

 

 increase and 
climate change over the past 150 years

 

. 

 

Global Change Biology

 

 

 

10

 

: 

 

1253

 

–

 

1266

 

.

 

Cuntz M, Ciais P, Hoffmann G, Allison CE, Francey RJ, Knorr W, 
Tans PP, White JWC, Levin I. 2003a. 

 

A comprehensive global 
three-dimensional model of delta O-18 in atmospheric CO

 

2

 

: 2. 
Mapping the atmospheric signal

 

. 

 

Journal of Geophysical 
Research – Atmospheres 

 

108

 

: 

 

Art

 

 4528. doi: 10.1029/2002JD003154

 

Cuntz M, Ciais P, Hoffmann G, Knorr W. 2003b. 

 

A comprehensive 
global three-dimensional model of delta O-18 in atmospheric CO

 

2

 

: 

1. Validation of surface processes

 

. 

 

Journal of Geophysical 
Research – Atmospheres

 

 

 

108

 

: 

 

Art

 

 4527. doi: 10.1029/2002JD003153

 

Ferretti DF, Miller JB, White JWC, Etheridge DM, Lassey KR, 
Lowe DC, Meure CMM, Dreier MF, Trudinger CM, 
van Ommen TD, Langenfields RL. 2005. 

 

Unexpected changes to 
the global methane budget over the past 2000 years. Science 309: 
1714–1717.

Gedzelman SD, Arnold R. 1994. Modeling the isotopic composition 
of precipitation. Journal of Geophysical Research – Atmospheres 99: 
10455–10471.

Grimm NB, Grove JM, Pickett STA, Redman CL. 2000. Integrated 
approaches to long-term studies of urban ecological systems. 
Bioscience 50: 571–584.

IPCC. 2001. Climate Change 2001: Synthesis Report. A Contribution of 
Working Groups I, II, and III to the Third Assessment Report of the 
Integovernmental Panel on Climate Change. Watson, RT and the Core 
Writing Team (eds.) Cambridge, UK and New York, NY, USA: 
Cambridge University Press, 398 pp.

Kahmen A, Perner J, Buchmann N. 2005. Diversity-dependent 
productivity in semi-natural grasslands following climate 
perturbations. Functional Ecology 19: 594–601.

Keeling CD, Whorf TP, Wahlen M, Vanderplicht, 1995. Interannual 
extremes in the rate of rise of atmospheric carbon-dioxide since 
1980. Nature 375: 666–670.

Keppler F, Hamilton JTG, Brass M, Rockmann T. 2006. Methane 
emissions from terrestrial plants under aerobic conditions. Nature 
439: 187–191.

Klee RJ, Graedel TE. 2004. Elemental cycles: a status report on 
human or natural dominance. Annual Review of Environment and 
Resources 29: 69–107.

McCarroll D, Loader NJ. 2004. Stable isotopes in tree rings. 
Quaternary Science Reviews 23: 771–801.

Pataki DE, Bowling DR, Ehleringer JR. 2003. Seasonal cycle of 
carbon dioxide and its isotopic composition in an urban 
atmosphere: Anthropogenic and biogenic effects. Journal of 
Geophysical Research – Atmospheres 108: Art 4735. 
doi: 10.1029/2003JD003865

Pataki DE, Bowling DR, Ehleringer JR, Zobitz JM. 2006. High 
resolution atmospheric monitoring of urban carbon dioxide sources. 
Geophysical Research Letters 33: Art L03813. 
doi: 10.1029/2005GL024822

Thuiller W. 2003. BIOMOD – optimizing predictions of species 
distributions and projecting potential future shifts under global 
change. Global Change Biology 9: 1353–1362.

Vitousek PM, Aber JD, Howarth RW, Likens GE, Matson PA, 
Schindler DW, Schlesinger WH, Tilman DG. 1997. Human 
alteration of the global N cycle: sources and consequences. 
Ecological Applications 7: 737–750.

Key words: BASIN, climate change, ecological change, global change, 
isotopes, SIBAE, 13C, 180

© The Authors (2006). Journal compilation © New Phytologist (2006) www.newphytologist.org New Phytologist (2006) 171: 3–6

Meetings



Commentary

New Phytologist (2006) 171: 1–3 www.newphytologist.org © The Authors (2006). Journal compilation © New Phytologist (2006)

Forum6

About New Phytologist

• New Phytologist is owned by a non-profit-making charitable trust dedicated to the promotion of plant science, facilitating projects
from symposia to open access for our Tansley reviews. Complete information is available at www.newphytologist.org.

• Regular papers, Letters, Research reviews, Rapid reports and both Modelling/Theory and Methods papers are encouraged.
We are committed to rapid processing, from online submission through to publication ‘as-ready’ via OnlineEarly – the 2004 average
submission to decision time was just 30 days. Online-only colour is free, and essential print colour costs will be met if necessary.
We also provide 25 offprints as well as a PDF for each article.

• For online summaries and ToC alerts, go to the website and click on ‘Journal online’. You can take out a personal subscription to
the journal for a fraction of the institutional price. Rates start at £109 in Europe/$202 in the USA & Canada for the online edition
(click on ‘Subscribe’ at the website).

• If you have any questions, do get in touch with Central Office (newphytol@lancaster.ac.uk; tel +44 1524 594691) or, for a local
contact in North America, the US Office (newphytol@ornl.gov; tel +1 865 576 5261).

Meetings

New Phytologist (2006) 171: 3–6 www.newphytologist.org © The Authors (2006). Journal compilation © New Phytologist (2006)


