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in liberating iceberg armadas during that time.
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there has been no direct evidence that such a response can occur. Here we show
that corals containing unusual algal symbionts that are thermally tolerant and
commonly associated with high-temperature environments are much more
abundant on reefs that have been severely affected by recent climate change. This
adaptive shift in symbiont communities indicates that these devastated reefs could
be more resistant to future thermal stress, resulting in significantly longer
extinction times for surviving corals than had been previously assumed.

Baker, A. C., C. J. Starger, et al. (2004). "Coral reefs: corals' adaptive response to climate

change." Nature 430(7001): 741.
The long-term response of coral reefs to climate change depends on the ability of
reef-building coral symbioses to adapt or acclimatize to warmer temperatures, but
there has been no direct evidence that such a response can occur. Here we show
that corals containing unusual algal symbionts that are thermally tolerant and
commonly associated with high-temperature environments are much more
abundant on reefs that have been severely affected by recent climate change. This
adaptive shift in symbiont communities indicates that these devastated reefs could
be more resistant to future thermal stress, resulting in significantly longer
extinction times for surviving corals than had been previously assumed.
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wet periods, such as the Last Glacial Maximum--marked in the drill core by
continuous deposition of lacustrine sediments--appear to have occurred in phase
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consequences of such environmental changes for large marine predators cannot be
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Adelie has declined by 50% because of a decrease in adult survival during the late
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penguins hatched fewer eggs when winter sea-ice was extended. These results
indicate strong and contrasting effects of large-scale oceanographic processes and
sea-ice extent on the demography of emperor penguins, and their potential high
susceptibility to climate change.
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All currently available climate models predict a near-surface warming trend under
the influence of rising levels of greenhouse gases in the atmosphere. In addition to
the direct effects on climate--for example, on the frequency of heatwaves--this
increase in surface temperatures has important consequences for the hydrological
cycle, particularly in regions where water supply is currently dominated by
melting snow or ice. In a warmer world, less winter precipitation falls as snow and
the melting of winter snow occurs earlier in spring. Even without any changes in
precipitation intensity, both of these effects lead to a shift in peak river runoff to
winter and early spring, away from summer and autumn when demand is highest.
Where storage capacities are not sufficient, much of the winter runoff will
immediately be lost to the oceans. With more than one-sixth of the Earth's
population relying on glaciers and seasonal snow packs for their water supply, the
consequences of these hydrological changes for future water availability--predicted
with high confidence and already diagnosed in some regions--are likely to be
severe.
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The atmospheric heat transport on Earth from the Equator to the poles is largely



carried out by the mid-latitude storms. However, there is no satisfactory theory to
describe this fundamental feature of the Earth's climate. Previous studies have
characterized the poleward heat transport as a diffusion by eddies of specified
horizontal length and velocity scales, but there is little agreement as to what
those scales should be. Here we propose instead to regard the baroclinic zone--the
zone of strong temperature gradients and active eddies--as a heat engine which
generates eddy kinetic energy by transporting heat from a warmer to a colder
region. This view leads to a new velocity scale, which we have tested along with
previously proposed length and velocity scales, using numerical climate
simulations in which the eddy properties have been varied by changing forcing and
boundary conditions. The experiments show that the eddy velocity varies in
accordance with the new scale, while the size of the eddies varies with the well-
known Rhines beta-scale. Our results not only give new insight into atmospheric
eddy heat transport, but also allow simple estimates of the intensities of mid-
latitude storms, which have hitherto only been possible with expensive general
circulation models.
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Silicon is the second most abundant element on Earth. It is an important nutrient
for phytoplankton and is readily absorbed by terrestrial vegetation; it also assists
the removal of carbon dioxide from the atmosphere through the weathering of
silicates. But the continental cycle of silicon is not well known, and only a few
studies have attempted to use silicon stable isotopes (28Si, 29Si and 30Si) to
quantify the continental silicon reservoirs. Dissolved silicon in sea and river
waters forms a reservoir of mean isotopic value +1.1 per thousand (refs 7, 10). It
is enriched in 30Si with respect to the igneous rocks reservoir, which has a mean
isotopic value of -0.3 per thousand (refs 4, 9). This enrichment can only be
produced by a major fractionation during weathering, and should result in the
formation of a continental 30Si-depleted reservoir. Such a reservoir, however, has
not been identified to date. Here we analyse silicon isotopes of in situ quartz from
a sandstone series in France, using a new-generation secondary ion mass
spectrometry apparatus. We show that quartz that precipitates as siliceous
cements forms a strongly 30Si-depleted reservoir with isotopic values down to -
5.7 per thousand, a more negative value than any previously published for
terrestrial samples. Our findings suggest that quartz re-precipitation plays an
important role in the biogeochemical cycle of silicon.
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Large-scale features of ocean circulation, such as deep water formation in the
northern North Atlantic Ocean, are known to regulate the long-term physical
uptake of CO2 from the atmosphere by moving CO2-laden surface waters into
the deep ocean. But the importance of CO2 uptake into water masses that
ventilate shallower ocean depths, such as subtropical mode waters of the
subtropical gyres, are poorly quantified. Here we report that, between 1988 and
2001, dissolved CO2 concentrations in subtropical mode waters of the North
Atlantic have increased at a rate twice that expected from these waters keeping in
equilibrium with increasing atmospheric CO2. This accounts for an extra 0.4-2.8
Pg C (1 Pg = 10(15) g) over this period (that is, about 0.03-0.24 Pg C yr(-1)),
equivalent to 3-10% of the current net annual ocean uptake of CO2 (ref. 3). We
suggest that the lack of strong winter mixing events, to greater than 300 m in
depth, in recent decades is responsible for this accumulation, which would
otherwise disturb the mode water layer and liberate accumulated CO2 back to the
atmosphere. However, future climate variability (which influences subtropical
mode water formation) and changes in the North Atlantic Oscillation (leading to
a return of deep winter mixing events) may reduce CO2 accumulation in
subtropical mode waters. We therefore conclude that, although CO2 uptake by



subtropical mode waters in the North Atlantic--and possibly elsewhere--does not
always represent a long-term CO2 sink, the phenomenon is likely to contribute
substantially to interannual variability in oceanic CO2 uptake.
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The shells of the planktonic foraminifer Neogloboquadrina pachyderma have
become a classical tool for reconstructing glacial-interglacial climate conditions in
the North Atlantic Ocean. Palaeoceanographers utilize its left- and right-coiling
variants, which exhibit a distinctive reciprocal temperature and water mass related
shift in faunal abundance both at present and in late Quaternary sediments.
Recently discovered cryptic genetic diversity in planktonic foraminifers now
poses significant questions for these studies. Here we report genetic evidence
demonstrating that the apparent 'single species' shell-based records of right-coiling
N. pachyderma used in palacoceanographic reconstructions contain an alternation
in species as environmental factors change. This is reflected in a species-
dependent incremental shift in right-coiling N. pachyderma shell calcite deltal8O
between the Last Glacial Maximum and full Holocene conditions. Guided by the
percentage dextral coiling ratio, our findings enhance the use of deltal8O records
of right-coiling N. pachyderma for future study. They also highlight the need to
genetically investigate other important morphospecies to refine their accuracy
and reliability as palaeoceanographic proxies.
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fertilization. In ethics committee-approved projects, researchers may use
deliberately fertilized ova or, with parents' consent, fertilized ova left over from
therapeutic programs. In vitro culture of human embryos is permitted only up to
the implantation stage. Conditions are also set for experiments on interspecies
fertilization and on freezing of embryos. Concern over physician and public
reception of these guidelines has been expressed by the British Medical
Association.
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tropical Africa and ocean response." Nature 437(7056): 241-4.
The tropics have been suggested as the drivers of global ocean and atmosphere
circulation and biogeochemical cycling during the extreme warmth of the
Cretaceous period; but the links between orbital forcing, freshwater runoff and the
biogeochemistry of continental margins in extreme greenhouse conditions are not
fully understood. Here we present Cretaceous records of geochemical tracers for
freshwater runoff obtained from a sediment core off the Ivory Coast that indicate
that alternating periods of arid and humid African climate were driven by orbital
precession. Our simulations of the precession-driven patterns of river discharge
with a global climate model suggest that ocean anoxia and black shale
sedimentation were directly caused by high river discharge, and occurred
specifically when the northern equinox coincided with perihelion (the minimum
distance between the Sun and the Earth). We conclude that, in a warm climate,
the oceans off tropical continental margins respond rapidly and sensitively to
even modest changes in river discharge.

Behrenfeld, M. J., K. Worthington, et al. (2006). "Controls on tropical Pacific Ocean

productivity revealed through nutrient stress diagnostics.” Nature 442(7106): 1025-8.
In situ enrichment experiments have shown that the growth of bloom-forming
diatoms in the major high-nitrate low-chlorophyll (HNLC) regions of the world's



oceans is limited by the availability of iron. Yet even the largest of these
manipulative experiments represents only a small fraction of an ocean basin, and
the responses observed are strongly influenced by the proliferation of rare species
rather than the growth of naturally dominant populations. Here we link unique
fluorescence attributes of phytoplankton to specific physiological responses to
nutrient stress, and use these relationships to evaluate the factors that constrain
phytoplankton growth in the tropical Pacific Ocean on an unprecedented spatial
scale. On the basis of fluorescence measurements taken over 12 years, we
delineate three major ecophysiological regimes in this region. We find that iron
has a key function in regulating phytoplankton growth in both HNLC and
oligotrophic waters near the Equator and further south, whereas nitrogen and
zooplankton grazing are the primary factors that regulate biomass production in
the north. Application of our findings to the interpretation of satellite
chlorophyll fields shows that productivity in the tropical Pacific basin may be
1.2-2.5 Pg C yr(-1) lower than previous estimates have suggested, a difference
that is comparable to the global change in ocean production that accompanied the
largest El Nino to La Nina transition on record.

Behrenfeld, M. J., K. Worthington, et al. (2006). "Controls on tropical Pacific Ocean

productivity revealed through nutrient stress diagnostics." Nature 442(7106): 1025-8.
In situ enrichment experiments have shown that the growth of bloom-forming
diatoms in the major high-nitrate low-chlorophyll (HNLC) regions of the world's
oceans is limited by the availability of iron. Yet even the largest of these
manipulative experiments represents only a small fraction of an ocean basin, and
the responses observed are strongly influenced by the proliferation of rare species
rather than the growth of naturally dominant populations. Here we link unique
fluorescence attributes of phytoplankton to specific physiological responses to
nutrient stress, and use these relationships to evaluate the factors that constrain
phytoplankton growth in the tropical Pacific Ocean on an unprecedented spatial
scale. On the basis of fluorescence measurements taken over 12 years, we
delineate three major ecophysiological regimes in this region. We find that iron
has a key function in regulating phytoplankton growth in both HNLC and
oligotrophic waters near the Equator and further south, whereas nitrogen and
zooplankton grazing are the primary factors that regulate biomass production in
the north. Application of our findings to the interpretation of satellite
chlorophyll fields shows that productivity in the tropical Pacific basin may be
1.2-2.5 Pg C yr(-1) lower than previous estimates have suggested, a difference
that is comparable to the global change in ocean production that accompanied the
largest El Nino to La Nina transition on record.

Beighton, P. (1971). "Fluid balance in the Sahara." Nature 233(5317): 275-7.

Bekker, A., H. D. Holland, et al. (2004). "Dating the rise of atmospheric oxygen." Nature
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Several lines of geological and geochemical evidence indicate that the level of
atmospheric oxygen was extremely low before 2.45 billion years (Gyr) ago, and
that it had reached considerable levels by 2.22 Gyr ago. Here we present evidence
that the rise of atmospheric oxygen had occurred by 2.32 Gyr ago. We found that
syngenetic pyrite is present in organic-rich shales of the 2.32-Gyr-old Rooihoogte
and Timeball Hill formations, South Africa. The range of the isotopic
composition of sulphur in this pyrite is large and shows no evidence of mass-
independent fractionation, indicating that atmospheric oxygen was present at
significant levels (that is, greater than 10(-5) times that of the present
atmospheric level) during the deposition of these units. The presence of rounded
pebbles of sideritic iron formation at the base of the Rooihoogte Formation and
an extensive and thick ironstone layer consisting of haematitic pisolites and
oolites in the upper Timeball Hill Formation indicate that atmospheric oxygen



rose significantly, perhaps for the first time, during the deposition of the
Rooihoogte and Timeball Hill formations. These units were deposited between
what are probably the second and third of the three Palaeoproterozoic glacial
events.
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and Wales 1978-2003." Nature 437(7056): 245-8.
More than twice as much carbon is held in soils as in vegetation or the
atmosphere, and changes in soil carbon content can have a large effect on the
global carbon budget. The possibility that climate change is being reinforced by
increased carbon dioxide emissions from soils owing to rising temperature is the
subject of a continuing debate. But evidence for the suggested feedback mechanism
has to date come solely from small-scale laboratory and field experiments and
modelling studies. Here we use data from the National Soil Inventory of England
and Wales obtained between 1978 and 2003 to show that carbon was lost from
soils across England and Wales over the survey period at a mean rate of 0.6% yr(-
1) (relative to the existing soil carbon content). We find that the relative rate of
carbon loss increased with soil carbon content and was more than 2% yr(-1) in
soils with carbon contents greater than 100 g kg(-1). The relationship between
rate of carbon loss and carbon content is irrespective of land use, suggesting a link
to climate change. Our findings indicate that losses of soil carbon in England and
Wales--and by inference in other temperate regions-are likely to have been
offsetting absorption of carbon by terrestrial sinks.
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Bellouin, N., O. Boucher, et al. (2005). "Global estimate of aerosol direct radiative

forcing from satellite measurements." Nature 438(7071): 1138-41.
Atmospheric aerosols cause scattering and absorption of incoming solar radiation.
Additional anthropogenic aerosols released into the atmosphere thus exert a
direct radiative forcing on the climate system. The degree of present-day aerosol
forcing is estimated from global models that incorporate a representation of the
aerosol cycles. Although the models are compared and validated against
observations, these estimates remain uncertain. Previous satellite measurements
of the direct effect of aerosols contained limited information about aerosol type,
and were confined to oceans only. Here we use state-of-the-art satellite-based
measurements of aerosols and surface wind speed to estimate the clear-sky direct
radiative forcing for 2002, incorporating measurements over land and ocean. We




use a Monte Carlo approach to account for uncertainties in aerosol measurements
and in the algorithm used. Probability density functions obtained for the direct
radiative forcing at the top of the atmosphere give a clear-sky, global, annual
average of -1.9 W m(-2) with standard deviation, +/- 0.3 W m(-2). These results
suggest that present-day direct radiative forcing is stronger than present model
estimates, implying future atmospheric warming greater than is presently
predicted, as aerosol emissions continue to decline.
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Berner, R. A. (2003). "The long-term carbon cycle, fossil fuels and atmospheric

composition." Nature 426(6964): 323-6.
The long-term carbon cycle operates over millions of years and involves the
exchange of carbon between rocks and the Earth's surface. There are many
complex feedback pathways between carbon burial, nutrient cycling, atmospheric
carbon dioxide and oxygen, and climate. New calculations of carbon fluxes during
the Phanerozoic eon (the past 550 million years) illustrate how the long-term
carbon cycle has affected the burial of organic matter and fossil-fuel formation, as
well as the evolution of atmospheric composition.
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decreases in surface albedo." Nature 408(6809): 187-90.
Carbon uptake by forestation is one method proposed to reduce net carbon
dioxide emissions to the atmosphere and so limit the radiative forcing of climate
change. But the overall impact of forestation on climate will also depend on other
effects associated with the creation of new forests. In particular, the albedo of a
forested landscape is generally lower than that of cultivated land, especially when
snow is lying, and decreasing albedo exerts a positive radiative forcing on climate.
Here I simulate the radiative forcings associated with changes in surface albedo as
a result of forestation in temperate and boreal forest areas, and translate these
forcings into equivalent changes in local carbon stock for comparison with
estimated carbon sequestration potentials. I suggest that in many boreal forest
areas, the positive forcing induced by decreases in albedo can offset the negative
forcing that is expected from carbon sequestration. Some high-latitude forestation
activities may therefore increase climate change, rather than mitigating it as
intended.
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polar cap of Mars." Nature 428(6983): 627-30.
The inventory of water and carbon dioxide reservoirs on Mars are important clues
for understanding the geological, climatic and potentially exobiological evolution
of the planet. From the early mapping observation of the permanent ice caps on
the martian poles, the northern cap was believed to be mainly composed of water
ice, whereas the southern cap was thought to be constituted of carbon dioxide ice.
However, recent missions (NASA missions Mars Global Surveyor and Odyssey)
have revealed surface structures, altimetry profiles, underlying buried hydrogen,
and temperatures of the south polar regions that are thermodynamically
consistent with a mixture of surface water ice and carbon dioxide. Here we present
the first direct identification and mapping of both carbon dioxide and water ice in
the martian high southern latitudes, at a resolution of 2 km, during the local
summer, when the extent of the polar ice is at its minimum. We observe that this
south polar cap contains perennial water ice in extended areas: as a small
admixture to carbon dioxide in the bright regions; associated with dust, without
carbon dioxide, at the edges of this bright cap; and, unexpectedly, in large areas
tens of kilometres away from the bright cap.
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global sea levels over the past million years." Nature 437(7055): 125-8.
Marine records of sediment oxygen isotope compositions show that the Earth's
climate has gone through a succession of glacial and interglacial periods during the
past million years. But the interpretation of the oxygen isotope records is
complicated because both isotope storage in ice sheets and deep-water
temperature affect the recorded isotopic composition. Separating these two
effects would require long records of either sea level or deep-ocean temperature,
which are currently not available. Here we use a coupled model of the Northern
Hemisphere ice sheets and ocean temperatures, forced to match an oxygen
isotope record for the past million years compiled from 57 globally distributed
sediment cores, to quantify both contributions simultaneously. We find that the
ice-sheet contribution to the variability in oxygen isotope composition varied
from ten per cent in the beginning of glacial periods to sixty per cent at glacial
maxima, suggesting that strong ocean cooling preceded slow ice-sheet build-up.
The model yields mutually consistent time series of continental mean surface
temperatures between 40 and 80 degrees N, ice volume and global sea level. We
find that during extreme glacial stages, air temperatures were 17 +/- 1.8 degrees C
lower than present, with a 120 +/- 10 m sea level equivalent of continental ice
present.
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Blackburn, T. M. and R. P. Duncan (2001). "Determinants of establishment success in

introduced birds." Nature 414(6860): 195-7.
A major component of human-induced global change is the deliberate or
accidental translocation of species from their native ranges to alien
environments, where they may cause substantial environmental and economic
damage. Thus we need to understand why some introductions succeed while others
fail. Successful introductions tend to be concentrated in certain regions, especially
islands and the temperate zone, suggesting that species-rich mainland and tropical
locations are harder to invade because of greater biotic resistance. However, this
pattern could also reflect variation in the suitability of the abiotic environment at
introduction locations for the species introduced, coupled with known
confounding effects of nonrandom selection of species and locations for
introduction. Here, we test these alternative hypotheses using a global data set of
historical bird introductions, employing a statistical framework that accounts for
differences among species and regions in terms of introduction success. By
removing these confounding effects, we show that the pattern of avian
introduction success is not consistent with the biotic resistance hypothesis.
Instead, success depends on the suitability of the abiotic environment for the
exotic species at the introduction site.
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interactions." Nature 405(6782): 63-5.
Since the work of William Gilbert in 1600 (ref. 1), it has been widely believed that
the Earth's magnetic field, when suitably time-averaged, is that of a magnetic
dipole positioned at the Earth's centre and aligned with the rotational axis. This
'geocentric axial dipole' (GAD) hypothesis has been the central model for the
study of the Earth's magnetic field--it underpins almost all interpretations of
palacomagnetic data, whether for studies of palacomagnetic secular variation, for
plate tectonic reconstructions, or for studies of palaeoclimate. Although the GAD
hypothesis appears to provide a good description of the Earth's magnetic field
over at least the past 100 Myr (ref. 2), it is difficult to test the hypothesis for
earlier periods, and there is some evidence that a more complicated model is
required for the period before 250 Myr ago. Kent and Smethurst suggested that
this additional complexity might be because the inner core would have been
smaller at that time. Here I use a numerical geodynamo model and find that
reducing the size of the inner core does not significantly change the character of
the magnetic field. I also consider an alternative process that could lead to the
breakdown of the GAD hypothesis on this timescale, the evolution of heat-flux
variations at the core-mantle boundary, induced by mantle convection. I find that
a simple pattern of heat-flux variations at the core-mantle boundary, which is
plausible for times before the Mesozoic era, results in a strong octupolar
contribution to the field, consistent with previous findings.
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flowering near the Equator." Nature 433(7026): 627-9.
In tropical rainforests, 30-65% of tree species grow at densities of less than one
individual per hectare. At these low population densities, successful cross-
pollination relies on synchronous flowering. In rainforests with low climatic
seasonality, photoperiodic control is the only reliable mechanism for inducing
synchronous flowering. This poses a problem because there is no variation in day
length at the Equator. Here we propose a new mechanism of photoperiodic
timekeeping based on the perception of variation in sunrise or sunset time, which
explains and predicts the annually repeated, staggered, synchronous and bimodal
flowering of many tree species in Amazonian rainforests near the Equator.



Both, C., S. Bouwhuis, et al. (2006). "Climate change and population declines in a long-

distance migratory bird." Nature 441(7089): 81-3.
Phenological responses to climate change differ across trophic levels, which may
lead to birds failing to breed at the time of maximal food abundance. Here we
investigate the population consequences of such mistiming in the migratory pied
flycatcher, Ficedula hypoleuca. In a comparison of nine Dutch populations, we
find that populations have declined by about 90% over the past two decades in
areas where the food for provisioning nestlings peaks early in the season and the
birds are currently mistimed. In areas with a late food peak, early-breeding birds
still breed at the right time, and there is, at most, a weak population decline. If
food phenology advances further, we also predict population declines in areas with
a late food peak, as in these areas adjustment to an advanced food peak is
insufficient. Mistiming as a result of climate change is probably a widespread
phenomenon, and here we provide evidence that it can lead to population
declines.
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Both, C. and M. E. Visser (2001). "Adjustment to climate change is constrained by arrival

date in a long-distance migrant bird." Nature 411(6835): 296-8.
Spring temperatures in temperate regions have increased over the past 20 years,
and many organisms have responded to this increase by advancing the date of
their growth and reproduction. Here we show that adaptation to climate change in
a long-distance migrant is constrained by the timing of its migratory journey. For
long-distance migrants climate change may advance the phenology of their
breeding areas, but the timing of some species' spring migration relies on
endogenous rhythms that are not affected by climate change. Thus, the spring
migration of these species will not advance even though they need to arrive
earlier on their breeding grounds to breed at the appropriate time. We show that
the migratory pied flycatcher Ficedula hypoleuca has advanced its laying date
over the past 20 years. This temporal shift has been insufficient, however, as
indicated by increased selection for earlier breeding over the same period. The
shift is hampered by its spring arrival date, which has not advanced. Some of the
numerous long-distance migrants will suffer from climate change, because either
their migration strategy is unaffected by climate change, or the climate in
breeding and wintering areas are changing at different speeds, preventing adequate
adaptation.
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Bousquet, P., P. Ciais, et al. (2006). "Contribution of anthropogenic and natural sources

to atmospheric methane variability." Nature 443(7110): 439-43.
Methane is an important greenhouse gas, and its atmospheric concentration has
nearly tripled since pre-industrial times. The growth rate of atmospheric methane
is determined by the balance between surface emissions and photochemical
destruction by the hydroxyl radical, the major atmospheric oxidant. Remarkably,
this growth rate has decreased markedly since the early 1990s, and the level of
methane has remained relatively constant since 1999, leading to a downward
revision of its projected influence on global temperatures. Large fluctuations in
the growth rate of atmospheric methane are also observed from one year to the
next, but their causes remain uncertain. Here we quantify the processes that
controlled variations in methane emissions between 1984 and 2003 using an
inversion model of atmospheric transport and chemistry. Our results indicate that
wetland emissions dominated the inter-annual variability of methane sources,
whereas fire emissions played a smaller role, except during the 1997-1998 El
Nino event. These top-down estimates of changes in wetland and fire emissions
are in good agreement with independent estimates based on remote sensing
information and biogeochemical models. On longer timescales, our results show
that the decrease in atmospheric methane growth during the 1990s was caused by
a decline in anthropogenic emissions. Since 1999, however, they indicate that
anthropogenic emissions of methane have risen again. The effect of this increase
on the growth rate of atmospheric methane has been masked by a coincident
decrease in wetland emissions, but atmospheric methane levels may increase in
the near future if wetland emissions return to their mean 1990s levels.
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information and biogeochemical models. On longer timescales, our results show
that the decrease in atmospheric methane growth during the 1990s was caused by
a decline in anthropogenic emissions. Since 1999, however, they indicate that
anthropogenic emissions of methane have risen again. The effect of this increase
on the growth rate of atmospheric methane has been masked by a coincident
decrease in wetland emissions, but atmospheric methane levels may increase in
the near future if wetland emissions return to their mean 1990s levels.

Bowen, B. W., A. B. Meylan, et al. (1991). "Evolutionary distinctiveness of the

endangered Kemp's ridley sea turtle." Nature 352(6337): 709-11.
The endangered Kemp's ridley sea turtle (Lepidochelys kempi) nests almost
exclusively at a single locality in the western Gulf of Mexico, whereas the olive
ridley (L. olivacea) nests globally in warm oceans. Morphological similarities
between kempi and olivacea, and a geographical distribution that "...makes no
sense at all under modern conditions of climate and geography", raise questions
about the degree of evolutionary divergence between these taxa. Analysis of
mitochondrial (mt) DNA restriction sites shows that Kemp's ridley is distinct
from the olive ridley in matriarchal phylogeny, and that the two are sister taxa
with respect to other marine turtles. Separation of olive and the Kemp's ridley
lineages may date to formation of the Isthmus of Panama, whereas the global
spread of the olive ridley lineage occurred recently. In contrast to recent
examples in which molecular genetic assessments challenged systematic
assignments underlying conservation programmes, our mtDNA data corroborate
the taxonomy of an endangered form.

Bowen, G. J,, D. J. Beerling, et al. (2004). "A humid climate state during the

Palaeocene/Eocene thermal maximum." Nature 432(7016): 495-9.
An abrupt climate warming of 5 to 10 degrees C during the Palaeocene/Eocene
boundary thermal maximum (PETM) 55 Myr ago is linked to the catastrophic
release of approximately 1,050-2,100 Gt of carbon from sea-floor methane
hydrate reservoirs. Although atmospheric methane, and the carbon dioxide
derived from its oxidation, probably contributed to PETM warming, neither the
magnitude nor the timing of the climate change is consistent with direct
greenhouse forcing by the carbon derived from methane hydrate. Here we
demonstrate significant differences between marine and terrestrial carbon isotope
records spanning the PETM. We use models of key carbon cycle processes to
identify the cause of these differences. Our results provide evidence for a
previously unrecognized discrete shift in the state of the climate system during
the PETM, characterized by large increases in mid-latitude tropospheric humidity
and enhanced cycling of carbon through terrestrial ecosystems. A more humid
atmosphere helps to explain PETM temperatures, but the ultimate mechanisms
underlying the shift remain unknown.
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and enhanced cycling of carbon through terrestrial ecosystems. A more humid
atmosphere helps to explain PETM temperatures, but the ultimate mechanisms
underlying the shift remain unknown.

Bower, A. S., B. Le Cann, et al. (2002). "Directly measured mid-depth circulation in the

northeastern North Atlantic Ocean." Nature 419(6907): 603-7.
The circulation of water masses in the northeastern North Atlantic Ocean has a
strong influence on global climate owing to the northward transport of warm
subtropical water to high latitudes. But the ocean circulation at depths below the
reach of satellite observations is difficult to measure, and only recently have
comprehensive, direct observations of whole ocean basins been possible. Here we
present quantitative maps of the absolute velocities at two levels in the
northeastern North Atlantic as obtained from acoustically tracked floats. We find
that most of the mean flow transported northward by the Gulf Stream system at
the thermocline level (about 600 m depth) remains within the subpolar region,
and only relatively little enters the Rockall trough or the Nordic seas. Contrary to
previous work, our data indicate that warm, saline water from the Mediterranean
Sea reaches the high latitudes through a combination of narrow slope currents and
mixing processes. At both depths under investigation, currents cross the Mid-
Atlantic Ridge preferentially over deep gaps in the ridge, demonstrating that sea-
floor topography can constrain even upper-ocean circulation patterns.

Bowler, J. M., H. Johnston, et al. (2003). "New ages for human occupation and climatic

change at Lake Mungo, Australia." Nature 421(6925): 837-40.
Australia's oldest human remains, found at Lake Mungo, include the world's oldest
ritual ochre burial (Mungo III) and the first recorded cremation (Mungo I). Until
now, the importance of these finds has been constrained by limited chronologies
and palaeoenvironmental information. Mungo III, the source of the world's oldest
human mitochondrial DNA, has been variously estimated at 30 thousand years
(kyr) old, 42-45 kyr old and 62 +/- 6 kyr old, while radiocarbon estimates placed
the Mungo I cremation near 20-26 kyr ago. Here we report a new series of 25
optical ages showing that both burials occurred at 40 +/- 2 kyr ago and that
humans were present at Lake Mungo by 50-46 kyr ago, synchronously with, or
soon after, initial occupation of northern and western Australia. Stratigraphic
evidence indicates fluctuations between lake-full and drier conditions from 50 to
40 kyr ago, simultaneously with increased dust deposition, human arrival and
continent-wide extinction of the megafauna. This was followed by sustained
aridity between 40 and 30 kyr ago. This new chronology corrects previous
estimates for human burials at this important site and provides a new picture of
Homo sapiens adapting to deteriorating climate in the world's driest inhabited
continent.

Boyd, P. W., C. S. Law, et al. (2004). "The decline and fate of an iron-induced subarctic

phytoplankton bloom." Nature 428(6982): 549-53.
Iron supply has a key role in stimulating phytoplankton blooms in high-nitrate
low-chlorophyll oceanic waters. However, the fate of the carbon fixed by these
blooms, and how efficiently it is exported into the ocean's interior, remains
largely unknown. Here we report on the decline and fate of an iron-stimulated
diatom bloom in the Gulf of Alaska. The bloom terminated on day 18, following
the depletion of iron and then silicic acid, after which mixed-layer particulate
organic carbon (POC) concentrations declined over six days. Increased particulate
silica export via sinking diatoms was recorded in sediment traps at depths between
50 and 125 m from day 21, yet increased POC export was not evident until day
24. Only a small proportion of the mixed-layer POC was intercepted by the traps,
with more than half of the mixed-layer POC deficit attributable to bacterial
remineralization and mesozooplankton grazing. The depletion of silicic acid and
the inefficient transfer of iron-increased POC below the permanent thermocline




have major implications both for the biogeochemical interpretation of times of
greater iron supply in the geological past, and also for proposed geo-engineering
schemes to increase oceanic carbon sequestration.

Brad Adams, J., M. E. Mann, et al. (2003). "Proxy evidence for an EI Nino-like response

to volcanic forcing." Nature 426(6964): 274-8.
Past studies have suggested a statistical connection between explosive volcanic
eruptions and subsequent El Nino climate events. This connection, however, has
remained controversial. Here we present support for a response of the El
Nino/Southern Oscillation (ENSO) phenomenon to forcing from explosive
volcanism by using two different palacoclimate reconstructions of EI Nino
activity and two independent, proxy-based chronologies of explosive volcanic
activity from ad 1649 to the present. We demonstrate a significant, multi-year,
El Nino-like response to explosive tropical volcanic forcing over the past several
centuries. The results imply roughly a doubling of the probability of an El Nino
event occurring in the winter following a volcanic eruption. Our empirical
findings shed light on how the tropical Pacific ocean-atmosphere system may
respond to exogenous (both natural and anthropogenic) radiative forcing.
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Braun, H., M. Christl, et al. (2005). "Possible solar origin of the 1,470-year glacial

climate cycle demonstrated in a coupled model." Nature 438(7065): 208-11.
Many palaeoclimate records from the North Atlantic region show a pattern of
rapid climate oscillations, the so-called Dansgaard-Oeschger events, with a quasi-
periodicity of approximately 1,470 years for the late glacial period. Various
hypotheses have been suggested to explain these rapid temperature shifts,
including internal oscillations in the climate system and external forcing, possibly
from the Sun. But whereas pronounced solar cycles of approximately 87 and
approximately 210 years are well known, a approximately 1,470-year solar cycle
has not been detected. Here we show that an intermediate-complexity climate
model with glacial climate conditions simulates rapid climate shifts similar to the
Dansgaard-Oeschger events with a spacing of 1,470 years when forced by periodic
freshwater input into the North Atlantic Ocean in cycles of approximately 87
and approximately 210 years. We attribute the robust 1,470-year response time




to the superposition of the two shorter cycles, together with strongly nonlinear
dynamics and the long characteristic timescale of the thermohaline circulation.
For Holocene conditions, similar events do not occur. We conclude that the
glacial 1,470-year climate cycles could have been triggered by solar forcing
despite the absence of a 1,470-year solar cycle.
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Brinkhuis, H., S. Schouten, et al. (2006). "Episodic fresh surface waters in the Eocene

Arctic Ocean." Nature 441(7093): 606-9.
It has been suggested, on the basis of modern hydrology and fully coupled
palaeoclimate simulations, that the warm greenhouse conditions that
characterized the early Palaeogene period (55-45 Myr ago) probably induced an
intensified hydrological cycle with precipitation exceeding evaporation at high
latitudes. Little field evidence, however, has been available to constrain oceanic
conditions in the Arctic during this period. Here we analyse Palacogene sediments
obtained during the Arctic Coring Expedition, showing that large quantities of the
free-floating fern Azolla grew and reproduced in the Arctic Ocean by the onset of
the middle Eocene epoch (approximately 50 Myr ago). The Azolla and
accompanying abundant freshwater organic and siliceous microfossils indicate an
episodic freshening of Arctic surface waters during an approximately 800,000-
year interval. The abundant remains of Azolla that characterize basal middle
Eocene marine deposits of all Nordic seas probably represent transported
assemblages resulting from freshwater spills from the Arctic Ocean that reached as
far south as the North Sea. The termination of the Azolla phase in the Arctic
coincides with a local sea surface temperature rise from approximately 10 degrees
C to 13 degrees C, pointing to simultaneous increases in salt and heat supply
owing to the influx of waters from adjacent oceans. We suggest that onset and
termination of the Azolla phase depended on the degree of oceanic exchange
between Arctic Ocean and adjacent seas.
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and stratosphere in 1940-42 related to El Nino." Nature 431(7011): 971-4.
Although the El Nino/Southern Oscillation phenomenon is the most prominent
mode of climate variability and affects weather and climate in large parts of the
world, its effects on Europe and the high-latitude stratosphere are controversial.
Using historical observations and reconstruction techniques, we analyse the
anomalous state of the troposphere and stratosphere in the Northern Hemisphere
from 1940 to 1942 that occurred during a strong and long-lasting El Nino event.
Exceptionally low surface temperatures in Europe and the north Pacific Ocean
coincided with high temperatures in Alaska. In the lower stratosphere, our
reconstructions show high temperatures over northern Eurasia and the north
Pacific Ocean, and a weak polar vortex. In addition, there is observational
evidence for frequent stratospheric warmings and high column ozone at Arctic
and mid-latitude sites. We compare our historical data for the period 1940-42
with more recent data and a 650-year climate model simulation. We conclude that
the observed anomalies constitute a recurring extreme state of the global
troposphere-stratosphere system in northern winter that is related to strong El
Nino events.
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The Atlantic meridional overturning circulation carries warm upper waters into
far-northern latitudes and returns cold deep waters southward across the Equator.
Its heat transport makes a substantial contribution to the moderate climate of
maritime and continental Europe, and any slowdown in the overturning
circulation would have profound implications for climate change. A transatlantic
section along latitude 25 degrees N has been used as a baseline for estimating the
overturning circulation and associated heat transport. Here we analyse a new 25
degrees N transatlantic section and compare it with four previous sections taken
over the past five decades. The comparison suggests that the Atlantic meridional
overturning circulation has slowed by about 30 per cent between 1957 and 2004.
Whereas the northward transport in the Gulf Stream across 25 degrees N has
remained nearly constant, the slowing is evident both in a 50 per cent larger
southward-moving mid-ocean recirculation of thermocline waters, and also in a 50
per cent decrease in the southward transport of lower North Atlantic Deep Water
between 3,000 and 5,000 m in depth. In 2004, more of the northward Gulf
Stream flow was recirculating back southward in the thermocline within the
subtropical gyre, and less was returning southward at depth.
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in climate and land use." Nature 430(6995): 2 p following 33; discussion following 33.
Thomas et al. argue, contrary to Sala et al. that climate change poses an equal or
greater threat to global biodiversity than land-use change. We contest this claim,
however, on the grounds that Thomas et al. incorrectly apply species-area
relationships.
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small (2-5%) decrease in solar output could result in runaway glaciation on the
Earth. But solar fluxes 25-30% lower early in the Earth's history apparently did
not lead to this result. One currently favoured explanation is that high partial
pressures of carbon dioxide, caused by higher volcanic outgassing rates and/or
slower rates of silicate weathering, created a large enough greenhouse effect to
keep the planet warm. This does not resolve the problem of climate stability,
however, because as we argue here, the oceans can freeze much more quickly than
CO2 can accumulate in the atmosphere. Had such a transient global glaciation



occurred in the distant past when solar luminosity was low, it might have been
irreversible because of the formation of highly reflective CO2 clouds, similar to
those encountered in climate simulations of early Mars. Our simulations of the
early Earth, incorporating the possible formation of such clouds, suggest that the
Earth might not be habitable today had it not been warm during the first part of
its history.
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biosphere can survive on Earth. They pointed out that, despite the current fossil-
fuel induced increase in the atmospheric CO2 concentration, the long-term trend
should be in the opposite direction: as increased solar luminosity warms the Earth,
silicate rocks should weather more readily, causing atmospheric CO2 to decrease.
In their model, atmospheric CO2 falls below the critical level for C3
photosynthesis, 150 parts per million (p.p.m.), in only 100 Myr, and this is
assumed to mark the demise of the biosphere as a whole. Here, we re-examine this
problem using a more elaborate model that includes a more accurate treatment of
the greenhouse effect of CO2, a biologically mediated weathering
parameterization, and the realization that C4 photosynthesis can persist to much
lower concentrations of atmospheric CO2(<10 p.p.m.). We find that a C4-plant-
based biosphere could survive for at least another 0.9 Gyr to 1.5 Gyr after the
present time, depending respectively on whether CO2 or temperature is the
limiting factor. Within an additional 1 Gyr, Earth may lose its water to space,
thereby following the path of its sister planet, Venus.
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in ocean heat content and global mean sea level. For the Mt Pinatubo eruption,
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Future climate warming is expected to enhance plant growth in temperate
ecosystems and to increase carbon sequestration. But although severe regional
heatwaves may become more frequent in a changing climate, their impact on
terrestrial carbon cycling is unclear. Here we report measurements of ecosystem
carbon dioxide fluxes, remotely sensed radiation absorbed by plants, and country-
level crop yields taken during the European heatwave in 2003. We use a
terrestrial biosphere simulation model to assess continental-scale changes in
primary productivity during 2003, and their consequences for the net carbon
balance. We estimate a 30 per cent reduction in gross primary productivity over
Europe, which resulted in a strong anomalous net source of carbon dioxide (0.5 Pg
C yr(-1)) to the atmosphere and reversed the effect of four years of net
ecosystem carbon sequestration. Our results suggest that productivity reduction in
eastern and western Europe can be explained by rainfall deficit and extreme
summer heat, respectively. We also find that ecosystem respiration decreased
together with gross primary productivity, rather than accelerating with the
temperature rise. Model results, corroborated by historical records of crop yields,
suggest that such a reduction in Europe's primary productivity is unprecedented
during the last century. An increase in future drought events could turn temperate
ecosystems into carbon sources, contributing to positive carbon-climate feedbacks
already anticipated in the tropics and at high latitudes.
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involves stabilizing mechanisms, which include tradeoffs between species in terms
of their capacities to disperse to sites where competition is weak, to exploit
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The possibility of a reduced Atlantic thermohaline circulation in response to
increases in greenhouse-gas concentrations has been demonstrated in a number of
simulations with general circulation models of the coupled ocean-atmosphere
system. But it remains difficult to assess the likelihood of future changes in the
thermohaline circulation, mainly owing to poorly constrained model
parameterizations and uncertainties in the response of the climate system to
greenhouse warming. Analyses of past abrupt climate changes help to solve these
problems. Data and models both suggest that abrupt climate change during the last
glaciation originated through changes in the Atlantic thermohaline circulation in
response to small changes in the hydrological cycle. Atmospheric and oceanic
responses to these changes were then transmitted globally through a number of
feedbacks. The palaecoclimate data and the model results also indicate that the
stability of the thermohaline circulation depends on the mean climate state.

Clark, P. U., N. G. Pisias, et al. (2002). "The role of the thermohaline circulation in
abrupt climate change." Nature 415(6874): 863-9.



The possibility of a reduced Atlantic thermohaline circulation in response to
increases in greenhouse-gas concentrations has been demonstrated in a number of
simulations with general circulation models of the coupled ocean-atmosphere
system. But it remains difficult to assess the likelihood of future changes in the
thermohaline circulation, mainly owing to poorly constrained model
parameterizations and uncertainties in the response of the climate system to
greenhouse warming. Analyses of past abrupt climate changes help to solve these
problems. Data and models both suggest that abrupt climate change during the last
glaciation originated through changes in the Atlantic thermohaline circulation in
response to small changes in the hydrological cycle. Atmospheric and oceanic
responses to these changes were then transmitted globally through a number of
feedbacks. The palacoclimate data and the model results also indicate that the
stability of the thermohaline circulation depends on the mean climate state.

Clarke, T. (2003). "Geologists seek to put an end to blind dates." Nature 425(6958): 550-
1.

Clift, P. D. and J. Blusztajn (2005). "Reorganization of the western Himalayan river

system after five million years ago." Nature 438(7070): 1001-3.
Uplift of mountains driven by tectonic forces can influence regional climate as
well as regional drainage patterns, which in turn control the discharge of eroded
sediment to the ocean. But the nature of the interactions between tectonic forces,
climate and drainage evolution remains contested. Here we reconstruct the
erosional discharge from the Indus river over the past 30 million years using
seismic reflection data obtained from drill core samples from the Arabian Sea and
neodymium isotope data. We find that the source of the Indus sediments was
dominated by erosion within and north of the Indus suture zone until five million
years ago; after that, the river began to receive more erosional products from
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Any assessment of future climate change requires knowledge of the full range of
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Forest fires are growing in size and frequency across the tropics. Continually
eroding fragmented forest edges, they are unintended ecological disturbances that
transcend deforestation to degrade vast regions of standing forest, diminishing
ecosystem services and the economic potential of these natural resources.
Affecting the health of millions, net forest fire emissions may have released
carbon equivalent to 41% of worldwide fossil fuel use in 1997-98. Episodically
more severe during El Nino events, pan-tropical forest fires will increase as more
damaged, less fire-resistant, forests cover the landscape. Here I discuss the current
state of tropical fire science and make recommendations for advancement.
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Significantly more carbon is stored in the world's soils--including peatlands,
wetlands and permafrost--than is present in the atmosphere. Disagreement exists,
however, regarding the effects of climate change on global soil carbon stocks. If
carbon stored belowground is transferred to the atmosphere by a warming-induced
acceleration of its decomposition, a positive feedback to climate change would
occur. Conversely, if increases of plant-derived carbon inputs to soils exceed
increases in decomposition, the feedback would be negative. Despite much
research, a consensus has not yet emerged on the temperature sensitivity of soil
carbon decomposition. Unravelling the feedback effect is particularly difficult,
because the diverse soil organic compounds exhibit a wide range of kinetic
properties, which determine the intrinsic temperature sensitivity of their
decomposition. Moreover, several environmental constraints obscure the intrinsic
temperature sensitivity of substrate decomposition, causing lower observed
'apparent' temperature sensitivity, and these constraints may, themselves, be
sensitive to climate.
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dated to the early Oligocene epoch ( approximately 35 million years ago) from a
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Many attempts to predict the biotic responses to climate change rely on the
'climate envelope' approach, in which the current distribution of a species is
mapped in climate-space and then, if the position of that climate-space changes,
the distribution of the species is predicted to shift accordingly. The flaw in this
approach is that distributions of species also reflect the influence of interactions
with other species, so predictions based on climate envelopes may be very
misleading if the interactions between species are altered by climate change. An
additional problem is that current distributions may be the result of sources and
sinks, in which species appear to thrive in places where they really persist only
because individuals disperse into them from elsewhere. Here we use microcosm
experiments on simple but realistic assemblages to show how misleading the
climate envelope approach can be. We show that dispersal and interactions, which
are important elements of population dynamics, must be included in predictions
of biotic responses to climate change.
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topography is a topic that has remained largely unexplored. Erosion laws that
explicitly include biotic effects are needed to explore how intrinsically small-scale
biotic processes can influence the form of entire landscapes, and to determine
whether these processes create a distinctive topography.
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antarctica blooms in the Ross Sea, Antarctica." Nature 404(6778): 595-8.
The Southern Ocean is very important for the potential sequestration of carbon
dioxide in the oceans and is expected to be vulnerable to changes in carbon export
forced by anthropogenic climate warming. Annual phytoplankton blooms in
seasonal ice zones are highly productive and are thought to contribute
significantly to pCO2 drawdown in the Southern Ocean. Diatoms are assumed to
be the most important phytoplankton class with respect to export production in
the Southern Ocean; however, the colonial prymnesiophyte Phaeocystis
antarctica regularly forms huge blooms in seasonal ice zones and coastal Antarctic
waters. There is little evidence regarding the fate of carbon produced by P.
antarctica in the Southern Ocean, although remineralization in the upper water
column has been proposed to be the main pathway in polar waters. Here we
present evidence for early and rapid carbon export from P. antarctica blooms to
deep water and sediments in the Ross Sea. Carbon sequestration from P. antarctica
blooms may influence the carbon cycle in the Southern Ocean, especially if
projected climatic changes lead to an alteration in the structure of the
phytoplankton community.
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Domack, E., D. Duran, et al. (2005). "Stability of the Larsen B ice shelf on the Antarctic
Peninsula during the Holocene epoch." Nature 436(7051): 681-5.
The stability of the Antarctic ice shelves in a warming climate has long been
discussed, and the recent collapse of a significant part, over 12,500 km2 in area,
of the Larsen ice shelf off the Antarctic Peninsula has led to a refocus toward the



implications of ice shelf decay for the stability of Antarctica's grounded ice. Some
smaller Antarctic ice shelves have undergone periodic growth and decay over the
past 11,000 yr (refs 7-11), but these ice shelves are at the climatic limit of ice
shelf viability and are therefore expected to respond rapidly to natural climate
variability at century to millennial scales. Here we use records of diatoms, detrital
material and geochemical parameters from six marine sediment cores in the
vicinity of the Larsen ice shelf to demonstrate that the recent collapse of the
Larsen B ice shelf is unprecedented during the Holocene. We infer from our
oxygen isotope measurements in planktonic foraminifera that the Larsen B ice
shelf has been thinning throughout the Holocene, and we suggest that the recent
prolonged period of warming in the Antarctic Peninsula region, in combination
with the long-term thinning, has led to collapse of the ice shelf.

Domack, E., D. Duran, et al. (2005). "Stability of the Larsen B ice shelf on the Antarctic

Peninsula during the Holocene epoch." Nature 436(7051): 681-5.
The stability of the Antarctic ice shelves in a warming climate has long been
discussed, and the recent collapse of a significant part, over 12,500 km?2 in area,
of the Larsen ice shelf off the Antarctic Peninsula has led to a refocus toward the
implications of ice shelf decay for the stability of Antarctica's grounded ice. Some
smaller Antarctic ice shelves have undergone periodic growth and decay over the
past 11,000 yr (refs 7-11), but these ice shelves are at the climatic limit of ice
shelf viability and are therefore expected to respond rapidly to natural climate
variability at century to millennial scales. Here we use records of diatoms, detrital
material and geochemical parameters from six marine sediment cores in the
vicinity of the Larsen ice shelf to demonstrate that the recent collapse of the
Larsen B ice shelf is unprecedented during the Holocene. We infer from our
oxygen isotope measurements in planktonic foraminifera that the Larsen B ice
shelf has been thinning throughout the Holocene, and we suggest that the recent
prolonged period of warming in the Antarctic Peninsula region, in combination
with the long-term thinning, has led to collapse of the ice shelf.

Donnadieu, Y., Y. Godderis, et al. (2004). "A 'snowball Earth' climate triggered by

continental break-up through changes in runoff." Nature 428(6980): 303-6.
Geological and palacomagnetic studies indicate that ice sheets may have reached
the Equator at the end of the Proterozoic eon, 800 to 550 million years ago,
leading to the suggestion of a fully ice-covered 'snowball Earth'. Climate model
simulations indicate that such a snowball state for the Earth depends on
anomalously low atmospheric carbon dioxide concentrations, in addition to the
Sun being 6 per cent fainter than it is today. However, the mechanisms producing
such low carbon dioxide concentrations remain controversial. Here we assess the
effect of the palacogeographic changes preceding the Sturtian glacial period, 750
million years ago, on the long-term evolution of atmospheric carbon dioxide
levels using the coupled climate-geochemical model GEOCLIM. In our simulation,
the continental break-up of Rodinia leads to an increase in runoff and hence
consumption of carbon dioxide through continental weathering that decreases
atmospheric carbon dioxide concentrations by 1,320 p.p.m. This indicates that
tectonic changes could have triggered a progressive transition from a 'greenhouse’
to an 'icehouse' climate during the Neoproterozoic era. When we combine these
results with the concomitant weathering effect of the voluminous basaltic traps
erupted throughout the break-up of Rodinia, our simulation results in a snowball
glaciation.
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The average air temperature at the Earth's surface has increased by 0.06 degrees C
per decade during the 20th century, and by 0.19 degrees C per decade from 1979
to 1998. Climate models generally predict amplified warming in polar regions, as



observed in Antarctica's peninsula region over the second half of the 20th
century. Although previous reports suggest slight recent continental warming, our
spatial analysis of Antarctic meteorological data demonstrates a net cooling on
the Antarctic continent between 1966 and 2000, particularly during summer and
autumn. The McMurdo Dry Valleys have cooled by 0.7 degrees C per decade
between 1986 and 2000, with similar pronounced seasonal trends. Summer cooling
is particularly important to Antarctic terrestrial ecosystems that are poised at the
interface of ice and water. Here we present data from the dry valleys representing
evidence of rapid terrestrial ecosystem response to climate cooling in Antarctica,
including decreased primary productivity of lakes (6-9% per year) and declining
numbers of soil invertebrates (more than 10% per year). Continental Antarctic
cooling, especially the seasonality of cooling, poses challenges to models of
climate and ecosystem change.
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in the subtropical North Pacific Ocean." Nature 424(6950): 754-7.
The oceans represent a significant sink for atmospheric carbon dioxide.
Variability in the strength of this sink occurs on interannual timescales, as a result
of regional and basin-scale changes in the physical and biological parameters that
control the flux of this greenhouse gas into and out of the surface mixed layer.
Here we analyse a 13-year time series of oceanic carbon dioxide measurements
from station ALOHA in the subtropical North Pacific Ocean near Hawaii, and
find a significant decrease in the strength of the carbon dioxide sink over the
period 1989-2001. We show that much of this reduction in sink strength can be
attributed to an increase in the partial pressure of surface ocean carbon dioxide
caused by excess evaporation and the accompanying concentration of solutes in
the water mass. Our results suggest that carbon dioxide uptake by ocean waters can
be strongly influenced by changes in regional precipitation and evaporation
patterns brought on by climate variability.
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Edwards, M. and A. J. Richardson (2004). "Impact of climate change on marine pelagic

phenology and trophic mismatch." Nature 430(7002): 881-4.
Phenology, the study of annually recurring life cycle events such as the timing of
migrations and flowering, can provide particularly sensitive indicators of climate
change. Changes in phenology may be important to ecosystem function because
the level of response to climate change may vary across functional groups and
multiple trophic levels. The decoupling of phenological relationships will have
important ramifications for trophic interactions, altering food-web structures and
leading to eventual ecosystem-level changes. Temperate marine environments
may be particularly vulnerable to these changes because the recruitment success of
higher trophic levels is highly dependent on synchronization with pulsed
planktonic production. Using long-term data of 66 plankton taxa during the
period from 1958 to 2002, we investigated whether climate warming signals are
emergent across all trophic levels and functional groups within an ecological
community. Here we show that not only is the marine pelagic community
responding to climate changes, but also that the level of response differs
throughout the community and the seasonal cycle, leading to a mismatch between
trophic levels and functional groups.
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waters inferred from foraminiferal Mg/Ca ratios." Nature 405(6785): 442-5.
Determining the past record of temperature and salinity of ocean surface waters is
essential for understanding past changes in climate, such as those which occur
across glacial-interglacial transitions. As a useful proxy, the oxygen isotope
composition (deltal80) of calcite from planktonic foraminifera has been shown
to reflect both surface temperature and seawater deltal80, itself an indicator of
global ice volume and salinity. In addition, magnesium/calcium (Mg/Ca) ratios in
foraminiferal calcite show a temperature dependence due to the partitioning of
Mg during calcification. Here we demonstrate, in a field-based calibration
experiment, that the variation of Mg/Ca ratios with temperature is similar for
eight species of planktonic foraminifera (when accounting for Mg dissolution
effects). Using a multi-species record from the Last Glacial Maximum in the
North Atlantic Ocean we found that past temperatures reconstructed from Mg/Ca
ratios followed the two other palacotemperature proxies: faunal abundance and
alkenone saturation. Moreover, combining Mg/Ca and deltal8O data from the
same faunal assemblage, we show that reconstructed surface water deltal8O from
all foraminiferal species record the same glacial-interglacial change--representing
changing hydrography and global ice volume. This reinforces the potential of this
combined technique in probing past ocean-climate interactions.

Ellwood, M. D. and W. A. Foster (2004). "Doubling the estimate of invertebrate biomass

in a rainforest canopy." Nature 429(6991): 549-51.
Forest canopies represent the functional interface between 90% of the Earth's
terrestrial biomass and the atmosphere and include some of the most threatened
of all terrestrial ecosystems. However, we lack even a basic understanding of how
the biomass of plants and animals is distributed throughout forest canopies, even
though this information is vital for estimating energy flow, carbon cycling,
resource use and the transfer of materials within this ecosystem. Here we measure
the biomass of invertebrates living in a common rainforest epiphyte, describe a
striking relationship between fern size and the biomass of animals within the
ferns, and reveal that one large epiphyte may contain an invertebrate biomass
similar to that found in the whole of the rest of the tree crown on which it is
growing. Using these data, we show that including the fauna of these epiphytes--a
neglected component in rainforest ecosystems--can more than double our



estimate of the total invertebrate biomass in an entire rainforest canopy.

Emanuel, K. (2005). "Increasing destructiveness of tropical cyclones over the past 30

years." Nature 436(7051): 686-8.
Theory and modelling predict that hurricane intensity should increase with
increasing global mean temperatures, but work on the detection of trends in
hurricane activity has focused mostly on their frequency and shows no trend. Here
I define an index of the potential destructiveness of hurricanes based on the total
dissipation of power, integrated over the lifetime of the cyclone, and show that
this index has increased markedly since the mid-1970s. This trend is due to both
longer storm lifetimes and greater storm intensities. I find that the record of net
hurricane power dissipation is highly correlated with tropical sea surface
temperature, reflecting well-documented climate signals, including multi-decadal
oscillations in the North Atlantic and North Pacific, and global warming. My
results suggest that future warming may lead to an upward trend in tropical
cyclone destructive potential, and--taking into account an increasing coastal
population--a substantial increase in hurricane-related losses in the twenty-first
century.

Enquist, B. J., E. P. Economo, et al. (2003). "Scaling metabolism from organisms to

ecosystems." Nature 423(6940): 639-42.
Understanding energy and material fluxes through ecosystems is central to many
questions in global change biology and ecology. Ecosystem respiration is a critical
component of the carbon cycle and might be important in regulating biosphere
response to global climate change. Here we derive a general model of ecosystem
respiration based on the kinetics of metabolic reactions and the scaling of
resource use by individual organisms. The model predicts that fluxes of CO2 and
energy are invariant of ecosystem biomass, but are strongly influenced by
temperature, variation in cellular metabolism and rates of supply of limiting
resources (water and/or nutrients). Variation in ecosystem respiration within sites,
as calculated from a network of CO2 flux towers, provides robust support for the
model's predictions. However, data indicate that variation in annual flux between
sites is not strongly dependent on average site temperature or latitude. This
presents an interesting paradox with regard to the expected temperature
dependence. Nevertheless, our model provides a basis for quantitatively
understanding energy and material flux between the atmosphere and biosphere.
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Evans, D. A. (2006). "Proterozoic low orbital obliquity and axial-dipolar geomagnetic

field from evaporite palaeolatitudes." Nature 444(7115): 51-5.
Palacomagnetism of climatically sensitive sedimentary rock types, such as glacial
deposits and evaporites, can test the uniformitarianism of ancient geomagnetic
fields and palaeoclimate zones. Proterozoic glacial deposits laid down in near-
equatorial palacomagnetic latitudes can be explained by 'snowball Earth' episodes,
high orbital obliquity or markedly non-uniformitarian geomagnetic fields. Here I
present a global palacomagnetic compilation of the Earth's entire basin-scale
evaporite record. Magnetic inclinations are consistent with low orbital obliquity
and a geocentric-axial-dipole magnetic field for most of the past two billion years,
and the snowball Earth hypothesis accordingly remains the most viable model for
low-latitude Proterozoic ice ages. Efforts to reconstruct Proterozoic
supercontinents are strengthened by this demonstration of a consistently axial
and dipolar geomagnetic reference frame, which itself implies stability of
geodynamo processes on billion-year timescales.
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Fang, C., P. Smith, et al. (2005). "Similar response of labile and resistant soil organic

matter pools to changes in temperature." Nature 433(7021): 57-9.
Our understanding of the relationship between the decomposition of soil organic
matter (SOM) and soil temperature affects our predictions of the impact of
climate change on soil-stored carbon. One current opinion is that the
decomposition of soil labile carbon is sensitive to temperature variation whereas
resistant components are insensitive. The resistant carbon or organic matter in
mineral soil is then assumed to be unresponsive to global warming. But the global
pattern and magnitude of the predicted future soil carbon stock will mainly rely
on the temperature sensitivity of these resistant carbon pools. To investigate this
sensitivity, we have incubated soils under changing temperature. Here we report
that SOM decomposition or soil basal respiration rate was significantly affected
by changes in SOM components associated with soil depth, sampling method and
incubation time. We find, however, that the temperature sensitivity for SOM
decomposition was not affected, suggesting that the temperature sensitivity for
resistant organic matter pools does not differ significantly from that of labile
pools, and that both types of SOM will therefore respond similarly to global
warming.
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Felis, T., G. Lohmann, et al. (2004). "Increased seasonality in Middle East temperatures

during the last interglacial period." Nature 429(6988): 164-8.
The last interglacial period (about 125,000 years ago) is thought to have been at
least as warm as the present climate. Owing to changes in the Earth's orbit around
the Sun, it is thought that insolation in the Northern Hemisphere varied more
strongly than today on seasonal timescales, which would have led to
corresponding changes in the seasonal temperature cycle. Here we present
seasonally resolved proxy records using corals from the northernmost Red Sea,
which record climate during the last interglacial period, the late Holocene epoch
and the present. We find an increased seasonality in the temperature recorded in
the last interglacial coral. Today, climate in the northern Red Sea is sensitive to
the North Atlantic Oscillation, a climate oscillation that strongly influences
winter temperatures and precipitation in the North Atlantic region. From our
coral records and simulations with a coupled atmosphere-ocean circulation model,
we conclude that a tendency towards the high-index state of the North Atlantic
Oscillation during the last interglacial period, which is consistent with European
proxy records, contributed to the larger amplitude of the seasonal cycle in the
Middle East.

Ferris, J. P. and Y. Ishikawa (1987). "HCN and chromophore formation on Jupiter."

Nature 326: 777-8.
The formation of HCN and chromophores are two of the major unsolved
problems of the atmospheric chemistry of Jupiter. The question to be dealt with is
the same in each case: how can these unsaturated organic compounds be formed in
the highly reducing atmosphere (89% H2) present on Jupiter? The photolysis of
ammonia/acetylene mixtures provides an answer to this question. Here we report
the formation of both HCN and chromophores along with experimental data
which support the premise that this photochemical process provides a route for
the formation of both substances. It is not clear whether significant amounts of
HCN are also formed by lightning on Jupiter.

Filchak, K. E., J. B. Roethele, et al. (2000). "Natural selection and sympatric divergence
in the apple maggot Rhagoletis pomonella." Nature 407(6805): 739-42.
In On the Origin of Species, Darwin proposed that natural selection had a
fundamental role in speciation. But this view receded during the Modern Synthesis




when allopatric (geographic) models of speciation were integrated with genetic
studies of hybrid sterility and inviability. The sympatric hypothesis posits that
ecological specialization after a host shift can result in speciation in the absence
of complete geographic isolation. The apple maggot, Rhagoletis pomonella, is a
model for sympatric speciation in progress. Hawthorn (Crataegus spp.) is the
native host for R. pomonella in N. Americas. But in the mid-1800s, a new
population formed on introduced, domesticated apple (Malus pumila). Recent
studies have conferred 'host race' status on apple flies as a potentially incipient
species, partially isolated from haw flies owing to host-related adaptation.
However, the source of selection that differentiates apple and haw flies is
unresolved. Here we document a gene-environment interaction (fitness trade-off)
that is related to host phenology and that genetically differentiates the races.

Finney, B. P., I. Gregory-Eaves, et al. (2002). "Fisheries productivity in the northeastern

Pacific Ocean over the past 2,200 years." Nature 416(6882): 729-33.
Historical catch records suggest that climatic variability has had basin-wide effects
on the northern Pacific and its fish populations, such as salmon, sardines and
anchovies. However, these records are too short to define the nature and
frequency of patterns. We reconstructed approximately 2,200-year records of
sockeye salmon abundance from sediment cores obtained from salmon nursery
lakes on Kodiak island, Alaska. Large shifts in abundance, which far exceed the
decadal-scale variability recorded during the past 300 years, occurred over the past
two millennia. A marked, multi-centennial decline in Alaskan sockeye salmon was
apparent from approximately 100 BC to AD 800, but salmon were consistently
more abundant from AD 1200 to 1900. Over the past two millennia, the
abundances of Pacific sardine and Northern anchovy off the California coast, and
of Alaskan salmon, show several synchronous patterns of variability. But sardines
and anchovies vary out of phase with Alaskan salmon over low frequency, which
differs from the pattern detected in historical records. The coherent patterns
observed across large regions demonstrate the strong role of climatic forcing in
regulating northeastern Pacific fish stocks.

Fisher, B. and R. Costanza (2005). "Environmental policy: regional commitment to

reducing emissions." Nature 438(7066): 301-2.
The non-participation of the United States in the recently ratified Kyoto
Protocol is a matter for global concern because it is estimated that the country
produces 24% of all greenhouse-gas emissions worldwide. Here we analyse the
commitment of individual states and municipalities to addressing this problem and
find that, despite the federal policy, between 24 and 35% of the US population
are currently (or soon will be) engaged in policies directed towards significantly
reducing anthropogenic climate change. The importance of this sub-national
effort, which we estimate corresponds to 27-49% of the gross domestic product,
will depend--like the targets adopted in Kyoto--on the real reductions achieved in
greenhouse-gas emissions.
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Foukal, P., C. Frohlich, et al. (2006). "Variations in solar luminosity and their effect on

the Earth's climate." Nature 443(7108): 161-6.
Variations in the Sun's total energy output (luminosity) are caused by changing
dark (sunspot) and bright structures on the solar disk during the 11-year sunspot
cycle. The variations measured from spacecraft since 1978 are too small to have
contributed appreciably to accelerated global warming over the past 30 years. In
this Review, we show that detailed analysis of these small output variations has
greatly advanced our understanding of solar luminosity change, and this new
understanding indicates that brightening of the Sun is unlikely to have had a
significant influence on global warming since the seventeenth century. Additional
climate forcing by changes in the Sun's output of ultraviolet light, and of
magnetized plasmas, cannot be ruled out. The suggested mechanisms are, however,
too complex to evaluate meaningfully at present.

France, K. E. and J. E. Duffy (2006). "Diversity and dispersal interactively affect

predictability of ecosystem function." Nature 441(7097): 1139-43.
Theory and small-scale experiments predict that biodiversity losses can decrease
the magnitude and stability of ecosystem services such as production and nutrient
cycling. Most of this research, however, has been isolated from the immigration
and emigration (dispersal) processes that create and maintain diversity in nature.
As common anthropogenic drivers of biodiversity change--such as habitat
fragmentation, species introductions and climate change--are mediated by these
understudied processes, it is unclear how environmental degradation will affect
ecosystem services. Here we tested the interactive effects of mobile grazer
diversity and dispersal on the magnitude and stability of ecosystem properties in
experimental seagrass communities that were either isolated or connected by
dispersal corridors. We show that, contrary to theoretical predictions, increasing
the number of mobile grazer species in these metacommunities increased the
spatial and temporal variability of primary and secondary production. Moreover,
allowing grazers to move among and select patches reduced diversity effects on
production. Finally, effects of diversity on stability differed qualitatively between
patch and metacommunity scales. Our results indicate that declining biodiversity
and habitat fragmentation synergistically influence the predictability of
ecosystem functioning.
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Frederickson, M. E., M. J. Greene, et al. (2005). "Ecology: 'Devil's gardens' bedevilled by

ants." Nature 437(7058): 495-6.
'Devil's gardens' are large stands of trees in the Amazonian rainforest that consist
almost entirely of a single species, Duroia hirsuta, and, according to local legend,
are cultivated by an evil forest spirit. Here we show that the ant Myrmelachista
schumanni, which nests in D. hirsuta stems, creates devil's gardens by poisoning all
plants except its host plants with formic acid. By killing these other plants, M.
schumanni provides its colonies with abundant nest sites--a long-lasting benefit as
colonies can live for 800 years.

Freeman, C., N. Fenner, et al. (2004). "Export of dissolved organic carbon from

peatlands under elevated carbon dioxide levels." Nature 430(6996): 195-8.
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contributions due to these factors. The model successfully captures the climate-
driven inter-annual runoff variability, but twentieth-century climate alone is
insufficient to explain the runoff trends. Instead we find that the trends are
consistent with a suppression of plant transpiration due to CO2-induced stomatal
closure. This result will affect projections of freshwater availability, and also
represents the detection of a direct CO2 effect on the functioning of the
terrestrial biosphere.
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Air pressure at sea level during winter has decreased over the Arctic and increased
in the Northern Hemisphere subtropics in recent decades, a change that has been
associated with 50% of the Eurasian winter warming observed over the past 30
years, with 60% of the rainfall increase in Scotland and with 60% of the rainfall
decrease in Spain. This trend is inconsistent with the simulated response to
greenhouse-gas and sulphate-aerosol changes, but it has been proposed that other
climate influences--such as ozone depletion--could account for the discrepancy.
Here I compare observed Northern Hemisphere sea-level pressure trends with
those simulated in response to all the major human and natural climate influences
in nine state-of-the-art coupled climate models over the past 50 years. I find that
these models all underestimate the circulation trend. This inconsistency suggests
that we cannot yet simulate changes in this important property of the climate
system or accurately predict regional climate changes.
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Greenhouse gases and tropospheric sulphate aerosols--the main human influences
on climate--have been shown to have had a detectable effect on surface air
temperature, the temperature of the free troposphere and stratosphere and ocean
temperature. Nevertheless, the question remains as to whether human influence is
detectable in any variable other than temperature. Here we detect an influence of
anthropogenic greenhouse gases and sulphate aerosols in observations of winter
sea-level pressure (December to February), using combined simulations from four
climate models. We find increases in sea-level pressure over the subtropical North
Atlantic Ocean, southern Europe and North Africa, and decreases in the polar
regions and the North Pacific Ocean, in response to human influence. Our
analysis also indicates that the climate models substantially underestimate the
magnitude of the sea-level pressure response. This discrepancy suggests that the
upward trend in the North Atlantic Oscillation index (corresponding to
strengthened westerlies in the North Atlantic region), as simulated in a number of
global warming scenarios, may be too small, leading to an underestimation of the
impacts of anthropogenic climate change on European climate.
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temperature in Greenland increases by more than about 3 degrees C. This could
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in the interior of Asia by the early Miocene epoch, at least 14 million years
earlier than previously thought. Regional tectonic changes and ongoing global
cooling are probable causes of these changes in aridity and circulation in Asia.
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About 70% of North American large mammal species were lost at the end of the
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variety, yet none survived into the Holocene epoch. The timing of these equid
regional extinctions and accompanying evolutionary changes are poorly known.
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size before extinction, and I propose that the size decline and subsequent regional
extinction at 12,500 radiocarbon years before present are best attributed to a
coincident climatic/vegetational shift. The present data do not support human
overkill and several other proposed extinction causes, and also show that large
mammal species responded somewhat individualistically to climate changes at the
end of the Pleistocene.
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some hypotheses of late Pleistocene extinction: 'Blitzkrieg' version of
simultaneous human overkill, 'keystone' removal, and 'palaco-disease'. Hypotheses
of a subtler human impact and/or ecological replacement or displacement are
more consistent with the data. The new patterns of dates indicate a radical
ecological sorting during a uniquely forage-rich transitional period, affecting all
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The driving forces for these events are unclear and coupled atmosphere-ocean
models of global circulation have only simulated such events by inserting large
amounts of fresh water into the northern North Atlantic Ocean. Here we report a
drastic cooling event in a 15,000-yr simulation of global circulation with present-
day climate conditions without the use of such external forcing. In our simulation,




the annual average surface temperature near southern Greenland spontaneously
fell 6-10 standard deviations below its mean value for a period of 30-40 yr. The
event was triggered by a persistent northwesterly wind that transported large
amounts of buoyant cold and fresh water into the northern North Atlantic Ocean.
Oceanic convection shut down in response to this flow, concentrating the entire
cooling of the northern North Atlantic by the colder atmosphere in the
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records of rapid cooling events, our results indicate that internal atmospheric
variability alone could have generated the extreme climate disruptions in this
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presently dominated by a single source, the deep western boundary current east of
New Zealand. Here we use sediment records deposited under the influence of this
deep western boundary current to reconstruct deep-water properties and speed
changes during the Pleistocene epoch. In physical and isotope proxies we find
evidence for intensified deep Pacific Ocean inflow and ventilation during the
glacial periods of the past 1.2 million years. The changes in throughflow may be
directly related to an increased production of Antarctic Bottom Water during
glacial times. Possible causes for such an increased bottom-water production
include increasing wind strengths in the Southern Ocean or an increase in annual
sea-ice formation, leaving dense water after brine rejection and thereby enhancing
deep convection. We infer also that the global thermohaline circulation was
perturbed significantly during the mid-Pleistocene climate transition between 0.86
and 0.45 million years ago.
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Large-scale climatic indices such as the North Atlantic Oscillation are associated
with population dynamics, variation in demographic rates and values of
phenotypic traits in many species. Paradoxically, these large-scale indices can
seem to be better predictors of ecological processes than local climate. Using
detailed data from a population of Soay sheep, we show that high rainfall, high
winds or low temperatures at any time during a 3-month period can cause
mortality either immediately or lagged by a few days. Most measures of local
climate used by ecologists fail to capture such complex associations between
weather and ecological process, and this may help to explain why large-scale,
seasonal indices of climate spanning several months can outperform local climatic
factors. Furthermore, we show why an understanding of the mechanism by which
climate influences population ecology is important. Through simulation we
demonstrate that the timing of bad weather within a period of mortality can have
an important modifying influence on intraspecific competition for food,
revealing an interaction between climate and density dependence that the use of
large-scale climatic indices or inappropriate local weather variables might obscure.

Hannah, L. and B. Phillips (2004). "Extinction-risk coverage is worth inaccuracies."
Nature 430(6996): 141.

Harms, K. E., S. J. Wright, et al. (2000). "Pervasive density-dependent recruitment
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Negative density-dependent recruitment of seedlings, that is, seeds of a given
species are less likely to become established seedlings if the density of that species
is high, has been proposed to be an important mechanism contributing to the
extraordinary diversity of tropical tree communities because it can potentially




prevent any particular species from usurping all available space, either in close
proximity to seed sources or at relatively larger spatial scales. However, density-
dependent recruitment does not necessarily enhance community diversity.
Furthermore, although density-dependent effects have been found at some life
stages in some species, no study has shown that density-dependent recruitment
affects community diversity. Here we report the results of observations in a
lowland, moist forest in the Republic of Panama in which the species identities of
386,027 seeds that arrived at 200 seed traps were compared with the species
identities of 13,068 seedlings that recruited into adjacent plots over a 4-year
period. Across the 200 sites, recruit seedling diversity was significantly higher
than seed diversity. Part of this difference was explained by interspecies
differences in average recruitment success. Even after accounting for these
differences, however, negative density-dependent recruitment contributes
significantly to the increase in diversity from seeds to seedling recruits.
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the outgoing longwave radiation spectra of the Earth in 1970 and 1997." Nature

410(6826): 355-7.
The evolution of the Earth's climate has been extensively studied, and a strong
link between increases in surface temperatures and greenhouse gases has been
established. But this relationship is complicated by several feedback processes-
most importantly the hydrological cycle-that are not well understood. Changes in
the Earth's greenhouse effect can be detected from variations in the spectrum of
outgoing longwave radiation, which is a measure of how the Earth cools to space
and carries the imprint of the gases that are responsible for the greenhouse effect.
Here we analyse the difference between the spectra of the outgoing longwave
radiation of the Earth as measured by orbiting spacecraft in 1970 and 1997. We
find differences in the spectra that point to long-term changes in atmospheric
CH4, CO2 and O3 as well as CFC-11 and CFC-12. Our results provide direct
experimental evidence for a significant increase in the Earth's greenhouse effect
that is consistent with concerns over radiative forcing of climate.
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that is consistent with concerns over radiative forcing of climate.
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The exceptionally broad species diversity of vascular plant genera in east Asian
temperate forests, compared with their sister taxa in North America, has been
attributed to the greater climatic diversity of east Asia, combined with
opportunities for allopatric speciation afforded by repeated fragmentation and
coalescence of populations through Late Cenozoic ice-age cycles. According to
Qian and Ricklefs, these opportunities occurred in east Asia because temperate




forests extended across the continental shelf to link populations in China, Korea
and Japan during glacial periods, whereas higher sea levels during interglacial
periods isolated these regions and warmer temperatures restricted temperate taxa
to disjunct refuges. However, palacovegetation data from east Asia show that
temperate forests were considerably less extensive than today during the Last
Glacial Maximum, calling into question the coalescence of tree populations
required by the hypothesis of Qian and Ricklefs.

Harte, J., A. Ostling, et al. (2004). "Biodiversity conservation: climate change and
extinction risk." Nature 430(6995): 3 p following 33; discussion following 33.
Thomas et al. have carried out a useful analysis of the extinction risk from
climate warming. Their overall conclusion, that a large fraction of extant species
could be driven to extinction by expected climate trends over the next 50 years,
is compelling: it adds to the many other reasons why new energy policies are
needed to reduce the pace of warming.
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glacial activity at Hecates Tholus, Mars." Nature 434(7031): 356-61.
The majority of volcanic products on Mars are thought to be mafic and effusive.
Explosive eruptions of basic to ultrabasic chemistry are expected to be common,
but evidence for them is rare and mostly confined to very old surface features.
Here we present new image and topographic data from the High Resolution Stereo
Camera that reveal previously unknown traces of an explosive eruption at 30
degrees N and 149 degrees E on the northwestern flank of the shield volcano
Hecates Tholus. The eruption created a large, 10-km-diameter caldera
approximately 350 million years ago. We interpret these observations to mean
that large-scale explosive volcanism on Mars was not confined to the planet's
early evolution. We also show that glacial deposits partly fill the caldera and an
adjacent depression. Their age, derived from crater counts, is about 5 to 24
million years. Climate models predict that near-surface ice is not stable at mid-
latitudes today, assuming a thermo-dynamic steady state. Therefore, the
discovery of very young glacial features at Hecates Tholus suggests recent climate
changes. We show that the absolute ages of these very recent glacial deposits
correspond very well to a period of increased obliquity of the planet's rotational
axis.
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North America 2.7 million years ago." Nature 433(7028): 821-5.
In the context of gradual Cenozoic cooling, the timing of the onset of significant
Northern Hemisphere glaciation 2.7 million years ago is consistent with
Milankovitch's orbital theory, which posited that ice sheets grow when polar
summertime insolation and temperature are low. However, the role of moisture
supply in the initiation of large Northern Hemisphere ice sheets has remained
unclear. The subarctic Pacific Ocean represents a significant source of water
vapour to boreal North America, but it has been largely overlooked in efforts to
explain Northern Hemisphere glaciation. Here we present alkenone unsaturation
ratios and diatom oxygen isotope ratios from a sediment core in the western
subarctic Pacific Ocean, indicating that 2.7 million years ago late-summer sea
surface temperatures in this ocean region rose in response to an increase in




stratification. At the same time, winter sea surface temperatures cooled, winter
floating ice became more abundant and global climate descended into glacial
conditions. We suggest that the observed summer warming extended into the
autumn, providing water vapour to northern North America, where it precipitated
and accumulated as snow, and thus allowed the initiation of Northern Hemisphere
glaciation.

Hay, S. L., J. Cox, et al. (2002). "Climate change and the resurgence of malaria in the East

African highlands." Nature 415(6874): 905-9.
The public health and economic consequences of Plasmodium falciparum malaria
are once again regarded as priorities for global development. There has been much
speculation on whether anthropogenic climate change is exacerbating the malaria
problem, especially in areas of high altitude where P. falciparum transmission is
limited by low temperature. The International Panel on Climate Change has
concluded that there is likely to be a net extension in the distribution of malaria
and an increase in incidence within this range. We investigated long-term
meteorological trends in four high-altitude sites in East Africa, where increases in
malaria have been reported in the past two decades. Here we show that
temperature, rainfall, vapour pressure and the number of months suitable for P.
falciparum transmission have not changed significantly during the past century or
during the period of reported malaria resurgence. A high degree of temporal and
spatial variation in the climate of East Africa suggests further that claimed
associations between local malaria resurgences and regional changes in climate are
overly simplistic.
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A key pacemaker of ice ages on the Earth is climatic forcing due to variations in
planetary orbital parameters. Recent Mars exploration has revealed dusty, water-
ice-rich mantling deposits that are layered, metres thick and latitude dependent,
occurring in both hemispheres from mid-latitudes to the poles. Here we show
evidence that these deposits formed during a geologically recent ice age that
occurred from about 2.1 to 0.4 Myr ago. The deposits were emplaced
symmetrically down to latitudes of approximately 30 degrees--equivalent to Saudi
Arabia and the southern United States on the Earth--in response to the changing
stability of water ice and dust during variations in obliquity (the angle between
Mars' pole of rotation and the ecliptic plane) reaching 30-35 degrees. Mars is at
present in an 'interglacial' period, and the ice-rich deposits are undergoing
reworking, degradation and retreat in response to the current instability of near-




surface ice. Unlike the Earth, martian ice ages are characterized by warmer polar
climates and enhanced equatorward transport of atmospheric water and dust to
produce widespread smooth deposits down to mid-latitudes.

Head, J. W., G. Neukum, et al. (2005). "Tropical to mid-latitude snow and ice

accumulation, flow and glaciation on Mars." Nature 434(7031): 346-51.
Images from the Mars Express HRSC (High-Resolution Stereo Camera) of debris
aprons at the base of massifs in eastern Hellas reveal numerous concentrically
ridged lobate and pitted features and related evidence of extremely ice-rich
glacier-like viscous flow and sublimation. Together with new evidence for recent
ice-rich rock glaciers at the base of the Olympus Mons scarp superposed on larger
Late Amazonian debris-covered piedmont glaciers, we interpret these deposits as
evidence for geologically recent and recurring glacial activity in tropical and mid-
latitude regions of Mars during periods of increased spin-axis obliquity when polar
ice was mobilized and redeposited in microenvironments at lower latitudes. The
data indicate that abundant residual ice probably remains in these deposits and that
these records of geologically recent climate changes are accessible to future
automated and human surface exploration.
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temperature reconstructions over the past seven centuries." Nature 440(7087): 1029-32.
The magnitude and impact of future global warming depends on the sensitivity of
the climate system to changes in greenhouse gas concentrations. The commonly
accepted range for the equilibrium global mean temperature change in response to
a doubling of the atmospheric carbon dioxide concentration, termed climate
sensitivity, is 1.5-4.5 K (ref. 2). A number of observational studies, however, find
a substantial probability of significantly higher sensitivities, yielding upper limits
on climate sensitivity of 7.7 K to above 9 K (refs 3-8). Here we demonstrate that
such observational estimates of climate sensitivity can be tightened if
reconstructions of Northern Hemisphere temperature over the past several
centuries are considered. We use large-ensemble energy balance modelling and
simulate the temperature response to past solar, volcanic and greenhouse gas
forcing to determine which climate sensitivities yield simulations that are in
agreement with proxy reconstructions. After accounting for the uncertainty in
reconstructions and estimates of past external forcing, we find an independent
estimate of climate sensitivity that is very similar to those from instrumental
data. If the latter are combined with the result from all proxy reconstructions,
then the 5-95 per cent range shrinks to 1.5-6.2 K, thus substantially reducing the
probability of very high climate sensitivity.
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Northern Hemisphere forcing of the penultimate deglaciation." Nature 404(6773): 61-6.
Milankovitch proposed that summer insolation at mid-latitudes in the Northern
Hemisphere directly causes the ice-age climate cycles. This would imply that
times of ice-sheet collapse should correspond to peaks in Northern Hemisphere
June insolation. But the penultimate deglaciation has proved controversial because
June insolation peaks 127 kyr ago whereas several records of past climate suggest
that change may have occurred up to 15 kyr earlier. There is a clear signature of
the penultimate deglaciation in marine oxygen-isotope records. But dating this
event, which is significantly before the 14C age range, has not been possible. Here
we date the penultimate deglaciation in a record from the Bahamas using a new U-
Th isochron technique. After the necessary corrections for alpha-recoil mobility
of 234U and 230Th and a small age correction for sediment mixing, the midpoint
age for the penultimate deglaciation is determined to be 135 +/- 2.5 kyr ago. This
age is consistent with some coral-based sea-level estimates, but it is difficult to
reconcile with June Northern Hemisphere insolation as the trigger for the ice-age
cycles. Potential alternative driving mechanisms for the ice-age cycles that are



consistent with such an early date for the penultimate deglaciation are either the
variability of the tropical ocean-atmosphere system or changes in atmospheric
CO2 concentration controlled by a process in the Southern Hemisphere.
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levels 3.2 billion years ago." Nature 428(6984): 736-8.
The quantification of greenhouse gases present in the Archaean atmosphere is
critical for understanding the evolution of atmospheric oxygen, surface
temperatures and the conditions for life on early Earth. For instance, it has been
argued that small changes in the balance between two potential greenhouse gases,
carbon dioxide and methane, may have dictated the feedback cycle involving
organic haze production and global cooling. Climate models have focused on
carbon dioxide as the greenhouse gas responsible for maintaining above-freezing
surface temperatures during a time of low solar luminosity. However, the analysis
of 2.75-billion-year (Gyr)-old palacosols--soil samples preserved in the geologic
record--have recently provided an upper constraint on atmospheric carbon
dioxide levels well below that required in most climate models to prevent the
Earth's surface from freezing. This finding prompted many to look towards
methane as an additional greenhouse gas to satisfy climate models. Here we use
model equilibrium reactions for weathering rinds on 3.2-Gyr-old river gravels to
show that the presence of iron-rich carbonate relative to common clay minerals
requires a minimum partial pressure of carbon dioxide several times higher than
present-day values. Unless actual carbon dioxide levels were considerably greater
than this, climate models predict that additional greenhouse gases would still need
to have a role in maintaining above-freezing surface temperatures.
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driving environmental change." Nature 424(6951): 901-8.
Stomata, the small pores on the surfaces of leaves and stalks, regulate the flow of
gases in and out of leaves and thus plants as a whole. They adapt to local and
global changes on all timescales from minutes to millennia. Recent data from
diverse fields are establishing their central importance to plant physiology,
evolution and global ecology. Stomatal morphology, distribution and behaviour
respond to a spectrum of signals, from intracellular signalling to global climatic
change. Such concerted adaptation results from a web of control systems,
reminiscent of a 'scale-free' network, whose untangling requires integrated
approaches beyond those currently used.
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interglacial changes in surface loads." Nature 435(7038): 81-4.
Geologic and palacoseismological data document a marked increase in the slip
rates of the Wasatch fault and three adjacent normal faults in the Basin and Range
Province during the Late Pleistocene/Early Holocene epochs. The cause of this
synchronous acceleration of fault slip and the subsequent clustering of earthquakes
during the Holocene has remained enigmatic, although it has been suggested that
the coincidence between the acceleration of slip and the shrinkage of Lake
Bonneville after the Last Glacial Maximum may indicate a causal relationship.
Here we use finite-element models of a discrete normal fault within a
rheologically layered lithosphere to evaluate the relative importance of two
competing processes that affect fault slip: postglacial unloading (the removal of
mass), which decreases the slip rate, and lithospheric rebound, which promotes




faster slip. We show that lithospheric rebound caused by regression of Lake
Bonneville and deglaciation of adjacent mountain ranges provides a feasible
mechanism for the high Holocene rates of faulting in the Wasatch region. Our
analysis implies that climate-controlled changes in loads applied to Earth's surface
may exert a fundamental control on the slip history of individual normal faults.

Hewitt, G. (2000). "The genetic legacy of the Quaternary ice ages." Nature 405(6789):
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Global climate has fluctuated greatly during the past three million years, leading to
the recent major ice ages. An inescapable consequence for most living organisms
is great changes in their distribution, which are expressed differently in boreal,
temperate and tropical zones. Such range changes can be expected to have genetic
consequences, and the advent of DNA technology provides most suitable markers
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(Myr ago), remain enigmatic. Tectonically driven circulation changes and
variations in atmospheric carbon dioxide levels have been suggested as driving
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The drought that affected the US states of Oklahoma and Texas in the summer of
1998 was strong and persistent, with soil moisture reaching levels comparable to
those of the 1930s 'dust bowl'. Although other effects of the record-strength
1997-98 El Nino were successfully predicted over much of the United States, the
Oklahoma-Texas drought was not. Whereas the response of the tropical
atmosphere to strong anomalies in sea surface temperature is quite predictable,
the response of the extratropical atmosphere is more variable. Here we present
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this extratropical climate extreme. In addition to global atmospheric models, we
use a regional model to isolate regional climate feedbacks. We conclude that
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the autumn, when stronger large-scale weather systems were able to penetrate the
region and overwhelm the soil-moisture feedback. Our results show the potential
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the Atlantic Ocean. Here we report that the interaction of bacteria and
phytoplankton is closely related to the meridional profile of water temperature, a
variable directly dependent on climate. Water temperature was positively
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strongly, with the ratio of bacterial carbon demand to primary production. In
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temperature and the ratio of bacterial production to primary production give a
maximum value for this ratio of 40% in the oligotrophic equatorial regions.
Taking into account a bacterial growth efficiency of 30%, the resulting area of
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exceeds phytoplankton carbon fixation) expands from 8 degrees N (27 degrees C)
to 20 degrees S (23 degrees C). This suggests an output of CO2 from parts of the
ocean to the atmosphere.
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significant role in global climate change. The mechanism by which methane is
released during periods of global warming is, however, poorly understood. In
particular, the size and role of the free-gas zone below gas-hydrate provinces
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not a phase boundary and has thus defied systematic description. Here we evaluate
the possibility that the maximum thickness of an interconnected free-gas zone is
mechanically regulated by valving caused by fault slip in overlying sediments. Our
results suggest that a critical gas column exists below most hydrate provinces in
basin settings, implying that these provinces are poised for mechanical failure and
are therefore highly sensitive to changes in ambient conditions. We estimate that
the global free-gas reservoir may contain from one-sixth to two-thirds of the
total methane trapped in hydrate. If gas accumulations are critically thick along
passive continental slopes, we calculate that a 5 degrees C temperature increase at
the sea floor could result in a release of approximately 2,000 Gt of methane from
the free-gas zone, offering a mechanism for rapid methane release during global
warming events.
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Allopatric speciation results from geographic isolation between populations. In
the absence of gene flow, reproductive isolation arises gradually and incidentally



as a result of mutation, genetic drift and the indirect effects of natural selection
driving local adaptation. In contrast, speciation by reinforcement is driven
directly by natural selection against maladaptive hybridization. This gives
individuals that choose the traits of their own lineage greater fitness, potentially
leading to rapid speciation between the lineages. Reinforcing natural selection on
a population of one of the lineages in a mosaic contact zone could also result in
divergence of the population from the allopatric range of its own lineage outside
the zone. Here we test this with molecular data, experimental crosses, field
measurements and mate choice experiments in a mosaic contact zone between
two lineages of a rainforest frog. We show that reinforcing natural selection has
resulted in significant premating isolation of a population in the contact zone not
only from the other lineage but also, incidentally, from the closely related main
range of its own lineage. Thus we show the potential for reinforcement to drive
rapid allopatric speciation.
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Eleven thousand years ago, large lakes existed in central and eastern North
America along the margin of the Laurentide Ice Sheet. The large-scale North
American climate at this time has been simulated with atmospheric general
circulation models, but these relatively coarse global models do not resolve
potentially important features of the mesoscale circulation that arise from
interactions among the atmosphere, ice sheet, and proglacial lakes. Here we
present simulations of the climate of central and eastern North America 11,000
years ago with a high-resolution, regional climate model nested within a general
circulation model. The simulated climate is in general agreement with that
inferred from palaeoecological evidence. Our experiments indicate that through
mesoscale atmospheric feedbacks, the annual delivery of moisture to the
Laurentide Ice Sheet was diminished at times of a large, cold Lake Agassiz relative
to periods of lower lake stands. The resulting changes in the mass balance of the
ice sheet may have contributed to fluctuations of the ice margin, thus affecting
the routing of fresh water to the North Atlantic Ocean. A retreating ice margin
during periods of high lake level may have opened an outlet for discharge of Lake
Agassiz into the North Atlantic. A subsequent advance of the ice margin due to
greater moisture delivery associated with a low lake level could have dammed the
outlet, thereby reducing discharge to the North Atlantic. These variations may
have been decisive in causing the Younger Dryas cold event.
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The prospect of rapid dynamic changes in the environment is a pressing concern
that has profound management and public policy implications. Worries over
sudden climate change and irreversible changes in ecosystems are rooted in the
potential that nonlinear systems have for complex and 'pathological' behaviours.
Nonlinear behaviours have been shown in model systems and in some natural
systems, but their occurrence in large-scale marine environments remains
controversial. Here we show that time series observations of key physical
variables for the North Pacific Ocean that seem to show these behaviours are not
deterministically nonlinear, and are best described as linear stochastic. In contrast,
we find that time series for biological variables having similar properties exhibit a
low-dimensional nonlinear signature. To our knowledge, this is the first direct test
for nonlinearity in large-scale physical and biological data for the marine
environment. These results address a continuing debate over the origin of rapid
shifts in certain key marine observations as coming from essentially stochastic



processes or from dominant nonlinear mechanisms. Our measurements suggest
that large-scale marine ecosystems are dynamically nonlinear, and as such have
the capacity for dramatic change in response to stochastic fluctuations in basin-
scale physical states.
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For an accurate assessment of the relative roles of natural variability and
anthropogenic influence in the Earth's climate, reconstructions of past
temperatures from the pre-industrial as well as the industrial period are essential.
But instrumental records are typically available for no more than the past 150
years. Therefore reconstructions of pre-industrial climate rely principally on
traditional climate proxy records, each with particular strengths and limitations in
representing climatic variability. Subsurface temperatures comprise an
independent archive of past surface temperature changes that is complementary
to both the instrumental record and the climate proxies. Here we use present-day
temperatures in 616 boreholes from all continents except Antarctica to
reconstruct century-long trends in temperatures over the past 500 years at global,
hemispheric and continental scales. The results confirm the unusual warming of
the twentieth century revealed by the instrumental record, but suggest that the
cumulative change over the past five centuries amounts to about 1 K, exceeding
recent estimates from conventional climate proxies. The strength of temperature
reconstructions from boreholes lies in the detection of long-term trends,
complementary to conventional climate proxies, but to obtain a complete picture
of past warming, the differences between the approaches need to be investigated
in detail.
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Deep chlorophyll maxima (DCMs) are widespread in large parts of the world's
oceans. These deep layers of high chlorophyll concentration reflect a
compromise of phytoplankton growth exposed to two opposing resource



gradients: light supplied from above and nutrients supplied from below. It is often
argued that DCMs are stable features. Here we show, however, that reduced
vertical mixing can generate oscillations and chaos in phytoplankton biomass and
species composition of DCMs. These fluctuations are caused by a difference in the
timescales of two processes: (1) rapid export of sinking plankton, withdrawing
nutrients from the euphotic zone and (2) a slow upward flux of nutrients fuelling
new phytoplankton production. Climate models predict that global warming will
reduce vertical mixing in the oceans. Our model indicates that reduced mixing will
generate more variability in DCMs, thereby enhancing variability in oceanic
primary production and in carbon export into the ocean interior.
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on the distribution of hibernating mammals." Nature 418(6895): 313-6.
To predict the consequences of human-induced global climate change, we need to
understand how climate is linked to biogeography. Energetic constraints are
commonly invoked to explain animal distributions, and physiological parameters
are known to vary along distributional gradients. But the causal nature of the links
between climate and animal biogeography remain largely obscure. Here we
develop a bioenergetic model that predicts the feasibility of mammalian
hibernation under different climatic conditions. As an example, we use the well-
quantified hibernation energetics of the little brown bat (Myotis lucifugus) to
parameterize the model. Our model predicts pronounced effects of ambient
temperature on total winter energy requirements, and a relatively narrow
combination of hibernaculum temperatures and winter lengths permitting
successful hibernation. Microhabitat and northern distribution limits of M.
lucifugus are consistent with model predictions, suggesting that the thermal
dependence of hibernation energetics constrains the biogeography of this species.
Integrating projections of climate change into our model predicts a pronounced
northward range expansion of hibernating bats within the next 80 years.
Bioenergetics can provide the simple link between climate and biogeography
needed to predict the consequences of climate change.
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rain-use efficiency." Nature 429(6992): 651-4.
Water availability limits plant growth and production in almost all terrestrial
ecosystems. However, biomes differ substantially in sensitivity of aboveground
net primary production (ANPP) to between-year variation in precipitation.
Average rain-use efficiency (RUE; ANPP/precipitation) also varies between
biomes, supposedly because of differences in vegetation structure and/or
biogeochemical constraints. Here we show that RUE decreases across biomes as
mean annual precipitation increases. However, during the driest years at each site,
there is convergence to a common maximum RUE (RUE(max)) that is typical of
arid ecosystems. RUE(max) was also identified by experimentally altering the
degree of limitation by water and other resources. Thus, in years when water is
most limiting, deserts, grasslands and forests all exhibit the same rate of biomass
production per unit rainfall, despite differences in physiognomy and site-level
RUE. Global climate models predict increased between-year variability in
precipitation, more frequent extreme drought events, and changes in temperature.
Forecasts of future ecosystem behaviour should take into account this convergent
feature of terrestrial biomes.
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temperature variability." Nature 441(7091): 329-32.
Climate variability exists at all timescales-and climatic processes are intimately
coupled, so that understanding variability at any one timescale requires some
understanding of the whole. Records of the Earth's surface temperature illustrate
this interdependence, having a continuum of variability following a power-law
scaling. But although specific modes of interannual variability are relatively well
understood, the general controls on continuum variability are uncertain and
usually described as purely stochastic processes. Here we show that power-law
relationships of surface temperature variability scale with annual and
Milankovitch-period (23,000- and 41,000-year) cycles. The annual cycle
corresponds to scaling at monthly to decadal periods, while millennial and longer
periods are tied to the Milankovitch cycles. Thus the annual, Milankovitch and
continuum temperature variability together represent the response to
deterministic insolation forcing. The identification of a deterministic control on
the continuum provides insight into the mechanisms governing interannual and
longer-period climate variability.
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terminations.”" Nature 434(7032): 491-4.
The 100,000-year timescale in the glacial/interglacial cycles of the late
Pleistocene epoch (the past approximately 700,000 years) is commonly
attributed to control by variations in the Earth's orbit. This hypothesis has
inspired models that depend on the Earth's obliquity (approximately 40,000 yr;
approximately 40 kyr), orbital eccentricity (approximately 100 kyr) and
precessional (approximately 20 kyr) fluctuations, with the emphasis usually on
eccentricity and precessional forcing. According to a contrasting hypothesis, the
glacial cycles arise primarily because of random internal climate variability.
Taking these two perspectives together, there are currently more than thirty
different models of the seven late-Pleistocene glacial cycles. Here we present a
statistical test of the orbital forcing hypothesis, focusing on the rapid deglaciation
events known as terminations. According to our analysis, the null hypothesis that
glacial terminations are independent of obliquity can be rejected at the 5%
significance level, whereas the corresponding null hypotheses for eccentricity and
precession cannot be rejected. The simplest inference consistent with the test
results is that the ice sheets terminated every second or third obliquity cycle at
times of high obliquity, similar to the original proposal by Milankovitch. We also
present simple stochastic and deterministic models that describe the timing of the
late-Pleistocene glacial terminations purely in terms of obliquity forcing.
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Ice sheets may have reached the Equator in the late Proterozoic era (600-800
Myr ago), according to geological and palacomagnetic studies, possibly resulting in
a 'snowball Earth'. But this period was a critical time in the evolution of
multicellular animals, posing the question of how early life survived under such
environmental stress. Here we present computer simulations of this unusual
climate stage with a coupled climate/ice-sheet model. To simulate a snowball
Earth, we use only a reduction in the solar constant compared to present-day
conditions and we keep atmospheric CO2 concentrations near present levels. We
find rapid transitions into and out of full glaciation that are consistent with the
geological evidence. When we combine these results with a general circulation
model, some of the simulations result in an equatorial belt of open water that may
have provided a refugium for multicellular animals.
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Irwin, D. E., S. Bensch, et al. (2001). "Speciation in a ring." Nature 409(6818): 333-7.
The evolutionary divergence of a single species into two has never been directly
observed in nature, primarily because speciation can take a long time to occur. A
ring species, in which a chain of intergrading populations encircles a barrier and
the terminal forms coexist without interbreeding, provides a situation in which
variation in space can be used to infer variation in time. Here we reconstruct the
pathway to speciation between two reproductively isolated forms of greenish
warbler (Phylloscopus trochiloides). These two taxa do not interbreed in central
Siberia but are connected by a long chain of intergrading populations encircling
the Tibetan Plateau to the south. Molecular data and climatic history imply that
the reproductively isolated taxa came into contact following expansions
northward around the western and eastern sides of the plateau. Parallel selection
pressures for increased song complexity during the northward expansions have
been accompanied by divergence in song structure. Playback experiments show
that the two Siberian forms do not recognize each other's songs. Our results show
how gradual divergence in a trait involved in mate choice leads to the formation
of new species.

Ivany, L. C., W. P. Patterson, et al. (2000). "Cooler winters as a possible cause of mass

extinctions at the Eocene/Oligocene boundary." Nature 407(6806): 887-90.
The Eocene/Oligocene boundary, at about 33.7 Myr ago, marks one of the largest
extinctions of marine invertebrates in the Cenozoic period. For example,
turnover of mollusc species in the US Gulf coastal plain was over 90% at this
time. A temperature change across this boundary--from warm Eocene climates to
cooler conditions in the Oligocene--has been suggested as a cause of this
extinction event, but climate reconstructions have not provided support for this
hypothesis. Here we report stable oxygen isotope measurements of aragonite in
fish otoliths--ear stones--collected across the Eocene/Oligocene boundary.
Palaeo-temperatures reconstructed from mean otolith oxygen isotope values
show little change through this interval, in agreement with previous studies. From
incremental microsampling of otoliths, however, we can resolve the seasonal
variation in temperature, recorded as the otoliths continue to accrete new




material over the life of the fish. These seasonal data suggest that winters became
about 4 degrees C colder across the Eocene/Oligocene boundary. We suggest that
temperature variability, rather than change in mean annual temperature, helped
to cause faunal turnover during this transition.

Ives, A. R. and B. J. Cardinale (2004). "Food-web interactions govern the resistance of

communities after non-random extinctions." Nature 429(6988): 174-7.
Growing concern about how loss of biodiversity will affect ecosystems has
stimulated numerous studies. Although most studies have assumed that species go
extinct randomly, species often go extinct in order of their sensitivity to a stress
that intensifies through time (such as climate change). Here we show that the
consequences of random and ordered extinctions differ. Both depend on food-web
interactions that create compensation; that is, the increase of some species when
their competitors and/or predators decrease in density due to environmental
stress. Compensation makes communities as a whole more resistant to stress by
reducing changes in combined species densities. As extinctions progress, the
potential for compensation is depleted, and communities become progressively
less resistant. For ordered extinctions, however, this depletion is offset and
communities retain their resistance, because the surviving species have greater
average resistance to the stress. Despite extinctions being ordered, changes in the
food web with successive extinctions make it difficult to predict which species will
show compensation in the future. This unpredictability argues for 'whole-
ecosystem' approaches to biodiversity conservation, as seemingly insignificant
species may become important after other species go extinct.
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in atmospheric aerosols." Nature 409(6821): 695-7.
Acerosols affect the Earth's temperature and climate by altering the radiative
properties of the atmosphere. A large positive component of this radiative
forcing from aerosols is due to black carbon--soot--that is released from the
burning of fossil fuel and biomass, and, to a lesser extent, natural fires, but the
exact forcing is affected by how black carbon is mixed with other aerosol
constituents. From studies of aerosol radiative forcing, it is known that black
carbon can exist in one of several possible mixing states; distinct from other
aerosol particles (externally mixed) or incorporated within them (internally
mixed), or a black-carbon core could be surrounded by a well mixed shell. But so
far it has been assumed that aerosols exist predominantly as an external mixture.
Here I simulate the evolution of the chemical composition of aerosols, finding
that the mixing state and direct forcing of the black-carbon component approach
those of an internal mixture, largely due to coagulation and growth of aerosol
particles. This finding implies a higher positive forcing from black carbon than
previously thought, suggesting that the warming effect from black carbon may
nearly balance the net cooling effect of other anthropogenic aerosol constituents.
The magnitude of the direct radiative forcing from black carbon itself exceeds
that due to CH4, suggesting that black carbon may be the second most important
component of global warming after CO2 in terms of direct forcing.
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mixed), or a black-carbon core could be surrounded by a well mixed shell. But so
far it has been assumed that aerosols exist predominantly as an external mixture.
Here I simulate the evolution of the chemical composition of aerosols, finding
that the mixing state and direct forcing of the black-carbon component approach
those of an internal mixture, largely due to coagulation and growth of aerosol
particles. This finding implies a higher positive forcing from black carbon than
previously thought, suggesting that the warming effect from black carbon may
nearly balance the net cooling effect of other anthropogenic aerosol constituents.
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The most important anthropogenic influences on climate are the emission of
greenhouse gases and changes in land use, such as urbanization and agriculture. But
it has been difficult to separate these two influences because both tend to increase
the daily mean surface temperature. The impact of urbanization has been
estimated by comparing observations in cities with those in surrounding rural
areas, but the results differ significantly depending on whether population data or
satellite measurements of night light are used to classify urban and rural areas.
Here we use the difference between trends in observed surface temperatures in the
continental United States and the corresponding trends in a reconstruction of
surface temperatures determined from a reanalysis of global weather over the past
50 years, which is insensitive to surface observations, to estimate the impact of
land-use changes on surface warming. Our results suggest that half of the observed
decrease in diurnal temperature range is due to urban and other land-use changes.
Moreover, our estimate of 0.27 degrees C mean surface warming per century due
to land-use changes is at least twice as high as previous estimates based on
urbanization alone.
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Ohmoto et al. argue that carbon dioxide was abundant in the late Archaean and
early Proterozoic atmosphere and that methane was probably scarce, based on a
reanalysis of the occurrence of siderite, FeCO3, in ancient rocks. Here I consider
several factors that may undermine their conclusions.
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A pronounced negative carbon-isotope (deltal3C) excursion of approximately 5-
7 per thousand (refs 1-7) indicates the occurrence of a significant perturbation to
the global carbon cycle during the Early Jurassic period (early Toarcian age,
approximately 183 million years ago). The rapid release of 12C-enriched biogenic
methane as a result of continental-shelf methane hydrate dissociation has been
put forward as a possible explanation for this observation. Here we report high-
resolution organic carbon-isotope data from well-preserved mudrocks in
Yorkshire, UK, which demonstrate that the carbon-isotope excursion occurred in
three abrupt stages, each showing a shift of -2 per thousand to -3 per thousand.
Spectral analysis of these carbon-isotope measurements and of high-resolution
carbonate abundance data reveals a regular cyclicity. We interpret these results as
providing strong evidence that methane release proceeded in three rapid pulses
and that these pulses were controlled by astronomically forced changes in climate,
superimposed upon longer-term global warming. We also find that the first two
pulses of methane release each coincided with the extinction of a large proportion
of marine species.
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Methane is an important greenhouse gas and its atmospheric concentration has
almost tripled since pre-industrial times. It plays a central role in atmospheric
oxidation chemistry and affects stratospheric ozone and water vapour levels.
Most of the methane from natural sources in Earth's atmosphere is thought to
originate from biological processes in anoxic environments. Here we demonstrate
using stable carbon isotopes that methane is readily formed in situ in terrestrial
plants under oxic conditions by a hitherto unrecognized process. Significant
methane emissions from both intact plants and detached leaves were observed
during incubation experiments in the laboratory and in the field. If our
measurements are typical for short-lived biomass and scaled on a global basis, we
estimate a methane source strength of 62-236 Tg yr(-1) for living plants and 1-7
Tg yr(-1) for plant litter (1 Tg = 10(12) g). We suggest that this newly identified
source may have important implications for the global methane budget and may
call for a reconsideration of the role of natural methane sources in past climate
change.
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through tropical ocean-atmosphere feedbacks or by changes in the Atlantic
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the climate over much of the world, could be the precursor for pathogen-mediated
amphibian declines in many regions.
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The Succulent Karoo is an arid region, situated along the west coast of southern
Africa. Floristically this region is part of the Greater Cape Flora and is considered
one of the Earth's 25 biodiversity hotspots. Of about 5,000 species occurring in
this region, more than 40% are endemic. Aizoaceae (ice plants) dominate the
Succulent Karoo both in terms of species numbers (1,750 species in 127 genera)
and density of coverage. Here we show that a well-supported clade within the
Aizoaceae, representing 1,563 species almost exclusively endemic to southern
Africa, has diversified very recently and very rapidly. The estimated age for this
radiation lies between 3.8 and 8.7 million years (Myr) ago, yielding a per-lineage
diversification rate of 0.77-1.75 per million years. Both the number of species
involved and the tempo of evolution far surpass those of any previously
postulated continental or island plant radiation. Diversification of the group is
closely associated with the origin of several morphological features and one
anatomical feature. Because species-poor clades lacking these features occur over
a very similar distribution area, we propose that these characteristics are key
innovations that facilitated this radiation.
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biogeochemical, climatic and tectonic change. New bio- and chemostratigraphic
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possible a deeper understanding of latest Proterozoic Earth history and providing
tools for a chronostratigraphic division of late Proterozoic time.
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During the two most recent deglaciations, the Southern Hemisphere warmed
before Greenland. At the same time, the northern Atlantic Ocean was exposed to
meltwater discharge, which is generally assumed to reduce the formation of North
Atlantic Deep Water. Yet during deglaciation, the Atlantic thermohaline
circulation became more vigorous, in the transition from a weak glacial to a
strong interglacial mode. Here we use a three-dimensional ocean circulation model
to investigate the impact of Southern Ocean warming and the associated sea-ice
retreat on the Atlantic thermohaline circulation. We find that a gradual warming
in the Southern Ocean during deglaciation induces an abrupt resumption of the
interglacial mode of the thermohaline circulation, triggered by increased mass
transport into the Atlantic Ocean via the warm (Indian Ocean) and cold (Pacific
Ocean) water route. This effect prevails over the influence of meltwater
discharge, which would oppose a strengthening of the thermohaline circulation. A
Southern Ocean trigger for the transition into an interglacial mode of circulation
provides a consistent picture of Southern and Northern hemispheric climate
change at times of deglaciation, in agreement with the available proxy records.
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The sensitivity of soil carbon to warming is a major uncertainty in projections of
carbon dioxide concentration and climate. Experimental studies overwhelmingly
indicate increased soil organic carbon (SOC) decomposition at higher
temperatures, resulting in increased carbon dioxide emissions from soils. However,
recent findings have been cited as evidence against increased soil carbon emissions
in a warmer world. In soil warming experiments, the initially increased carbon
dioxide efflux returns to pre-warming rates within one to three years, and
apparent carbon pool turnover times are insensitive to temperature. It has already



been suggested that the apparent lack of temperature dependence could be an
artefact due to neglecting the extreme heterogeneity of soil carbon, but no
explicit model has yet been presented that can reconcile all the above findings.
Here we present a simple three-pool model that partitions SOC into components
with different intrinsic turnover rates. Using this model, we show that the results
of all the soil-warming experiments are compatible with long-term temperature
sensitivity of SOC turnover: they can be explained by rapid depletion of labile
SOC combined with the negligible response of non-labile SOC on experimental
timescales. Furthermore, we present evidence that non-labile SOC is more
sensitive to temperature than labile SOC, implying that the long-term positive
feedback of soil decomposition in a warming world may be even stronger than
predicted by global models.
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The climate of the last glacial period was extremely variable, characterized by
abrupt warming events in the Northern Hemisphere, accompanied by slower
temperature changes in Antarctica and variations of global sea level. It is
generally accepted that this millennial-scale climate variability was caused by
abrupt changes in the ocean thermohaline circulation. Here we use a coupled
ocean-atmosphere-sea ice model to show that freshwater discharge into the North
Atlantic Ocean, in addition to a reduction of the thermohaline circulation, has a
direct effect on Southern Ocean temperature. The related anomalous oceanic
southward heat transport arises from a zonal density gradient in the subtropical
North Atlantic caused by a fast wave-adjustment process. We present an extended
and quantitative bipolar seesaw concept that explains the timing and amplitude of
Greenland and Antarctic temperature changes, the slow changes in Antarctic
temperature and its similarity to sea level, as well as a possible time lag of sea
level with respect to Antarctic temperature during Marine Isotope Stage 3.
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The assessment of uncertainties in global warming projections is often based on



expert judgement, because a number of key variables in climate change are poorly
quantified. In particular, the sensitivity of climate to changing greenhouse-gas
concentrations in the atmosphere and the radiative forcing effects by aerosols are
not well constrained, leading to large uncertainties in global warming simulations.
Here we present a Monte Carlo approach to produce probabilistic climate
projections, using a climate model of reduced complexity. The uncertainties in
the input parameters and in the model itself are taken into account, and past
observations of oceanic and atmospheric warming are used to constrain the range
of realistic model responses. We obtain a probability density function for the
present-day total radiative forcing, giving 1.4 to 2.4 W m-2 for the 5-95 per cent
confidence range, narrowing the global-mean indirect aerosol effect to the range
of 0 to -1.2 W m-2. Ensemble simulations for two illustrative emission scenarios
suggest a 40 per cent probability that global-mean surface temperature increase
will exceed the range predicted by the Intergovernmental Panel on Climate
Change (IPCC), but only a 5 per cent probability that warming will fall below that
range.
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Outbreaks of many infectious diseases, including cholera, malaria and dengue, vary
over characteristic periods longer than 1 year. Evidence that climate variability
drives these interannual cycles has been highly controversial, chiefly because it is
difficult to isolate the contribution of environmental forcing while taking into
account nonlinear epidemiological dynamics generated by mechanisms such as
host immunity. Here we show that a critical interplay of environmental forcing,
specifically climate variability, and temporary immunity explains the interannual
disease cycles present in a four-decade cholera time series from Matlab,
Bangladesh. We reconstruct the transmission rate, the key epidemiological
parameter affected by extrinsic forcing, over time for the predominant strain (El
Tor) with a nonlinear population model that permits a contributing effect of
intrinsic immunity. Transmission shows clear interannual variability with a strong
correspondence to climate patterns at long periods (over 7 years, for monsoon
rains and Brahmaputra river discharge) and at shorter periods (under 7 years, for
flood extent in Bangladesh, sea surface temperatures in the Bay of Bengal and the
El Nino-Southern Oscillation). The importance of the interplay between extrinsic
and intrinsic factors in determining disease dynamics is illustrated during
refractory periods, when population susceptibility levels are low as the result of
immunity and the size of cholera outbreaks only weakly reflects climate forcing.
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Large proglacial lakes cool regional summer climate because of their large heat
capacity, and have been shown to modify precipitation through mesoscale
atmospheric feedbacks, as in the case of Lake Agassiz. Several large ice-dammed
lakes, with a combined area twice that of the Caspian Sea, were formed in
northern Eurasia about 90,000 years ago, during the last glacial period when an ice
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factors indicate that instead of "unprecedented" tropical cyclone activity having
occurred in recent years, hurricane intensity was equal or even greater during the
last active period in the mid-twentieth century.
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we obtain an average deposition rate of 0.05 cm yr(-1) for the top 250 m of
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that methane leakage is in the region of 1.4%, which is considerably less than
expected and comparable to that from systems in the United States. Our
calculations indicate that using natural gas in preference to other fossil fuels could
be useful in the short term for mitigating climate change.
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can also be influenced by secular variations in the tidal dissipation and dynamical
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dissipation and dynamical ellipticity parameters. We find that the combined
effects of dynamical ellipticity and tidal dissipation were, on average, significantly
lower over the past three million years, compared to their present-day values
(determined from artificial satellite data and lunar ranging). This secular variation
associated with the Plio-Pleistocene ice load history has caused an average
acceleration in the Earth's rotation over the past 3 Myr, which needs to be
considered in the construction of astronomical timescales and in research into the
stationarity of phase relations in the ocean-climate system through time.
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temperature minima in several palaeoclimate records, implying that diminished
oceanic heat transport may have contributed to Little Ice Age cooling in the
North Atlantic. The interval of low flow also coincides with anomalously high
Gulf Stream surface salinity, suggesting a tight linkage between the Atlantic Ocean
circulation and hydrologic cycle during the past millennium.
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The latest report by the Intergovernmental Panel on Climate Change (IPCC)
predicts a 1.4-5.8 degrees C average increase in the global surface temperature
over the period 1990 to 2100 (ref. 1). These estimates of future warming are
greater than earlier projections, which is partly due to incorporation of a positive
feedback. This feedback results from further release of greenhouse gases from
terrestrial ecosystems in response to climatic warming. The feedback mechanism
is usually based on the assumption that observed sensitivity of soil respiration to
temperature under current climate conditions would hold in a warmer climate.
However, this assumption has not been carefully examined. We have therefore
conducted an experiment in a tall grass prairie ecosystem in the US Great Plains
to study the response of soil respiration (the sum of root and heterotrophic
respiration) to artificial warming of about 2 degrees C. Our observations indicate
that the temperature sensitivity of soil respiration decreases--or acclimatizes--
under warming and that the acclimatization is greater at high temperatures. This
acclimatization of soil respiration to warming may therefore weaken the positive
feedback between the terrestrial carbon cycle and climate.
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reduced by long-term nutrient fertilization." Nature 431(7007): 440-3.
Global warming is predicted to be most pronounced at high latitudes, and
observational evidence over the past 25 years suggests that this warming is
already under way. One-third of the global soil carbon pool is stored in northern
latitudes, so there is considerable interest in understanding how the carbon balance
of northern ecosystems will respond to climate warming. Observations of controls
over plant productivity in tundra and boreal ecosystems have been used to build a
conceptual model of response to warming, where warmer soils and increased
decomposition of plant litter increase nutrient availability, which, in turn,
stimulates plant production and increases ecosystem carbon storage. Here we
present the results of a long-term fertilization experiment in Alaskan tundra, in
which increased nutrient availability caused a net ecosystem loss of almost 2,000
grams of carbon per square meter over 20 years. We found that annual
aboveground plant production doubled during the experiment. Losses of carbon
and nitrogen from deep soil layers, however, were substantial and more than
offset the increased carbon and nitrogen storage in plant biomass and litter. Our
study suggests that projected release of soil nutrients associated with high-latitude
warming may further amplify carbon release from soils, causing a net loss of



ecosystem carbon and a positive feedback to climate warming.
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fluxes to the North Atlantic Ocean, in relation to climate records from the
Vostok ice core in Antarctica around the time of the penultimate deglaciation
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formed by gigantic floods that could have occurred under climatic conditions like
those seen today. Also present are branching valley networks that commonly
have tributaries. These valleys are much smaller than the outflow channels and
their origins and ages have been controversial. For example, they might have
formed through slow erosion by water running across the surface, either early or
late in Mars' history, possibly protected from harsh conditions by ice cover.
Alternatively, they might have formed through groundwater or ground-ice
processes that undermine the surface and cause collapse, again either early or late
in Mars' history. Long-duration surface runoff would imply climatic conditions
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The Kyoto Protocol permits countries to meet part of their emission reduction
obligations by cutting back on gases other than CO2 (ref. 1). This approach
requires a definition of trade-offs among the radiatively active gases. The
Intergovernmental Panel on Climate Change has suggested global warming
potentials for this purpose, which use the accumulated radiative forcing of each
gas by a set time horizon to establish emission equivalence. But it has been
suggested that this approach has serious shortcomings: damages or abatement
costs are not considered and the choice of time horizon for calculating cumulative
radiative force is critical, but arbitrary. Here we describe an alternative framework
for determining emission equivalence between radiatively active gases that




addresses these weaknesses. We focus on limiting temperature change and rate of
temperature change, but our framework is also applicable to other objectives. For
a proposed ceiling, we calculate how much one should be willing to pay for
emitting an additional unit of each gas. The relative prices then determine the
trade-off between gases at each point in time, taking into account economical as
well as physical considerations. Our analysis shows that the relative prices are
sensitive to the lifetime of the gases, the choice of target and the proximity of
the target, making short-lived gases more expensive to emit as we approach the
prescribed ceiling.
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recurring climate cycle which will cause most of Jupiter's vortices to disappear
within the next decade. In my numerical simulations, the loss of the vortices
results in a global temperature change of about 10 K, which destabilizes the
atmosphere and thereby leads to the formation of new vortices. After formation,
the large vortices are eroded by turbulence over a time of approximately 60
years--consistent with observations of the White Ovals-until they disappear and
the cycle begins again.
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Southern Ocean play a central role in setting the air-sea balance of CO(2) and
global biological production. Box model studies first pointed out that an increase
in nutrient utilization in the high latitudes results in a strong decrease in the
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atmospheric carbon dioxide partial pressure (pCO2). This early research led to
two important ideas: high latitude regions are more important in determining
atmospheric pCO2 than low latitudes, despite their much smaller area, and
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Rivers are generally supersaturated with respect to carbon dioxide, resulting in
large gas evasion fluxes that can be a significant component of regional net
carbon budgets. Amazonian rivers were recently shown to outgas more than ten
times the amount of carbon exported to the ocean in the form of total organic
carbon or dissolved inorganic carbon. High carbon dioxide concentrations in rivers
originate largely from in situ respiration of organic carbon, but little agreement
exists about the sources or turnover times of this carbon. Here we present results
of an extensive survey of the carbon isotope composition (13C and 14C) of
dissolved inorganic carbon and three size-fractions of organic carbon across the
Amazonian river system. We find that respiration of contemporary organic
matter (less than five years old) originating on land and near rivers is the
dominant source of excess carbon dioxide that drives outgassing in medium to
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chimpanzee and human ancestral populations and the origin of the unique
hominin locomotor adaptation, bipedalism. The Rift Valley itself functions as an
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that representatives of Pan were present in the East African Rift Valley during
the Middle Pleistocene, where they were contemporary with an extinct species of
Homo. Habitats suitable for both hominins and chimpanzees were clearly present
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barrier to chimpanzee occupation.
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The response of grounded ice sheets to a changing climate critically influences
possible future changes in sea level. Recent satellite surveys over southern
Greenland show little overall elevation change at higher elevations, but large
spatial variability. Using satellite studies alone, it is not possible to determine the
geophysical processes responsible for the observed elevation changes and to
decide if recent rates of change exceed the natural variability. Here we derive
changes in ice-sheet elevation in southern Greenland, for the years 1978-88, using
a physically based model of firn densification and records of annual snow
accumulation reconstructed from 12 ice cores at high elevation. Our patterns of
accumulation-driven elevation change agree closely with contemporaneous
satellite measurements of ice-sheet elevation change, and we therefore attribute
the changes observed in 1978-88 to variability in snow accumulation. Similar
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The dry valleys of southern Victoria Land, constituting the largest ice-free
expanse in the Antarctic, contain numerous lakes whose perennial ice cover is the
cause of some unique physical and biological properties. Although the depth,
temperature and salinity of the liquid water varies considerably from lake to lake,
the thickness of the ice cover is remarkably consistent, ranging from 3.5 to 6 m,
which is determined primarily by the balance between conduction of energy out of
the ice and the release of latent heat at the ice-water interface and is also affected
by the transmission and absorption of sunlight. In the steady state, the release of
latent heat at the ice bottom is controlled by ablation from the ice surface. Here
we present a simple energy-balance model, using the measured ablation rate of 30
cm yr-1, which can explain the observed ice thickness.

McKay, C. P., O. B. Toon, et al. (1991). "Making Mars habitable." Nature 352: 489-96.
Mars is believed to be lifeless, but it may be possible to transform it into a planet
suitable for habitation by plants, and conceivably humans. The success of such an
enterprise would depend on the abundance, distribution and form of materials on
the planet that could provide carbon dioxide, water and nitrogen.
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The Atlantic meridional overturning circulation is widely believed to affect
climate. Changes in ocean circulation have been inferred from records of the deep




water chemical composition derived from sedimentary nutrient proxies, but their
impact on climate is difficult to assess because such reconstructions provide
insufficient constraints on the rate of overturning. Here we report measurements
of 231Pa/230Th, a kinematic proxy for the meridional overturning circulation,
in a sediment core from the subtropical North Atlantic Ocean. We find that the
meridional overturning was nearly, or completely, eliminated during the coldest
deglacial interval in the North Atlantic region, beginning with the catastrophic
iceberg discharge Heinrich event H1, 17,500 yr ago, and declined sharply but
briefly into the Younger Dryas cold event, about 12,700 yr ago. Following these
cold events, the 231Pa/230Th record indicates that rapid accelerations of the
meridional overturning circulation were concurrent with the two strongest
regional warming events during deglaciation. These results confirm the
significance of variations in the rate of the Atlantic meridional overturning
circulation for abrupt climate changes.
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Decadal temperature fluctuations in the Pacific Ocean have a significant effect on
marine ecosystems and the climate of North America. The physical mechanisms
responsible for these fluctuations are poorly understood. Some theories ascribe a
central role to the wind-driven meridional overturning circulation between the
tropical and subtropical oceans. Here we show, from observations over the past
50 years, that this overturning circulation has been slowing down since the 1970s,
causing a decrease in upwelling of about 25% in an equatorial strip between 9
degrees N and 9 degrees S. This reduction in equatorial upwelling of relatively cool
water, from 47 x 10(6) to 35 x 10(6) m3 s(-1), is associated with a rise in
equatorial sea surface temperatures of about 0.8 degrees C. Another effect of the
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The fate of the Neanderthal populations of Europe and western Asia has gripped
the popular and scientific imaginations for the past century. Following at least



200,000 years of successful adaptation to the glacial climates of northwestern
Eurasia, they disappeared abruptly between 30,000 and 40,000 years ago, to be
replaced by populations all but identical to modern humans. Recent research
suggests that the roots of this dramatic population replacement can be traced far
back to events on another continent, with the appearance of distinctively modern
human remains and artefacts in eastern and southern Africa.
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Surface waves play an important role in the exchange of mass, momentum and
energy between the atmosphere and the ocean. The development of the wave
field depends on wind, wave-wave and wave-current interactions and wave
dissipation owing to breaking, which is accompanied by momentum fluxes from
waves to currents. Wave breaking supports air-sea fluxes of heat and gas, which
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quantified and understood. Here we present measurements of wave breaking, using
aerial imaging and analysis, and provide a statistical description of related sea-
surface processes. We find that the distribution of the length of breaking fronts
per unit area of sea surface is proportional to the cube of the wind speed and that,
within the measured range of the speed of the wave fronts, the length of breaking
fronts per unit area is an exponential function of the speed of the front. We also
find that the fraction of the ocean surface mixed by breaking waves, which is
important for air-sea exchange, is dominated by wave breaking at low velocities
and short wavelengths.
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Biological productivity in most of the world's oceans is controlled by the supply
of nutrients to surface waters. The relative balance between supply and removal
of nutrients--including nitrogen, iron and phosphorus--determines which nutrient
limits phytoplankton growth. Although nitrogen limits productivity in much of
the ocean, large portions of the tropics and subtropics are defined by extreme
nitrogen depletion. In these regions, microbial denitrification removes
biologically available forms of nitrogen from the water column, producing
substantial deficits relative to other nutrients. Here we demonstrate that nitrogen-
deficient areas of the tropical and subtropical oceans are acutely vulnerable to
nitrogen pollution. Despite naturally high nutrient concentrations and
productivity, nitrogen-rich agricultural runoff fuels large (54-577 km?2)
phytoplankton blooms in the Gulf of California. Runoff exerts a strong and
consistent influence on biological processes, in 80% of cases stimulating blooms
within days of fertilization and irrigation of agricultural fields. We project that by
the year 2050, 27-59% of all nitrogen fertilizer will be applied in developing
regions located upstream of nitrogen-deficient marine ecosystems. Our findings
highlight the present and future vulnerability of these ecosystems to agricultural
runoff.
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The problem of sustaining a public resource that everybody is free to overuse-the
'tragedy of the commons'-emerges in many social dilemmas, such as our inability
to sustain the global climate. Public goods experiments, which are used to study
this type of problem, usually confirm that the collective benefit will not be
produced. Because individuals and countries often participate in several social
games simultaneously, the interaction of these games may provide a sophisticated
way by which to maintain the public resource. Indirect reciprocity, 'give and you
shall receive', is built on reputation and can sustain a high level of cooperation, as
shown by game theorists. Here we show, through alternating rounds of public




goods and indirect reciprocity games, that the need to maintain reputation for
indirect reciprocity maintains contributions to the public good at an unexpectedly
high level. But if rounds of indirect reciprocation are not expected, then
contributions to the public good drop quickly to zero. Alternating the games leads
to higher profits for all players. As reputation may be a currency that is valid in
many social games, our approach could be used to test social dilemmas for their
solubility.
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the eastern tropical North Atlantic." Nature 429(6989): 292-4.
The role of iron in enhancing phytoplankton productivity in high nutrient, low
chlorophyll oceanic regions was demonstrated first through iron-addition bioassay
experiments and subsequently confirmed by large-scale iron fertilization
experiments. Iron supply has been hypothesized to limit nitrogen fixation and
hence oceanic primary productivity on geological timescales, providing an
alternative to phosphorus as the ultimate limiting nutrient. Oceanographic
observations have been interpreted both to confirm and refute this hypothesis,
but direct experimental evidence is lacking. We conducted experiments to test
this hypothesis during the Meteor 55 cruise to the tropical North Atlantic. This
region is rich in diazotrophs and strongly impacted by Saharan dust input. Here we
show that community primary productivity was nitrogen-limited, and that
nitrogen fixation was co-limited by iron and phosphorus. Saharan dust addition
stimulated nitrogen fixation, presumably by supplying both iron and phosphorus.
Our results support the hypothesis that acolian mineral dust deposition promotes
nitrogen fixation in the eastern tropical North Atlantic.

Milly, P. C., K. A. Dunne, et al. (2005). "Global pattern of trends in streamflow and

water availability in a changing climate." Nature 438(7066): 347-50.
Water availability on the continents is important for human health, economic
activity, ecosystem function and geophysical processes. Because the saturation
vapour pressure of water in air is highly sensitive to temperature, perturbations in
the global water cycle are expected to accompany climate warming. Regional
patterns of warming-induced changes in surface hydroclimate are complex and less
certain than those in temperature, however, with both regional increases and
decreases expected in precipitation and runoff. Here we show that an ensemble of
12 climate models exhibits qualitative and statistically significant skill in
simulating observed regional patterns of twentieth-century multidecadal changes
in streamflow. These models project 10-40% increases in runoff in eastern
equatorial Africa, the La Plata basin and high-latitude North America and Eurasia,
and 10-30% decreases in runoff in southern Africa, southern Europe, the Middle
East and mid-latitude western North America by the year 2050. Such changes in
sustainable water availability would have considerable regional-scale consequences
for economies as well as ecosystems.
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Radiative effects of anthropogenic changes in atmospheric composition are
expected to cause climate changes, in particular an intensification of the global
water cycle with a consequent increase in flood risk. But the detection of
anthropogenically forced changes in flooding is difficult because of the substantial
natural variability; the dependence of streamflow trends on flow regime further
complicates the issue. Here we investigate the changes in risk of great floods--that
is, floods with discharges exceeding 100-year levels from basins larger than
200,000 km(2)--using both streamflow measurements and numerical simulations
of the anthropogenic climate change associated with greenhouse gases and direct
radiative effects of sulphate aerosols. We find that the frequency of great floods
increased substantially during the twentieth century. The recent emergence of a
statistically significant positive trend in risk of great floods is consistent with
results from the climate model, and the model suggests that the trend will
continue.
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inferred from patterns of global sea-level change." Nature 409(6823): 1026-9.
Global sea level is an indicator of climate change, as it is sensitive to both thermal
expansion of the oceans and a reduction of land-based glaciers. Global sea-level
rise has been estimated by correcting observations from tide gauges for glacial
isostatic adjustment--the continuing sea-level response due to melting of Late
Pleistocene ice--and by computing the global mean of these residual trends. In
such analyses, spatial patterns of sea-level rise are assumed to be signals that will
average out over geographically distributed tide-gauge data. But a long history of
modelling studies has demonstrated that non-uniform--that is, non-eustatic--sea-
level redistributions can be produced by variations in the volume of the polar ice
sheets. Here we present numerical predictions of gravitationally consistent
patterns of sea-level change following variations in either the Antarctic or
Greenland ice sheets or the melting of a suite of small mountain glaciers. These
predictions are characterized by geometrically distinct patterns that reconcile
spatial variations in previously published sea-level records. Under the--albeit
coarse--assumption of a globally uniform thermal expansion of the oceans, our
approach suggests melting of the Greenland ice complex over the last century
equivalent to -0.6 mm yr(-1) of sea-level rise.
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Moberg, A., D. M. Sonechkin, et al. (2005). "Highly variable Northern Hemisphere

temperatures reconstructed from low- and high-resolution proxy data." Nature

433(7026): 613-7.
A number of reconstructions of millennial-scale climate variability have been
carried out in order to understand patterns of natural climate variability, on
decade to century timescales, and the role of anthropogenic forcing. These
reconstructions have mainly used tree-ring data and other data sets of annual to
decadal resolution. Lake and ocean sediments have a lower time resolution, but
provide climate information at multicentennial timescales that may not be




captured by tree-ring data. Here we reconstruct Northern Hemisphere
temperatures for the past 2,000 years by combining low-resolution proxies with
tree-ring data, using a wavelet transform technique to achieve timescale-
dependent processing of the data. Our reconstruction shows larger multicentennial
variability than most previous multi-proxy reconstructions, but agrees well with
temperatures reconstructed from borehole measurements and with temperatures
obtained with a general circulation model. According to our reconstruction, high
temperatures--similar to those observed in the twentieth century before 1990--
occurred around ad 1000 to 1100, and minimum temperatures that are about 0.7
K below the average of 1961-90 occurred around ad 1600. This large natural
variability in the past suggests an important role of natural multicentennial
variability that is likely to continue.
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Mollicone, D., H. D. Eva, et al. (2006). "Ecology: human role in Russian wild fires."

Nature 440(7083): 436-7.
Anomalies in temperature and precipitation in northern Russia over the past few
years have been viewed as manifestations of anthropogenic climate change,
prompting suggestions that this may also account for exceptional forest fires in
the region. Here we examine the number of forest-fire events across the boreal
Russian Federation for the period 2002 to 2005 in 'intact' forests, where human
influence is limited, and in 'non-intact' forests, which have been shaped by human
activity. Our results show that there were more fires in years during which the
weather was anomalous, but that more than 87% of fires in boreal Russia were
started by people.
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Monson, R. K., D. L. Lipson, et al. (2006). "Winter forest soil respiration controlled by
climate and microbial community composition." Nature 439(7077): 711-4.

Most terrestrial carbon sequestration at mid-latitudes in the Northern Hemisphere
occurs in seasonal, montane forest ecosystems. Winter respiratory carbon dioxide
losses from these ecosystems are high, and over half of the carbon assimilated by
photosynthesis in the summer can be lost the following winter. The amount of
winter carbon dioxide loss is potentially susceptible to changes in the depth of the
snowpack; a shallower snowpack has less insulation potential, causing colder soil
temperatures and potentially lower soil respiration rates. Recent climate analyses
have shown widespread declines in the winter snowpack of mountain ecosystems
in the western USA and Europe that are coupled to positive temperature
anomalies. Here we study the effect of changes in snow cover on soil carbon
cycling within the context of natural climate variation. We use a six-year record
of net ecosystem carbon dioxide exchange in a subalpine forest to show that years
with a reduced winter snowpack are accompanied by significantly lower rates of
soil respiration. Furthermore, we show that the cause of the high sensitivity of
soil respiration rate to changes in snow depth is a unique soil microbial
community that exhibits exponential growth and high rates of substrate
utilization at the cold temperatures that exist beneath the snow. Our observations
suggest that a warmer climate may change soil carbon sequestration rates in forest
ecosystems owing to changes in the depth of the insulating snow cover.
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The relatively short length of most instrumental climate records restricts the
study of climate variability, and it is therefore essential to extend the record into
the past with the help of proxy data. Only since the late 1940s have atmospheric
data been available that are sufficient in quality and spatial resolution to identify
the dominant patterns of climate variability, such as the Pacific North America
pattern and the Pacific Decadal Oscillation. Here we present a 301-year snow
accumulation record from an ice core at a height of 5,340 m above sea level-from
Mount Logan, in northwestern North America. This record shows features that
are closely linked with the Pacific North America pattern for the period of
instrumental data availability. Our record extends back in time to cover the period
from the closing stages of the Little Ice Age to the warmest decade in the past
millennium. We find a positive, accelerating trend in snow accumulation after the
middle of the nineteenth century. This trend is paralleled by a warming over
northwestern North America which has been associated with secular changes in
both the Pacific North America pattern and the Pacific Decadal Oscillation.
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Moran, K., J. Backman, et al. (2006). "The Cenozoic palaeoenvironment of the Arctic

Ocean." Nature 441(7093): 601-5.
The history of the Arctic Ocean during the Cenozoic era (0-65 million years ago)
is largely unknown from direct evidence. Here we present a Cenozoic
palaeoceanographic record constructed from >400 m of sediment core from a
recent drilling expedition to the Lomonosov ridge in the Arctic Ocean. Our
record shows a palacoenvironmental transition from a warm 'greenhouse' world,
during the late Palaecocene and early Eocene epochs, to a colder 'icehouse’ world
influenced by sea ice and icebergs from the middle Eocene epoch to the present.
For the most recent approximately 14 Myr, we find sedimentation rates of 1-2
cm per thousand years, in stark contrast to the substantially lower rates proposed
in earlier studies; this record of the Neogene reveals cooling of the Arctic that was
synchronous with the expansion of Greenland ice (approximately 3.2 Myr ago)
and East Antarctic ice (approximately 14 Myr ago). We find evidence for the
first occurrence of ice-rafted debris in the middle Eocene epoch (approximately
45 Myr ago), some 35 Myr earlier than previously thought; fresh surface waters
were present at approximately 49 Myr ago, before the onset of ice-rafted debris.
Also, the temperatures of surface waters during the Palaecocene/Eocene thermal
maximum (approximately 55 Myr ago) appear to have been substantially warmer
than previously estimated. The revised timing of the earliest Arctic cooling
events coincides with those from Antarctica, supporting arguments for bipolar
symmetry in climate change.
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45 Myr ago), some 35 Myr earlier than previously thought; fresh surface waters
were present at approximately 49 Myr ago, before the onset of ice-rafted debris.
Also, the temperatures of surface waters during the Palacocene/Eocene thermal
maximum (approximately 55 Myr ago) appear to have been substantially warmer
than previously estimated. The revised timing of the earliest Arctic cooling
events coincides with those from Antarctica, supporting arguments for bipolar
symmetry in climate change.
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by late-glacial cooling episode in southern Chile." Nature 409(6822): 804-8.
Understanding the relative timings of climate events in the Northern and
Southern hemispheres is a prerequisite for determining the causes of abrupt
climate changes. But climate records from the Patagonian Andes and New Zealand
for the period of transition from glacial to interglacial conditions--about 14.6-10
kyr before present, as determined by radiocarbon dating--show varying degrees of
correlation with similar records from the Northern Hemisphere. It is necessary to



resolve these apparent discrepancies in order to be able to assess the relative roles
of Northern Hemisphere ice sheets and oceanic, atmospheric and astronomical
influences in initiating climate change in the late-glacial period. Here we report
pollen records from three sites in the Lake District of southern Chile (41 degrees
S) from which we infer conditions similar to modern climate between about 13
and 12.2 14C kyr before present (BP), followed by cooling events at about 12.2
and 11.4 14C kyr BP, and then by a warming at about 9.8 14C kyr BP. These
events were nearly synchronous with important palaeoclimate changes recorded
in the North Atlantic region, supporting the idea that interhemispheric linkage
through the atmosphere was the primary control on climate during the last
deglaciation. In other regions of the Southern Hemisphere, where climate events
are not in phase with those in the Northern Hemisphere, local oceanic influences
may have counteracted the effects that propagated through the atmosphere.
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Morris, R. J., O. T. Lewis, et al. (2004). "Experimental evidence for apparent

competition in a tropical forest food web." Nature 428(6980): 310-3.
The herbivorous insects of tropical forests constitute some of the most diverse
communities of living organisms. For this reason it has been difficult to discover
the degree to which these communities are structured, and by what processes.
Interspecific competition for resources does occur, but its contemporary
importance is limited because most pairs of potentially competing insects feed on
different host plants. An alternative way in which species can interact is through
shared natural enemies, a process called apparent competition. Despite extensive
theoretical discussion there are few field demonstrations of apparent competition,
and none in hyper-diverse tropical communities. Here, we experimentally
removed two species of herbivore from a community of leaf-mining insects in a
tropical forest. We predicted that other species that share natural enemies with
the two removed species would experience lower parasitism and have higher
population densities in treatment compared with control sites. In both cases (on
removal of a dipteran and a coleopteran leaf-miner species) we found significantly
lower parasitism, and in one case (removal of the dipteran) we found significantly
higher abundance a year after the manipulation. Our results suggest that apparent
competition may be important in structuring tropical insect communities.

Moy, C. M., G. O. Seltzer, et al. (2002). "Variability of El Nino/Southern Oscillation



activity at millennial timescales during the Holocene epoch." Nature 420(6912): 162-5.
The variability of El Nino/Southern Oscillation (ENSO) during the Holocene
epoch, in particular on millennial timescales, is poorly understood. Palaecoclimate
studies have documented ENSO variability for selected intervals in the Holocene,
but most records are either too short or insufficiently resolved to investigate
variability on millennial scales. Here we present a record of sedimentation in
Laguna Pallcacocha, southern Ecuador, which is strongly influenced by ENSO
variability, and covers the past 12,000 years continuously. We find that changes
on a timescale of 2-8 years, which we attribute to warm ENSO events, become
more frequent over the Holocene until about 1,200 years ago, and then decline
towards the present. Periods of relatively high and low ENSO activity, alternating
at a timescale of about 2,000 years, are superimposed on this long-term trend. We
attribute the long-term trend to orbitally induced changes in insolation, and
suggest internal ENSO dynamics as a possible cause of the millennial variability.
However, the millennial oscillation will need to be confirmed in other ENSO
proxy records.
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Mudelsee, M., M. Borngen, et al. (2003). "No upward trends in the occurrence of extreme

floods in central Europe." Nature 425(6954): 166-9.
Extreme river floods have been a substantial natural hazard in Europe over the
past centuries, and radiative effects of recent anthropogenic changes in
atmospheric composition are expected to cause climate changes, especially
enhancement of the hydrological cycle, leading to an increased flood risk. For the
past few decades, however, observations from Europe do not show a clear increase
in flood occurrence rate. Here we present longer-term records of winter and
summer floods in two of the largest rivers in central Europe, the Elbe and Oder
rivers. For the past 80 to 150 yr, we find a decrease in winter flood occurrence in
both rivers, while summer floods show no trend, consistent with trends in extreme
precipitation occurrence. The reduction in winter flood occurrence can partly be
attributed to fewer events of strong freezing-following such events, breaking river
ice at the end of the winter may function as a water barrier and enhance floods
severely. Additionally, we detect significant long-term changes in flood
occurrence rates in the sixteenth to nineteenth centuries, and conclude that
reductions in river length, construction of reservoirs and deforestation have had
minor effects on flood frequency.

Murphy, J. M., D. M. Sexton, et al. (2004). "Quantification of modelling uncertainties in
a large ensemble of climate change simulations." Nature 430(7001): 768-72.
Comprehensive global climate models are the only tools that account for the




complex set of processes which will determine future climate change at both a
global and regional level. Planners are typically faced with a wide range of
predicted changes from different models of unknown relative quality, owing to
large but unquantified uncertainties in the modelling process. Here we report a
systematic attempt to determine the range of climate changes consistent with
these uncertainties, based on a 53-member ensemble of model versions
constructed by varying model parameters. We estimate a probability density
function for the sensitivity of climate to a doubling of atmospheric carbon
dioxide levels, and obtain a 5-95 per cent probability range of 2.4-5.4 degrees C.
Our probability density function is constrained by objective estimates of the
relative reliability of different model versions, the choice of model parameters
that are varied and their uncertainty ranges, specified on the basis of expert
advice. Our ensemble produces a range of regional changes much wider than
indicated by traditional methods based on scaling the response patterns of an
individual simulation.

Murray, N. and M. Holman (2001). "The role of chaotic resonances in the Solar System."

Nature 410(6830): 773-9.
Our understanding of the Solar System has been revolutionized over the past
decade by the finding that the orbits of the planets are inherently chaotic. In
extreme cases, chaotic motions can change the relative positions of the planets
around stars, and even eject a planet from a system. Moreover, the spin axis of a
planet-Earth's spin axis regulates our seasons-may evolve chaotically, with
adverse effects on the climates of otherwise biologically interesting planets. Some
of the recently discovered extrasolar planetary systems contain multiple planets,
and it is likely that some of these are chaotic as well.

Murray, T. (2006). "Climate change: Greenland's ice on the scales." Nature 443(7109):
277-8.

Muscheler, R., F. Joos, et al. (2005). "Climate: how unusual is today's solar activity?"

Nature 436(7050): E3-4; discussion E4-5.
To put global warming into context requires knowledge about past changes in
solar activity and the role of the Sun in climate change. Solanki et al. propose
that solar activity during recent decades was exceptionally high compared with
that over the preceding 8,000 years. However, our extended analysis of the
radiocarbon record reveals several periods during past centuries in which the
strength of the magnetic field in the solar wind was similar to, or even higher
than, that of today.
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strength of the magnetic field in the solar wind was similar to, or even higher
than, that of today.

Mustard, J. F., C. D. Cooper, et al. (2001). "Evidence for recent climate change on Mars

from the identification of youthful near-surface ground ice." Nature 412(6845): 411-4.
Ground ice in the crust and soil may be one of the largest reservoirs of water on
Mars. Near-surface ground ice is predicted to be stable at latitudes higher than 40
degrees (ref. 4), where a number of geomorphologic features indicative of viscous
creep and hence ground ice have been observed. Mid-latitude soils have also been
implicated as a water-ice reservoir, the capacity of which is predicted to vary on a
100,000-year timescale owing to orbitally driven variations in climate. It is
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latitudes, and how it is changing with time. Here we report observational evidence
for a mid-latitude reservoir of near-surface water ice occupying the pore space of
soils. The thickness of the ice-occupied soil reservoir (1-10 m) and its distribution
in the 30 degrees to 60 degrees latitude bands indicate a reservoir of (1.5-6.0) x
104 km3, equivalent to a global layer of water 10-40 cm thick. We infer that the
reservoir was created during the last phase of high orbital obliquity less than
100,000 years ago, and is now being diminished.
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Large-scale climatic fluctuations, such as the North Atlantic Oscillation (NAO),
have been shown to affect many ecological processes. Such effects have been
typically assumed to be linear. Only one study has reported a nonlinear relation;
however, that nonlinear relation was monotonic (that is, no reversal). Here we
show that there is a strong nonlinear and non-monotonic (that is, reversed) effect
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wild red deer (Cervus elaphus) and 139,485 individual domestic sheep (Ovis aries)
sampled over several decades on the west coast of Norway. These relationships
are, at least in part, explained by comparable nonlinear and non-monotonic
relations between the NAO and local climatic variables (temperature,
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basin sediments containing metamorphic detritus eroded from the Himalaya
orogeny therefore seem to be at least 15-20 Myr younger than previously
believed, and models based on the older age must be re-evaluated.
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water oxygen concentration are caused by increasing runoff of nutrients from
land. Although the local ecological and socio-economic effects have received
much attention, the potential contribution of increasing hypoxia to global-change
phenomena is unknown. Here we report the intensification of one of the largest
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accumulations yet observed of hydrogen sulphide (H2S) and nitrous oxide (N20)
in open coastal waters. Increased N2O production is probably caused by the
addition of anthropogenic nitrate and its subsequent denitrification, which is
favoured by hypoxic conditions. We suggest that a global expansion of hypoxic
zones may lead to an increase in marine production and emission of N20, which,
as a potent greenhouse gas, could contribute significantly to the accumulation of
radiatively active trace gases in the atmosphere.
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Long-distance dispersal (LDD) is central to species expansion following climate
change, re-colonization of disturbed areas and control of pests. The current
paradigm is that the frequency and spatial extent of LDD events are extremely
difficult to predict. Here we show that mechanistic models coupling seed release
and aerodynamics with turbulent transport processes provide accurate probabilistic
descriptions of LDD of seeds by wind. The proposed model reliably predicts the
vertical distribution of dispersed seeds of five tree species observed along a 45-m
high tower in an eastern US deciduous forest. Simulations show that uplifting
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probability thus sets an upper bound on the probability of long-distance
colonization. Uplifted yellow poplar seeds are on average lighter than seeds at the
forest floor, but also include the heaviest seeds. Because uplifting probabilities are
appreciable (as much as 1 5%), and tree seed crops are commonly massive, some
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large scales.
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Soils contain the largest near-surface reservoir of terrestrial carbon and so
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carbon fractions (with decadal turnover times) while further stabilizing soil carbon
compounds in heavier, mineral-associated fractions (with multidecadal to century




lifetimes). Despite these changes in the dynamics of different soil pools, we
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For the purpose of detecting the effects of human activities on climate change, it
is important to document natural change in past climate. In this context, it has
proved particularly difficult to study the variability in the occurrence of extreme
climate events, such as storms with exceptional rainfall. Previous investigations
have established storm chronologies using sediment cores from single lakes, but
such studies can be susceptible to local environmental bias. Here we date
terrigenous inwash layers in cores from 13 lakes, which show that the frequency
of storm-related floods in the northeastern United States has varied in regular
cycles during the past 13,000 years (13 kyr), with a characteristic period of about
3 kyr. Our data show four peaks in storminess during the past 14 kyr,
approximately 2.6, 5.8, 9.1 and 11.9 kyr ago. This pattern is consistent with
long-term changes in the average sign of the Arctic Oscillation, suggesting that
modulation of this dominant atmospheric mode may account for a significant
fraction of Holocene climate variability in North America and Europe.
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Barrier Reef over the past 5,000 years." Nature 413(6855): 508-12.
Understanding long-term variability in the occurrence of tropical cyclones that
are of extreme intensity is important for determining their role in ecological
disturbances, for predicting present and future community vulnerability and
economic loss and for assessing whether changes in the variability of such
cyclones are induced by climate change. Our ability to accurately make these
assessments has been limited by the short (less than 100 years) instrumented
record of cyclone intensity. Here we determine the intensity of prehistoric
tropical cyclones over the past 5,000 years from ridges of detrital coral and shell
deposited above highest tide and terraces that have been eroded into coarse-
grained alluvial fan deposits. These features occur along 1,500 km of the Great
Barrier Reef and also the Gulf of Carpentaria, Australia. We infer that the
deposits were formed by storms with recurrence intervals of two to three
centuries, and we show that the cyclones responsible must have been of extreme
intensity (central pressures less than 920 hPa). Our estimate of the frequency of
such 'super-cyclones' is an order of magnitude higher than that previously
estimated (which was once every several millennia), and is sufficiently high to
suggest that the character of rainforests and coral reef communities were probably
shaped by these events.
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Two decades of research have not established whether tropical insect herbivores
are dominated by specialists or generalists. This impedes our understanding of
species coexistence in diverse rainforest communities. Host specificity and species
richness of tropical insects are also key parameters in mapping global patterns of
biodiversity. Here we analyse data for over 900 herbivorous species feeding on 51
plant species in New Guinea and show that most herbivorous species feed on
several closely related plant species. Because species-rich genera are dominant in
tropical floras, monophagous herbivores are probably rare in tropical forests.
Furthermore, even between phylogenetically distant hosts, herbivore communities
typically shared a third of their species. These results do not support the classical
view that the coexistence of herbivorous species in the tropics is a consequence of
finely divided plant resources; non-equilibrium models of tropical diversity should
instead be considered. Low host specificity of tropical herbivores reduces global
estimates of arthropod diversity from 31 million (ref. 1) to 4 6 million species.
This finding agrees with estimates based on taxonomic collections, reconciling an
order of magnitude discrepancy between extrapolations of global diversity based
on ecological samples of tropical communities with those based on sampling
regional faunas.
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An exceptional analogue for the study of the causes and consequences of global
warming occurs at the Palaeocene/Eocene Thermal Maximum, 55 million years
ago. A rapid rise of global temperatures during this event accompanied turnovers
in both marine and terrestrial biota, as well as significant changes in ocean
chemistry and circulation. Here we present evidence for an abrupt shift in deep-
ocean circulation using carbon isotope records from fourteen sites. These records
indicate that deep-ocean circulation patterns changed from Southern Hemisphere
overturning to Northern Hemisphere overturning at the start of the
Palaecocene/Eocene Thermal Maximum. This shift in the location of deep-water
formation persisted for at least 40,000 years, but eventually recovered to original
circulation patterns. These results corroborate climate model inferences that a
shift in deep-ocean circulation would deliver relatively warmer waters to the deep




sea, thus producing further warming. Greenhouse conditions can thus initiate
abrupt deep-ocean circulation changes in less than a few thousand years, but may
have lasting effects; in this case taking 100,000 years to revert to background
conditions.
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circulation patterns. These results corroborate climate model inferences that a
shift in deep-ocean circulation would deliver relatively warmer waters to the deep
sea, thus producing further warming. Greenhouse conditions can thus initiate
abrupt deep-ocean circulation changes in less than a few thousand years, but may
have lasting effects; in this case taking 100,000 years to revert to background
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O'Brien, C. M., C. J. Fox, et al. (2000). "Climate variability and North Sea cod." Nature
404(6774): 142.

O'Dowd, C. D., P. Aalto, et al. (2002). "Aerosol formation: atmospheric particles from

organic vapours." Nature 416(6880): 497-8.
Aerosol particles produced over forested arecas may affect climate by acting as
nuclei for cloud condensation, but their composition (and hence the chemical
species that drive their production) remains an open question. Here we show, to
our knowledge for the first time, that these newly formed particles (3-5 nm in
diameter) are composed primarily of organic species, such as cis-pinonic acid and
pinic acid, produced by oxidation of terpenes in organic vapours released from the
canopy.
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marine aerosol." Nature 431(7009): 676-80.
Marine aerosol contributes significantly to the global aerosol load and
consequently has an important impact on both the Earth's albedo and climate. So
far, much of the focus on marine aerosol has centred on the production of aerosol
from sea-salt and non-sea-salt sulphates. Recent field experiments, however, have
shown that known aerosol production processes for inorganic species cannot
account for the entire aerosol mass that occurs in submicrometre sizes. Several
experimental studies have pointed to the presence of significant concentrations
of organic matter in marine aerosol. There is some information available about
the composition of organic matter, but the contribution of organic matter to
marine aerosol, as a function of aerosol size, as well as its characterization as
hydrophilic or hydrophobic, has been lacking. Here we measure the physical and
chemical characteristics of submicrometre marine aerosol over the North Atlantic
Ocean during plankton blooms progressing from spring through to autumn. We
find that during bloom periods, the organic fraction dominates and contributes
63% to the submicrometre aerosol mass (about 45% is water-insoluble and about
18% water-soluble). In winter, when biological activity is at its lowest, the organic
fraction decreases to 15%. Our model simulations indicate that organic matter can
enhance the cloud droplet concentration by 15% to more than 100% and is



therefore an important component of the aerosol-cloud-climate feedback system
involving marine biota.
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iodine emissions." Nature 417(6889): 632-6.
The formation of marine aerosols and cloud condensation nuclei--from which
marine clouds originate--depends ultimately on the availability of new,
nanometre-scale particles in the marine boundary layer. Because marine aerosols
and clouds scatter incoming radiation and contribute a cooling effect to the
Earth's radiation budget, new particle production is important in climate
regulation. It has been suggested that sulphuric acid derived from the oxidation of
dimethyl sulphide is responsible for the production of marine aerosols and cloud
condensation nuclei. It was accordingly proposed that algae producing dimethyl
sulphide play a role in climate regulation, but this has been difficult to prove and,
consequently, the processes controlling marine particle formation remains largely
undetermined. Here, using smog chamber experiments under coastal atmospheric
conditions, we demonstrate that new particles can form from condensable iodine-
containing vapours, which are the photolysis products of biogenic iodocarbons
emitted from marine algae. Moreover, we illustrate, using aerosol formation
models, that concentrations of condensable iodine-containing vapours over the
open ocean are sufficient to influence marine particle formation. We suggest
therefore that marine iodocarbon emissions have a potentially significant effect
on global radiative forcing.
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productivity of Lake Tanganyika, Africa." Nature 424(6950): 766-8.
Although the effects of climate warming on the chemical and physical properties
of lakes have been documented, biotic and ecosystem-scale responses to climate
change have been only estimated or predicted by manipulations and models. Here
we present evidence that climate warming is diminishing productivity in Lake
Tanganyika, East Africa. This lake has historically supported a highly productive
pelagic fishery that currently provides 25-40% of the animal protein supply for
the populations of the surrounding countries. In parallel with regional warming
patterns since the beginning of the twentieth century, a rise in surface-water
temperature has increased the stability of the water column. A regional decrease
in wind velocity has contributed to reduced mixing, decreasing deep-water nutrient
upwelling and entrainment into surface waters. Carbon isotope records in sediment
cores suggest that primary productivity may have decreased by about 20%,
implying a roughly 30% decrease in fish yields. Our study provides evidence that
the impact of regional effects of global climate change on aquatic ecosystem
functions and services can be larger than that of local anthropogenic activity or
overfishing.
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implying a roughly 30% decrease in fish yields. Our study provides evidence that
the impact of regional effects of global climate change on aquatic ecosystem
functions and services can be larger than that of local anthropogenic activity or
overfishing.
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the Alaskan Arctic in response to decadal climate warming." Nature 406(6799): 978-81.
Long-term sequestration of carbon in Alaskan Arctic tundra ecosystems was
reversed by warming and drying of the climate in the early 1980s, resulting in
substantial losses of terrestrial carbon. But recent measurements suggest that
continued warming and drying has resulted in diminished CO2 efflux, and in some
cases, summer CO2 sink activity. Here we compile summer CO2 flux data for two
Arctic ecosystems from 1960 to the end of 1998. The results show that a return
to summer sink activity has come during the warmest and driest period observed
over the past four decades, and indicates a previously undemonstrated capacity for
ecosystems to metabolically adjust to long-term (decadal or longer) changes in
climate. The mechanisms involved are likely to include changes in nutrient
cycling, physiological acclimation, and population and community
reorganization. Nevertheless, despite the observed acclimation, the Arctic
ecosystems studied are still annual net sources of CO2 to the atmosphere of at
least 40 g C m(-2) yr(-1), due to winter release of CO2, implying that further
climate change may still exacerbate CO2 emissions from Arctic ecosystems.
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atmosphere." Nature 442(7105): 908-11.
The presence of mass-independently fractionated sulphur isotopes (MIF-S) in
many sedimentary rocks older than approximately 2.4 billion years (Gyr), and the
absence of MIF-S in younger rocks, has been considered the best evidence for a
dramatic change from an anoxic to oxic atmosphere around 2.4 Gyr ago. This is
because the only mechanism known to produce MIF-S has been ultraviolet
photolysis of volcanic sulphur dioxide gas in an oxygen-poor atmosphere. Here
we report the absence of MIF-S throughout approximately 100-m sections of
2.76-Gyr-old lake sediments and 2.92-Gyr-old marine shales in the Pilbara
Craton, Western Australia. We propose three possible interpretations of the MIF-
S geologic record: (1) the level of atmospheric oxygen fluctuated greatly during
the Archaean era; (2) the atmosphere has remained oxic since approximately 3.8
Gyr ago, and MIF-S in sedimentary rocks represents times and regions of violent
volcanic eruptions that ejected large volumes of sulphur dioxide into the
stratosphere; or (3) MIF-S in rocks was mostly created by non-photochemical
reactions during sediment diagenesis, and thus is not linked to atmospheric
chemistry.
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rich atmosphere before approximately 1.8 billion years ago." Nature 429(6990): 395-9.
It is generally thought that, in order to compensate for lower solar flux and
maintain liquid oceans on the early Earth, methane must have been an important
greenhouse gas before approximately 2.2 billion years (Gyr) ago. This is based
upon a simple thermodynamic calculation that relates the absence of siderite
(FeCO3) in some pre-2.2-Gyr palaeosols to atmospheric CO2 concentrations that
would have been too low to have provided the necessary greenhouse effect. Using
multi-dimensional thermodynamic analyses and geological evidence, we show here
that the absence of siderite in palacosols does not constrain atmospheric CO2
concentrations. Siderite is absent in many palaeosols (both pre- and post-2.2-Gyr
in age) because the O2 concentrations and pH conditions in well-aerated soils
have favoured the formation of ferric (Fe3+)-rich minerals, such as goethite,
rather than siderite. Siderite, however, has formed throughout geological history
in subsurface environments, such as euxinic seas, where anaerobic organisms




created H2-rich conditions. The abundance of large, massive siderite-rich beds in
pre-1.8-Gyr sedimentary sequences and their carbon isotope ratios indicate that
the atmospheric CO2 concentration was more than 100 times greater than today,
causing the rain and ocean waters to be more acidic than today. We therefore
conclude that CO2 alone (without a significant contribution from methane) could
have provided the necessary greenhouse effect to maintain liquid oceans on the
early Earth.
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Today's surface ocean is saturated with respect to calcium carbonate, but
increasing atmospheric carbon dioxide concentrations are reducing ocean pH and
carbonate ion concentrations, and thus the level of calcium carbonate saturation.
Experimental evidence suggests that if these trends continue, key marine
organisms--such as corals and some plankton--will have difficulty maintaining
their external calcium carbonate skeletons. Here we use 13 models of the ocean-
carbon cycle to assess calcium carbonate saturation under the IS92a 'business-as-
usual' scenario for future emissions of anthropogenic carbon dioxide. In our
projections, Southern Ocean surface waters will begin to become undersaturated
with respect to aragonite, a metastable form of calcium carbonate, by the year
2050. By 2100, this undersaturation could extend throughout the entire Southern
Ocean and into the subarctic Pacific Ocean. When live pteropods were exposed to
our predicted level of undersaturation during a two-day shipboard experiment,
their aragonite shells showed notable dissolution. Our findings indicate that
conditions detrimental to high-latitude ecosystems could develop within decades,
not centuries as suggested previously.
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Artificial mummification was practised in Egypt from approximately 2600 BC
until the fourth century AD. Because of the dry Egyptian climate, however, there
are also many natural mummies preserved from earlier as well as later times. To
elucidate whether this unique source of ancient human remains can be used for
molecular genetic analyses, 23 mummies were investigated for DNA content. One
2,400-yr-old mummy of a child was found to contain DNA that could be
molecularly cloned in a plasmid vector. I report here that one such clone contains
two members of the Alu family of human repetitive DNA sequences, as detected
by DNA hybridizations and nucleotide sequencing. These analyses show that
substantial pieces of mummy DNA (3.4 kilobases) can be cloned and that the
DNA fragments seem to contain little or no modifications introduced
postmortem.
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The Palaeocene/Eocene thermal maximum represents a period of rapid, extreme
global warming 55 million years ago, superimposed on an already warm world.
This warming is associated with a severe shoaling of the ocean calcite
compensation depth and a >2.5 per mil negative carbon isotope excursion in
marine and soil carbonates. Together these observations indicate a massive release
of 13C-depleted carbon and greenhouse-gas-induced warming. Recently, sediments
were recovered from the central Arctic Ocean, providing the first opportunity to
evaluate the environmental response at the North Pole at this time. Here we
present stable hydrogen and carbon isotope measurements of terrestrial-plant- and
aquatic-derived n-alkanes that record changes in hydrology, including surface
water salinity and precipitation, and the global carbon cycle. Hydrogen isotope
records are interpreted as documenting decreased rainout during moisture
transport from lower latitudes and increased moisture delivery to the Arctic at the
onset of the Palacocene/Eocene thermal maximum, consistent with predictions of
poleward storm track migrations during global warming. The terrestrial-plant
carbon isotope excursion (about -4.5 to -6 per mil) is substantially larger than
those of marine carbonates. Previously, this offset was explained by the
physiological response of plants to increases in surface humidity. But this
mechanism is not an effective explanation in this wet Arctic setting, leading us to
hypothesize that the true magnitude of the excursion--and associated carbon
input--was greater than originally surmised. Greater carbon release and strong
hydrological cycle feedbacks may help explain the maintenance of this
unprecedented warmth.
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Tropical peatlands are one of the largest near-surface reserves of terrestrial
organic carbon, and hence their stability has important implications for climate
change. In their natural state, lowland tropical peatlands support a luxuriant
growth of peat swamp forest overlying peat deposits up to 20 metres thick.
Persistent environmental change-in particular, drainage and forest clearing-
threatens their stability, and makes them susceptible to fire. This was
demonstrated by the occurrence of widespread fires throughout the forested
peatlands of Indonesia during the 1997 El Nino event. Here, using satellite images
of a 2.5 million hectare study area in Central Kalimantan, Borneo, from before
and after the 1997 fires, we calculate that 32% (0.79 Mha) of the area had
burned, of which peatland accounted for 91.5% (0.73 Mha). Using ground
measurements of the burn depth of peat, we estimate that 0.19-0.23 gigatonnes
(Gt) of carbon were released to the atmosphere through peat combustion, with a
further 0.05 Gt released from burning of the overlying vegetation. Extrapolating
these estimates to Indonesia as a whole, we estimate that between 0.81 and 2.57
Gt of carbon were released to the atmosphere in 1997 as a result of burning peat
and vegetation in Indonesia. This is equivalent to 13-40% of the mean annual
global carbon emissions from fossil fuels, and contributed greatly to the largest
annual increase in atmospheric CO(2) concentration detected since records began
in 1957 (ref. 1).
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precipitation events in a changing climate." Nature 415(6871): 512-4.
Increasing concentrations of atmospheric carbon dioxide will almost certainly
lead to changes in global mean climate. But because--by definition--extreme
events are rare, it is significantly more difficult to quantify the risk of extremes.
Ensemble-based probabilistic predictions, as used in short- and medium-term
forecasts of weather and climate, are more useful than deterministic forecasts
using a 'best guess' scenario to address this sort of problem. Here we present a
probabilistic analysis of 19 global climate model simulations with a generic binary
decision model. We estimate that the probability of total boreal winter
precipitation exceeding two standard deviations above normal will increase by a
factor of five over parts of the UK over the next 100 years. We find similar
increases in probability for the Asian monsoon region in boreal summer, with
implications for flooding in Bangladesh. Further practical applications of our
techniques would be helped by the use of larger ensembles (for a more complete
sampling of model uncertainty) and a wider range of scenarios at a resolution
adequate to analyse average-size river basins.
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reservoir in the North Atlantic subtropical gyre." Nature 437(7059): 687-92.
Though critically important in sustaining the ocean's biological pump, the cycling
of nutrients in the subtropical gyres is poorly understood. The supply of nutrients
to the sunlit surface layer of the ocean has traditionally been attributed solely to
vertical processes. However, horizontal advection may also be important in
establishing the availability of nutrients. Here we show that the production and
advection of North Atlantic Subtropical Mode Water introduces spatial and
temporal variability in the subsurface nutrient reservoir beneath the North
Atlantic subtropical gyre. As the mode water is formed, its nutrients are depleted
by biological utilization. When the depleted water mass is exported to the gyre, it
injects a wedge of low-nutrient water into the upper layers of the ocean. Contrary
to intuition, cold winters that promote deep convective mixing and vigorous
mode water formation may diminish downstream primary productivity by altering
the subsurface delivery of nutrients.
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northern Europe." Nature 438(7070): 1008-12.
The colonization of Eurasia by early humans is a key event after their spread out
of Africa, but the nature, timing and ecological context of the earliest human
occupation of northwest Europe is uncertain and has been the subject of intense
debate. The southern Caucasus was occupied about 1.8 million years (Myr) ago,
whereas human remains from Atapuerca-TD6, Spain (more than 780 kyr ago) and
Ceprano, Italy (about 800 kyr ago) show that early Homo had dispersed to the
Mediterranean hinterland before the Brunhes-Matuyama magnetic polarity
reversal (780 kyr ago). Until now, the earliest uncontested artefacts from
northern Europe were much younger, suggesting that humans were unable to
colonize northern latitudes until about 500 kyr ago. Here we report flint artefacts
from the Cromer Forest-bed Formation at Pakefield (52 degrees N), Suffolk, UK,
from an interglacial sequence yielding a diverse range of plant and animal fossils.
Event and lithostratigraphy, palacomagnetism, amino acid geochronology and
biostratigraphy indicate that the artefacts date to the early part of the Brunhes
Chron (about 700 kyr ago) and thus represent the earliest unequivocal evidence
for human presence north of the Alps.
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Some beetles in the Namib Desert collect drinking water from fog-laden wind on
their backs. We show here that these large droplets form by virtue of the insect's
bumpy surface, which consists of alternating hydrophobic, wax-coated and
hydrophilic, non-waxy regions. The design of this fog-collecting structure can be
reproduced cheaply on a commercial scale and may find application in water-
trapping tent and building coverings, for example, or in water condensers and
engines.

D. E. (2004). "Climate: large-scale warming is not urban." Nature 432(7015):

Controversy has persisted over the influence of urban warming on reported large-
scale surface-air temperature trends. Urban heat islands occur mainly at night and
are reduced in windy conditions. Here we show that, globally, temperatures over
land have risen as much on windy nights as on calm nights, indicating that the
observed overall warming is not a consequence of urban development.

Parmesan, C. and G. Yohe (2003). "A globally coherent fingerprint of climate change
impacts across natural systems." Nature 421(6918): 37-42.

Causal attribution of recent biological trends to climate change is complicated
because non-climatic influences dominate local, short-term biological changes.
Any underlying signal from climate change is likely to be revealed by analyses
that seek systematic trends across diverse species and geographic regions;
however, debates within the Intergovernmental Panel on Climate Change (IPCC)
reveal several definitions of a 'systematic trend'. Here, we explore these
differences, apply diverse analyses to more than 1,700 species, and show that
recent biological trends match climate change predictions. Global meta-analyses
documented significant range shifts averaging 6.1 km per decade towards the poles
(or metres per decade upward), and significant mean advancement of spring
events by 2.3 days per decade. We define a diagnostic fingerprint of temporal and
spatial 'sign-switching' responses uniquely predicted by twentieth century climate
trends. Among appropriate long-term/large-scale/multi-species data sets, this
diagnostic fingerprint was found for 279 species. This suite of analyses generates
'very high confidence' (as laid down by the IPCC) that climate change is already
affecting living systems.
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Patz, J. A., D. Campbell-Lendrum, et al. (2005). "Impact of regional climate change on

human health." Nature 438(7066): 310-7.
The World Health Organisation estimates that the warming and precipitation
trends due to anthropogenic climate change of the past 30 years already claim
over 150,000 lives annually. Many prevalent human diseases are linked to climate
fluctuations, from cardiovascular mortality and respiratory illnesses due to
heatwaves, to altered transmission of infectious diseases and malnutrition from
crop failures. Uncertainty remains in attributing the expansion or resurgence of
diseases to climate change, owing to lack of long-term, high-quality data sets as
well as the large influence of socio-economic factors and changes in immunity and
drug resistance. Here we review the growing evidence that climate-health
relationships pose increasing health risks under future projections of climate
change and that the warming trend over recent decades has already contributed to
increased morbidity and mortality in many regions of the world. Potentially
vulnerable regions include the temperate latitudes, which are projected to warm
disproportionately, the regions around the Pacific and Indian oceans that are
currently subjected to large rainfall variability due to the El Nino/Southern
Oscillation sub-Saharan Africa and sprawling cities where the urban heat island
effect could intensify extreme climatic events.
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Paytan, A. (2000). "Global change. Iron uncertainty." Nature 406(6795): 468-9.

Pearson, P. N., P. W. Ditchfield, et al. (2001). "Warm tropical sea surface temperatures

in the Late Cretaceous and Eocene epochs." Nature 413(6855): 481-7.
Climate models with increased levels of carbon dioxide predict that global
warming causes heating in the tropics, but investigations of ancient climates based
on palaecodata have generally indicated cool tropical temperatures during supposed
greenhouse episodes. For example, in the Late Cretaceous and Eocene epochs
there is abundant geological evidence for warm, mostly ice-free poles, but tropical
sea surface temperatures are generally estimated to be only 15-23 degrees C, based
on oxygen isotope palacothermometry of surface-dwelling planktonic foraminifer
shells. Here we question the validity of most such data on the grounds of poor
preservation and diagenetic alteration. We present new data from exceptionally
well preserved foraminifer shells extracted from impermeable clay-rich sediments,
which indicate that for the intervals studied, tropical sea surface temperatures
were at least 28-32 degrees C. These warm temperatures are more in line with our
understanding of the geographical distributions of temperature-sensitive fossil
organisms and the results of climate models with increased CO2 levels.

Pearson, P. N. and M. R. Palmer (2000). "Atmospheric carbon dioxide concentrations

over the past 60 million years." Nature 406(6797): 695-9.
Knowledge of the evolution of atmospheric carbon dioxide concentrations
throughout the Earth's history is important for a reconstruction of the links
between climate and radiative forcing of the Earth's surface temperatures.
Although atmospheric carbon dioxide concentrations in the early Cenozoic era
(about 60 Myr ago) are widely believed to have been higher than at present, there
is disagreement regarding the exact carbon dioxide levels, the timing of the
decline and the mechanisms that are most important for the control of CO2
concentrations over geological timescales. Here we use the boron-isotope ratios
of ancient planktonic foraminifer shells to estimate the pH of surface-layer sea
water throughout the past 60 million years, which can be used to reconstruct
atmospheric CO2 concentrations. We estimate CO2 concentrations of more than
2,000 p.p.m. for the late Palacocene and earliest Eocene periods (from about 60
to 52 Myr ago), and find an erratic decline between 55 and 40 Myr ago that may
have been caused by reduced CO2 outgassing from ocean ridges, volcanoes and
metamorphic belts and increased carbon burial. Since the early Miocene (about 24
Myr ago), atmospheric CO2 concentrations appear to have remained below 500
p.p-m. and were more stable than before, although transient intervals of CO2
reduction may have occurred during periods of rapid cooling approximately 15
and 3 Myr ago.

Peeters, F. J., R. Acheson, et al. (2004). "Vigorous exchange between the Indian and

Atlantic oceans at the end of the past five glacial periods." Nature 430(7000): 661-5.
The magnitude of heat and salt transfer between the Indian and Atlantic oceans
through 'Agulhas leakage' is considered important for balancing the global
thermohaline circulation. Increases or reductions of this leakage lead to
strengthening or weakening of the Atlantic meridional overturning and associated
variation of North Atlantic Deep Water formation. Here we show that modern
Agulhas waters, which migrate into the south Atlantic Ocean in the form of an
Agulhas ring, contain a characteristic assemblage of planktic foraminifera. We use
this assemblage as a modern analogue to investigate the Agulhas leakage history
over the past 550,000 years from a sediment record in the Cape basin. Our




reconstruction indicates that Indian-Atlantic water exchange was highly variable:
enhanced during present and past interglacials and largely reduced during glacial
intervals. Coherent variability of Agulhas leakage with northern summer
insolation suggests a teleconnection to the monsoon system. The onset of
increased Agulhas leakage during late glacial conditions took place when glacial ice
volume was maximal, suggesting a crucial role for Agulhas leakage in glacial
terminations, timing of interhemispheric climate change and the resulting
resumption of the Atlantic meridional overturning circulation.
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Peizhen, Z., P. Molnar, et al. (2001). "Increased sedimentation rates and grain sizes 2-4
Myr ago due to the influence of climate change on erosion rates." Nature 410(6831):

891-7.

Around the globe, and in a variety of settings including active and inactive
mountain belts, increases in sedimentation rates as well as in grain sizes of
sediments were recorded at approximately 2-4 Myr ago, implying increased
erosion rates. A change in climate represents the only process that is globally
synchronous and can potentially account for the widespread increase in erosion
and sedimentation, but no single process-like a lowering of sea levels or expanded
glaciation-can explain increases in sedimentation in all environments,
encompassing continental margins and interiors, and tropical as well as higher
latitudes. We suggest that climate affected erosion mainly by the transition from
a period of climate stability, in which landscapes had attained equilibrium
configurations, to a time of frequent and abrupt changes in temperature,
precipitation and vegetation, which prevented fluvial and glacial systems from
establishing equilibrium states.

Penner, J. E. (2004). "Climate change: the cloud conundrum." Nature 432(7020): 962-3.

Penner, J. E., X. Dong, et al. (2004). "Observational evidence of a change in radiative
forcing due to the indirect aerosol effect." Nature 427(6971): 231-4.

Anthropogenic aerosols enhance cloud reflectivity by increasing the number
concentration of cloud droplets, leading to a cooling effect on climate known as
the indirect aerosol effect. Observational support for this effect is based mainly
on evidence that aerosol number concentrations are connected with droplet
concentrations, but it has been difficult to determine the impact of these indirect
effects on radiative forcing. Here we provide observational evidence for a
substantial alteration of radiative fluxes due to the indirect aerosol effect. We



examine the effect of aerosols on cloud optical properties using measurements of
aerosol and cloud properties at two North American sites that span polluted and
clean conditions-a continental site in Oklahoma with high aerosol concentrations,
and an Arctic site in Alaska with low aerosol concentrations. We determine the
cloud optical depth required to fit the observed shortwave downward surface
radiation. We then use a cloud parcel model to simulate the cloud optical depth
from observed aerosol properties due to the indirect aerosol effect. From the good
agreement between the simulated indirect aerosol effect and observed surface
radiation, we conclude that the indirect aerosol effect has a significant influence
on radiative fluxes.

Perakis, S. S. and L. O. Hedin (2002). "Nitrogen loss from unpolluted South American

forests mainly via dissolved organic compounds." Nature 415(6870): 416-9.
Conceptual and numerical models of nitrogen cycling in temperate forests assume
that nitrogen is lost from these ecosystems predominantly by way of inorganic
forms, such as nitrate and ammonium ions. Of these, nitrate is thought to be
particularly mobile, being responsible for nitrogen loss to deep soil and stream
waters. But human activities-such as fossil fuel combustion, fertilizer production
and land-use change-have substantially altered the nitrogen cycle over large
regions, making it difficult to separate natural aspects of nitrogen cycling from
those induced by human perturbations. Here we report stream chemistry data
from 100 unpolluted primary forests in temperate South America. Although the
sites exhibit a broad range of environmental factors that influence ecosystem
nutrient cycles (such as climate, parent material, time of ecosystem development,
topography and biotic diversity), we observed a remarkably consistent pattern of
nitrogen loss across all forests. In contrast to findings from forests in polluted
regions, streamwater nitrate concentrations are exceedingly low, such that nitrate
to ammonium ratios were less than unity, and dissolved organic nitrogen is
responsible for the majority of nitrogen losses from these forests. We therefore
suggest that organic nitrogen losses should be considered in models of forest
nutrient cycling, which could help to explain observations of nutrient limitation
in temperate forest ecosystems.

Percy, K. E., C. S. Awmack, et al. (2002). "Altered performance of forest pests under

atmospheres enriched by CO2 and O3." Nature 420(6914): 403-7.
Human activity causes increasing background concentrations of the greenhouse
gases CO2 and O3. Increased levels of CO2 can be found in all terrestrial
ecosystems. Damaging O3 concentrations currently occur over 29% of the world's
temperate and subpolar forests but are predicted to affect fully 60% by 2100 (ref.
3). Although individual effects of CO2 and O3 on vegetation have been widely
investigated, very little is known about their interaction, and long-term studies on
mature trees and higher trophic levels are extremely rare. Here we present
evidence from the most widely distributed North American tree species, Populus
tremuloides, showing that CO2 and O3, singly and in combination, affected
productivity, physical and chemical leaf defences and, because of changes in plant
quality, insect and disease populations. Our data show that feedbacks to plant
growth from changes induced by CO2 and O3 in plant quality and pest
performance are likely. Assessments of global change effects on forest
ecosystems must therefore consider the interacting effects of CO2 and O3 on
plant performance, as well as the implications of increased pest activity.
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Peterson, A. T., M. A. Ortega-Huerta, et al. (2002). "Future projections for Mexican

faunas under global climate change scenarios." Nature 416(6881): 626-9.
Global climates are changing rapidly, with unexpected consequences. Because
elements of biodiversity respond intimately to climate as an important driving
force of distributional limitation, distributional shifts and biodiversity losses are
expected. Nevertheless, in spite of modelling efforts focused on single species or
entire ecosystems, a few preliminary surveys of fauna-wide effects, and evidence
of climate change-mediated shifts in several species, the likely effects of climate
change on species' distributions remain little known, and fauna-wide or
community-level effects are almost completely unexplored. Here, using a genetic
algorithm and museum specimen occurrence data, we develop ecological niche
models for 1,870 species occurring in Mexico and project them onto two climate
surfaces modelled for 2055. Although extinctions and drastic range reductions are
predicted to be relatively few, species turnover in some local communities is
predicted to be high (>40% of species), suggesting that severe ecological
perturbations may result.

Pfeiffer, T. and M. A. Nowak (2006). "Climate change: all in the game." Nature
441(7093): 583-4.
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Phillips, O. L., R. Vasquez Martinez, et al. (2002). "Increasing dominance of large lianas

in Amazonian forests." Nature 418(6899): 770-4.
Ecological orthodoxy suggests that old-growth forests should be close to dynamic
equilibrium, but this view has been challenged by recent findings that neotropical
forests are accumulating carbon and biomass, possibly in response to the
increasing atmospheric concentrations of carbon dioxide. However, it is unclear
whether the recent increase in tree biomass has been accompanied by a shift in
community composition. Such changes could reduce or enhance the carbon
storage potential of old-growth forests in the long term. Here we show that non-
fragmented Amazon forests are experiencing a concerted increase in the density,
basal area and mean size of woody climbing plants (lianas). Over the last two
decades of the twentieth century the dominance of large lianas relative to trees
has increased by 1.7-4.6% a year. Lianas enhance tree mortality and suppress tree
growth, so their rapid increase implies that the tropical terrestrial carbon sink
may shut down sooner than current models suggest. Predictions of future tropical
carbon fluxes will need to account for the changing composition and dynamics of
supposedly undisturbed forests.

Picton, H. D. (1978). "Climate and reproduction of grizzly bears in Yellowstone National
Park." Nature 274(5674): 888-9.

Pielke, R. A., Jr. (2005). "Meteorology: are there trends in hurricane destruction?"



Nature 438(7071): E11; discussion E13.
Since the record impact of Hurricane Katrina, attention has focused on
understanding trends in hurricanes and their destructive potential. Emanuel
reports a marked increase in the potential destructiveness of hurricanes based on
identification of a trend in an accumulated annual index of power dissipation in
the North Atlantic and western North Pacific since the 1970s. If hurricanes are
indeed becoming more destructive over time, then this trend should manifest itself
in more destruction. However, my analysis of a long-term data set of hurricane
losses in the United States shows no upward trend once the data are normalized to
remove the effects of societal changes.
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Pienitz, R. and W. F. Vincent (2000). "Effect of climate change relative to ozone

depletion on UV exposure in subarctic lakes." Nature 404(6777): 484-7.
The effect of stratospheric ozone depletion on increases in ambient levels of
solar ultraviolet (UV) radiation in high-latitude regions' has raised concerns about
the response of northern ecosystems to environmental change. The
concentration of coloured dissolved organic material, which is derived from
terrestrial vegetation and acts as a screen for ultraviolet radiation, is low in high-
latitude lakes. The underwater light environment in these lakes is therefore likely
to be sensitive to small variations in the supply of this material, in addition to the
effects of ozone depletion. Here we use fossil diatom assemblages in combination
with bio-optical models to estimate the magnitude of past variations in the
underwater light regime of a lake at the boreal tree line. We find large shifts in
underwater UV-B, UV-A and photosynthetically available radiation associated
with changes in the input of coloured dissolved organic material into subarctic
lakes during the Holocene. The inferred changes in biological exposure to UV
radiation were at least two orders of magnitude greater than those associated with
moderate (30%) ozone depletion. Our findings indicate that freshwater
ecosystems at present located across vegetation gradients will experience
significant shifts in underwater spectral irradiance through the effects of climate
change on catchment vegetation and the export of coloured dissolved organic
material.
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underwater UV-B, UV-A and photosynthetically available radiation associated
with changes in the input of coloured dissolved organic material into subarctic
lakes during the Holocene. The inferred changes in biological exposure to UV
radiation were at least two orders of magnitude greater than those associated with
moderate (30%) ozone depletion. Our findings indicate that freshwater
ecosystems at present located across vegetation gradients will experience
significant shifts in underwater spectral irradiance through the effects of climate
change on catchment vegetation and the export of coloured dissolved organic
material.

Pierce, J. L., G. A. Meyer, et al. (2004). "Fire-induced erosion and millennial-scale

climate change in northern ponderosa pine forests." Nature 432(7013): 87-90.
Western US ponderosa pine forests have recently suffered extensive stand-
replacing fires followed by hillslope erosion and sedimentation. These fires are
usually attributed to increased stand density as a result of fire suppression, grazing
and other land use, and are often considered uncharacteristic or unprecedented.
Tree-ring records from the past 500 years indicate that before Euro-American
settlement, frequent, low-severity fires maintained open stands. However, the
pre-settlement period between about ad 1500 and ad 1900 was also generally
colder than present, raising the possibility that rapid twentieth-century warming
promoted recent catastrophic fires. Here we date fire-related sediment deposits in
alluvial fans in central Idaho to reconstruct Holocene fire history in xeric
ponderosa pine forests and examine links to climate. We find that colder periods
experienced frequent low-severity fires, probably fuelled by increased understory
growth. Warmer periods experienced severe droughts, stand-replacing fires and
large debris-flow events that comprise a large component of long-term erosion
and coincide with similar events in sub-alpine forests of Yellowstone National
Park. Our results suggest that given the powerful influence of climate, restoration
of processes typical of pre-settlement times may be difficult in a warmer future
that promotes severe fires.

Pierrehumbert, R. T. (2002). "The hydrologic cycle in deep-time climate problems."

Nature 419(6903): 191-8.
Hydrology refers to the whole panoply of effects the water molecule has on
climate and on the land surface during its journey there and back again between
ocean and atmosphere. On its way, it is cycled through vapour, cloud water, snow,
sea ice and glacier ice, as well as acting as a catalyst for silicate-carbonate
weathering reactions governing atmospheric carbon dioxide. Because carbon
dioxide affects the hydrologic cycle through temperature, climate is a pas des deux
between carbon dioxide and water, with important guest appearances by surface
ice cover.

Pierrehumbert, R. T. (2004). "High levels of atmospheric carbon dioxide necessary for

the termination of global glaciation." Nature 429(6992): 646-9.
The possibility that the Earth suffered episodes of global glaciation as recently as
the Neoproterozoic period, between about 900 and 543 million years ago, has
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long-term, high-frequency data from Mace Head, Ireland and Jungfraujoch,
Switzerland, to infer European methyl chloroform emissions. We find that
European emission estimates declined from about 60 gigagrams per year in the
mid-1990s to 0.3-1.4 and 1.9-3.4 gigagrams per year in 2000-03, based on Mace
Head and Jungfraujoch data, respectively. Our European methyl chloroform
emission estimates are therefore higher than calculated from consumption data,
but are considerably lower than those derived from the EXPORT campaign in
2000 (ref. 6).
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and long-term erosion rates across the Washington Cascades." Nature 426(6967): 645-7.
Past studies of tectonically active mountain ranges have suggested strong coupling
and feedbacks between climate, tectonics and topography. For example, rock




uplift generates topographic relief, thereby enhancing precipitation, which
focuses erosion and in turn influences rates and spatial patterns of further rock
uplift. Although theoretical links between climate, erosion and uplift have
received much attention, few studies have shown convincing correlations between
observable indices of these processes on mountain-range scales. Here we show that
strongly varying long-term (>10(6)-10(7) yr) erosion rates inferred from apatite
(U-Th)/He cooling ages across the Cascades mountains of Washington state
closely track modern mean annual precipitation rates. Erosion and precipitation
rates vary over an order of magnitude across the range with maxima of 0.33 mm
yr(-1) and 3.5 m yr(-1), respectively, with both maxima located 50 km west
(windward) of the topographic crest of the range. These data demonstrate a
strong coupling between precipitation and long-term erosion rates on the
mountain-range scale. If the range is currently in topographic steady state, rock
uplift on the west flank is three to ten times faster than elsewhere in the range,
possibly in response to climatically focused erosion.
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The best high-resolution records of climate over the past few hundred millennia
are derived from ice cores retrieved from Greenland and Antarctica. The
interpretation of these records relies on the assumption that the trace
constituents used as proxies for past climate have undergone only modest post-
depositional migration. Many of the constituents are soluble impurities found
principally in unfrozen liquid that separates the grain boundaries in ice sheets.
This phase behaviour, termed premelting, is characteristic of polycrystalline
material. Here we show that premelting influences compositional diffusion in a
manner that causes the advection of impurity anomalies towards warmer regions
while maintaining their spatial integrity. Notwithstanding chemical reactions that
might fix certain species against this prevailing transport, we find that-under
conditions that resemble those encountered in the Eemian interglacial ice of
central Greenland (from about 125,000 to 115,000 years ago)-impurity
fluctuations may be separated from ice of the same age by as much as 50 cm. This
distance is comparable to the ice thickness of the contested sudden cooling events
in Eemian ice from the GRIP core.

Retallack, G. J. (2001). "A 300-million-year record of atmospheric carbon dioxide from
fossil plant cuticles." Nature 411(6835): 287-90.

To understand better the link between atmospheric CO2 concentrations and
climate over geological time, records of past CO2 are reconstructed from
geochemical proxies. Although these records have provided us with a broad
picture of CO2 variation throughout the Phanerozoic eon (the past 544 Myr),
inconsistencies and gaps remain that still need to be resolved. Here I present a
continuous 300-Myr record of stomatal abundance from fossil leaves of four
genera of plants that are closely related to the present-day Ginkgo tree. Using the
known relationship between leaf stomatal abundance and growing season CO2
concentrations, I reconstruct past atmospheric CO2 concentrations. For the past
300 Myr, only two intervals of low CO2 (<1,000 p.p.m.v.) are inferred, both of
which coincide with known ice ages in Neogene (1-8 Myr) and early Permian
(275-290 Myr) times. But for most of the Mesozoic era (65-250 Myr), CO2
levels were high (1,000-2,000 p.p.m.v.), with transient excursions to even higher
CO2 (>2,000 p.p.m.v.) concentrations. These results are consistent with some



reconstructions of past CO2 (refs 1, 2) and palaeotemperature records, but suggest
that CO2 reconstructions based on carbon isotope proxies may be compromised
by episodic outbursts of isotopically light methane. These results support the role
of water vapour, methane and CO2 in greenhouse climate warming over the past
300 Myr.
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I question the claim by Tanner et al. that atmospheric CO2 levels remained
constant across the Triassic-Jurassic boundary on the grounds of problems with
stratigraphic completeness and contamination with atmospheric methane.
Because methanogenic CH4 has a light isotope composition and oxidizes readily
to CO2, methane-clathrate dissociation and oxidation events cannot be detected
by palaeobarometers that use the carbon-isotope composition of palaeosol
carbonate.
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Large seasonal and hemispheric asymmetries in the martian climate system are
generally ascribed to variations in solar heating associated with orbital
eccentricity. As the orbital elements slowly change (over a period of >104 years),
characteristics of the climate such as dustiness and the vigour of atmospheric
circulation are thought to vary, as should asymmetries in the climate (for
example, the deposition of water ice at the northern versus the southern pole).
Such orbitally driven climate change might be responsible for the observed
layering in Mars' polar deposits by modulating deposition of dust and water ice.
Most current theories assume that climate asymmetries completely reverse as the
angular distance between equinox and perihelion changes by 180 degrees. Here we



describe a major climate mechanism that will not precess in this way. We show
that Mars' global north-south elevation difference forces a dominant southern
summer Hadley circulation that is independent of perihelion timing. The Hadley
circulation, a tropical overturning cell responsible for trade winds, largely controls
interhemispheric transport of water and the bulk dustiness of the atmosphere.
The topography therefore imprints a strong handedness on climate, with water
ice and the active formation of polar layered deposits more likely in the north.
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wetlands as a large tropical source of atmospheric CO2." Nature 416(6881): 617-20.
Terrestrial ecosystems in the humid tropics play a potentially important but
presently ambiguous role in the global carbon cycle. Whereas global estimates of
atmospheric CO2 exchange indicate that the tropics are near equilibrium or are a
source with respect to carbon, ground-based estimates indicate that the amount of
carbon that is being absorbed by mature rainforests is similar to or greater than
that being released by tropical deforestation (about 1.6 Gt C yr-1). Estimates of
the magnitude of carbon sequestration are uncertain, however, depending on
whether they are derived from measurements of gas fluxes above forests or of
biomass accumulation in vegetation and soils. It is also possible that
methodological errors may overestimate rates of carbon uptake or that other loss
processes have yet to be identified. Here we demonstrate that outgassing (evasion)
of CO2 from rivers and wetlands of the central Amazon basin constitutes an
important carbon loss process, equal to 1.2 +/- 0.3 Mg C ha-1 yr-1. This carbon
probably originates from organic matter transported from upland and flooded
forests, which is then respired and outgassed downstream. Extrapolated across the
entire basin, this flux-at 0.5 Gt C yr-1-is an order of magnitude greater than
fluvial export of organic carbon to the ocean. From these findings, we suggest
that the overall carbon budget of rainforests, summed across terrestrial and aquatic
environments, appears closer to being in balance than would be inferred from
studies of uplands alone.
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France during the last interglacial period." Nature 413(6853): 293-6.
The last interglacial period (127-110 kyr ago) has been considered to be an
analogue to the present interglacial period, the Holocene, which may help us to
understand present climate evolution. But whereas Holocene climate has been
essentially stable in Europe, variability in climate during the last interglacial
period has remained unresolved, because climate reconstructions from ice cores,
continental records and marine sediment cores give conflicting results for this
period. Here we present a high-resolution multi-proxy lacustrine record of climate
change during the last interglacial period, based on oxygen isotopes in diatom
silica, diatom assemblages and pollen-climate transfer functions from the Ribains
maar in France. Contrary to a previous study, our data do not show a cold event
interrupting the warm interglacial climate. Instead, we find an early temperature
maximum with a transition to a colder climate about halfway through the
sequence. The end of the interglacial period is clearly marked by an abrupt change
in all proxy records. Our study confirms that in southwestern Europe the last
interglacial period was a time of climatic stability and is therefore still likely to
represent a useful analogue for the present climate.

Robert, F. and M. Chaussidon (2006). "A palacotemperature curve for the Precambrian
oceans based on silicon isotopes in cherts." Nature 443(7114): 969-72.
The terrestrial sediment record indicates that the Earth's climate varied drastically
in the Precambrian era (before 550 million years ago), ranging from surface




temperatures similar to or higher than today's to global glaciation events. The
most continuous record of sea surface temperatures of that time has been derived
from variations in oxygen isotope ratios of cherts (siliceous sediments), but the
long-term cooling of the oceans inferred from those data has been questioned
because the oxygen isotope signature could have been reset through the exchange
with hydrothermal fluids after deposition of the sediments. Here we show that the
silicon isotopic composition of cherts more than 550 million years old shows
systematic variations with age that support the earlier conclusion of long-term
ocean cooling and exclude post-depositional exchange as the main source of the
isotopic variations. In agreement with other lines of evidence, a model of the
silicon cycle in the Precambrian era shows that the observed silicon isotope
variations imply seawater temperature changes from about 70 degrees C 3,500
million years ago to about 20 degrees C 800 million years ago.

Roberts, M. B., C. B. Stringer, et al. (1994). "A hominid tibia from Middle Pleistocene

sediments at Boxgrove, UK." Nature 369(6478): 311-3.
Fossil hominids from the earlier Middle Pleistocene of Europe are very rare and
the Mauer mandible is generally accepted as the most ancient, with an estimated
age of 500 kyr. We report here on the discovery of a human tibia, in association
with stone tools, from calcareous silts at the Lower Palaeolithic site of Boxgrove,
West Sussex, UK (Fig. 1). The silt units are correlated by mammalian
biostratigraphy to an, as yet unnamed, major temperate stage or interglacial that
immediately pre-dates the Anglian cold stage. Accordingly, the temperate
sediments are equated with oxygen isotope stage 13 (ref. 6) and are therefore
roughly coeval with the Mauer mandible. The massive tibia is the oldest hominid
fragment from the British Isles and provides the first information about the
manufacturers of the early Acheulian industries of Europe. It is assigned to Homo
cf. heidelbergensis.
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Nature 406(6791): 13.
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of Heinrich event 4 through isotope modelling." Nature 432(7015): 379-82.
Heinrich events--abrupt climate cooling events due to ice-sheet instability that
occurred during the last glacial period--are recorded in sediment cores throughout
the North Atlantic Ocean. Modelling studies have described likely physical
mechanisms for these events, but the quantitative characteristics of Heinrich
events are less well known. Here we use a climate model of intermediate
complexity that explicitly calculates the distribution of oxygen isotopes in the
oceans to simulate Heinrich event 4 at about 40,000 yr ago. We compare an
ensemble of scenarios for this Heinrich event with oxygen isotope data measured
in foraminiferal calcite of a comprehensive set of sediment cores. From this
comparison, we obtain a duration of 250 +/- 150 yr and an ice release of 2 +/- 1 m
sea-level equivalent for Heinrich event 4, significantly reducing the uncertainties
in both values compared to earlier estimates of up to 2,000 yr and 15 m of sea-
level equivalent ice release, respectively. Our results indicate that the
consequences of Heinrich events may have been less severe than previously
assumed, at least with respect to Greenland climate and sea level.

Rohde, R. A. and R. A. Muller (2005). "Cycles in fossil diversity." Nature 434(7030):
208-10.
It is well known that the diversity of life appears to fluctuate during the course of
the Phanerozoic, the eon during which hard shells and skeletons left abundant
fossils (0-542 million years ago). Here we show, using Sepkoski's compendium of
the first and last stratigraphic appearances of 36,380 marine genera, a strong 62
+/- 3-million-year cycle, which is particularly evident in the shorter-lived genera.



The five great extinctions enumerated by Raup and Sepkoski may be an aspect of
this cycle. Because of the high statistical significance we also consider the
contributions of environmental factors, and possible causes.
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level changes from Antarctic and northern ice sheets." Nature 430(7003): 1016-21.
The period between 75,000 and 20,000 years ago was characterized by high
variability in climate and sea level. Southern Ocean records of ice-rafted debris
suggest a significant contribution to the sea level changes from melt water of
Antarctic origin, in addition to likely contributions from northern ice sheets, but
the relative volumes of melt water from northern and southern sources have yet
to be established. Here we simulate the first-order impact of a range of relative
meltwater releases from the two polar regions on the distribution of marine
oxygen isotopes, using an intermediate complexity model. By comparing our
simulations with oxygen isotope data from sediment cores, we infer that the
contributions from Antarctica and the northern ice sheets to the documented sea
level rises between 65,000 and 35,000 years ago were approximately equal, each
accounting for a rise of about 15 m. The reductions in Antarctic ice volume
implied by our analysis are comparable to that inferred previously for the
Antarctic contribution to meltwater pulse 1A (refs 16, 17), which occurred about
14,200 years ago, during the last deglaciation.
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event around 8,200 years ago." Nature 434(7036): 975-9.
The extent of climate variability during the current interglacial period, the
Holocene, is still debated. Temperature records derived from central Greenland ice
cores show one significant temperature anomaly between 8,200 and 8,100 years
ago, which is often attributed to a meltwater outflow into the North Atlantic
Ocean and a slowdown of North Atlantic Deep Water formation--this anomaly
provides an opportunity to study such processes with relevance to present-day
freshening of the North Atlantic. Anomalies in climate proxy records from
locations around the globe are often correlated with this sharp event in Greenland.
But the anomalies in many of these records span 400 to 600 years, start from
about 8,600 years ago and form part of a repeating pattern within the Holocene.
More sudden climate changes around 8,200 years ago appear superimposed on this
longer-term cooling. The compounded nature of the signals implies that far-field
climate anomalies around 8,200 years ago cannot be used in a straightforward
manner to assess the impact of a slowdown of North Atlantic Deep Water
formation, and the geographical extent of the rapid cooling event 8,200 years
ago remains to be determined.

Rohrer, F. and H. Berresheim (2006). "Strong correlation between levels of tropospheric

hydroxyl radicals and solar ultraviolet radiation." Nature 442(7099): 184-7.
The most important chemical cleaning agent of the atmosphere is the hydroxyl
radical, OH. It determines the oxidizing power of the atmosphere, and thereby
controls the removal of nearly all gaseous atmospheric pollutants. The
atmospheric supply of OH is limited, however, and could be overcome by
consumption due to increasing pollution and climate change, with detrimental
feedback effects. To date, the high variability of OH concentrations has
prevented the use of local observations to monitor possible trends in the
concentration of this species. Here we present and analyse long-term
measurements of atmospheric OH concentrations, which were taken between
1999 and 2003 at the Meteorological Observatory Hohenpeissenberg in southern
Germany. We find that the concentration of OH can be described by a surprisingly
linear dependence on solar ultraviolet radiation throughout the measurement
period, despite the fact that OH concentrations are influenced by thousands of
reactants. A detailed numerical model of atmospheric reactions and measured




trace gas concentrations indicates that the observed correlation results from
compensations between individual processes affecting OH, but that a full
understanding of these interactions may not be possible on the basis of our current
knowledge of atmospheric chemistry. As a consequence of the stable relationship
between OH concentrations and ultraviolet radiation that we observe, we infer
that there is no long-term trend in the level of OH in the Hohenpeissenberg data
set.
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latitude Chile as reconstructed from tree rings." Nature 410(6828): 567-70.
High-resolution proxies of past climate are essential for a better understanding of
the climate system. Tree rings are routinely used to reconstruct Holocene climate
variations at high temporal resolution, but only rarely have they offered insight
into climate variability during earlier periods. Fitzroya cupressoides-a South
American conifer which attains ages up to 3,600 years-has been shown to record
summer temperatures in northern Patagonia during the past few millennia. Here
we report a floating 1,229-year chronology developed from subfossil stumps of F.
cupressoides in southern Chile that dates back to approximately 50,000 14C years
before present. We use this chronology to calculate the spectral characteristics of
climate variability in this time, which was probably an interstadial (relatively
warm) period. Growth oscillations at periods of 150-250, 87-94, 45.5, 24.1, 17.8,
9.3 and 2.7-5.3 years are identified in the annual subfossil record. A comparison
with the power spectra of chronologies derived from living F. cupressoides trees
shows strong similarities with the 50,000-year-old chronology, indicating that
similar growth forcing factors operated in this glacial interstadial phase as in the
current interglacial conditions.

Root, T. L., J. T. Price, et al. (2003). "Fingerprints of global warming on wild animals
and plants." Nature 421(6918): 57-60.
Over the past 100 years, the global average temperature has increased by
approximately 0.6 degrees C and is projected to continue to rise at a rapid rate.
Although species have responded to climatic changes throughout their
evolutionary history, a primary concern for wild species and their ecosystems is




this rapid rate of change. We gathered information on species and global warming
from 143 studies for our meta-analyses. These analyses reveal a consistent
temperature-related shift, or 'fingerprint', in species ranging from molluscs to
mammals and from grasses to trees. Indeed, more than 80% of the species that
show changes are shifting in the direction expected on the basis of known
physiological constraints of species. Consequently, the balance of evidence from
these studies strongly suggests that a significant impact of global warming is
already discernible in animal and plant populations. The synergism of rapid
temperature rise and other stresses, in particular habitat destruction, could easily
disrupt the connectedness among species and lead to a reformulation of species
communities, reflecting differential changes in species, and to numerous
extirpations and possibly extinctions.
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temperature rise and other stresses, in particular habitat destruction, could easily
disrupt the connectedness among species and lead to a reformulation of species
communities, reflecting differential changes in species, and to numerous
extirpations and possibly extinctions.

Rosenfeld, D. and W. L. Woodley (2000). "Deep convective clouds with sustained

supercooled liquid water down to -37.5 degrees C." Nature 405(6785): 440-2.
In cirrus and orographic wave clouds, highly supercooled water has been observed
in small quantities (less than 0.15 g m(-3)). This high degree of supercooling was
attributed to the small droplet size and the lack of ice nuclei at the heights of
these clouds. For deep convective clouds, which have much larger droplets near
their tops and which take in aerosols from near the ground, no such measurements
have hitherto been reported. However, satellite data suggest that highly
supercooled water (down to -38 degrees C) frequently occurs in vigorous
continental convective storms. Here we report in situ measurements in deep
convective clouds from an aircraft, showing that most of the condensed water
remains liquid down to -37.5 degrees C. The droplets reach a median volume
diameter of 17 microm and amount to 1.8 gm(-3), one order of magnitude more
than previously reported. At slightly colder temperatures only ice was found,
suggesting homogeneous freezing. Because of the poor knowledge of mixed-phase
cloud processes, the simulation of clouds using numerical models is difficult at
present. Our observations will help to understand these cloud processes, such as
rainfall, hail, and cloud electrification, together with their implications for the
climate system.

Rosenstiel, T. N., M. J. Potosnak, et al. (2003). "Increased CO2 uncouples growth from
isoprene emission in an agriforest ecosystem.”" Nature 421(6920): 256-9.
The emission of isoprene from the leaves of forest trees is a fundamental
component of biosphere-atmosphere interactions, controlling many aspects of
photochemistry in the lower atmosphere. As almost all commercial agriforest




species emit high levels of isoprene, proliferation of agriforest plantations has
significant potential to increase regional ozone pollution and enhance the lifetime
of methane, an important determinant of global climate. Here we show that
growth of an intact Populus deltoides plantation under increased CO2 (800
micromol x mol(-1) and 1,200 micromol x mol(-1)) reduced ecosystem isoprene
production by 21% and 41%, while above-ground biomass accumulation was
enhanced by 60% and 82%, respectively. Exposure to increased CO2 significantly
reduced the cellular content of dimethylallyl diphosphate, the substrate for
isoprene synthesis, in both leaves and leaf protoplasts. We identify intracellular
metabolic competition for phosphoenolpyruvate as a possible control point in
explaining the suppression of isoprene emission under increased CO2. Our results
highlight the potential for uncoupling isoprene emission from biomass
accumulation in an agriforest species, and show that negative air-quality effects of
proliferating agriforests may be offset by increases in CO2.

Rowan, R. (2004). "Coral bleaching: thermal adaptation in reef coral symbionts." Nature

430(7001): 742.
Many corals bleach as a result of increased seawater temperature, which causes
them to lose their vital symbiotic algae (Symbiodinium spp.) - unless these
symbioses are able to adapt to global warming, bleaching threatens coral reefs
worldwide. Here I show that some corals have adapted to higher temperatures, at
least in part, by hosting specifically adapted Symbiodinium. If other coral species
can host these or similar Symbiodinium taxa, they might adapt to warmer habitats
relatively easily.

Royer, D. L., C. P. Osborne, et al. (2003). "Carbon loss by deciduous trees in a CO2-rich

ancient polar environment." Nature 424(6944): 60-2.
Fossils demonstrate that deciduous forests covered the polar regions for much of
the past 250 million years when the climate was warm and atmospheric CO2 high.
But the evolutionary significance of their deciduous character has remained a
matter of conjecture for almost a century. The leading hypothesis argues that it
was an adaptation to photoperiod, allowing the avoidance of carbon losses by
respiration from a canopy of leaves unable to photosynthesize in the darkness of
warm polar winters. Here we test this proposal with experiments using 'living
fossil' tree species grown in a simulated polar climate with and without CO2
enrichment. We show that the quantity of carbon lost annually by shedding a
deciduous canopy is significantly greater than that lost by evergreen trees through
wintertime respiration and leaf litter production, irrespective of growth CO2
concentration. Scaling up our experimental observations indicates that the greater
expense of being deciduous persists in mature forests, even up to latitudes of 83
degrees N, where the duration of the polar winter exceeds five months. We
therefore reject the carbon-loss hypothesis as an explanation for the deciduous
nature of polar forests.

Rustad, L. (2001). "Global change. Matter of time on the prairie." Nature 413(6856):
578-9.
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Rutberg, R. L., S. R. Hemming, et al. (2000). "Reduced North Atlantic Deep Water flux
to the glacial Southern Ocean inferred from neodymium isotope ratios." Nature
405(6789): 935-8.
The global circulation of the oceans and the atmosphere transports heat around
the Earth. Broecker and Denton suggested that changes in the global ocean
circulation might have triggered or enhanced the glacial-interglacial cycles. But
proxy data for past circulation taken from sediment cores in the South Atlantic



Ocean have yielded conflicting interpretations of ocean circulation in glacial
times--deltal 3C variations in benthic foraminifera support the idea of a glacial
weakening or shutdown of North Atlantic Deep Water production, whereas other
proxies, such as Cd/Ca, Ba/Ca and 231Pa/230Th ratios, show little change from
the Last Glacial Maximum to the Holocene epoch. Here we report neodymium
isotope ratios from the dispersed Fe-Mn oxide component of two southeast
Atlantic sediment cores. Both cores show variations that tend towards North
Atlantic signatures during the warm marine isotope stages 1 and 3, whereas for the
full glacial stages 2 and 4 they are closer to Pacific Ocean signatures. We conclude
that the export of North Atlantic Deep Water to the Southern Ocean has
resembled present-day conditions during the warm climate intervals, but was
reduced during the cold stages. An increase in biological productivity may explain
the various proxy data during the times of reduced North Atlantic Deep Water
export.

Rutherford, S. and S. D'Hondt (2000). "Early onset and tropical forcing of 100,000-year

Pleistocene glacial cycles." Nature 408(6808): 72-5.
Between 1.5 and 0.6 Myr ago, the period of the Earth's glacial cycles changed
from 41 kyr, the period of the Earth's obliquity cycles, to 100 kyr, the period of
the Earth's orbital eccentricity, which has a much smaller effect on global
insolation. The timing of this transition and its causes pose one of the most
perplexing problems in palaecoclimate research. Here we use complex
demodulation to examine the phase evolution of precession and semiprecession
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The composition of the Earth's early atmosphere is a subject of continuing
debate. In particular, it has been suggested that elevated concentrations of
atmospheric carbon dioxide would have been necessary to maintain normal
surface temperatures in the face of lower solar luminosity in early Earth history.
Fossil weathering profiles, known as palacosols, have provided semi-quantitative
constraints on atmospheric oxygen partial pressure (pO2) before 2.2 Gyr ago.
Here we use the same well studied palaeosols to constrain atmospheric pCO2
between 2.75 and 2.2 Gyr ago. The observation that iron lost from the tops of
these profiles was reprecipitated lower down as iron silicate minerals, rather than
as iron carbonate, indicates that atmospheric pCO2 must have been less than 10(-
1.4) atm--about 100 times today's level of 360 p.p.m., and at least five times
lower than that required in one-dimensional climate models to compensate for
lower solar luminosity at 2.75 Gyr. Our results suggest that either the Earth's early
climate was much more sensitive to increases in pCO2 than has been thought, or
that one or more greenhouse gases other than CO2 contributed significantly to
the atmosphere's radiative balance during the late Archaean and early Proterozoic
eons.
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For the tropical Pacific and Atlantic oceans, internal modes of variability that
lead to climatic oscillations have been recognized, but in the Indian Ocean region
a similar ocean-atmosphere interaction causing interannual climate variability has
not yet been found. Here we report an analysis of observational data over the past
40 years, showing a dipole mode in the Indian Ocean: a pattern of internal
variability with anomalously low sea surface temperatures off Sumatra and high
sea surface temperatures in the western Indian Ocean, with accompanying wind
and precipitation anomalies. The spatio-temporal links between sea surface
temperatures and winds reveal a strong coupling through the precipitation field
and ocean dynamics. This air-sea interaction process is unique and inherent in the
Indian Ocean, and is shown to be independent of the El Nino/Southern
Oscillation. The discovery of this dipole mode that accounts for about 12% of the




sea surface temperature variability in the Indian Ocean-and, in its active years,
also causes severe rainfall in eastern Africa and droughts in Indonesia-brightens
the prospects for a long-term forecast of rainfall anomalies in the affected
countries.
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Savannas are globally important ecosystems of great significance to human
economies. In these biomes, which are characterized by the co-dominance of trees
and grasses, woody cover is a chief determinant of ecosystem properties. The
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herbivory) are thought to be important in regulating woody cover, but
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Here we show, using data from 854 sites across Africa, that maximum woody
cover in savannas receiving a mean annual precipitation (MAP) of less than
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The Redfield ratio of 106 carbon:16 nitrogen:1 phosphorus in marine
phytoplankton is one of the foundations of ocean biogeochemistry, with
applications in algal physiology, palaeoclimatology and global climate change.
However, this ratio varies substantially in response to changes in algal nutrient
status and taxonomic affiliation. Here we report that Redfield ratios are also
strongly affected by partitioning into surface-adsorbed and intracellular
phosphorus pools. The C:N:surface-adsorbed P (80-105 C:15-18 N:1 P) and total



(71-80 C:13-14 N:1 P) ratios in natural populations and cultures of
Trichodesmium were close to Redfield values and not significantly different from
each other. In contrast, intracellular ratios consistently exceeded the Redfield
ratio (316-434 C:59-83 N:1 intracellular P). These high intracellular ratios were
associated with reduced N2 fixation rates, suggestive of phosphorus deficiency.
Other algal species also have substantial surface-adsorbed phosphorus pools,
suggesting that our Trichodesmium results are generally applicable to all
phytoplankton. Measurements of the distinct phytoplankton phosphorus pools
may be required to assess nutrient limitation accurately from elemental
composition. Deviations from Redfield stoichiometry may be attributable to
surface adsorption of phosphorus rather than to biological processes, and this
scavenging could affect the interpretation of marine nutrient inventories and
ecosystem models.
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The ocean's biological pump strips nutrients out of the surface waters and exports
them into the thermocline and deep waters. If there were no return path of
nutrients from deep waters, the biological pump would eventually deplete the
surface waters and thermocline of nutrients; surface biological productivity would
plummet. Here we make use of the combined distributions of silicic acid and
nitrate to trace the main nutrient return path from deep waters by upwelling in
the Southern Ocean and subsequent entrainment into subantarctic mode water. We
show that the subantarctic mode water, which spreads throughout the entire
Southern Hemisphere and North Atlantic Ocean, is the main source of nutrients
for the thermocline. We also find that an additional return path exists in the
northwest corner of the Pacific Ocean, where enhanced vertical mixing, perhaps
driven by tides, brings abyssal nutrients to the surface and supplies them to the
thermocline of the North Pacific. Our analysis has important implications for our
understanding of large-scale controls on the nature and magnitude of low-latitude
biological productivity and its sensitivity to climate change.
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width of the distribution are often considered small. Here we show that this
framework fails to explain the record-breaking central European summer
temperatures in 2003, although it is consistent with observations from previous
years. We find that an event like that of summer 2003 is statistically extremely
unlikely, even when the observed warming is taken into account. We propose that
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mean temperature) may be able to account for summer 2003. To test this
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model in a scenario with increased atmospheric greenhouse-gas concentrations,
and find that temperature variability increases by up to 100%, with maximum
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forests and arid lands have shown that smooth change can be interrupted by
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switch to an alternative state. This suggests that strategies for sustainable
management of such ecosystems should focus on maintaining resilience.
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and low atmospheric CO2 concentrations--have been attributed to marked
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aridity, temperature and CO2 concentration are not well understood. Here, we
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in central Africa. We conclude that changes in ocean circulation, and hence sea
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absorbing about half of the carbon dioxide that is emitted by fossil-fuel
combustion. This carbon uptake is therefore limiting the extent of atmospheric
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1990s. This recent sink can be largely attributed to northern extratropical areas,
and is roughly split between North America and Eurasia. Tropical land areas,
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Chemical analyses of the pore waters from hundreds of deep ocean sediment cores
have over decades provided evidence for ongoing processes that require biological
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triggering the emission of methane, with consequences for the marine carbon
cycle and even the global climate. Despite the fact that only about 1% of the
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on Earth. This estimation has been calculated from numerous microscopic cell
counts in sediment cores of the Ocean Drilling Program. Because these counts
cannot differentiate between dead and alive cells, the population size of living
microorganisms is unknown. Here, using ribosomal RNA as a target for the
technique known as catalysed reporter deposition-fluorescence in situ
hybridization (CARD-FISH), we provide direct quantification of live cells as
defined by the presence of ribosomes. We show that a large fraction of the sub-
seafloor prokaryotes is alive, even in very old (16 million yr) and deep (> 400 m)
sediments. All detectable living cells belong to the Bacteria and have turnover
times of 0.25-22 yr, comparable to surface sediments.
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associated with large and abrupt climatic changes in the North Atlantic region
during the last glacial period. Projections with climate models suggest that similar
reorganizations may also occur in response to anthropogenic global warming.
Here I use ensemble simulations with a coupled climate-ecosystem model of
intermediate complexity to investigate the possible consequences of such
disturbances to the marine ecosystem. In the simulations, a disruption of the
Atlantic meridional overturning circulation leads to a collapse of the North
Atlantic plankton stocks to less than half of their initial biomass, owing to rapid
shoaling of winter mixed layers and their associated separation from the deep
ocean nutrient reservoir. Globally integrated export production declines by more
than 20 per cent owing to reduced upwelling of nutrient-rich deep water and
gradual depletion of upper ocean nutrient concentrations. These model results are
consistent with the available high-resolution palacorecord, and suggest that global
ocean productivity is sensitive to changes in the Atlantic meridional overturning
circulation.
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constant surface age. Furthermore, the ages of glacial deep-water reservoirs were
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Sikes, E. L., C. R. Samson, et al. (2000). "Old radiocarbon ages in the southwest Pacific
Ocean during the last glacial period and deglaciation." Nature 405(6786): 555-9.
Marine radiocarbon (14C) dates are widely used for dating oceanic events and as




tracers of ocean circulation, essential components for understanding ocean-
climate interactions. Past ocean ventilation rates have been determined by the
difference between radiocarbon ages of deep-water and surface-water reservoirs,
but the apparent age of surface waters (currently approximately 400 years in the
tropics and approximately 1,200 years in Antarctic waters) might not be constant
through time, as has been assumed in radiocarbon chronologies and palaeoclimate
studies. Here we present independent estimates of surface-water and deep-water
reservoir ages in the New Zealand region since the last glacial period, using
volcanic ejecta (tephras) deposited in both marine and terrestrial sediments as
stratigraphic markers. Compared to present-day values, surface-reservoir ages
from 11,900 14C years ago were twice as large (800 years) and during glacial
times were five times as large (2,000 years), contradicting the assumption of
constant surface age. Furthermore, the ages of glacial deep-water reservoirs were
much older (3,000-5,000 years). The increase in surface-to-deep water age
differences in the glacial Southern Ocean suggests that there was decreased ocean
ventilation during this period.

Simonite, T. (2005). "Seals net data from cold seas." Nature 438(7067): 402-3.

Sirocko, F. (2003). "Ups and downs in the Red Sea." Nature 423(6942): 813-4.

Sirocko, F., K. Seelos, et al. (2005). "A late Eemian aridity pulse in central Europe during

the last glacial inception." Nature 436(7052): 833-6.
Investigating the processes that led to the end of the last interglacial period is
relevant for understanding how our ongoing interglacial will end, which has been a
matter of much debate (see, for example, refs 1, 2). A recent ice core from
Greenland demonstrates climate cooling from 122,000 years ago driven by
orbitally controlled insolation, with glacial inception at 118,000 years ago. Here
we present an annually resolved, layer-counted record of varve thickness, quartz
grain size and pollen assemblages from a maar lake in the Eifel (Germany), which
documents a late Eemian aridity pulse lasting 468 years with dust storms, aridity,
bushfire and a decline of thermophilous trees at the time of glacial inception. We
interpret the decrease in both precipitation and temperature as an indication of a
close link of this extreme climate event to a sudden southward shift of the
position of the North Atlantic drift, the ocean current that brings warm surface
waters to the northern European region. The late Eemian aridity pulse occurred at
a 65 degrees N July insolation of 416 W m(-2), close to today's value of 428 W
m(-2) (ref. 9), and may therefore be relevant for the interpretation of present-
day climate variability.

Sleep, N. H. (2004). "Palacoclimatology: Archaean palacosols and Archaean air." Nature

432(7016): 2 p following 460; discussion following 460.
Ferrous carbonate, as the mineral siderite, occurs in Archaean palaeosols (ancient
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Natural gas hydrates are solid, non-stoichiometric compounds of small gas
molecules and water. They form when the constituents come into contact at low
temperature and high pressure. The physical properties of these compounds, most




notably that they are non-flowing crystalline solids that are denser than typical
fluid hydrocarbons and that the gas molecules they contain are effectively
compressed, give rise to numerous applications in the broad areas of energy and
climate effects. In particular, they have an important bearing on flow assurance
and safety issues in oil and gas pipelines, they offer a largely unexploited means of
energy recovery and transportation, and they could play a significant role in past
and future climate change.
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Reconstructions of early Eocene climate depict a world in which the polar
environments support mammals and reptiles, deciduous forests, warm oceans and
rare frost conditions. At the same time, tropical sea surface temperatures are
interpreted to have been the same as or slightly cooler than present values. The
question of how to warm polar regions of Earth without noticeably warming the
tropics remains unresolved; increased amounts of greenhouse gases would be
expected to warm all latitudes equally. Oceanic heat transport has been postulated
as a mechanism for heating high latitudes, but it is difficult to explain the
dynamics that would achieve this. Here we consider estimates of Eocene wetland
areas and suggest that the flux of methane, an important greenhouse gas, may
have been substantially greater during the Eocene than at present. Elevated
methane concentrations would have enhanced early Eocene global warming, and
also might specifically have prevented severe winter cooling of polar regions
because of the potential of atmospheric methane to promote the formation of
optically thick, polar stratospheric ice clouds.
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Palacocene/Eocene thermal maximum." Nature 441(7093): 610-3.
The Palaeocene/Eocene thermal maximum, approximately 55 million years ago,
was a brief period of widespread, extreme climatic warming, that was associated
with massive atmospheric greenhouse gas input. Although aspects of the resulting
environmental changes are well documented at low latitudes, no data were
available to quantify simultaneous changes in the Arctic region. Here we identify
the Palaecocene/Eocene thermal maximum in a marine sedimentary sequence
obtained during the Arctic Coring Expedition. We show that sea surface
temperatures near the North Pole increased from 18 degrees C to over 23 degrees
C during this event. Such warm values imply the absence of ice and thus exclude
the influence of ice-albedo feedbacks on this Arctic warming. At the same time,
sea level rose while anoxic and euxinic conditions developed in the ocean's
bottom waters and photic zone, respectively. Increasing temperature and sea level
match expectations based on palaeoclimate model simulations, but the absolute
polar temperatures that we derive before, during and after the event are more
than 10 degrees C warmer than those model-predicted. This suggests that higher-
than-modern greenhouse gas concentrations must have operated in conjunction
with other feedback mechanisms--perhaps polar stratospheric clouds or hurricane-
induced ocean mixing--to amplify early Palacogene polar temperatures.
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Polar organisms have adapted their seasonal cycles to the dynamic interface
between ice and water. This interface ranges from the micrometre-sized brine
channels within sea ice to the planetary-scale advance and retreat of sea ice. Polar
marine ecosystems are particularly sensitive to climate change because small
temperature differences can have large effects on the extent and thickness of sea
ice. Little is known about the interactions between large, long-lived organisms and
their planktonic food supply. Disentangling the effects of human exploitation of
upper trophic levels from basin-wide, decade-scale climate cycles to identify long-
term, global trends is a daunting challenge facing polar bio-oceanography.
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The most conspicuous feature of the record of past climate contained in polar ice
is the rapid warming which occurs after long intervals of gradual cooling. During
the last four transitions from glacial to interglacial conditions, over which such
abrupt warmings occur, ice records indicate that the CO2 concentration of the
atmosphere increased by roughly 80 to 100 parts per million by volume. But the
causes of the atmospheric CO2 concentration increases are unclear. Here we
present the stable-carbon-isotope composition (delta 13 CO2) of CO2 extracted
from air trapped in ice at Taylor Dome, Antarctica, from the Last Glacial
Maximum to the onset of Holocene times. The global carbon cycle is shown to



have operated in two distinct primary modes on the timescale of thousands of
years, one when climate was changing relatively slowly and another when
warming was rapid, each with a characteristic average stable-carbon-isotope
composition of the net CO2 exchanged by the atmosphere with the land and
oceans. delta 13 CO2 increased between 16.5 and 9 thousand years ago by slightly
more than would be estimated to be caused by the physical effects of a 5 degrees C
rise in global average sea surface temperature driving a CO2 efflux from the
ocean, but our data do not allow specific causes to be constrained.
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invasive species success in an arid ecosystem." Nature 408(6808): 79-82.
Arid ecosystems, which occupy about 20% of the earth's terrestrial surface area,
have been predicted to be one of the most responsive ecosystem types to elevated
atmospheric CO2 and associated global climate change. Here we show, using free-
air CO2 enrichment (FACE) technology in an intact Mojave Desert ecosystem,
that new shoot production of a dominant perennial shrub is doubled by a 50%
increase in atmospheric CO2 concentration in a high rainfall year. However,
elevated CO2 does not enhance production in a drought year. We also found that
above-ground production and seed rain of an invasive annual grass increases more
at elevated CO2 than in several species of native annuals. Consequently, elevated
CO2 might enhance the long-term success and dominance of exotic annual grasses
in the region. This shift in species composition in favour of exotic annual grasses,
driven by global change, has the potential to accelerate the fire cycle, reduce
biodiversity and alter ecosystem function in the deserts of western North
America.
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solar activity during the past 70 years is exceptional, and the previous period of
equally high activity occurred more than 8,000 years ago. We find that during the
past 11,400 years the Sun spent only of the order of 10% of the time at a
similarly high level of magnetic activity and almost all of the earlier high-activity
periods were shorter than the present episode. Although the rarity of the current
episode of high average sunspot numbers may indicate that the Sun has
contributed to the unusual climate change during the twentieth century, we point
out that solar variability is unlikely to have been the dominant cause of the strong
warming during the past three decades.
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influences on climate--for example, increasing concentrations of greenhouse gases
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(confidence level >90%) that human influence has at least doubled the risk of a
heatwave exceeding this threshold magnitude.
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epoch about 55 million years ago. Negative carbon- and oxygen-isotope
excursions in marine and terrestrial sediments show that this event was linked to a
massive and rapid (approximately 10,000 yr) input of isotopically depleted
carbon. It has been suggested previously that extensive melting of gas hydrates
buried in marine sediments may represent the carbon source and has caused the
global climate change. Large-scale hydrate melting, however, requires a hitherto
unknown triggering mechanism. Here we present evidence for the presence of
thousands of hydrothermal vent complexes identified on seismic reflection
profiles from the Voring and More basins in the Norwegian Sea. We propose that
intrusion of voluminous mantle-derived melts in carbon-rich sedimentary strata in
the northeast Atlantic may have caused an explosive release of methane--
transported to the ocean or atmosphere through the vent complexes--close to the
Palacocene/Eocene boundary. Similar volcanic and metamorphic processes may
explain climate events associated with other large igneous provinces such as the
Siberian Traps (approximately 250 million years ago) and the Karoo Igneous
Province (approximately 183 million years ago).
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mantle was present during most of the Amazonian, suggesting generally higher
obliquity and insolation conditions at the poles than at present. Brighter polar
layered deposits rest unconformably on the dark layers and formed mainly during
lower obliquity over the past 4-5 Myr (ref. 20). Finally, the uppermost layers
post-date the latest downtrend in obliquity <20,000 years ago.

Taylor, A. H., J. I. Allen, et al. (2002). "Extraction of a weak climatic signal by an

ecosystem." Nature 416(6881): 629-32.
The complexity of ecosystems can cause subtle and chaotic responses to changes
in external forcing. Although ecosystems may not normally behave chaotically,
sensitivity to external influences associated with nonlinearity can lead to
amplification of climatic signals. Strong correlations between an El Nino index
and rainfall and maize yield in Zimbabwe have been demonstrated; the correlation
with maize yield was stronger than that with rainfall. A second example is the
100,000-year ice-age cycle, which may arise from a weak cycle in radiation
through its influence on the concentration of atmospheric CO2 (ref. 5). Such
integration of a weak climatic signal has yet to be demonstrated in a realistic
theoretical system. Here we use a particular climatic phenomenon-the observed
association between plankton populations around the UK and the position of the
Gulf Stream-as a probe to demonstrate how a detailed marine ecosystem model
extracts a weak signal that is spread across different meteorological variables.
Biological systems may therefore respond to climatic signals other than those
that dominate the driving variables.
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composition and function across Amazonia." Nature 443(7110): 444-7.
The world's greatest terrestrial stores of biodiversity and carbon are found in the
forests of northern South America, where large-scale biogeographic patterns and
processes have recently begun to be described. Seven of the nine countries with
territory in the Amazon basin and the Guiana shield have carried out large-scale
forest inventories, but such massive data sets have been little exploited by tropical
plant ecologists. Although forest inventories often lack the species-level
identifications favoured by tropical plant ecologists, their consistency of
measurement and vast spatial coverage make them ideally suited for numerical
analyses at large scales, and a valuable resource to describe the still poorly
understood spatial variation of biomass, diversity, community composition and
forest functioning across the South American tropics. Here we show, by using the
seven forest inventories complemented with trait and inventory data collected
elsewhere, two dominant gradients in tree composition and function across the
Amazon, one paralleling a major gradient in soil fertility and the other paralleling
a gradient in dry season length. The data set also indicates that the dominance of
Fabaceae in the Guiana shield is not necessarily the result of root adaptations to
poor soils (nodulation or ectomycorrhizal associations) but perhaps also the result
of their remarkably high seed mass there as a potential adaptation to low rates of
disturbance.
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Tett, S. and P. Thorne (2004). "Atmospheric science: tropospheric temperature series

from satellites." Nature 432(7017): 1 p following 572; discussion following 572.
There has been considerable debate about changes in the temperature of the
troposphere measured using the Microwave Sounding Unit (MSU) instrument or
radiosondes. Fu et al. linearly combine time series from two MSU channels to
estimate vertically integrated 850-300-hPa temperatures and claim consistency
between surface and free-troposphere warming for one MSU record. We believe
that their approach overfits the data, produces trends that overestimate warming
and gives overly optimistic uncertainty estimates. There still remain large
differences between observed tropospheric temperature trends and those simulated
by a climate model.

Thomas, C. (2004). "Malaria: a changed climate in Africa?" Nature 427(6976): 690-1.

Thomas, C. D., E. J. Bodsworth, et al. (2001). "Ecological and evolutionary processes at

expanding range margins." Nature 411(6837): 577-81.
Many animals are regarded as relatively sedentary and specialized in marginal
parts of their geographical distributions. They are expected to be slow at
colonizing new habitats. Despite this, the cool margins of many species'
distributions have expanded rapidly in association with recent climate warming.
We examined four insect species that have expanded their geographical ranges in
Britain over the past 20 years. Here we report that two butterfly species have
increased the variety of habitat types that they can colonize, and that two bush
cricket species show increased fractions of longer-winged (dispersive) individuals
in recently founded populations. Both ecological and evolutionary processes are
probably responsible for these changes. Increased habitat breadth and dispersal
tendencies have resulted in about 3- to 15-fold increases in expansion rates,
allowing these insects to cross habitat disjunctions that would have represented
major or complete barriers to dispersal before the expansions started. The
emergence of dispersive phenotypes will increase the speed at which species




invade new environments, and probably underlies the responses of many species
to both past and future climate change.

Thomas, C. D., A. Cameron, et al. (2004). "Extinction risk from climate change." Nature

427(6970): 145-8.
Climate change over the past approximately 30 years has produced numerous
shifts in the distributions and abundances of species and has been implicated in one
species-level extinction. Using projections of species' distributions for future
climate scenarios, we assess extinction risks for sample regions that cover some
20% of the Earth's terrestrial surface. Exploring three approaches in which the
estimated probability of extinction shows a power-law relationship with
geographical range size, we predict, on the basis of mid-range climate-warming
scenarios for 2050, that 15-37% of species in our sample of regions and taxa will
be 'committed to extinction'. When the average of the three methods and two
dispersal scenarios is taken, minimal climate-warming scenarios produce lower
projections of species committed to extinction ( approximately 18%) than mid-
range ( approximately 24%) and maximum-change ( approximately 35%)
scenarios. These estimates show the importance of rapid implementation of
technologies to decrease greenhouse gas emissions and strategies for carbon
sequestration.
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Thomas, D. J. (2004). "Evidence for deep-water production in the North Pacific Ocean

during the early Cenozoic warm interval." Nature 430(6995): 65-8.
The deep-ocean circulation is responsible for a significant component of global
heat transport. In the present mode of circulation, deep waters form in the North
Atlantic and Southern oceans where surface water becomes sufficiently cold and
dense to sink. Polar temperatures during the warmest climatic interval of the
Cenozoic era (approximately 65 to 40 million years (Myr) ago) were significantly
warmer than today, and this may have been a consequence of enhanced oceanic
heat transport. However, understanding the relationship between deep-ocean
circulation and ancient climate is complicated by differences in oceanic gateways,
which affect where deep waters form and how they circulate. Here I report records
of neodymium isotopes from two cores in the Pacific Ocean that indicate a shift
in deep-water production from the Southern Ocean to the North Pacific
approximately 65 Myr ago. The source of deep waters reverted back to the
Southern Ocean 40 Myr ago. The relative timing of changes in the neodymium
and oxygen isotope records indicates that changes in Cenozoic deep-water
circulation patterns were the consequence, not the cause, of extreme Cenozoic
warmth.
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Thomas, D. S., M. Knight, et al. (2005). "Remobilization of southern African desert dune

systems by twenty-first century global warming." Nature 435(7046): 1218-21.
Although desert dunes cover 5 per cent of the global land surface and 30 per cent
of Africa, the potential impacts of twenty-first century global warming on desert
dune systems are not well understood. The inactive Sahel and southern African
dune systems, which developed in multiple arid phases since the last interglacial
period, are used today by pastoral and agricultural systems that could be disrupted
if climate change alters twenty-first century dune dynamics. Empirical data and
model simulations have established that the interplay between dune surface
erodibility (determined by vegetation cover and moisture availability) and
atmospheric erosivity (determined by wind energy) is critical for dunefield
dynamics. This relationship between erodibility and erosivity is susceptible to
climate-change impacts. Here we use simulations with three global climate models
and a range of emission scenarios to assess the potential future activity of three
Kalahari dunefields. We determine monthly values of dune activity by modifying
and improving an established dune mobility index so that it can account for global
climate model data outputs. We find that, regardless of the emission scenario used,
significantly enhanced dune activity is simulated in the southern dunefield by
2039, and in the eastern and northern dunefields by 2069. By 2099 all dunefields
are highly dynamic, from northern South Africa to Angola and Zambia. Our
results suggest that dunefields are likely to be reactivated (the sand will become
significantly exposed and move) as a consequence of twenty-first century climate
warming.
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2039, and in the eastern and northern dunefields by 2069. By 2099 all dunefields
are highly dynamic, from northern South Africa to Angola and Zambia. Our
results suggest that dunefields are likely to be reactivated (the sand will become
significantly exposed and move) as a consequence of twenty-first century climate
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Thomas, P. C., M. C. Malin, et al. (2000). "North-south geological differences between

the residual polar caps on Mars." Nature 404(6774): 161-4.
Polar processes can be sensitive indicators of global climate, and the geological
features associated with polar ice caps can therefore indicate evolution of climate
with time. The polar regions on Mars have distinctive morphologic and
climatologic features: thick layered deposits, seasonal CO2 frost caps extending to
mid latitudes, and near-polar residual frost deposits that survive the summer. The
relationship of the seasonal and residual frost caps to the layered deposits has
been poorly constrained, mainly by the limited spatial resolution of the available
data. In particular, it has not been known if the residual caps represent simple thin
frost cover or substantial geologic features. Here we show that the residual cap on
the south pole is a distinct geologic unit with striking collapse and erosional
topography; this is very different from the residual cap on the north pole, which
grades into the underlying layered materials. These findings indicate that the
differences between the caps are substantial (rather than reflecting short-lived
differences in frost cover), and so support the idea of long-term asymmetry in the
polar climates of Mars.

Thompson, P. M. and J. C. Ollason (2001). "Lagged effects of ocean climate change on

fulmar population dynamics." Nature 413(6854): 417-20.
Environmental variation reflected by the North Atlantic Oscillation affects
breeding and survival in terrestrial vertebrates, and climate change is predicted to
have an impact on population dynamics by influencing food quality or
availability. The North Atlantic Oscillation also affects the abundance of marine
fish and zooplankton, but it is unclear whether this filters up trophic levels to
long-lived marine top predators. Here we show by analysis of data from a 50-year
study of the fulmar that two different indices of ocean climate variation may
have lagged effects on population dynamics in this procellariiform seabird. Annual
variability in breeding performance is influenced by the North Atlantic
Oscillation, whereas cohort differences in recruitment are related to temperature
changes in the summer growing season in the year of birth. Because fulmars
exhibit delayed reproduction, there is a 5-year lag in the population's response to
these effects of environmental change. These data show how interactions between
different climatic factors result in complex dynamics, and that the effects of
climate change may take many years to become apparent in long-lived marine
top predators.

Thomson, M. C., F. J. Doblas-Reyes, et al. (2006). "Malaria early warnings based on

seasonal climate forecasts from multi-model ensembles." Nature 439(7076): 576-9.
The control of epidemic malaria is a priority for the international health
community and specific targets for the early detection and effective control of
epidemics have been agreed. Interannual climate variability is an important
determinant of epidemics in parts of Africa where climate drives both mosquito
vector dynamics and parasite development rates. Hence, skilful seasonal climate
forecasts may provide early warning of changes of risk in epidemic-prone regions.
Here we discuss the development of a system to forecast probabilities of




anomalously high and low malaria incidence with dynamically based, seasonal-
timescale, multi-model ensemble predictions of climate, using leading global
coupled ocean-atmosphere climate models developed in Europe. This forecast
system is successfully applied to the prediction of malaria risk in Botswana, where
links between malaria and climate variability are well established, adding up to four
months lead time over malaria warnings issued with observed precipitation and
having a comparably high level of probabilistic prediction skill. In years in which
the forecast probability distribution is different from that of climatology, malaria
decision-makers can use this information for improved resource allocation.

Thuiller, W., M. B. Araujo, et al. (2004). "Biodiversity conservation: uncertainty in
predictions of extinction risk." Nature 430(6995): 1 p following 33; discussion following

33.

Thomas et al. model species-distribution responses to a range of climate-warming
scenarios and use a novel application of the species-area relationship to estimate
that 15-37% of modelled species in various regions of the world will be committed
to extinction by 2050. Although we acknowledge the efforts that they make to
measure the uncertainties associated with different climate scenarios, species'
dispersal abilities and z values (predictions ranged from 5.6% to 78.6%
extinctions), we find that two additional sources of uncertainty may substantially
increase the variability in predictions.
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Tilman, D., P. B. Reich, et al. (2006). "Biodiversity and ecosystem stability in a decade-
long grassland experiment." Nature 441(7093): 629-32.

Human-driven ecosystem simplification has highlighted questions about how the
number of species in an ecosystem influences its functioning. Although
biodiversity is now known to affect ecosystem productivity, its effects on
stability are debated. Here we present a long-term experimental field test of the
diversity-stability hypothesis. During a decade of data collection in an experiment
that directly controlled the number of perennial prairie species, growing-season
climate varied considerably, causing year-to-year variation in abundances of plant
species and in ecosystem productivity. We found that greater numbers of plant
species led to greater temporal stability of ecosystem annual aboveground plant
production. In particular, the decadal temporal stability of the ecosystem,
whether measured with intervals of two, five or ten years, was significantly
greater at higher plant diversity and tended to increase as plots matured.
Ecosystem stability was also positively dependent on root mass, which is a
measure of perenniating biomass. Temporal stability of the ecosystem increased
with diversity, despite a lower temporal stability of individual species, because of
both portfolio (statistical averaging) and overyielding effects. However, we found
no evidence of a covariance effect. Our results indicate that the reliable, efficient
and sustainable supply of some foods (for example, livestock fodder), biofuels and
ecosystem services can be enhanced by the use of biodiversity.

Tiwari, R. K. and K. N. Rao (1999). "Periodicity in marine phosphorus burial rate."



Nature 400(6739): 31-2.
There have been arguments both for and against a periodicity of 26-33 million
years (Myr) in terrestrial and extraterrestrial records. The best way to identify
such periodicity is the analysis of geomarine evolutionary records. We have
analysed the marine sedimentary phosphorus burial rate (PBR), as fluctuations in
this rate are strong indicators of the coupling of climate, continental weathering
and ocean primary productivity. We find a statistically significant harmonic
component of 33 +/- 3 Myr against the estimated robust background noise
spectrum, supporting the idea that geomarine processes are cyclic.

Travis, D. J., A. M. Carleton, et al. (2002). "Contrails reduce daily temperature range."

Nature 418(6898): 601.
The potential of condensation trails (contrails) from jet aircraft to affect
regional-scale surface temperatures has been debated for years, but was difficult to
verify until an opportunity arose as a result of the three-day grounding of all
commercial aircraft in the United States in the aftermath of the terrorist attacks
on 11 September 2001. Here we show that there was an anomalous increase in the
average diurnal temperature range (that is, the difference between the daytime
maximum and night-time minimum temperatures) for the period 11-14
September 2001. Because persisting contrails can reduce the transfer of both
incoming solar and outgoing infrared radiation and so reduce the daily temperature
range, we attribute at least a portion of this anomaly to the absence of contrails
over this period.

Treguer, P. and P. Pondaven (2000). "Global change. Silica control of carbon dioxide."
Nature 406(6794): 358-9.

Trenberth, K. E. (2004). "Climatology (communication arising): rural land-use change

and climate." Nature 427(6971): 213; discussion 214.
Kalnay and Cai claim that urbanization and land-use change have a major effect
on the climate in the United States. They used surface temperatures obtained
from NCEP/NCAR 50-year reanalyses (NNR) and their difference compared with
observed station surface temperatures as the basis for their conclusions, on the
grounds that the NNR did not include these anthropogenic effects. However, we
note that the NNR also overlooked other factors, such as known changes in
clouds and in surface moisture, which are more likely to explain Kalnay and Cai's
findings. Although urban heat-island effects are real in cities, direct estimates of
the effects of rural land-use change indicate a cooling rather than a warming
influence that is due to a greater reflection of sunlight.

Treydte, K. S., G. H. Schleser, et al. (2006). "The twentieth century was the wettest

period in northern Pakistan over the past millennium." Nature 440(7088): 1179-82.
Twentieth-century warming could lead to increases in the moisture-holding
capacity of the atmosphere, altering the hydrological cycle and the characteristics
of precipitation. Such changes in the global rate and distribution of precipitation
may have a greater direct effect on human well-being and ecosystem dynamics
than changes in temperature itself. Despite the co-variability of both of these
climate variables, attention in long-term climate reconstruction has mainly
concentrated on temperature changes. Here we present an annually resolved
oxygen isotope record from tree-rings, providing a millennial-scale reconstruction
of precipitation variability in the high mountains of northern Pakistan. The
climatic signal originates mainly from winter precipitation, and is robust over
ecologically different sites. Centennial-scale variations reveal dry conditions at
the beginning of the past millennium and through the eighteenth and early
nineteenth centuries, with precipitation increasing during the late nineteenth and
the twentieth centuries to yield the wettest conditions of the past 1,000 years.
Comparison with other long-term precipitation reconstructions indicates a large-




scale intensification of the hydrological cycle coincident with the onset of
industrialization and global warming, and the unprecedented amplitude argues for a
human role.
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Triendl, R. (2002). "Chance to make a difference in Japan." Nature 417(6888): 7.

Tripati, A., J. Backman, et al. (2005). "Eocene bipolar glaciation associated with global

carbon cycle changes." Nature 436(7049): 341-6.
The transition from the extreme global warmth of the early Eocene 'greenhouse’
climate approximately 55 million years ago to the present glaciated state is one
of the most prominent changes in Earth's climatic evolution. It is widely accepted
that large ice sheets first appeared on Antarctica approximately 34 million years
ago, coincident with decreasing atmospheric carbon dioxide concentrations and a
deepening of the calcite compensation depth in the world's oceans, and that
glaciation in the Northern Hemisphere began much later, between 10 and 6
million years ago. Here we present records of sediment and foraminiferal
geochemistry covering the greenhouse-icehouse climate transition. We report
evidence for synchronous deepening and subsequent oscillations in the calcite
compensation depth in the tropical Pacific and South Atlantic oceans from
approximately 42 million years ago, with a permanent deepening 34 million years
ago. The most prominent variations in the calcite compensation depth coincide
with changes in seawater oxygen isotope ratios of up to 1.5 per mil, suggesting a
lowering of global sea level through significant storage of ice in both hemispheres
by at least 100 to 125 metres. Variations in benthic carbon isotope ratios of up to
approximately 1.4 per mil occurred at the same time, indicating large changes in
carbon cycling. We suggest that the greenhouse-icehouse transition was closely
coupled to the evolution of atmospheric carbon dioxide, and that negative carbon
cycle feedbacks may have prevented the permanent establishment of large ice
sheets earlier than 34 million years ago.
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lowering of global sea level through significant storage of ice in both hemispheres
by at least 100 to 125 metres. Variations in benthic carbon isotope ratios of up to
approximately 1.4 per mil occurred at the same time, indicating large changes in
carbon cycling. We suggest that the greenhouse-icehouse transition was closely
coupled to the evolution of atmospheric carbon dioxide, and that negative carbon
cycle feedbacks may have prevented the permanent establishment of large ice
sheets earlier than 34 million years ago.

Tudhope, S. and M. Collins (2003). "Global change: The past and future of El Nino."
Nature 424(6946): 261-2.

Tudhope, S. and M. Collins (2003). "Global change: The past and future of El Nino."
Nature 424(6946): 261-2.

Turner, C. and P. Raines (2002). "Rebel army need not be a barrier to conservation."
Nature 418(6894): 125.

Turner, J., J. C. King, et al. (2002). "Recent temperature trends in the Antarctic." Nature

418(6895): 291-2; discussion 292.
It is important to understand how temperatures across the Antarctic have changed
in recent decades because of the huge amount of fresh water locked into the ice
sheet and the impact that temperature changes may have on the ice volume.
Doran et al. claim that there has been a net cooling of the entire continent
between 1966 and 2000, particularly during summer and autumn. We argue that
this result has arisen because of an inappropriate extrapolation of station data
across large, data-sparse areas of the Antarctic.

Turney, C. S., A. P. Kershaw, et al. (2004). "Millennial and orbital variations of El

Nino/Southern Oscillation and high-latitude climate in the last glacial period." Nature

428(6980): 306-10.
The El Nino/Southern Oscillation (ENSO) phenomenon is believed to have
operated continuously over the last glacial-interglacial cycle. ENSO variability has
been suggested to be linked to millennial-scale oscillations in North Atlantic
climate during that time, but the proposals disagree on whether increased
frequency of El Nino events, the warm phase of ENSO, was linked to North
Atlantic warm or cold periods. Here we present a high-resolution record of surface
moisture, based on the degree of peat humification and the ratio of sedges to
grass, from northern Queensland, Australia, covering the past 45,000 yr. We
observe millennial-scale dry periods, indicating periods of frequent El Nino events
(summer precipitation declines in El Nino years in northeastern Australia). We
find that these dry periods are correlated to the Dansgaard-Oeschger events--
millennial-scale warm events in the North Atlantic climate record--although no
direct atmospheric connection from the North Atlantic to our site can be
invoked. Additionally, we find climatic cycles at a semiprecessional timescale
(approximately 11,900 yr). We suggest that climate variations in the tropical
Pacific Ocean on millennial as well as orbital timescales, which determined
precipitation in northeastern Australia, also exerted an influence on North



Atlantic climate through atmospheric and oceanic teleconnections.

Ueno, Y., K. Yamada, et al. (2006). "Evidence from fluid inclusions for microbial

methanogenesis in the early Archaean era." Nature 440(7083): 516-9.
Methanogenic microbes may be one of the most primitive organisms, although it
is uncertain when methanogens first appeared on Earth. During the Archaean era
(before 2.5 Gyr ago), methanogens may have been important in regulating
climate, because they could have provided sufficient amounts of the greenhouse
gas methane to mitigate a severely frozen condition that could have resulted from
lower solar luminosity during these times. Nevertheless, no direct geological
evidence has hitherto been available in support of the existence of methanogens
in the Archaean period, although circumstantial evidence is available in the form
of approximately 2.8-Gyr-old carbon-isotope-depleted kerogen. Here we report
crushing extraction and carbon isotope analysis of methane-bearing fluid
inclusions in approximately 3.5-Gyr-old hydrothermal precipitates from Pilbara
craton, Australia. Our results indicate that the extracted fluids contain microbial
methane with carbon isotopic compositions of less than -56 per thousand included
within original precipitates. This provides the oldest evidence of methanogen (>
3.46 Gyr ago), pre-dating previous geochemical evidence by about 700 million
years.

Unsworth, M. J.; A. G. Jones, et al. (2005). "Crustal rheology of the Himalaya and

Southern Tibet inferred from magnetotelluric data." Nature 438(7064): 78-81.
The Cenozoic collision between the Indian and Asian continents formed the
Tibetan plateau, beginning about 70 million years ago. Since this time, at least
1,400 km of convergence has been accommodated by a combination of
underthrusting of Indian and Asian lithosphere, crustal shortening, horizontal
extrusion and lithospheric delamination. Rocks exposed in the Himalaya show
evidence of crustal melting and are thought to have been exhumed by rapid
erosion and climatically forced crustal flow. Magnetotelluric data can be used to
image subsurface electrical resistivity, a parameter sensitive to the presence of
interconnected fluids in the host rock matrix, even at low volume fractions. Here
we present magnetotelluric data from the Tibetan-Himalayan orogen from 77
degrees E to 92 degrees E, which show that low resistivity, interpreted as a
partially molten layer, is present along at least 1,000 km of the southern margin
of the Tibetan plateau. The inferred low viscosity of this layer is consistent with
the development of climatically forced crustal flow in Southern Tibet.
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variability from a 155-year tropical Pacific coral record." Nature 407(6807): 989-93.
Today, the El Nino/Southern Oscillation (ENSO) system is the primary driver of
interannual variability in global climate, but its long-term behaviour is poorly
understood. Instrumental observations reveal a shift in 1976 towards warmer and
wetter conditions in the tropical Pacific, with widespread climatic and ecological
consequences. This shift, unique over the past century, has prompted debate over
the influence of increasing atmospheric concentrations of greenhouse gases on
ENSO variability. Here we present a 155-year ENSO reconstruction from a
central tropical Pacific coral that provides new evidence for long-term changes in
the regional mean climate and its variability. A gradual transition in the early
twentieth century and the abrupt change in 1976, both towards warmer and wetter
conditions, co-occur with changes in variability. In the mid-late nineteenth
century, cooler and drier background conditions coincided with prominent decadal
variability; in the early twentieth century, shorter-period (approximately 2.9
years) variability intensified. After 1920, variability weakens and becomes focused
at interannual timescales; with the shift in 1976, variability with a period of about
4 years becomes prominent. Our results suggest that variability in the tropical
Pacific is linked to the region's mean climate, and that changes in both have




occurred during periods of natural as well as anthropogenic climate forcing.
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balance in European forests." Nature 404(6780): 861-5.
Carbon exchange between the terrestrial biosphere and the atmosphere is one of
the key processes that need to be assessed in the context of the Kyoto Protocol.
Several studies suggest that the terrestrial biosphere is gaining carbon, but these
estimates are obtained primarily by indirect methods, and the factors that control
terrestrial carbon exchange, its magnitude and primary locations, are under debate.
Here we present data of net ecosystem carbon exchange, collected between 1996
and 1998 from 15 European forests, which confirm that many European forest
ecosystems act as carbon sinks. The annual carbon balances range from an uptake
of 6.6 tonnes of carbon per hectare per year to a release of nearly 1 t C ha(-1)
yr(-1), with a large variability between forests. The data show a significant
increase of carbon uptake with decreasing latitude, whereas the gross primary
production seems to be largely independent of latitude. Our observations indicate
that, in general, ecosystem respiration determines net ecosystem carbon
exchange. Also, for an accurate assessment of the carbon balance in a particular
forest ecosystem, remote sensing of the normalized difference vegetation index
or estimates based on forest inventories may not be sufficient.
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cave art." Nature 413(6855): 479.
Sophisticated examples of European palaeolithic parietal art can be seen in the
caves of Altamira, Lascaux and Niaux near the Pyrenees, which date to the
Magdalenian period (12,000-17,000 years ago), but paintings of comparable skill
and complexity were created much earlier, some possibly more than 30,000 years
ago. We have derived new radiocarbon dates for the drawings that decorate the
Chauvet cave in Vallon-Pont-d'Arc, Ardeche, France, which confirm that even
30,000 years ago Aurignacian artists, already known as accomplished carvers,
could create masterpieces comparable to the best Magdalenian art. Prehistorians,
who have traditionally interpreted the evolution of prehistoric art as a steady
progression from simple to more complex representations, may have to
reconsider existing theories of the origins of art.
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mammal turnover." Nature 443(7112): 687-91.
Mammals are among the fastest-radiating groups, being characterized by a mean
species lifespan of the order of 2.5 million years (Myr). The basis for this
characteristic timescale of origination, extinction and turnover is not well
understood. Various studies have invoked climate change to explain mammalian
species turnover, but other studies have either challenged or only partly
confirmed the climate-turnover hypothesis. Here we use an exceptionally long
(24.5-2.5 Myr ago), dense, and well-dated terrestrial record of rodent lineages
from central Spain, and show the existence of turnover cycles with periods of 2.4-
2.5 and 1.0 Myr. We link these cycles to low-frequency modulations of
Milankovitch oscillations, and show that pulses of turnover occur at minima of
the 2.37-Myr eccentricity cycle and nodes of the 1.2-Myr obliquity cycle.
Because obliquity nodes and eccentricity minima are associated with ice sheet
expansion and cooling and affect regional precipitation, we infer that long-period
astronomical climate forcing is a major determinant of species turnover in small
mammals and probably other groups as well.
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An important step towards understanding the evolution of terrestriality in
vertebrates is to identify how the aquatic ancestors of tetrapods were able to
access ground-based prey. We have discovered that the 'eel catfish' Channallabes
apus, an inhabitant of the muddy swamps of tropical Africa, has a remarkable
ability to forage and capture prey on land. The animal's capacity to bend its head
down towards the ground while feeding seems to be an essential feature that may
have enabled fish to make the transition from an aquatic to a terrestrial mode.

Vandergoes, M. J., R. M. Newnham, et al. (2005). "Regional insolation forcing of late

Quaternary climate change in the Southern Hemisphere." Nature 436(7048): 242-5.
In agreement with the Milankovitch orbital forcing hypothesis it is often assumed
that glacial-interglacial climate transitions occurred synchronously in the
Northern and Southern hemispheres of the Earth. It is difficult to test this
assumption, because of the paucity of long, continuous climate records from the
Southern Hemisphere that have not been dated by tuning them to the presumed
Northern Hemisphere signals. Here we present an independently dated terrestrial
pollen record from a peat bog on South Island, New Zealand, to investigate global
and local factors in Southern Hemisphere climate changes during the last two
glacial-interglacial cycles. Our record largely corroborates the Milankovitch
model of orbital forcing but also exhibits some differences: in particular, an earlier
onset and longer duration of the Last Glacial Maximum. Our results suggest that
Southern Hemisphere insolation may have been responsible for these differences
in timing. Our findings question the validity of applying orbital tuning to Southern
Hemisphere records and suggest an alternative mechanism to the bipolar seesaw
for generating interhemispheric asynchrony in climate change.
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Vecchi, G. A., B. J. Soden, et al. (2006). "Weakening of tropical Pacific atmospheric

circulation due to anthropogenic forcing." Nature 441(7089): 73-6.
Since the mid-nineteenth century the Earth's surface has warmed, and models
indicate that human activities have caused part of the warming by altering the
radiative balance of the atmosphere. Simple theories suggest that global warming
will reduce the strength of the mean tropical atmospheric circulation. An
important aspect of this tropical circulation is a large-scale zonal (east-west)
overturning of air across the equatorial Pacific Ocean--driven by convection to
the west and subsidence to the east--known as the Walker circulation. Here we
explore changes in tropical Pacific circulation since the mid-nineteenth century
using observations and a suite of global climate model experiments. Observed
Indo-Pacific sea level pressure reveals a weakening of the Walker circulation. The
size of this trend is consistent with theoretical predictions, is accurately




reproduced by climate model simulations and, within the climate models, is largely
due to anthropogenic forcing. The climate model indicates that the weakened
surface winds have altered the thermal structure and circulation of the tropical
Pacific Ocean. These results support model projections of further weakening of
tropical atmospheric circulation during the twenty-first century.
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tropical atmospheric circulation during the twenty-first century.

Veizer, J., Y. Godderis, et al. (2000). "Evidence for decoupling of atmospheric CO2 and

global climate during the Phanerozoic eon." Nature 408(6813): 698-701.
Atmospheric carbon dioxide concentrations are believed to drive climate changes
from glacial to interglacial modes, although geological and astronomical
mechanisms have been invoked as ultimate causes. Additionally, it is unclear
whether the changes between cold and warm modes should be regarded as a global
phenomenon, affecting tropical and high-latitude temperatures alike, or if they
are better described as an expansion and contraction of the latitudinal climate
zones, keeping equatorial temperatures approximately constant. Here we present
a reconstruction of tropical sea surface temperatures throughout the Phanerozoic
eon (the past approximately 550 Myr) from our database of oxygen isotopes in
calcite and aragonite shells. The data indicate large oscillations of tropical sea
surface temperatures in phase with the cold-warm cycles, thus favouring the idea
of climate variability as a global phenomenon. But our data conflict with a
temperature reconstruction using an energy balance model that is forced by
reconstructed atmospheric carbon dioxide concentrations. The results can be
reconciled if atmospheric carbon dioxide concentrations were not the principal
driver of climate variability on geological timescales for at least one-third of the
Phanerozoic eon, or if the reconstructed carbon dioxide concentrations are not
reliable.

Velicogna, 1. and J. Wahr (2006). "Acceleration of Greenland ice mass loss in spring

2004." Nature 443(7109): 329-31.
In 2001 the Intergovernmental Panel on Climate Change projected the
contribution to sea level rise from the Greenland ice sheet to be between -0.02
and +0.09 m from 1990 to 2100 (ref. 1). However, recent work has suggested
that the ice sheet responds more quickly to climate perturbations than previously
thought, particularly near the coast. Here we use a satellite gravity survey by the
Gravity Recovery and Climate Experiment (GRACE) conducted from April 2002
to April 2006 to provide an independent estimate of the contribution of
Greenland ice mass loss to sea level change. We detect an ice mass loss of 248 +/-
36 km3 yr(-1), equivalent to a global sea level rise of 0.5 +/- 0.1 mm yr(-1). The




rate of ice loss increased by 250 per cent between the periods April 2002 to April
2004 and May 2004 to April 2006, almost entirely due to accelerated rates of ice
loss in southern Greenland; the rate of mass loss in north Greenland was almost
constant. Continued monitoring will be needed to identify any future changes in
the rate of ice loss in Greenland.

Verschuren, D. (2003). "Global change: the heat on Lake Tanganyika." Nature
424(6950): 731-2.
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Verschuren, D., K. R. Laird, et al. (2000). "Rainfall and drought in equatorial east Africa

during the past 1,100 years." Nature 403(6768): 410-4.
Knowledge of natural long-term rainfall variability is essential for water-resource
and land-use management in sub-humid regions of the world. In tropical Africa,
data relevant to determining this variability are scarce because of the lack of long
instrumental climate records and the limited potential of standard high-resolution
proxy records such as tree rings and ice cores. Here we present a decade-scale
reconstruction of rainfall and drought in equatorial east Africa over the past
1,100 years, based on lake-level and salinity fluctuations of Lake Naivasha
(Kenya) inferred from three different palaecolimnological proxies: sediment
stratigraphy and the species compositions of fossil diatom and midge assemblages.
Our data indicate that, over the past millennium, equatorial east Africa has
alternated between contrasting climate conditions, with significantly drier climate
than today during the 'Medieval Warm Period' (approximately AD 1000-1270)
and a relatively wet climate during the 'Little Ice Age' (approximately AD 1270-
1850) which was interrupted by three prolonged dry episodes. We also find strong
chronological links between the reconstructed history of natural long-term
rainfall variation and the pre-colonial cultural history of east Africa, highlighting
the importance of a detailed knowledge of natural long-term rainfall fluctuations
for sustainable socio-economic development.

Vik, J. O., N. C. Stenseth, et al. (2004). "Ecology: living in synchrony on Greenland

coasts?" Nature 427(6976): 697-8; discussion 698.
Theory indicates that correlated weather may synchronize populations, but the
extent to which this holds for non-identical, nonlinear systems is uncertain. Post
and Forchhammer claim to have shown climate-induced synchrony for musk oxen
and caribou that are separated by the Greenland ice sheet. However, logical and
mathematical errors undermine their finding. Whether or not large-scale weather
can be a major synchronizing factor across species remains an open question.

Visser, K., R. Thunell, et al. (2003). "Magnitude and timing of temperature change in the

Indo-Pacific warm pool during deglaciation." Nature 421(6919): 152-5.
Ocean-atmosphere interactions in the tropical Pacific region have a strong
influence on global heat and water vapour transport and thus constitute an
important component of the climate system. Changes in sea surface temperatures
and convection in the tropical Indo-Pacific region are thought to be responsible
for the interannual to decadal climate variability observed in extra-tropical
regions, but the role of the tropics in climate changes on millennial and orbital
timescales is less clear. Here we analyse oxygen isotopes and Mg/Ca ratios of
foraminiferal shells from the Makassar strait in the heart of the Indo-Pacific
warm pool, to obtain synchronous estimates of sea surface temperatures and ice
volume. We find that sea surface temperatures increased by 3.5-4.0 degrees C
during the last two glacial-interglacial transitions, synchronous with the global
increase in atmospheric CO2 and Antarctic warming, but the temperature increase
occurred 2,000-3,000 years before the Northern Hemisphere ice sheets melted.



Our observations suggest that the tropical Pacific region plays an important role
in driving glacial-interglacial cycles, possibly through a system similar to how El
Nino/Southern Oscillation regulates the poleward flux of heat and water vapour.

Volkov, L., J. R. Banavar, et al. (2005). "Density dependence explains tree species

abundance and diversity in tropical forests." Nature 438(7068): 658-61.
The recurrent patterns in the commonness and rarity of species in ecological
communities--the relative species abundance--have puzzled ecologists for more
than half a century. Here we show that the framework of the current neutral
theory in ecology can easily be generalized to incorporate symmetric density
dependence. We can calculate precisely the strength of the rare-species advantage
that is needed to explain a given RSA distribution. Previously, we demonstrated
that a mechanism of dispersal limitation also fits RSA data well. Here we compare
fits of the dispersal and density-dependence mechanisms for empirical RSA data
on tree species in six New and Old World tropical forests and show that both
mechanisms offer sufficient and independent explanations. We suggest that RSA
data cannot by themselves be used to discriminate among these explanations of
RSA patterns--empirical studies will be required to determine whether RSA
patterns are due to one or the other mechanism, or to some combination of both.
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Vose, R. S., T. R. Karl, et al. (2004). "Climate (communication arising): impact of land-

use change on climate." Nature 427(6971): 213-4; discussion 214,
Urbanization and other changes in land use have an impact on surface-air
temperatures. Kalnay and Cai report that the observed surface-temperature trend
in part of the United States exceeds the trend in the NCEP/NCAR 50-year
reanalysis (NNR) and conclude that changes in land use account for the difference
(0.035 degrees C per decade according to their corrected values). Although land-
use change may explain some of this discrepancy, the authors do not quantify the
impact of the many changes in observational practice that occurred during the
analysis period. Our findings indicate that these 'non-climatic' changes have a
systematic effect that overwhelms the reported difference in trends and therefore
calls Kalnay and Cai's central conclusion into question.

Voznesenskaya, E. V., V. R. Franceschi, et al. (2001). "Kranz anatomy is not essential for

terrestrial C4 plant photosynthesis." Nature 414(6863): 543-6.
An important adaptation to CO2-limited photosynthesis in cyanobacteria, algae
and some plants was development of CO2-concentrating mechanisms (CCM).
Evolution of a CCM occurred many times in flowering plants, beginning at least
15-20 million years ago, in response to atmospheric CO2 reduction, climate
change, geological trends, and evolutionary diversification of species. In plants,
this is achieved through a biochemical inorganic carbon pump called C4
photosynthesis, discovered 35 years ago. C4 photosynthesis is advantageous when
limitations on carbon acquisition are imposed by high temperature, drought and
saline conditions. It has been thought that a specialized leaf anatomy, composed
of two, distinctive photosynthetic cell types (Kranz anatomy), is required for C4
photosynthesis. We provide evidence that C4 photosynthesis can function within
a single photosynthetic cell in terrestrial plants. Borszczowia aralocaspica
(Chenopodiaceae) has the photosynthetic features of C4 plants, yet lacks Kranz




anatomy. This species accomplishes C4 photosynthesis through spatial
compartmentation of photosynthetic enzymes, and by separation of two types of
chloroplasts and other organelles in distinct positions within the chlorenchyma
cell cytoplasm.

Wadsworth, G. R. (1952). "Packed red-cell volume in the tropics." Nature 170(4333):
851.

Waelbroeck, C., J. C. Duplessy, et al. (2001). "The timing of the last deglaciation in

North Atlantic climate records." Nature 412(6848): 724-7.
To determine the mechanisms governing the last deglaciation and the sequence of
events that lead to deglaciation, it is important to obtain a temporal framework
that applies to both continental and marine climate records. Radiocarbon dating
has been widely used to derive calendar dates for marine sediments, but it rests on
the assumption that the 'apparent age' of surface water (the age of surface water
relative to the atmosphere) has remained constant over time. Here we present
new evidence for variation in the apparent age of surface water (or reservoir age)
in the North Atlantic ocean north of 40 degrees N over the past 20,000 years. In
two cores we found apparent surface-water ages to be larger than those of today
by 1,230 +/- 600 and 1,940 +/- 750 years at the end of the Heinrich 1 surge event
(15,000 years BP) and by 820 +/- 430 to 1,010 +/- 340 years at the end of the
Younger Dryas cold episode. During the warm Bolling-Allerod period, between
these two periods of large reservoir ages, apparent surface-water ages were
comparable to present values. Our results allow us to reconcile the chronologies
from ice cores and the North Atlantic marine records over the entire deglaciation
period. Moreover, the data imply that marine carbon dates from the North
Atlantic north of 40 degrees N will need to be corrected for these highly variable
effects.
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Walker, J. C. and K. J. Zahnle (1986). "Lunar nodal tide and distance to the Moon during

the Precambrian." Nature 320: 600-2.
The pace of tidal evolution for the past approximately 450 Myr implies an
Earth/Moon collision some 1,500-2,000 Myr BP, an event for which there is no
corroborating evidence. Here we present the first direct determination of the
lunar distance in the Precambrian. We interpret a 23.3 +/- 0.3-yr periodicity
preserved in a 2,500 Myr BP Australian banded iron formation (BIF) as reflecting
the climatic influence of the lunar nodal tide, which has been detected with its
modern 18.6-yr periodicity in some modern climate records. The lunar distance at
2,500 Myr BP would then have been about 52 Earth radii. The implied history of
Precambrian tidal friction is in accord with both the more recent palaecontological
evidence and the long-term stability of the lunar orbit. The length of the
Milankovitch cycles that modulate the ice ages today also evolve with the Earth-
Moon system. Their detection in the Precambrian sedimentary record would then
permit an independent determination of the lunar distance.

Walker, J. J., J. R. Spear, et al. (2005). "Geobiology of a microbial endolithic community
in the Yellowstone geothermal environment." Nature 434(7036): 1011-4.
The endolithic environment, the pore space of rocks, is a ubiquitous habitat for
microorganisms on the Earth and is an important target of the search for life




elsewhere in the Solar System. Photosynthetic, endolithic microbial communities
commonly inhabit the outer millimetres to centimetres of all rocks exposed to
the Earth's surface. In the most extreme terrestrial climates, such as hot and cold
deserts, endolithic microorganisms are often the main form of life. The endolithic
microhabitat gives protection from intense solar radiation and desiccation, and it
provides mineral nutrients, rock moisture and growth surfaces. Here we describe
the discovery and identification of the constituents of an extremely acidic (pH 1)
endolithic microbial community inhabiting the pore space of rocks in the
geothermal environment of Yellowstone National Park, USA. Subjected to silica
mineralization, such endolithic communities constitute biomarkers that can
become fossilized and potentially preserved in the geological record. Remnants of
these communities could serve as biosignatures and provide important clues about
ancient life associated with geothermal environments on the Earth or elsewhere
in the Solar System.

Wallace, S. C. and X. Wang (2004). "Two new carnivores from an unusual late Tertiary

forest biota in eastern North America." Nature 431(7008): 556-9.
Late Cenozoic terrestrial fossil records of North America are biased by a
predominance of mid-latitude deposits, mostly in the western half of the
continent. Consequently, the biological history of eastern North America,
including the eastern deciduous forest, remains largely hidden. Unfortunately,
vertebrate fossil sites from this vast region are rare, and few pertain to the
critically important late Tertiary period, during which intensified global climatic
changes took place. Moreover, strong phylogenetic affinities between the flora of
eastern North America and eastern Asia clearly demonstrate formerly contiguous
connections, but disparity among shared genera (eastern Asia-eastern North
America disjunction) implies significant periods of separation since at least the
Miocene epoch. Lacustrine sediments deposited within a former sinkhole in the
southern Appalachian Mountains provide a rare example of a late Miocene to
early Pliocene terrestrial biota from a forested ecosystem. Here we show that the
vertebrate remains contained within this deposit represent a unique combination
of North American and Eurasian taxa. A new genus and species of the red (lesser)
panda (Pristinailurus bristoli), the earliest and most primitive so far known, was
recovered. Also among the fauna are a new species of Eurasian badger
(Arctomeles dimolodontus) and the largest concentration of fossil tapirs ever
recorded. Cladistical analyses of the two new carnivores strongly suggest
immigration events that were earlier than and distinct from previous records, and
that the close faunal affinities between eastern North America and eastern Asia in
the late Tertiary period are consistent with the contemporaneous botanical
record.

Walter, K. M., S. A. Zimov, et al. (2006). "Methane bubbling from Siberian thaw lakes as

a positive feedback to climate warming." Nature 443(7107): 71-5.
Large uncertainties in the budget of atmospheric methane, an important
greenhouse gas, limit the accuracy of climate change projections. Thaw lakes in
North Siberia are known to emit methane, but the magnitude of these emissions
remains uncertain because most methane is released through ebullition (bubbling),
which is spatially and temporally variable. Here we report a new method of
measuring ebullition and use it to quantify methane emissions from two thaw lakes
in North Siberia. We show that ebullition accounts for 95 per cent of methane
emissions from these lakes, and that methane flux from thaw lakes in our study
region may be five times higher than previously estimated. Extrapolation of these
fluxes indicates that thaw lakes in North Siberia emit 3.8 teragrams of methane
per year, which increases present estimates of methane emissions from northern
wetlands (< 6-40 teragrams per year; refs 1, 2, 4-6) by between 10 and 63 per
cent. We find that thawing permafrost along lake margins accounts for most of
the methane released from the lakes, and estimate that an expansion of thaw
lakes between 1974 and 2000, which was concurrent with regional warming,




increased methane emissions in our study region by 58 per cent. Furthermore, the
Pleistocene age (35,260-42,900 years) of methane emitted from hotspots along
thawing lake margins indicates that this positive feedback to climate warming has
led to the release of old carbon stocks previously stored in permafrost.
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Pleistocene age (35,260-42,900 years) of methane emitted from hotspots along
thawing lake margins indicates that this positive feedback to climate warming has
led to the release of old carbon stocks previously stored in permafrost.

Walther, G. R., E. Post, et al. (2002). "Ecological responses to recent climate change."

Nature 416(6879): 389-95.
There is now ample evidence of the ecological impacts of recent climate change,
from polar terrestrial to tropical marine environments. The responses of both
flora and fauna span an array of ecosystems and organizational hierarchies, from
the species to the community levels. Despite continued uncertainty as to
community and ecosystem trajectories under global change, our review exposes a
coherent pattern of ecological change across systems. Although we are only at an
early stage in the projected trends of global warming, ecological responses to
recent climate change are already clearly visible.
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Wang, X., A. S. Auler, et al. (2004). "Wet periods in northeastern Brazil over the past

210 kyr linked to distant climate anomalies." Nature 432(7018): 740-3.
The tropics are the main source of the atmosphere's sensible and latent heat, and
water vapour, and are therefore important for reconstructions of past climate.
But long, accurately dated records of southern tropical palaecoclimate, which would
allow the establishment of climatic connections to distant regions, have not been
available. Here we present a 210,000-year (210-kyr) record of wet periods in
tropical northeastern Brazil--a region that is currently semi-arid. The record is




obtained from speleothems and travertine deposits that are accurately dated using
the U/Th method. We find wet periods that are synchronous with periods of weak
East Asian summer monsoons, cold periods in Greenland, Heinrich events in the
North Atlantic and periods of decreased river runoff to the Cariaco basin. We
infer that the wet periods may be explained with a southward displacement of the
Intertropical Convergence Zone. This widespread synchroneity of climate
anomalies suggests a relatively rapid global reorganization of the ocean-
atmosphere system. We conclude that the wet periods probably affected
rainforest distribution, as plant fossils show that forest expansion occurred during
these intermittent wet intervals, and opened a forest corridor between the
Amazonian and Atlantic rainforests.
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The climates of Asia are affected significantly by the extent and height of the
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50 Myr ago, and further significant increases in altitude of the Tibetan plateau are
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The timing of early human dispersal to Asia is a central issue in the study of
human evolution. Excavations in predominantly lacustrine sediments at
Majuangou, Nihewan basin, north China, uncovered four layers of indisputable
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