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Modeling PAH uptake by vegetation from the air using field measurements
Annick D. St-Amand, Paul M. Mayer and Jules M. Blais
Atmospheric Environment Volume 43, Issue 28, September 2009, Pages. 4283-4288
Abstract
We examined PAH uptake by Norway spruce needles following the emergence of new buds in spring 2004–June 2005.
Atmospheric PAH concentrations (gaseous phase and particle-bound) were monitored during this period, and PAH
concentrations from these three environmental media were then used to calculate deposition and transfer velocities.
Benzo(a)pyrene was found almost exclusively associated to particles and thus was used to determine a particle-bound deposition
velocity of 10.8 m h−1. PAHs present in both compartments had net gaseous transfer velocities ranging from negligible values to
75.6 m h−1 and correlated significantly with log KOA. The loss velocities thereafter calculated were found to be higher for more
volatile PAHs. Using the calculated average atmospheric PAH concentrations and deposition velocities, it was thus possible to
model PAH uptake by vegetation through time. We demonstrate that this approach can be used to determine deposition
velocities without the use of a surrogate surface. In considering both particulate-bound and gaseous deposition processes this
model can be used not only to study air–foliage exchange of semi-volatile organic compounds, but also to illustrate the relative
contribution of gaseous deposition and particulate-bound deposition in the overall atmospheric vegetation uptake of semivolatile organic compounds.

Keywords: Polycyclic aromatic hydrocarbons; Modeling; Vegetation; Air; Contaminants.
Evaluating inter-continental transport of fine aerosols:(2) Global health impact
a

Junfeng Liua, Denise L. Mauzeralla, b, and Larry W. Horowitzc
Woodrow Wilson School of Public and International Affairs, Princeton University, Princeton, NJ 08544, USA
b
Department of Civil and Environmental Engineering, Princeton University, Princeton, NJ 08544, USA
c
Geophysical Fluid Dynamics Laboratory, Princeton, NJ 08542, USA
Atmospheric Environment Volume 43, Issue 28, September 2009, Pages. 4339-4347

Abstract
In this second of two companion papers, we quantify for the first time the global impact on premature mortality of the intercontinental transport of fine aerosols (including sulfate, black carbon, organic carbon, and mineral dust) using the global
modeling results of (Liu et al., 2009). Our objective is to estimate the number of premature mortalities in each of ten selected
continental regions resulting from fine aerosols transported from foreign regions in approximately year 2000. Our simulated
annual mean population-weighted (P-W) concentrations of total PM2.5 (aerosols with diameter less than 2.5 µm) are highest in
East Asia (EA, 30 µg m−3) and lowest in Australia (3.6 µg m−3). Dust is the dominant component of PM2.5 transported between
continents. We estimate global annual premature mortalities (for adults age 30 and up) due to inter-continental transport of
PM2.5 to be nearly 380 thousand (K) in 2000. Approximately half of these deaths occur in the Indian subcontinent (IN), mostly
due to aerosols transported from Africa and the Middle East (ME). Approximately 90K deaths globally are associated with
exposure to foreign (i.e., originating outside a receptor region) non-dust PM2.5. More than half of the premature mortalities
associated with foreign non-dust aerosols are due to aerosols originating from Europe (20K), ME (18K) and EA (15K); and
nearly 60% of the 90K deaths occur in EA (21K), IN (19K) and Southeast Asia (16K). The lower and higher bounds of our
estimated 95% confidence interval (considering uncertainties from the concentration–response relationship and simulated
aerosol concentrations) are 18% and 240% of the estimated deaths, respectively, and could be larger if additional uncertainties
were quantified. We find that in 2000 nearly 6.6K premature deaths in North America (NA) were associated with foreign PM2.5
exposure (5.5K from dust PM2.5). NA is least impacted by foreign PM2.5 compared to receptors on the Eurasian continent.
However, the number of premature mortalities associated with foreign aerosols in NA (mostly occurring in the U.S.) is
comparable to the reduction in premature mortalities expected to result from tightening the U.S. 8-h O3 standard from 0.08 ppmv
to 0.075 ppmv. International efforts to reduce inter-continental transport of fine aerosol pollution would substantially benefit
public health on the Eurasian continent and would also benefit public health in the United States.

Keywords: Inter-continental transport; PM2.5; Aerosols; Air pollution; Premature mortalities; Public health.

The impacts of reactive terpene emissions from plants on air quality in Las Vegas, Nevada
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Abstract
A three-part study was conducted to quantify the impact of landscaped vegetation on air quality in a rapidly expanding urban
area in the arid southeastern United States. The study combines in situ, plant-level measurements, a spatial emissions inventory,
and a photochemical box model. Maximum plant-level basal emission rates were moderate: 18.1 µgC gdw−1 h−1 (Washingtonia
spp., palms) for isoprene and 9.56 µgC gdw−1 h−1 (Fraxinus velutina, Arizona ash) for monoterpenes. Sesquiterpene emission
rates were low for plant species selected in this study, with no measurement exceeding 0.1 µgC gdw−1 h−1. The high ambient
temperatures combined with moderate plant-level emission factors resulted in landscape emission factors that were low (250–
640 µgC m−2 h−1) compared to more mesic environments (e.g., the southeastern United States). The Regional Atmospheric
Chemistry Mechanism (RACM) was modified to include a new reaction pathway for ocimene. Using measured concentrations of
anthropogenic hydrocarbons and other reactive air pollutants (NOx, ozone), the box model employing the RACM mechanism
revealed that these modest emissions could have a significant impact on air quality. For a suburban location that was downwind
of the urban core (high NOx; low anthropogenic hydrocarbons), biogenic terpenes increased time-dependent ozone production
rates by a factor of 50. Our study demonstrates that low-biomass density landscapes emit sufficient biogenic terpenes to have a
significant impact on regional air quality.
Keywords: Isoprene; Monoterpene; Sesquiterpene; Biogenic volatile organic compounds (BVOCs); Emission inventory;
Emission factor.

Atmospheric mercury cycles in northern Wisconsin
C.J. Watrasa, b, K.A. Morrisona, b, J.L. Rubsama and B. Rodgera
Wisconsin Department of Natural Resources, Madison, WI 54507, USA
b
University of Wisconsin–Madison, Center for Limnology, Trout Lake Research Station, Boulder Junction, WI 54512, USA
Atmospheric Environment Volume 43, Issue 24, August 2009, Pages. 4070-4077
a

Abstract
Total gaseous mercury (TGM) in the lower atmosphere of northern Wisconsin exhibits strong annual and diurnal cycles similar
to those previously reported for other rural monitoring sites across mid-latitude North America. Annually, TGM was highest in
late winter and then gradually declined until late summer. During 2002–04, the average TGM concentration was
1.4 ± 0.2 (SD) ng m−3, and the amplitude of the annual cycle was 0.4 ng m−3 ( 30% of the long-term mean). The diurnal cycle
was characterized by increasing TGM concentrations during the morning followed by decreases during the afternoon and night.
The diurnal amplitude was variable but it was largest in spring and summer, when daily TGM oscillations of 20–40% were not
uncommon. Notably, we also observed a diurnal cycle for TGM indoors in a room ventilated through an open window. Even
though TGM concentrations were an order of magnitude higher indoors, (presumably due to historical practices within the
building: e.g. latex paint, fluorescent lamps, thermometers), the diurnal cycle was remarkably similar to that observed outdoors.
The indoor cycle was not directly attributable to human activity, the metabolic activity of vegetation or diurnal atmospheric
dynamics; but it was related to changes in temperature and oxidants in outdoor air that infiltrated the room. Although there was
an obvious difference in the proximal source of indoor and outdoor TGM, similarities in behavior suggest that common TGM
cycles may be driven largely by adsorption/desorption reactions involving solid surfaces, such as leaves, snow, dust and walls.

Such behavior would imply a short residence time for Hg in the lower atmosphere and intense recycling – consistent with the
“ping-pong ball” or “multi-hop” conceptual models proposed by others.
Keywords: Atmospheric mercury; Mercury cycle; Mercury deposition; Ozone.

Atmospheric nitrogen deposition in south-east Scotland: Quantification of the organic nitrogen
fraction in wet, dry and bulk deposition
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a
Centre for Ecology and Hydrology, Bush Estate, Penicuk, Midlothian, EH26 0QB, UK
b
School of Chemistry, University of Edinburgh, West Mains Road, Edinburgh, EH9 3JJ, UK
c
Centre for Epidemiology and Risk Analysis, Veterinary Laboratories Agency Weybridge, Woodham Lane, Addlestone, KT15
3NB, UK
Atmospheric Environment Volume 43, Issue 24, August 2009, Pages. 4087-4094

Abstract
Water soluble organic nitrogen (WSON) compounds are ubiquitous in precipitation and in the planetary boundary layer, and
therefore are a potential source of bioavailable reactive nitrogen. This paper examines weekly rain data over a period of 22
months from June 2005 to March 2007 collected in 2 types of rain collector (bulk deposition and “dry + wet” deposition) located
in a semi-rural area 15 km southwest of Edinburgh, UK (N55°51′44″, W3°12′19″). Bulk deposition collectors are denoted in this
paper as “standard rain gauges”, and they are the design used in the UK national network for monitoring precipitation
composition. “Dry + wet” deposition collectors are flushing rain gauges and they are equipped with a rain detector (conductivity
array), a spray nozzle, a 2-way valve and two independent bottles to collect funnel washings (dry deposition) and true wet
deposition. On average, for the 27 weekly samples with 3 valid replicates for the 2 types of collectors, dissolved organic nitrogen
(DON) represented 23% of the total dissolved nitrogen (TDN) in bulk deposition. Dry deposition of particles and gas on the
funnel surface, rather than rain, contributed over half of all N-containing species (inorganic and organic). Some discrepancies
were found between bulk rain gauges and flushing rain gauges, for deposition of both TDN and DON, suggesting biological
conversion and loss of inorganic N in the flushing samplers.
Keywords: Water soluble organic nitrogen; DON; Reactive nitrogen; Bulk deposition; Wet deposition; Dry deposition; Rain
collector.

White on green: under-snow microbial processes and trace gas fluxes through snow, Niwot Ridge,
Colorado Front Range
Mark W. Williams1, 2, Detlev Helmig1 and Peter Blanken2
(1) Institute of Arctic and Alpine Research, University of Colorado at Boulder, UCB 450, Boulder, CO 80309, USA
(2) Department of Geography, University of Colorado at Boulder, UCB 260, Boulder, CO 80309, USA
Biogeochemistry Volume 95, Number 1 August, 2009, Pages. 1-12

Abstract
The importance of snow and related cryospheric processes as an ecological factor has been recognized since at least the
beginning of the twentieth century. Even today, however, many observations remain anecdotal. The research to date on coldlands ecosystems results in scientists being unable to evaluate to what extent changes in the cryosphere will be characterized by
abrupt changes in local and global biogeochemical cycles, and how these changes in seasonality may affect the rates and timing
of key ecological processes. Studies of gas exchanges through snow have revealed that snow plays an important role in
modulating wintertime soil biogeochemical processes, and that these can be the driving processes for gas exchange at the snow
surface. Previous research has primarily focused on carbon dioxide, and resulted from episodic experiments at a number of
snow-covered sites. Here we report new insights from several field sites on Niwot Ridge in the Colorado Rocky Mountains,
including a dedicated snow gas flux research facility established at the 3340 m Soddie site. A novel in situ experimental system
was developed at this site to continuously sample trace gases from above and within the snowpack for the duration of seasonal

snow cover. The suite of chemical species investigated includes carbon dioxide, nitrous oxide, nitrogen oxides, ozone, and
volatile inorganic and organic gases. Wintertime measurements have been supplemented by soil chamber experiments and eddy
covariance measurements to allow assessment of the contribution of wintertime fluxes to annual biogeochemical budgets. This
research has resulted in a plethora of new insight into the physics of gas transport through the snowpack, and the magnitude and
the chemical and biogeochemical processes that control fluxes at the soil-snowpack and the snow-atmosphere interface. This
article provides an overview of the history and evolution of this research, and highlights the findings from the ten articles that
constitute this special issue.
Keywords: Snow - Winter - Microbes - Respiration - Isotopes - Carbon dioxide - Nitrous oxide - Nitrogen oxides - Volatile
inorganic and organic gases.

The trade-off between growth rate and yield in microbial communities and the consequences for
under-snow soil respiration in a high elevation coniferous forest
David A. Lipson1 , Russell K. Monson2, Steven K. Schmidt2 and Michael N. Weintraub3
(1) Department of Biology, San Diego State University, 5500 Campanile Dr., San Diego, CA 92182-4614, USA
(2) University of Colorado, Boulder, CO 80309-0334, USA
(3) University of Toledo, Toledo, OH 43606-3390, USA
Biogeochemistry Volume 95, Number 1 August, 2009, Pages. 23-35

Abstract
Soil microbial respiration is a critical component of the global carbon cycle, but it is uncertain how properties of microbes affect
this process. Previous studies have noted a thermodynamic trade-off between the rate and efficiency of growth in heterotrophic
organisms. Growth rate and yield determine the biomass-specific respiration rate of growing microbial populations, but these
traits have not previously been used to scale from microbial communities to ecosystems. Here we report seasonal variation in
microbial growth kinetics and temperature responses (Q10) in a coniferous forest soil, relate these properties to cultured and
uncultured soil microbes, and model the effects of shifting growth kinetics on soil heterotrophic respiration (Rh). Soil microbial
communities from under-snow had higher growth rates and lower growth yields than the summer and fall communities from
exposed soils, causing higher biomass-specific respiration rates. Growth rate and yield were strongly negatively correlated.
Based on experiments using specific growth inhibitors, bacteria had higher growth rates and lower yields than fungi, overall,
suggesting a more important role for bacteria in determining Rh. The dominant bacteria from laboratory-incubated soil differed
seasonally: faster-growing, cold-adapted Janthinobacterium species dominated in winter and slower-growing, mesophilic
Burkholderia and Variovorax species dominated in summer. Modeled Rh was sensitive to microbial kinetics and Q10: a sixfold
lower annual Rh resulted from using kinetic parameters from summer versus winter communities. Under the most realistic
scenario using seasonally changing communities, the model estimated Rh at 22.67 mol m−2 year−1, or 47.0% of annual total
ecosystem respiration (Re) for this forest.
Keywords: Abies lasiocarpa - Burkholderia - Janthinobacterium - Pinus contorta - Picea engelmanii - Variovorax.
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Biogeochemistry Volume 95, Number 1 August, 2009, Pages. 37-59

Abstract

Considerable research has recently been devoted to understanding biogeochemical processes under winter snow cover, leading to
enhanced appreciation of the importance of many winter ecological processes. In this study, a comprehensive investigation of the
stable carbon isotope composition (δ13C) of CO2 within a high-elevation subalpine forest snowpack was conducted. Our goals
were to study the δ13C of biological soil respiration under snow in winter, and to assess the relative importance of diffusion and
advection (ventilation by wind) for gas transport within snow. In agreement with other studies, we found evidence of an active
microbial community under a roughly 1-m deep snowpack during winter and into spring as it melted. Under-snow CO2 mole
fractions were observed up to 3,500 µmol mol−1, and δ13C of CO2 varied from ~−22 to ~−8‰. The δ13C of soil respiration
calculated from mixing relationships was −26 to −24‰, and although it varied in time, it was generally close to that of the bulk
organic horizon (−26.0‰). Subnivean CO2 and δ13C were quite dynamic in response to changes in soil temperature, liquid
water availability, and wind events. No clear biologically-induced isotopic changes were observed during periods when
microbial activity and root/rhizosphere activity were expected to vary, although such changes cannot be eliminated. There was
clear evidence of isotopic enrichment associated with diffusive transport as predicted by theory, but simple diffusive enrichment
(4.4‰) was not observed. Instead, ventilation of the snowpack by sustained wind events in the forest canopy led to changes in
the diffusively-enriched gas profile. The isotopic influence of diffusion on gases in the snowpack and litter was greatest at
greater depths, due to the decreased relative contribution of advection at depth. There were highly significant correlations
between the apparent isotopic content of respiration from the soil with wind speed and pressure. In summary, physical factors
influencing gas transport substantially modified and potentially obscured biological factors in their effects on δ13C of CO2
within this subalpine forest snowpack.
Keywords: Carbon dioxide - Microbial - Niwot Ridge AmeriFlux site - Soil respiration - Stable isotope – Winter.

A comparison of water and carbon dioxide exchange at a windy alpine tundra and subalpine forest
site near Niwot Ridge, Colorado
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Abstract
Eddy covariance measurements of the surface energy balance and carbon dioxide exchange above high-elevation (3,480 m above
sea level) alpine tundra located near Niwot Ridge, Colorado, were compared to simultaneous measurements made over an
adjacent subalpine forest over two summers and one winter, from June 9, 2007 to July 3, 2008. The surface energy balance
closure at the alpine site averaged 71 and 91%, winter and summer, respectively, due to the high wind speeds, short turbulent
flux footprint, and relatively flat ridge-top location of the measurement site. Throughout the year, the alpine site was cooler with
higher relative humidity, and had a higher horizontal wind speed, especially in winter, compared to the forest site. Wind
direction was persistently downslope at the alpine site (summer and winter, day and night), whereas upslope winds were
common at the forest site during summer daytime periods. The latent and sensible heat fluxes were consistently larger in
magnitude at the forest site, with the largest differences during summer. The horizontal advective flux of CO2 at the alpine site
averaged 6% of the net ecosystem exchange (NEE) during summer nights (5% during summer daytime), and was small in
relation to the high wind speeds, relatively flat site, and weak sources of CO2 upwind of the site. The magnitudes and diurnal
behavior of the alpine NEE calculated using three methods; eddy-covariance, friction velocity filter, and with advection and
storage calculations, gave similar results. The period of net CO2 uptake (negative NEE) was 100 days at the alpine site with a
net uptake of 16 g C m−2, compared to 208 days at the forest site with a net uptake of 108 g C m−2, with initiation of net uptake
coinciding with air temperatures reaching +10°C. Winter respiration loss at the alpine site was 164 g C m−2 over 271 days,
compared to 52 g C m−2 over 175 days at the forest site, with the initiation of net loss coinciding with air temperatures reaching
−10°C at each site.
Keywords: Alpine - Carbon - Eddy correlation - Evaporation - Niwot Ridge – Water.

Storage and release of solutes from a subalpine seasonal snowpack: soil and stream water response,
Niwot Ridge, Colorado
Mark W. Williams1, 2 , Christine Seibold1 and Kurt Chowanski1
(1) Institute of Arctic and Alpine Research, University of Colorado at Boulder, UCB 450, Boulder, CO 80309, USA
(2) Department of Geography, University of Colorado at Boulder, UCB 360, Boulder, CO 80309, USA
Biogeochemistry Volume 95, Number 1 August, 2009, Pages. 77-94

Abstract
Much of the research on the chemistry of snow and surface waters of the western US, Europe, and Asia has been conducted in
high-elevation catchments above treeline. Here we provide information on the solute content of the seasonal snowpack at the
Soddie site on Niwot Ridge, Colorado, a subalpine site near treeline. We focus on the storage and release of both inorganic and
organic solutes to the soils underneath the snowpack, and subsequent effects on the chemical and nutrient content of the
underlying soil solution and the adjacent headwater stream. The concentration of inorganic nitrogen (N) stored in the seasonal
snowpack at the Soddie site of about 11 µeq L−1 was on the upper end of values reported for the northern hemisphere when
compared to most areas of the Alps, Himalayas, and Tien Shan mountain ranges, but consistent with other reports of snowpacks
in the Rocky Mountains. The storage of inorganic N in the snowpack at maximum accumulation averaged about 17 meq m−2, or
170 eq ha−1 (on the order of 2 kg-N ha−1). Solutes were released from storage in the form of an ionic pulse, with a maximum
concentration factor of about four. In contrast to the seasonal snowpack, the dominant form of N in the soil solution was
dissolved organic N. Thus, soils underlying the seasonal snowpack appear to assimilate inorganic N released from storage in the
snowpack and convert it to organic N. A two component mixing model suggests that the majority of streamflow was this year’s
snowmelt that had infiltrated the subsurface and undergone subsequent biological and geochemical reactions. The inorganic N in
surface waters at the headwaters of Como creek were always near or below detection limits, suggesting that this area at treeline
is still N-limited.
Keywords: Snow - Chemistry - Meltwater - Lysimeter - Isotopes - Soil solution - Surface water.
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Abstract
The effect of snow cover on surface-atmosphere exchanges of nitrogen oxides (nitrogen oxide (NO) + nitrogen dioxide (NO2);
note, here ‘NO2’ is used as surrogate for a series of oxidized nitrogen gases that were detected by the used monitor in this
analysis mode) was investigated at the high elevation, subalpine (3,340 m asl) Soddie site, at Niwot Ridge, Colorado. Vertical
(NO + NO2) concentration gradient measurements in interstitial air in the deep (up to ~2.5 m) snowpack were conducted with an
automated sampling and analysis system that allowed for continuous observations throughout the snow-covered season. These
measurements revealed sustained, highly elevated (NO + NO2) mixing ratios inside the snow. Nitrogen oxide concentrations
were highest at the bottom of the snowpack, reaching levels of up to 15 ppbv during mid-winter. Decreasing mixing ratios with
increasing distance from the soil–snow interface were indicative of an upwards flux of NO from the soil through the snowpack,
and out of the snow into the atmosphere, and imply that biogeochemical processes in the subnival soil are the predominant NO
source. Nitrogen dioxide reached maximum levels of ~3 ppbv in the upper layers of the snowpack, i.e., ~20–40 cm below the
surface. This behavior suggests that a significant fraction of NO is converted to NO2 during its diffusive transport through the
snowpack. Ozone showed the opposite behavior, with rapidly declining levels below the snow surface. The mirroring of vertical
profiles of ozone and the NO2/(NO + NO2) ratio suggest that titration of ozone by NO in the snowpack contributes to the ozone
reaction in the snow and to the ozone surface deposition flux. However, this surface efflux of (NO + NO2) can only account for

a minor fraction of ozone deposition flux over snow that has been reported at other mid-latitude sites. Neither (NO + NO2) nor
ozone levels in the interstitial air showed a clear dependence on incident solar irradiance, much in contrast to observations in
polar snow. Comparisons with findings from polar snow studies reveal a much different (NO + NO2) and ozone snow chemistry
in this alpine environment. Snowpack concentration gradients and diffusion theory were applied to estimate an average,
wintertime (NO + NO2) flux of 0.005–0.008 nmol m−2 s−1, which is of similar magnitude as reported (NO + NO2) fluxes from
polar snow. While fluxes are similar, there is strong evidence that processes controlling (NO + NO2) fluxes in these
environments are very different, as subnivial soil at Niwot Ridge appears to be the main source of the (NO + NO2) efflux,
whereas in polar snow (NO + NO2) has been found to be primarily produced from photochemical de-nitrification of snow
nitrate.
Keywords: Snow - Soil - Winter - Gas fluxes - Nitrogen oxides – Ozone.

Time-series modeling of reservoir effects on river nitrate concentrations
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Advances in Water Resources Volume 32, Issue 8, August 2009, Pages. 1197-1205

Abstract
Saylorville Reservoir is a 24.1 km2 impoundment of the Des Moines River located approximately 10 km north of the City of
Des Moines, Iowa, USA. Surface water from the Des Moines River used for drinking water supply is impaired for nitrate–
nitrogen. Monthly mean nitrate concentration data collected upstream and downstream of the reservoir for a 30-year period
(1977–2006) were selected for time-series analysis. Our objectives were to (1) develop a model describing nitrate concentrations
downstream of the reservoir as a function of the concentrations entering the reservoir and (2) use the model to provide a 1-month
ahead forecast for downstream water quality. Results indicated that downstream nitrate can be effectively modeled using a
transfer function approach that utilized inflow concentrations during the current and previous month as input variables. Inflow
concentrations were modeled using an AR (20) model, with the higher order model consistent with temporal correlation noted by
others. The transfer function model suggested that the reservoir is reducing nitrate concentrations by 22 ± 6%, a reduction that
greatly exceeds previous estimates. Monthly nitrate forecasted with the model were nearly all within a 95% prediction interval of
their actual measured values and did not appear greatly affected by flow variations.
Keywords: Reservoir; Nitrate; Time series; Transfer function; ARMA.
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Abstract
The NitroEurope project aims to improve understanding of the nitrogen (N) cycle at the continental scale and quantify the major
fluxes of reactive N by a combination of reactive N measurements and modelling activities. As part of the overall measurement
strategy, a network of 13 flux ‘super sites’ (Level-3) has been established, covering European forest, arable, grassland and
wetland sites, with the objective of quantifying the N budget at a high spatial resolution and temporal frequency for 4.5 years,
and to estimate greenhouse gas budgets (N2O, CH4 and CO2). These sites are supported by a network of low-cost flux
measurements (Level-2, 9 sites) and a network to infer reactive N fluxes at 58 sites (Level-1), for comparison with carbon (C)
flux measurements.
Measurements at the Level-3 sites include high resolution N2O, NO (also CH4, CO2) fluxes, wet and dry N deposition, leaching
of N and C and N transformations in plant, litter and soil. Results for the first 11 months (1.8.2006 to 30.6.2007) suggest that the
grasslands are the largest source of N2O that forests are the largest source of NO and sink of CH4 and that N deposition rates
influence NO and N2O fluxes in non-agricultural ecosystems. The NO and N2O emission ratio is influenced by soil type and
precipitation. First budgets of reactive N entering and leaving the ecosystem and of net greenhouse gas exchange are outlined.
Further information on rates of denitrification to N2 and biological N2 fixation is required to complete the N budgets for some
sites. The quantitative roles played by CO2, N2O and CH4 in defining net greenhouse gas exchange differ widely between
ecosystems depending on the interactions of climate, soil type, land use and management.
Keywords: N input; N loss; N turnover; Deposition; Denitrification; Nitrous oxide; Carbon dioxide; Methane.
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Abstract
Direct and indirect nitrous oxide (N2O) emissions and leaching losses from an intensively managed grazed pasture in the Ythan
catchment, Aberdeenshire, UK, were measured and compared over a 17-month period. Simultaneous measurements of farmwide leaching losses of N2O were also made and catchment-wide fluxes were estimated from existing N leaching data. The
relative importance of direct and indirect N2O fluxes at the field, farm and catchment scale was then assessed. At the field scale
we found that direct N2O emissions were low (1.2 kg N ha−1 year−1, 0.6% of N input) with indirect N2O emissions via
drainage waters comprising a significant proportion (25%) of total N2O emissions. At the whole-farm scale, the N2O-N
emission factor (0.003) for leached NO3-N (EF5-g) was in line with the IPCC's recent downward revision. At the catchment
scale, a direct N2O flux of 1.9 kg N ha−1 year−1 and an indirect flux of 0.06 kg N2O-N ha−1 year−1 were estimated. This study
lends further support to the recent downward revision of the IPCC emission factor for N2O arising from leached N in surface
and ground waters (EF5-g) and highlights the need for multiple point sampling to ensure that the importance of indirect N2O
losses via drainage waters is not misrepresented at the farm and catchment scales.
Keywords: Emission factor; Leaching; Drainage; Denitrification.
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Abstract
Greenhouse gas budgets as well as the productivity of grassland systems are closely related to the carbon (C) and nitrogen (N)
cycles. Within the framework of the CarboEurope and NitroEurope projects we have measured C and N exchange on the field
scale at the grassland site Oensingen previously converted from arable rotation. The site is located on the Swiss Central Plateau
and consists of two parallel fields of equal size. One field was subjected to intensive management with average nitrogen input of
230 kg-N ha−1 year−1 and 4–5 cuts per year, and the other to an extensive management with no fertilisation and less frequent
cutting. The total C budget of the fields was assessed by measuring the CO2 exchange by eddy covariance and analysing the
carbon import by manure application and export by harvest. The N budget of the managed grassland is more complex. Besides
the management related import and export, it includes gaseous exchange in many different forms (NO, NO2, HNO3, N2O, NH3,
N2) needing different analytical techniques, as well as input by rain and leaching of N-compounds with the soil water. The main
(“level-3”) field sites in the NitroEurope project are supposed to measure 95% of the N fluxes at the field scale. For several of
the N fluxes specific measurements have been performed for 1 year or longer at the site. Some of the remaining N budget
components (dry and wet deposition) could be estimated from results of a national deposition network, while other components
(NH3 and N2 emission) were estimated based on literature parameterisations. However, we found indications that the
(systematic) uncertainties of these estimated N-fluxes are large and that it is important to make site-specific measurement for all
relevant budget components. The suitability of corresponding experimental methods is discussed.
Analysis of the C budget over a 6-year period (2002–2007) showed a significant mean difference between the two newly
established grassland fields with a likely net carbon loss for the extensive management and a net sequestration for the intensive
management. Since the C/N ratio of the soil organic matter of the grassland is constrained in a rather narrow range around 9.3,
the change in the soil carbon pool is supposed to be accompanied by a corresponding change in the N storage. This approach
provided an alternative method to check the N budget of the two grassland fields derived from the individual N fluxes.
Keywords: Nitrogen budget; Carbon budget; Temperate grassland; Management intensity; Trace gas exchange.
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Abstract
Fertilizer nitrogen (N) use is expanding globally to satisfy food, fiber, and fuel demands of a growing world population.
Fertilizer consumers are being asked to improve N use efficiency through better management in their fields, to protect water
resources and to minimize greenhouse gas (GHG) emissions, while sustaining soil resources and providing a healthy economy.
A review of the available science on the effects of N source, rate, timing, and placement, in combination with other cropping and
tillage practices, on GHG emissions was conducted. Implementation of intensive crop management practices, using principles of
ecological intensification to enhance efficient and effective nutrient uptake while achieving high yields, was identified as a
principal way to achieve reductions in GHG emissions while meeting production demands. Many studies identified through the
review involved measurements of GHG emissions over several weeks to a few months, which greatly limit the ability to
accurately determine system-level management effects on net global warming potential. The current science indicates: (1)
appropriate fertilizer N use helps increase biomass production necessary to help restore and maintain soil organic carbon (SOC)
levels; (2) best management practices (BMPs) for fertilizer N play a large role in minimizing residual soil nitrate, which helps
lower the risk of increased nitrous oxide (N2O) emissions; (3) tillage practices that reduce soil disturbance and maintain crop
residue on the soil surface can increase SOC levels, but usually only if crop productivity is maintained or increased; (4)
differences among fertilizer N sources in N2O emissions depend on site- and weather-specific conditions; and (5) intensive crop
management systems do not necessarily increase GHG emissions per unit of crop or food production; they can help spare natural

areas from conversion to cropland and allow conversion of selected lands to forests for GHG mitigation, while supplying the
world's need for food, fiber, and biofuel. Transfer of the information to fertilizer dealers, crop advisers, farmers, and agricultural
and environmental authorities should lead to increased implementation of fertilizer BMPs, and help to reduce confusion over the
role of fertilizer N on cropping system emissions of GHGs. Gaps in scientific understanding were identified and will require the
collaborative attention of agronomists, soil scientists, ecologists, and environmental authorities in serving the immediate and
long-term interests of the human population.
Keywords: Greenhouse gas; Nitrous oxide; Fertilizer; Best management practice; Nitrogen; Cropping system; Climate change;
Global warming; Carbon dioxide; Methane.
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Abstract
The watersheds of the Seine, Somme and Scheldt rivers (France, Belgium, the Netherlands), flowing into the continental coastal
zone of the English Channel and Southern North Sea, are among the regions of the world with the highest anthropogenic inputs
of reactive nitrogen through fertilizer use, legume fixation and deposition of atmospheric nitrogen. They also represent examples
of widely open systems, either exporting a large fraction of their N inputs under the form of agricultural products (case of the
Seine basin) or importing high amounts of nitrogen as feed for livestock nutrition (case of the Scheldt basin), and delivering up
to 2000 kg N km−2 yr−1 at river outlet into the sea. Taking these three watersheds as a case study, we review the different
approaches developed so far for describing and predicting the fate of reactive nitrogen inputs to regional systems and its cascade
from soils to sea. These approaches range from simple lumped input–output budget, to detailed process-based, spatially
distributed models of nutrient transfers. The merits and the limits of these approaches are discussed. Their combination allows to
establish a reasonably consistent budget for the three basins, emphasizing the various ‘retention’ terms linked to both landscape
and in-stream processes, including storage in long residence time compartments (soil organic matter, vadose zone, aquifers, etc.),
denitrification (in soil, riparian zones or river benthos) or sediment burial. Root-zone and riparian denitrification processes
appear as major terms of landscape retention in all three investigated watersheds. Retention of nitrogen associated with
collection and treatment of urban wastewater is also a major term in the two most populated watersheds.
Keywords: Nitrogen cascade; Nitrogen retention; Autotrophy; Heterotrophy; Seine river; Somme river; Scheldt river.
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Abstract
The impact of elevated CO2 on leaf-litter and root exudate production may alter soil carbon storage capacities for the future. In
particular when so-called ‘priming effects’, the counterintuitive loss of soil carbon following input of organic carbon substrates,
are taken into consideration. Here we investigate the dynamics of priming effects and ask whether the source of primed carbon is
microbial biomass or soil organic matter and whether specific microbial groups, as identified by phospholipid fatty acid (PLFA)
biomarkers, may be important in causing them. We measured δ13C within soil CO2 efflux and PLFA biomarkers following C3
soil priming effects caused by additions of C4 sugar-cane sucrose and maize (Zea mays L.) leaf-litter chopped and ground. All
additions caused an initial pulse of priming effect CO2 and a later pulse of substrate-derived CO2, showing that priming effects
can be induced rapidly following changes in substrate supply. Priming effects persisted over 32 days and led to a loss of soil
carbon, with an increase in soil carbon decomposition of 169% following sucrose addition, 44% following chopped maize and
67% following ground maize additions. An increased concentration of soil-derived carbon within specific PLFA biomarkers

provided evidence that a source of the primed carbon was soil organic matter. Certain Gram negative bacteria, identified by
PLFA biomarkers (16:1ω5, 16:1ω7), showed increased uptake of soil carbon for both sucrose and maize treatments and may be
directly linked to priming effects. Our study provides evidence that substrate carbon inputs to soil induce rapid changes in
specific microbial groups, which in turn increase soil carbon metabolism.
Keywords: Soil carbon; Priming effect; Leaf-litter; Decomposition; Stable isotopes; PLFA.
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Abstract
Nitrogen-fixing species contribute to ecosystem nitrogen budgets, but background resource levels influence nodulation, fixation,
and plant growth. We conducted a greenhouse experiment to examine the separate and interacting effects of water and N
availability on biomass production, tissue N concentration, nodulation, nodule activity, and rhizodeposition of Lupinus argenteus
(Pursh), a legume native to sagebrush steppe. Plants were grown in a replicated, randomized design with three levels of water
and four levels of N. Additional water and N increased biomass except at the highest N level. All plants formed nodules
regardless of treatment, but plants grown without N had the largest, most active nodules. Organic N was deposited into the
rhizosphere of all plants, regardless of treatment, indicating that Lupinus can influence N availability while actively growing,
even under water stress. High tissue N concentrations and low C:N ratios indicate that Lupinus also can provide substantial
amounts of N through litter decomposition. The ability of Lupinus to affect N availability and cycling indicates that it has the
potential to significantly influence N budgets and community composition within the sagebrush steppe.
Keywords: Rhizodeposition; Symbiotic nitrogen fixation; Silver lupine; Sagebrush steppe.
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Abstract
The great number of abandoned uranium mines within the Portuguese territory led to the production of specific legislation
establishing the rehabilitation of these areas and the definition of those requiring prior intervention. Cunha Baixa uranium mine
(Mangualde, Central Portugal) was one of these areas and a site-specific risk assessment is being carried out for this mine,
following European frameworks. In this study the Ames test with soil elutriates, and emergence and growth assays with Lactuca
sativa L. and Zea mays L. were performed to assess soil retention and habitat functions. Levels of metals bioaccumulated in
plant tissues, grown above soil surface, during the assays, were determined as well. No genotoxic effects were recorded for soil
eluates (1:10 and 1:2, m/v) except for site F within the mine area, which is under the effluence of runoffs from the effluent
treatment pond. Nevertheless, most of all were highly toxic to Salmonella typhimurium (especially for TA98) strains, used in the
assay. The results gathered suggested that during the natural process of soil percolation by rainwater, the leachates yielded are
contributing with toxic but no genotoxic metals to underground water resources. Phytotoxicity assays demonstrated that soil
habitat function was compromised in almost all the sampling sites selected within the mine area. These results have clearly
demonstrated how evaluations based on extractable metal concentrations may underestimate the risks of contaminated soils.
Lettuce was the most sensitive species probably due to the great ability of this species in accumulating high concentrations of
metals in their aboveground tissues. The highest bioaccumulation factors (BAFs) values were recorded for this species namely

for Co (16.5), Cu (28.5), Ba (7.3), Sr (7.2) and Ni (6.1). Copper (9.0) and nickel (3.6) were the main elements bioaccumulated by
maize. The dilution of mine soils with a local reference soil has proved to mitigate its toxicity in almost all the sites analysed.
Keywords: Phytotoxicity; Genotoxicity; Ames test; BAF; Uranium mines.
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Abstract
The effect of earthworms on soil hydrolases (protease, urease, invertase, and alkaline phosphatase) and dehydrogenase activities
was investigated in maize residue amended rice–wheat rotation agro-ecosystem. Experimental plots in the rotation had five
treatments, i.e. incorporation or mulching of maize residues with or without added earthworms and an untreated control. The
application of maize residues to soil without earthworms significantly enhanced the five soil enzyme activities compared with
the control treatment during rice and wheat cultivation. The presence of earthworms further significantly enhanced protease
activity in the soils with both incorporated and mulched maize residues during two cultivation seasons, but only significantly
increased alkaline phosphatase activity in the soil with incorporated maize residue during the rice cultivation season. Invertase
activity was significantly enhanced by the presence of earthworms in the soil with maize residue incorporation during two
cultivation seasons. There were no changes in dehydrogenase activity when earthworms were present. Additionally, the five
enzyme activities in earthworm casts were significant higher than those in the surrounding soil, especially dehydrogenase and
invertase activities. Whatever the treatment, the values obtained for the enzyme activities in both soil and casts, except for
dehydrogenase activity in earthworm casts, were significantly higher under wheat than those in rice-cultivated soil. These results
indicate that the presence of earthworms strongly affected soil enzyme activities, depending on the method of organic residue
application, and the enhanced enzyme activities of earthworm casts probably contributed to the surrounding soil enzyme
activities.
Keywords: Earthworms; Microbial activity; Earthworm casts; Crop rotation.
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Abstract
In view of the significance of agricultural soils in affecting global C balance, the impact of manipulation of the quality of
exogenous inputs on soil CO2–C flux was studied in rice–barley annual rotation tropical dryland agroecosystem. Chemical
fertilizer, Sesbania shoot (high quality resources), wheat straw (low quality resource) and Sesbania + wheat straw (high + low
quality), all carrying equivalent recommended dose of N, were added to soil. A distinct seasonal variation in CO2–C flux was
recorded in all treatments, flux being higher during rice period, and much reduced during barley and summer fallow periods.
During rice period the mean CO2–C flux was greater in wheat straw (161% increase over control) and Sesbania + wheat straw
(+129%) treatments; however, during barley and summer fallow periods differences among treatments were small. CO2–C flux
was more influenced by seasonal variations in water-filled pore space compared to soil temperature. In contrast, the role of
microbial biomass and live crop roots in regulating soil CO2–C flux was highly limited. Wheat straw input showed smaller
microbial biomass with a tendency of rapid turnover rate resulting in highest cumulative CO2–C flux. The Sesbania input
exhibited larger microbial biomass with slower turnover rate, leading to lower cumulative CO2–C flux. Addition of Sesbania to
wheat straw showed higher cumulative CO2–C flux yet supported highest microbial biomass with lowest turnover rate indicating

stabilization of microbial biomass. Although single application of wheat straw or Sesbania showed comparable net change in soil
C (18% and 15% relative to control, respectively) and crop productivity (32% and 38%), yet they differed significantly in soil C
balance (374 and −3 g C m−2 y−1 respectively), a response influenced by the recalcitrant and labile nature of the inputs.
Combining the two inputs resulted in significant increment in net change in soil C (33% over control) and crop yield (49%) in
addition to high C balance (152 g C m−2 y−1). It is suggested that appropriate mixing of high and low quality inputs may
contribute to improved crop productivity and soil fertility in terms of soil C sequestration.
Keywords: Soil CO2–C flux; Microbial biomass; Crop root biomass; Dryland agroecosystem.
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Abstract
Many field and laboratory studies have demonstrated that the addition of easily available carbon can increase rates of
decomposition of plant litter or humified soil organic matter, though opposite trends are also common. In boreal forests, a large
part of labile carbon enters soil via tree roots and ectomycorrhizal (EM) network. The influence of increased C availability and
the presence of EM roots on litter decomposition was studied in a long-term field experiment in a 50-year-old Picea abies
plantation. Litterbags containing litter of three species (Populus tremula, Quercus robur, or P. abies) were buried to the depth of
ca. 2.5 cm. The experiment was set up in a full-factorial design with carbon availability and presence of roots as factors. Carbon
was added as an aqueous sucrose solution (50 g C m−2) every second week during snow-free period. Spruce roots around and
underneath experimental plots were cut once a month. Subsets of litterbags were analysed after 12, 21 and 24 months. The serial
dilution technique was used to assess the fungal community composition. The addition of labile carbon led to a strong decrease
in litter decomposition rates, associated with consistent shifts in the composition of saprotrophic microfungal communities, and
to an increase in the overall density of culturable fungal species (r-strategists), but not of specialized cellulolytic microfungi (Kstrategists), isolated on Hutchinson agar. Sucrose addition did not affect the number of species isolated but the dominance
structure was shifted toward the domination of the 2–4 most abundant species. The presence of EM roots significantly reduced
moisture content in decomposing litter but had only weak and inconsistent effect on the decomposition rates and on the
community composition of saprotrophic microfungi; these effects did not depend on the level of carbon availability.
Keywords: Soil fungal communities; Litter decomposition; Labile carbon; Priming effect; Ectomycorrhizal roots; r- and Kstrategists.
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Abstract
The scale of spatial heterogeneity in soil nitrogen (N) concentrations varies considerably in grazed systems, because grazers vary
in the volume of urine they excrete. This could affect how urine-N is processed, and subsequently how much N is lost from the
system, as diffusion and plant effects on soil nutrient concentrations can be scale-dependent. Two field experiments were
performed; one measured the impact of urine patch size (small, medium or large) on soil inorganic N pools and fluxes over time,
and the other assessed whether urine patch size affected plant responses and system N retention even if the same total amount of
urine was applied. Soil from inside small urine patches retained inorganic N for shorter amounts of time, resulting in lower plant
biomass and N uptake than that inside larger patches. Although system nitrogen retention was not affected by patch size, it
appeared that larger patches had a greater potential to lose N due to the longer period over which soil inorganic N concentrations

remained high. This suggests that systems grazed by larger organisms are more prone to lose N through patch size effects than
those grazed by smaller ones.
Keywords: Urine; N cycling; Heterogeneity; Grazing; Scale.
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Abstract
Eutrofication is a threat against nutrient-poor habitats as increased amounts of nutrients in ecosystems may cause changes in the
vegetation. Nitrogen (N) deposition leads to conversion of Calluna heathlands into graminoid dominated heath, but low
availability of P may hinder or slow down this process.
In this study the soil properties under two dominant heathland plants, the dwarf shrub Calluna vulgaris and the grass
Deschampsia flexuosa, were investigated, with focus on nutrient content in the organic top soil and soil microbes during the
main growing season and effects of nutrient amendments. The concentration of inorganic and dissolved organic N was
significantly higher under D. flexuosa than C. vulgaris all though there were the same amounts of total N in the soil below the
two species. N and P amendment enhanced available N and P in the soil, but added nutrients had little direct effects on microbes.
The microbial biomass on the other hand was positively related to soil water content in fertilized plots indicating that this was
due to an indirect effect of enhanced nutrient availability. Microbial N and P pools were respectively 1000 and 100 times higher
than the pool of inorganic N and P, and microbes therefore may play an important role in regulating plant nutrient supply.
Judged from responses of inorganic and microbial N and P concentrations to added N and P, N seemed to limit C. vulgaris and
soil microbes below while P seemed to limit D. flexuosa and soil microbes below this species. There were lower rates of net
nitrification, net ammonification and DOC and DON production rates during winter in the soil under C. vulgaris than below D.
flexuosa, although all these rates were equal under the two species on an annual basis. This indicates that these microbial
processes were taking place during winter but were affected by exudates from C. vulgaris.
Keywords: Calluna vulgaris; Deschampsia flexuosa; Eutrofication; Fertilization; Heathland; Immobilisation; Mineralization; N;
Nutrient limitation; P; Seasonal variation.
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Abstract
Labile soil organic matter pools (LSOMs) are the fine indicators of soil quality which are influenced by changes in management
practices. The suitability of forest tree species is essential for soil quality improvement of a nutrient deficient calciorthent with
very high percentage of free CaCO3 (34%). Six multipurpose tree species were selected to investigate the effect of afforestation
after 18 years of plantations on size and dynamics of LSOMs, e.g. dissolved organic carbon (DOC), microbial biomass carbon
(MBC) and light fraction carbon (LFC) and also on soil respiration. LSOMs were estimated during four seasons: summer (June),
autumn (September), winter (December) and spring (March) in 0–15 cm and 15–30 cm soil depths and in situ soil respiration
was also measured during the corresponding periods. Afforestation by Eucalyptus tereticornis (Smith) increased soil organic
carbon (SOC) of the surface 30 cm soil layer by 142% which was at par with Terminalia arjuna Bedd. and Albizia procera

(Roxb.) Benth while 63% increase was found by Pongamia pinnata (Linn.) over control plot (3.10 kg ha−1 SOC). Soil under T.
arjuna had the highest increase in the mean annual concentration of DOC (by 201%), MBC (by 413%) and LFC (by 263%) over
control in the 30 cm soil layer followed by E. tereticornis. Among the LSOMs, LFC had the maximum contribution to SOC
(9.61–11.71%) in the afforested plots up to 30 cm soil layer. The relationships among the three labile pools were highly
significant. Mean annual soil respiration was highest in E. tereticornis plot which was at par with Acacia lenticularis (L.) Willd
and A. procera, while it was lowest in T. arjuna plot. Thus, MBC was the most sensitive to afforestation and LFC was the largest
reservoir of carbon among the three LSOMs. The results suggest that afforestation by the six multipurpose tree species had
increased the LSOMs and soil respiration to different magnitudes. T. arjuna was found to be the most suitable plantation with
highest increase in LSOMs and lowest respiration among the different plantations.
Keywords: Dissolved organic carbon; Microbial biomass carbon; Light fraction carbon; Soil respiration; Afforestation.
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Abstract
Wild growing mushrooms are a popular delicacy in many countries, but some species accumulate high levels of toxic heavy
metals, e.g., mercury, both in unpolluted and mildly polluted areas. In this study, we examined the accumulation capacity of
mercury in edible mushrooms in relation to certain factors and their possible toxicological implications. Total concentrations of
mercury were determined by an anodic stripping voltammetric technique using a gold disc as the working electrode in 238
samples of the fruiting bodies of 28 wild growing edible mushrooms species and the underlying soil. The mushrooms were
collected from different sites in the province of Lugo (NW Spain). The hymenophore (H) and the rest of the fruiting body (RFB)
were analysed separately. The highest mean mercury concentrations (mg/kg dry weight) were found in Boletus pinophilus (6.9 in
H and 4.5 in RFB), Agaricus macrosporus (5.1 in H and 3.7 in RFB), Lepista nuda (5.1 in H and 3.1 in RFB) and Boletus aereus
(4.6 in H and 3.3 in RFB), while the lowest was found in Agrocybe cylindrica (0.34 in H and 0.26 in RFB) and Fistulina hepatica
(0.30 in H and 0.22 in RFB). All mushroom species accumulated mercury (BCF > 1) in relation to the underlying soils. There
were no statistically significant differences between the mercury levels in the hymenophore and in the rest of the fruiting body.
The total mercury concentrations were compared to data in the literature and to levels set by legislation. It was concluded that
consumption of the majority of the studied mushrooms is not a toxicological risk as far as mercury content is concerned,
although the species B. pinophilus, A. macrosporus, L. nuda and B. aereus should be consumed in low amounts.
Keywords: Mercury; Edible mushrooms; Soil; Bioconcentration factors; Voltammetry.
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Abstract
A distributed hydrological model, YHyM, was integrated with the export coefficient concept and applied to simulate the nutrient
load in the Mekong River Basin. In the validation period (1992–1999), Nash–Sutcliffe efficiency was 76.4% for discharge,
65.9% for total nitrogen, and 45.3% for total phosphorus at Khong Chiam. Using the model, scenario analysis was then

performed for the 2020s taking into account major anthropogenic factors: climate change, population, land cover, fertilizer use,
and industrial waste water. The results show that the load at Kompong Cham in 2020s is 6.3 × 104 tN a− 1 (+ 13.0% compared
to 1990s) and 4.3 × 103 tP a− 1 (+ 24.7%). Overall, the noticeable nutrient sources are cropland in the middle region and urban
load in the lower region. The installation of waste water treatment plants in urban areas possibly cut 60.6%N and 19.9%P of the
estimated increase in the case without any treatment.
Keywords: Distributed hydrological model; Total nitrogen; Total phosphorus; Scenario analysis.
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Abstract
A risk assessment report (RAR) on zinc and zinc compounds has recently been prepared in the framework of the European
Union (EU) Council Regulation 793/93/EEC on Existing Chemicals. The EU Scientific Committee on Human and
Environmental Risks (SCHER) has, however, expressed some fundamental, science-based concerns about the approach followed
and the conclusions. The main objective of the present study was to assess the potential environmental risks associated with
current use patterns of Zn in nine EU river basins in Germany, France and Belgium, thereby using more advanced methodologies
which are largely in line with the recommendations made by SCHER. This included (i) avoiding working with measured Zn
concentrations from monitoring stations that were potentially influenced by point sources and/or historical contamination, (ii) the
full bioavailability normalization of all chronic ecotoxicity data to river basin specific physico-chemistry using biotic ligand
models (BLM), prior to deriving predicted no effect concentrations (PNEC) with the species sensitivity distribution (SSD)
approach, and (iii) the use of a probabilistic framework for risk characterization. Further, a total risk approach instead of an
added risk approach was used, and the PNEC was equated to the HC5-50 without an additional assessment factor. Based on
monitoring data we estimated predicted environmental concentrations (PEC) for the different EU river basins between 1.3 and
14.6 µg dissolved Zn/L. PNEC values varied between 22.1 and 46.1 µg dissolved Zn/L. This resulted in deterministic risk
characterization ratios (RCR) that were below 1 in all river basins, suggesting that there is no deterministic regional risk
associated with current use patterns of Zn in these river basins. With the probabilistic approach we identified rather limited risks,
i.e., between < 0.4 and 18.3%. When the EU RAR approach was applied to the same monitoring datasets, deterministic risks
were found in different river basins. A detailed analysis showed that this different deterministic conclusion of risk is mainly due
to the fact that the EU RAR (i) uses an additional assessment factor of 2 to derive the PNEC and (ii) uses a more conservative
approach for implementing bioavailability (BioF approach). We argue that the larger conservatism in the EU RAR mainly
originates from decisions made to deal in a pragmatic way with (i) uncertainty related to the across-species extrapolation of
BLMs and (ii) the relatively high sensitivity of some multi-species toxicity studies.
Keywords: Zinc; Environmental risk assessment; Ecotoxicity; Freshwater; Bioavailability; Exposure; Monitoring.
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Abstract
The concept that domestic rainwater storage tanks may host sustainable microbial ecosystems has not previously been addressed.
The bacterial diversity, cultivated from more than 80 samples from 22 tanks at various locations across eastern Australia, is
presented here as prima facie evidence for the potential operation of a functional micro-ecology within rainwater storage
systems. Cultivated isolates were found to comprise members of four major bacterial divisions; Proteobacteria, Firmicutes,
Actinobacteria and Bacteroidetes, including more than 200 species from 80 different genera. The pattern of abundance
distribution was typical of that observed in most natural communities, comprising a small number of abundant taxa and a
multitude of rare taxa, while the specific composition resembled that previously described in a number of natural aquatic

systems. Although Proteobacteria from α, β and γ sub-classes were dominant, a set of core taxa comprising representative genera
from all four phyla could be identified. Coliform and other species specifically associated with faecal material comprised < 15%
of the species identified, and represented < 1.5% of total average abundance. The composition of the cultivated populations and
scope of diversity present, suggested that rainwater tanks may support functional ecosystems comprising complex communities
of environmental bacteria, which may have beneficial implications for the quality of harvested rainwater.
Keywords: Roof harvested rainwater; Culturable prokaryotic diversity; Microbial water quality.
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Abstract
This paper deals with aerodynamic effects of avenue-like tree planting on flow and traffic-originated pollutant dispersion in
urban street canyons by means of wind tunnel experiments and numerical simulations. Several parameters affecting pedestrian
level concentration are investigated, namely plant morphology, positioning and arrangement. We extend our previous work in
this novel aspect of research to new configurations which comprise tree planting of different crown porosity and stand density,
planted in two rows within a canyon of street width to building height ratio W/H = 2 with perpendicular approaching wind.
Sulfur hexafluoride was used as tracer gas to model the traffic emissions. Complementary to wind tunnel experiments, 3D
numerical simulations were performed with the Computational Fluid Dynamics (CFD) code FLUENT™ using a Reynolds Stress
turbulence closure for flow and the advection–diffusion method for concentration calculations. In the presence of trees, both
measurements and simulations showed considerable larger pollutant concentrations near the leeward wall and slightly lower
concentrations near the windward wall in comparison with the tree-less case. Tree stand density and crown porosity were found
to be of minor importance in affecting pollutant concentration. On the other hand, the analysis indicated that W/H is a more
crucial parameter. The larger the value of W/H the smaller is the effect of trees on pedestrian level concentration regardless of
tree morphology and arrangement. A preliminary analysis of approaching flow velocities showed that at low wind speed the
effect of trees on concentrations is worst than at higher speed. The investigations carried out in this work allowed us to set up an
appropriate CFD modelling methodology for the study of the aerodynamic effects of tree planting in street canyons. The results
obtained can be used by city planners for the design of tree planting in the urban environment with regard to air quality issues.
Keywords: Street canyon; Tree planting; Crown porosity; Traffic pollutant concentration; Wind tunnel and CFD.
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Abstract
The Great Salt Lake (GSL) is a unique ecosystem in which trace element activity cannot be characterized by standard
geochemical parameters due to the high salinity. Movement of selenium and other trace elements present in the lake bed
sediments of GSL may occur due to periodic stratification displacement events or lake bed exposure. The water column of GSL
is complicated by the presence of a chemocline persistent over annual to decadal time scales. The water below the chemocline is
referred to as the deep brine layer (DBL), has a high salinity (16.5 to 22.9%) and is anoxic. The upper brine layer (UBL) resides
above the chemocline, has lower salinity (12.6 to 14.7%) and is oxic. Displacement of the DBL may involve trace element
movement within the water column due to changes in redox potential. Evidence of stratification displacement in the water
column has been observed at two fixed stations on the lake by monitoring vertical water temperature profiles with horizontal and

vertical velocity profiles. Stratification displacement events occur over periods of 12 to 24 h and are associated with strong wind
events that can produce seiches within the water column. In addition to displacement events, the DBL shrinks and expands in
response to changes in the lake surface area over a period of months. Laboratory tests simulating the observed sediment resuspension were conducted over daily, weekly and monthly time scales to understand the effect of placing anoxic bottom
sediments in contact with oxic water, and the associated effect of trace element desorption and (or) dissolution. Results from the
laboratory simulations indicate that a small percentage (1%) of selenium associated with anoxic bottom sediments is periodically
solubilized into the UBL where it potentially can be incorporated into the biota utilizing the oxic part of GSL.
Keywords: Selenium; Great Salt Lake; Hypersaline; Seiche; Brine layer; Anoxic.
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Abstract
This study evaluated the effectiveness and life-strategies of freshwater lichens in colonizing newly constructed stone structures
in low-elevation streams in a small nature reserve in northern Italy. Species richness, size of thalli, morphological and
ontogenetic traits of the species were related to the age of restored habitats. Lichen colonization was surprisingly rapid,
indicating the high potential of these organisms in colonizing restored habitats. However, the species pool found in the restored
habitats was different than that found in natural sites in the same study area. The age of newly constructed habitats influenced
both species richness and thallus size of the two most frequent Verrucaria species. Verrucaria aquatilis was a rapid colonizer
invading the substrate by several small-sized and thin thalli which soon supported a large number of small perithecia whose
development began in the earlier phase of thallus formation. V. elaeomelaena, on the contrary, developed according to a
different strategy, establishing a thick thallus on which relatively large perithecia were formed much later than in V. aquatilis. As
these taxa are important photoautotrophic components of freshwater ecosystems more ecological knowledge is needed to
evaluate the effectiveness of different measures of river restoration on lichen communities. The main practical implication of our
study is related to the value of small stone structures, such as riffles and ramps, for enhancing the establishment of pioneer
freshwater lichens to rapidly colonize newly available substrata.
Keywords: Colonization strategy; Habitat restoration; Verrucaria aquatilis; Verrucaria elaeomelaena.
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Abstract
The Walker Creek intertidal delta of Tomales Bay, California is impacted by a former mercury mine within the watershed.
Eleven short sediment cores (10 cm length) collected from the delta found monomethylmercury (MMHg) concentrations ranging
from 0.3 to 11.4 ng/g (dry wt.), with lower concentrations occurring at the vegetated marsh and upstream channel locations.
Algal mats common to the delta's sediment surface had MMHg concentrations ranging from 7.5 to 31.5 ng/g, and the top 1 cm of
sediment directly under the mats had two times greater MMHg concentrations compared to adjacent locations without algal
covering. Spatial trends in resident biota reflect enhanced MMHg uptake at the delta compared to other bay locations. Eighteen
sediment cores, 1 to 2 m deep, collected from the 1.2 km2 delta provide an estimate of a total mercury (Hg) inventory of 2500 ±

500 kg. Sediment Hg concentrations ranged from pre-mining background conditions of approximately 0.1 µg/g to a post-mining
maximum of 5 µg/g. Sediment accumulation rates were determined from three sediment cores using measured differences of
137Cs activity. We estimate a pre-mining Hg accumulation of less than 20 kg/yr, and a period of maximum Hg accumulation in
the 1970s and 1980s with loading rates greater than 50 kg/yr, corresponding to the failure of a tailings dam at the mine site. At
the time of sampling (2003) over 40 kg/yr of Hg was still accumulating at the delta, indicating limited recovery. We attribute
observed spatial evolution of elevated Hg levels to ongoing inputs and sediment re-working, and estimate the inventory of the
anthropogenic fraction of total Hg to be at least 1500 ± 300 kg. We suggest ongoing sediment inputs and methylation at the
deltaic surface support enhanced mercury levels for resident biota and transfer to higher trophic levels throughout the Bay.
Keywords: Sediments; Mercury; Methylmercury; Contaminant accumulation; Bioaccumulation; Biota; Natural attenuation;
Tomales Bay.
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Abstract
We investigate the effects of temperature inversions on the levels of nitrogen dioxide (NO2) and fine particulate matter (PM2.5)
in the atmosphere over the Hamilton Census Metropolitan Area and environs in Ontario, Canada, for the period 2003 to 2007.
Vertical temperature profiles extracted from data acquired by the Atmospheric Infrared Sounder (AIRS) were used to determine
the occurrences of daytime and nighttime temperature inversions over the region. NO2 and PM2.5 data were obtained from three
in situ air quality monitoring stations located in the study area. The results indicate increases of 49% and 54% in NO2 and
PM2.5 respectively, during nighttime inversion episodes. Daytime inversions resulted in an 11% increase in NO2 but a 14%
decrease in PM2.5. Decreases occurred predominantly in the summer. We discuss these results and possible explanations for the
reduced PM2.5 concentrations on inversion days. Weekday and seasonal analysis, with associated meteorological parameters are
also discussed.
Keywords: AIRS; Temperature inversions; Nitrogen dioxide; Particulate matter.
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Abstract
The possible existence of the potentially toxic oxyanions of Al (Al(OH)4−), As (HAsO42−), and Mo (MoO42−) was examined
in excessively limed lakes. In-situ dialysis (MWCO 1 kDa) was performed in the surface and bottom waters of two excessively
limed lakes (pH 7.1–7.7) and one acidic lake (pH 5.4). The dialysable metal concentrations were compared to the equilibrium
distribution of species as calculated with the geochemical code Visual MINTEQ incorporating the CD-MUSIC and Stockholm
Humic models for complexation onto colloidal ferrihydrite and dissolved organic matter. Arsenic and molybdenum in the
excessively limed lakes were to a large extent present in the dialysable fraction (> 79% and > 92% respectively). They were
calculated to exist as free or adsorbed oxyanions. Most of the Al was observed to reside in the colloidal fraction (51–82%). In
agreement with this, model predictions indicated aluminium to be present mostly as colloids or bound to dissolved organic
matter. Only a small fraction was modelled as Al(OH)4− ions. In most cases, modelled values were in agreement with the
dialysis results. The free concentrations of the three oxyanions were mostly low compared to toxic levels.
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Abstract
The possible effects of changing climate on a southern and a north-eastern English river (the Thames and the Yorkshire Ouse,
respectively) were examined in relation to water and ecological quality throughout the food web. The CLASSIC hydrological
model, driven by output from the Hadley Centre climate model (HadCM3), based on IPCC low and high CO2 emission
scenarios for 2080 were used as the basis for the analysis. Compared to current conditions, the CLASSIC model predicted lower
flows for both rivers, in all seasons except winter. Such an outcome would lead to longer residence times (by up to a month in
the Thames), with nutrient, organic and biological contaminant concentrations elevated by 70–100% pro-rata, assuming sewage
treatment effectiveness remains unchanged. Greater opportunities for phytoplankton growth will arise, and this may be
significant in the Thames. Warmer winters and milder springs will favour riverine birds and increase the recruitment of many
coarse fish species. However, warm, slow-flowing, shallower water would increase the incidence of fish diseases. These
changing conditions would make southern UK rivers in general a less favourable habitat for some species of fish, such as the
Atlantic salmon (Salmo salar). Accidental or deliberate, introductions of alien macrophytes and fish may change the range of
species in the rivers. In some areas, it is possible that a concurrence of different pressures may give rise to the temporary loss of
ecosystem services, such as providing acceptable quality water for humans and industry. An increasing demand for water in
southern England due to an expanding population, a possibly reduced flow due to climate change, together with the Water
Framework Directive obligation to maintain water quality, will put extreme pressure on river ecosystems, such as the Thames.
Keywords: Climate change; Ecosystem; Freshwater; Phytoplankton; Fish; Thames; Ouse.
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Abstract
Oribatid mites have often been used as indicators of the degree of environmental pollution but few studies have assessed the
effects of pollution at individual level. One possible indicator of environmental stress at individual level is structural
malformations of exoskeleton. We studied whether a number of leg deformities in soil oribatid mites could be used as an
indicator of the degree of heavy metal pollution or acidity in nature. For this purpose we collected soil samples in a well known
pollution gradient of a Finnish Cu-Ni smelter. Heavy metals are common pollutants in the area. Ten focal oribatid species were
inspected under microscope for deformations in their legs (missing, broken or deformed leg). Of the focal species only one
(Chamobates cuspidatus) showed an increasing trend along the pollution gradient in the proportion of leg abnormalities but there
were clear differences in proportions among species. We consider that leg deformities are not a good indicator of heavy metal

exposure in the studied species. Our data suggest, however, that they may indicate spatial variation in soil pH. We also tested for
the possible effects of pollution on oribatid species number and abundances. There were pollution-related differences in relative
abundances of mites but not in the number of species. We discuss the relationship between soil pH, calcium requirements and
skeletal malformations of oribatid mites.
Keywords: Acidification; Bio-indicator; Environmental pollution; Heavy metals; Oribatid mites; Skeletal abnormalities.
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Abstract
Aquatic plants have been used as hydrological tracers in groundwater fed river systems. In nature, patterns in plant distribution
have been attributed to ammonium (NH4) toxicity and phosphate (PO4) limitation, while some laboratory studies have focused
on the role of the partial pressure of CO2 (pCO2). The aims of this study were (i) to test whether plant distribution was more
related to pCO2 than NH4 and PO4 in nature, (ii) to develop and test the predictive power of new plant indices for pCO2, NH4
and PO4, and (iii) to test the potential causality of the relationships using species eco-physiological traits. These tests were
carried out with field data from the Rhine, Rhône and Danube river basins. Species composition was best related to the effect of
pCO2. The pCO2 plant index was well calibrated (r2 = 0.73) and had the best predictive power (r2 = 0.47) of the three indices
tested on independent datasets. The plant-pCO2 relationship was supported by a biological mechanism: the ability of strictly
submerged species of aquatic vascular plants to use HCO3 under low pCO2. This was not the whole story: the effects of pCO2,
NH4 and PO4 on plant distribution were partially confounded and interacted all together with temperature. However, neither
NH4 toxicity nor P limitation could be asserted using species eco-physiological traits. Moreover, the predictive power of the
NH4 and PO4 plant indices was not as strong as pCO2, at r2 = 0.24 and r2 = 0.27, respectively. Other potentially confounding
variables such as spatial structure, biotic and physical factors were unlikely to confound the findings of this study.
Keywords: Carbon dioxide; Phosphorus; Ammonium; Nitrate; Biomonitoring; Multiple stressors.
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Abstract
In 1937/38 representative mollusc collections were made in Jakarta Bay (West Java, Indonesia). New data from here and the
adjacent offshore Thousand Islands archipelago (Kepulauan Seribu) became available in 2005. Although collecting efforts and
sampling methods differed, a comparison of the molluscan fauna of Jakarta Bay between 1937/38 and 2005 reveals a distinct
deterioration. From 1937 to 2005, Jakarta Bay received increasing amounts of sewage from the greater Jakarta area, as well as
increased sediment input from the deforested West Java hinterland. Predatory gastropods and numerous mollusc species
associated with carbonate (reef) substrate have vanished from Jakarta Bay, among which many edible species.
Keywords: Java; Kepulauan Seribu; Reef degradation; Anthropogenic influence; Scientific collections; Mollusca.

Interactions between climate and energy policies: the case of Spain
Pablo Del Río
Climate Policy Volume 9, Number 2, 2009, Pages 119–138

Abstract
Emissions trading schemes (ETS) coexist with other environmental and energy policies, such as renewable energy promotion
schemes. The potential synergies and conflicts between these policies are worth analysing. Spain is used as a case study to

illustrate the theoretical, practical and quantitative interactions. The existence of national policies which affect CO2 emissions
and interact with the EU ETS may lead to conflicts, which could make it more difficult to reach the objectives of emissions
reductions, local sustainability benefits, dynamic efficiency and moderate consumer costs. The coordination of efforts to mitigate
these conflicts is difficult and may have limited effectiveness, since the instruments employed have multiple objectives and
different territorial scopes. However, the coexistence of the EU ETS with other instruments can be justified if the latter can
provide social benefits or tackle problems that the former cannot provide or solve (such as ‘local’ and ‘dynamic efficiency’
benefits). The results of an interaction between an ETS and renewable electricity promotion schemes depend on the type of RESE (electricity from renewable energy sources) support scheme being used and on the specific design features of the instrument
implemented.
Keywords: climate policy; emissions trading; energy policy; EU ETS; instrument coordination; policy interactions; renewable
energy; RES-E; Spain.
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Abstract
This study examines the economic and environmental implications of a unique Clean Development Mechanism (CDM) scheme
in which a non-Annex B country (Thailand) introduces a carbon tax and exports the resulting emission mitigation as certified
emission reductions (CERs). A general equilibrium model for Thailand has been developed for analysing this carbon tax-cumCDM (CT-CDM) policy. The study finds that, unlike a carbon tax policy, the CT-CDM policy could increase economic welfare
in Thailand, depending on CER price and schemes of recycling carbon tax- and CERrevenue to the economy. The CT-CDM
policy is found to increase economic welfare at a very low CER price (<US$2/tCO2) if the revenue from the carbon tax and
CER exports is recycled to finance cuts in existing indirect taxes on nonenergy goods. The policy would also improve economic
welfare when the revenue is recycled to households through a lump-sum transfer or when it is used to finance cuts in existing
labour tax, but only at a relatively high CER price (i.e. >US$55/tCO2).
Keywords: carbon tax; Clean Development Mechanism; climate change policies; developing countries; general equilibrium
analysis; Kyoto Protocol.
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Abstract
Since 2005, Parties to the UNFCCC have been negotiating policy options for incentivizing reductions of (greenhouse gas)
emissions from deforestation and degradation (REDD) in a future climate regime. Proposals on how to operationalize REDD
range from market-based to pure fund-based approaches. Most of the current proposals suggest accounting for REDD at the
national level. Accounting for emission reductions and implementing policy reform for curbing deforestation will take time and
imply high levels of technical and institutional capacity. Therefore it is essential that developing countries receive sufficient
support to implement national REDD programmes. To save time and ensure prompt action in reducing deforestation, a REDD
approach is proposed that integrates project-level and subnational REDD schemes into national-level accounting. This ‘nested
approach’ can achieve meaningful reductions in GHG emissions from improved forest governance and management, while
allowing for an immediate and broad participation by developing countries, civil society and the private sector.
Keywords: climate change framework; deforestation; developing countries; emissions reduction; governance; post-2012;
REDD.
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Abstract
Formed by the freezing of sea water, sea ice defines the character of the marine Arctic. The principal purpose of this review is to
synthesize the published efforts that document the potential impact of Arctic sea ice on remote climates. The emphasis is on
atmospheric processes and the resulting modifications in surface conditions such as air temperature, precipitation patterns, and
storm track behavior at interannual timescales across the middle and low latitudes of the Northern hemisphere during cool
months. Addressed also are the theoretical, methodological, and logistical challenges facing the current observational and
modeling studies that aim to improve our awareness of the role that Arctic sea ice plays in the definition of global climate.
Moving towards an improved understanding of the role that polar sea ice plays in shaping the global climate is a subject of
timely importance as the Arctic environment is currently undergoing rapid change with little slowing down forecasted for the
future.
Keywords: Arctic; sea ice; global climate; atmosphere.

Elevation dependency of recent and future minimum surface air temperature trends in the Tibetan
Plateau and its surroundings
a

Xiaodong Liua, b, Zhigang Chenga, Libin Yana and Zhi-Yong Yinc
SKLLQG, Institute of Earth Environment, Chinese Academy of Sciences, Xi'an 710075, China
b
Xi'an Jiaotong University, Xi'an 710049, China
c
University of San Diego, San Diego, California, 92110, USA
Global and Planetary Change Volume 68, Issue 3, August 2009, Pages 164-174

Abstract
Elevation dependency of climate change signals has been found over major mountain ranges such as the European Alps and the
Rockies, as well as over the Tibetan Plateau. In this study we examined the temporal trends in monthly mean minimum
temperatures from 116 weather stations in the eastern Tibetan Plateau and its vicinity during 1961–2006. We also analyzed
projected climate changes in the entire Tibetan Plateau and its surroundings from two sets of modeling experiments under future
global warming conditions. These analyses included the output of the NCAR Community Climate System Model (CCSM3) with
approximately 150 km horizontal resolution for the scenario of annual 1% increase in atmospheric CO2 for future 100 years and
physically-based downscaling results from the NCAR CAM3/CLM3 model at 10' × 10' resolution during three 20-year mean
periods (1980–1999, 2030–2049 and 2080–2099) for the IPCC mid-range emission (A1B) scenario. We divided the 116 weather
stations and the regional model grids into elevation zones of 500 m interval to examine the relationship of climatic warming and
elevation. With these corroborating datasets, we were able to confirm the elevation dependency in monthly mean minimum
temperature in and around the Tibetan Plateau. The warming is more prominent at higher elevations than at lower elevations,
especially during winter and spring seasons, and such a tendency may continue in future climate change scenarios. The elevation
dependency is most likely caused by the combined effects of cloud-radiation and snow-albedo feedbacks among various
influencing factors.
Keywords: elevation dependency; Tibetan Plateau; minimum surface air temperature; climate change; global warming.
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Abstract
Two Mediterranean sea level distributions spanning the last decades are examined. The first one is a reconstruction of sea level
obtained by a reduced-space optimal interpolation applied to tide gauge and altimetry data. The second distribution is obtained
from a 3D (baroclinic) regional circulation model. None of the two representations includes the mechanical atmospheric forcing.

Results are presented for two different periods: 1993–2000 (for which altimetry data are available) and 1961–2000 (the longest
period common to both distributions).
The first period is examined as a test period for the model, since the reconstruction is very similar to altimetry observations. The
modelled sea level is in fair agreement with the reconstruction in the Western Mediterranean and in the Aegean Sea (except in
the early nineties), but in the Ionian Sea the model departs from observations. For the whole period 1961–2000 the main feature
is a marked positive trend in the Ionian Sea (up to 1.8 mm yr− 1), observed both in the reconstruction and in the model. Also the
distribution of positive trends in the Western Mediterranean (mean value of 1.1 mm yr− 1) and the smaller trends in the Aegean
Sea (0.5 mm yr− 1) are similar in the reconstruction and in the model, despite the first implicitly accounts for sea level variations
due to remote sources such as ice melting and the second does not. The interannual sea level variability associated with key
regional events such as the Eastern Mediterranean Transient is apparently captured by the reconstruction but not by the model (at
least in its present configuration). Hence, the reconstruction can be envisaged as a useful tool to validate further long-term
numerical simulations in the region.
Keywords: sea level; Mediterranean Sea; baroclinic model; reconstruction; altimetry; tide gauges; Eastern Mediterranean
Transient.
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Abstract
One of the fundamental problems to quantifying past impact of anthropogenic activities is that long series of observational data
for pollutant deposition and changes in the nutrient cycling of ecosystems (eutrophication) are often not available. Lake
sediments may provide suitable archives to decipher the history of local and regional pollution and eutrophication.
Here we provide quantitative high-resolution data for the history of airborne pollutants and eutrophication from sediments of five
lakes in Central Chile between ca. AD 1800–2005. We use spheroidal carbonaceous particles (SCPs) from fossil fuel combustion
and excess atmospheric Cu deposition from mining activities as a proxy for atmospheric deposition. Organic carbon and nitrogen
flux rates to the sediments and C/N ratios are used as a proxy for aquatic primary production and eutrophication.
We show that the lake sediment SCP and Cu records are highly consistent and depict in great detail the local and regional history
of urban, industrial and transportation history as reported in independent documentary sources and statistics. The pre-industrial
and pre-1950 background concentrations (and flux rates) of the substances can be quantified. We can also show that technical
measures taken in the early 1980s to trim down Cu emissions from the copper mines reduced the excess atmospheric Cu fallout
to the lakes by about 50%.
Eutrophication of the lakes did not start before ca. 1980. Prior to that time, warm season temperatures explain most of the
variance in TOC and N flux to the sediments. The three dimictic lakes show only moderate eutrophication responses to enhanced
N supply (as atmospheric fallout; enrichment factors for TOC and N 1.1–2.6), suggesting that mainly phosphorus controls
aquatic primary production. The meromictic lake, where phosphorus recycling is likely, shows the largest response (enrichment
factors for TOC and N between 9–20).
While all five lakes show overall consistent and similar trends for the pollution history during the 19th and 20th century, there
are significant differences in the details of the individual profiles. This suggests that local sources are highly important and the
common regional (background) signal is relatively marginal. This is very different from Europe.
Keywords: spheroidal carbonaceous particles; TOC; limnology; metal pollution; South America; Andes.
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Abstract
Climatic changes over the Mediterranean basin in 2031–2060, when a 2 °C global warming is most likely to occur, are
investigated with the HadCM3 global circulation model and their impacts on human activities and natural ecosystem are
assessed. Precipitation and surface temperature changes are examined through mean and extreme values analysis, under the A2
and B2 emission scenarios. Confidence in results is obtained via bootstrapping. Over the land areas, the warming is larger than
the global average. The rate of warming is found to be around 2 °C in spring and winter, while it reaches 4 °C in summer. An
additional month of summer days is expected, along with 2–4 weeks of tropical nights. Increase in heatwave days and decrease
in frost nights are expected to be a month inland. In the northern part of the basin the widespread drop in summer rainfall is
partially compensated by a winter precipitation increase. One to 3 weeks of additional dry days lead to a dry season lengthened
by a week and shifted toward spring in the south of France and inland Algeria, and autumn elsewhere. In central Mediterranean
droughts are extended by a month, starting a week earlier and ending 3 weeks later. The impacts of these climatic changes on
human activities such as agriculture, energy, tourism and natural ecosystems (forest fires) are also assessed. Regarding
agriculture, crops whose growing cycle occurs mostly in autumn and winter show no changes or even an increase in yield. In
contrast, summer crops show a remarkable decrease of yield. This different pattern is attributed to a lengthier drought period
during summer and to an increased rainfall in winter and autumn. Regarding forest fire risk, an additional month of risk is
expected over a great part of the basin. Energy demand levels are expected to fall significantly during a warmer winter period
inland, whereas they seem to substantially increase nearly everywhere during summer. Extremely high summer temperatures in
the Mediterranean, coupled with improved climate conditions in northern Europe, may lead to a gradual decrease in summer
tourism in the Mediterranean, but an increase in spring and autumn.
Keywords: Mediterranean; climate change; extremes; bootstrap; impacts; energy; agriculture; forest fires.
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Abstract
Changes in glacier volume are important for questions linked to sea-level rise, water resource management, and tourism
industry. With the ongoing climate warming, the retreat of mountain glaciers is a major concern. Predictions of glacier changes,
necessarily need the present ice volume as initial condition, and for transient modelling, the ice thickness distribution has to be
known. In this paper, a method based on mass conservation and principles of ice flow dynamics is applied to 62 glaciers located
in the Swiss Alps for estimating their ice thickness distribution. All available direct ice thickness measurements are integrated.
The ice volumes are referenced to the year 1999 by means of a mass balance time series. The results are used to calibrate a
volume–area scaling relation, and the coefficients obtained show good agreement with values reported in the literature. We
estimate the total ice volume present in the Swiss Alps in the year 1999 to be 74 ± 9 km3. About 12% of this volume was lost
between 1999 and 2008, whereas the extraordinarily warm summer 2003 caused a volume loss of about 3.5%.
Keywords: ice volume; ice thickness; volume–area scaling; radio-echo sounding; Swiss Alps.
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Abstract
The Healy–Oden Trans-Arctic Expedition (HOTRAX'05) recovered 29 long piston cores and associated multicores along a
transect from the Alaskan margin across the central Arctic Ocean to the northern Svalbard margin. The initial results focus on
the age and stratigraphy of these cores using a variety of approaches including radiocarbon, paleomagnetic and other
chronostratigraphic methods as well as detailed correlations of proxy records. High sedimentation cores from probable drift
deposits are described from the shelf and continental slope north of Alaska. Provenance and sedimentary processes in these
deposits include both currents and sea-ice rafting. Much lower sedimentation rates in the central Arctic Ocean show geographic
variability consistent with the patterns of expected sediment distribution by ice and, to a smaller extent, subsurface currents.
Insights into the Upper Quaternary stratigraphy and depositional history are provided in two papers on a core from the
Mendeleev Ridge with sedimentation rates relatively elevated for this region. To compliment the results from the HOTRAX
cores, two papers are included dealing with the stratigraphy and sedimentary processes on the Chukchi shelf and a modeling
study addressing why the Marine Isotopic Stage 6 (ca. 140 ka) glaciation was substantially more extensive in the Arctic than the
Last Glacial Maximum.
Keywords: HOTRAX; Arctic Ocean; sediments; stratigraphy.
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Abstract
Sediment cores from the western Arctic Ocean obtained on the 2005 HOTRAX and some earlier expeditions have been analyzed
to develop a stratigraphic correlation from the Alaskan Chukchi margin to the Northwind and Mendeleev–Alpha ridges. The
correlation was primarily based on terrigenous sediment composition that is not affected by diagenetic processes as strongly as
the biogenic component, and paleomagnetic inclination records. Chronostratigraphic control was provided by 14C dating and
amino-acid racemization ages, as well as correlation to earlier established Arctic Ocean stratigraphies. Distribution of
sedimentary units across the western Arctic indicates that sedimentation rates decrease from tens of centimeters per kyr on the
Alaskan margin to a few centimeters on the southern ends of Northwind and Mendeleev ridges and just a few millimeters on the
ridges in the interior of the Amerasia basin. This sedimentation pattern suggests that Late Quaternary sediment transport and
deposition, except for turbidites at the basin bottom, were generally controlled by ice concentration (and thus melt-out rate) and
transportation distance from sources, with local variances related to subsurface currents. In the long term, most sediment was
probably delivered to the core sites by icebergs during glacial periods, with a significant contribution from sea ice. During
glacial maxima very fine-grained sediment was deposited with sedimentation rates greatly reduced away from the margins to a
hiatus of several kyr duration as shown for the Last Glacial Maximum. This sedimentary environment was possibly related to a
very solid ice cover and reduced melt-out over a large part of the western Arctic Ocean.
Keywords: Arctic Ocean; sediment stratigraphy; sedimentary environments; Late Quaternary; glaciations.
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Abstract
Hydrocarbons and glycerol dialkyl glycerol tetraethers (GDGTs) were analyzed in Late Pleistocene sediments of Core
HLY0503-08JPC collected at the Mendeleev Ridge during the Healy-Oden Trans Arctic Expedition 2005 (HOTRAX'05) to
investigate environmental changes in the western Arctic Ocean during the last full glacial cycle, ca. 130 kyr. Variations in longchain n-alkane and GDGT concentrations correspond to alternated color banding, brown (interglacial/interstadial) and grayish
(glacial/stadial) layers. Grayish layers are characterized by abundant higher-plant n-alkanes and branched GDGTs, implying
larger contribution of terrestrial plant and soil organic matter (OM) in glacial environments, possibly due to the deposition of
fine-grained products of glacial erosion in the Amerasian basin. Lithic n-alkanes derived from mature OM show pronounced
peaks, which can be classified into six types presumably indicative of various sediment sources. Some peaks are correlated to
events of iceberg discharge and freshwater outbursts from proglacial lakes of the Eurasian and, possibly, Laurentide ice sheets,
suggesting that other peaks may correspond to similar events.
Keywords: Arctic; biomarker; tetraethers; glacial; HOTRAX'05; ice-rafted debris; paleoenvironment.
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Abstract
Neogene marine sediments can be dated via decay of the cosmogenic radionuclide 10Be. Two cores from the Alpha and
Mendeleev Ridges in the Arctic Ocean have been analyzed for seawater-derived beryllium (Be) isotopes in order to date the
sediments and to calculate sedimentation rates. The decrease of 10Be concentration in the cores was used to calculate first order
sedimentation rates. To eliminate the dilution effect of beryllium caused by short-term changes in sedimentation rate and grain
size, the 10Be concentrations were normalized to the terrigenous stable isotope 9Be determined in the same sample aliquot. The
measured 10Be concentrations yield low average sedimentation rates for the Alpha and Mendeleev Ridges of 2.3 mm ka− 1 and
2.7 mm ka− 1, respectively. Sedimentation rates calculated from the 10Be/9Be ratios result in similarly low values, ranging from
0.2 to 6.8 mm ka− 1 for the Alpha Ridge core and from 1.9 to 6.9 mm ka− 1 for the Mendeleev Ridge core. However, amino
acid racemization dating for the past 150 ka of a core adjacent to the Mendeleev Ridge core studied here indicates significantly
higher sedimentation rates than calculated from the downcore decrease of 10Be and 10Be/9Be. If such higher rates also
prevailed at the locations of our cores, for which there is biostratigraphic evidence, either the supply of 10Be was much lower
than assumed or that of 9Be was much higher. This could imply that the signature of the deep waters in this part of the Arctic
Ocean compared to today was largely different for most of the past approximately one million years with a significantly lower
10Be/9Be ratio. Our study also addresses the variability of beryllium isotopes in sediment cores across the Arctic Ocean through
a comparison of previously published results. Calculated 10Be fluxes reveal low values in the Amerasian Basin and highest
values in the Eurasian Basin, near the Fram Strait. The decrease of Be isotopes in the two studied Amerasian Basin cores may
thus have been caused by environmental factors such as significantly reduced inflow of Atlantic waters in the past, reduced input
of 10Be and/or increased input of 9Be from the shelves, combined with a more efficient sea ice shielding in this part of the
Arctic Ocean.
Keywords: beryllium isotopes; Arctic Ocean; sedimentation rates; fluxes.
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Abstract
A study of three long cores from the outer shelf and continental slope north of Alaska in the Arctic Ocean indicate that localized
drift deposits occur here with sedimentation rates of more than 1.5 m/k yr during the Holocene. Currents in this area average
about 5–20 cm/s but can reach 100 cm/s and these velocities transport the sediment found in these cores primarily as intermittent
suspended load. These high accumulation sediments form levee-like deposits associated with margins of canyons cutting across
the shelf and slope. Unlike most textural investigations of Arctic sediment that focus on the coarser ice-rafted detritus (IRD), this
paper focuses on the > 95% of the sediment, which is finer than 45 µm. The mean size of this fraction varies between 6 and 15
µm in Holocene sediments from the Chukchi–Alaskan shelf and slope with the higher values closer to shore. Analysis of detailed
size distributions of these Holocene deposits are compared to 34 sediment samples collected from sea ice across the Arctic
Ocean and to Holocene sediment from central Arctic Ocean cores and indicate that similar textural parameters occur in all of
these sediments. Principal components of these size distributions indicate that sea ice is an important link between the shelves
and the central Arctic. Factor scores indicate nearly identical components in the clay and fine silt size fractions but very different
components in the coarse silt for sea ice sediment and central Arctic ridge sediments compared to shelf and continental slope
deposits. Sea ice must contribute to sedimentation in both of these Arctic regions, but bottom currents dominate in the slope
region, forming drift deposits.
Keywords: Arctic Ocean; sedimentation rates; sedimentology; sea ice; drift deposits.
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Abstract

We here present the most extensive data set on the distribution of 127I and 129I in precipitation (rain and snow) covering the
period 2000–2006 and European latitudes 55°N–68°N. Our results indicate a wide variation in the concentrations and fluxes of
the two isotopes associated with generally higher values at near coastal sites compared to the inland ones. Total wet-related
annual deposition of 127I and 129I on Sweden and Denmark is estimated at about 1.2 × 109 g and 60 g respectively. The average
annual 129I wet deposition accounts for <1% and <0.05% of the total annual gaseous and liquid, respectively, discharges from the
Sellafiled and La Hague Facilities. The 127I annual wet deposition represents <1% of the estimated global oceanic iodine flux.
Air mass trajectories suggest that events of enhanced 129I in precipitation are closely related to southwesterly weather fronts from
regions of elevated concentrations.
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Abstract
Predicting primary and secondary organic aerosol (POA and SOA) concentrations requires understanding the phase partitioning
of semi-volatile organic species. A well-mixed single phase organic aerosol can absorb greater amounts of semi-volatile species
but little experimental evidence exists on the phase distribution of particulate organics. We investigated the phase partitioning
and mixing of semi-volatile POA and SOA in a smog chamber. Particle time of flight (PToF) data from an Aerodyne aerosol
mass spectrometer (AMS) were used to quantify the extent of mixing. The SOA plus motor oil and diesel fuel combination
produced a weakly mixed system, in which two particulate organic phases coexist. However, the POA in diesel exhaust readily
mixed with SOA, forming a single phase after one hour. Although both POA types contain semi-volatile components, there is a
fundamental difference in their partitioning behavior with SOA. The high resolution AMS data reveal minor differences in
composition between the two types of POA. This work provides further evidence that there exists a set of unidentified
components that influence particulate mixing that affect OA formation and suggests the extent of absorbent phase mixing (strong
versus weak) can be observed and quantified with PToF data.
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Abstract
Temperature results from multi-decadal simulations of coupled chemistry climate models for the recent past are analyzed using
multi-linear regression including a trend, solar cycle, lower stratospheric tropical wind, and volcanic aerosol terms. The
climatology of the models for recent years is in good agreement with observations for the troposphere but the model results
diverge from each other and from observations in the stratosphere. Overall, the models agree better with observations than in
previous assessments, primarily because of corrections in the observed temperatures. The annually averaged global and polar
temperature trends simulated by the models are generally in agreement with revised satellite observations and radiosonde data
over much of their altitude range. In the global average, the model trends underpredict the radiosonde data slightly at the top of
the observed range. Over the Antarctic some models underpredict the temperature trend in the lower stratosphere, while others
overpredict the trends.
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Abstract
Higher temperatures caused by increasing greenhouse gas concentrations are predicted to exacerbate photochemical smog if
precursor emissions remain constant. We perform a statistical analysis of 21 years of ozone and temperature observations across
the rural eastern U.S. The climate penalty factor is defined as the slope of the ozone/temperature relationship. For two precursor
emission regimes, before and after 2002, the climate penalty factor was consistent across the distribution of ozone observations.
Prior to 2002, ozone increased by an average of 3.2 ppbv/°C. After 2002, power plant NOx emissions were reduced by 43%,
ozone levels fell 10%, and the climate penalty factor dropped to 2.2 ppbv/°C. NOx controls are effective for reducing
photochemical smog and might lessen the severity of projected climate change penalties. Air quality models should be evaluated
against these observations, and the climate penalty factor metric may be useful for evaluating the response of ozone to climate
change.
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Abstract
The three dimensional, regional and large scale atmospheric circulation during the “Dust Bowl” is analyzed based on newly
available historical upper air data and reconstructed upperlevel fields. The Great Plains Low Level Jet, transporting moisture
into the region, was weakened on its eastern side, shallower, and penetrated less far north than during wet years. Nocturnal
convection was likely suppressed by increased stability. Strong mid tropospheric ridging was found over the Great Plains, and
upper tropospheric flow anomalies extended from the North Pacific across North America to the Atlantic. These findings
provide a dynamical view of the “Dust Bowl” droughts, some aspects of which are distinct from other droughts. It is
demonstrated that this is important for assessing predictive capabilities of current modeling systems.
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Abstract
Despite a considerable knowledge of the significant role of termites in the global methane budget, very little is known about their
contribution to the global nitrous oxide (N2O) budget. Release of N2O from termite (Cubitermes fungifaber) mounds was
measured at a natural savanna site in the southwest of Burkina Faso from May to September 2006. Termite N2O emissions were
around 20 µg N2O-N m–2 h–1 at the end of the dry season, and up to two orders of magnitude higher than N2O emissions from the
surrounding termite-free soil after the onset of the rainy season. The average N2O emission rate from termite mounds during the
observation period was 204 µg N2O-N m–2 h–1, and termite mounds contributed 3.0% to total N2O emissions from this savanna
ecosystem. However, in other tropical terrestrial ecosystems with other termite species and/or higher termite density this share
might be significantly higher.
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Abstract
Both El Niño-Southern Oscillation (ENSO) and ENSO Modoki affect Australian rainfall but the commonalities and contrasts of
their impacts have not been fully explored. We show that both types feature a strong asymmetry between impacts of La Niña and
El Niño in austral autumn (March–May); the La Niña-Australian rainfall teleconnection is statistically significant, whereas the El
Niño-Australian rainfall relationship is not. A La Niña Modoki cold anomaly near the Dateline is effective in shifting convection
westward, causing an autumn rainfall increase over northwestern Australia extending to the northern Murray-Darling Basin,
rather than over the east as in a conventional La Niña. During an El Niño Modoki, the tendency for lower Australian rainfall is
far weaker. The asymmetry explains the strong inter-ENSO variations in rainfall anomalies, including 1983, when a strong El
Niño residual was associated with a wet autumn. Our results highlight the importance of considering the influence from La Niña
Modoki in predicting ENSO's impacts.
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Abstract
During the 2008 Olympic Summer Games, emission reductions were enforced in Beijing to improve air quality. Here we explore
their effect on the regional aerosol load. We compare satellite-retrieved aerosol optical thickness (AOT) of that period with
previous years, both in absolute terms and in a neural network approach taking into account the meteorological conditions. A
statistically significant reduction of aerosol load is found in Beijing that decreases in magnitude and significance with increasing
region size. Locally, the aerosol load (log(AOT)) was about 0.4 to 0.75 standard deviations below the levels expected for the
prevailing meteorological situation. The small size of this effect relative to meteorological variability highlights the importance
of regional aerosol transport.
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Abstract
Biomass burning in the tropics is set intentionally during dry season each year to destroy agricultural waste and clear land for
human expansion. These burning activities cause pollution including atmospheric particulates and trace gases which are harmful
to human health. Measurements from the Aura Ozone Monitoring Instrument (OMI) and Microwave Limb Sounder (MLS) from
October 2004–November 2008 are used to evaluate the effects of biomass burning on tropical tropospheric ozone in the context
of the Global Modeling Initiative (GMI) chemical transport model. The impact of biomass burning on ozone is significant within
and near the burning regions with increases of 10–25% in tropospheric column ozone relative to average background
concentrations. Globally the model indicates increases of 4–5% in ozone, 7–9% in NOx (NO + NO2), and 30–40% in CO.
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Abstract
A positive feedback on high-latitude winter marine climate change involving convective clouds has recently been proposed
using simple models. This feedback could help explain data from equable climates, e.g., the Eocene, and might be relevant for
future climate. Here this convective cloud feedback is shown to be active in an atmospheric GCM in modern configuration
(CAM) at CO2 = 2240 ppm and in a coupled GCM in Eocene configuration (CCSM) at CO2 = 560 ppm. Changes in boundary
conditions that increase surface temperature have a similar effect as increases in CO2concentration. It is also found that the highlatitude winter cloud radiative forcing over land increases with increases in surface temperature due to either increased CO2 or
changes in boundary conditions, which could represent an important part of the explanation for warm continental interior winter
surface temperatures during equable climates. This is due to increased low-level layered clouds caused by increased relative
humidity.
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Abstract
We used a high-resolution nested climate modeling system to investigate the response of South Asian summer monsoon
dynamics to anthropogenic increases in greenhouse gas concentrations. The simulated dynamical features of the summer
monsoon compared well with reanalysis data and observations. Further, we found that enhanced greenhouse forcing resulted in
overall suppression of summer precipitation, a delay in monsoon onset, and an increase in the occurrence of monsoon break
periods. Weakening of the large-scale monsoon flow and suppression of the dominant intraseasonal oscillatory modes were
instrumental in the overall weakening of the South Asian summer monsoon. Such changes in monsoon dynamics could have
substantial impacts by decreasing summer precipitation in key areas of South Asia.
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Abstract
The Antarctic Peninsula has warmed faster than the global average rate of warming during the last century. Due to limited
availability of long term meteorological records, the geographical extent of this rapid warming is poorly defined. We collected
borehole temperature measurements in the upper 300 m of Rutford Ice Stream, West Antarctica, and employed an inverse
modeling scheme with a heat diffusion-advection equation to determine the recent surface temperature history of the borehole
position. Our results reveal recent warming of 0.17 ± 0.07°C (decade)−1 since 1930. This result suggests that, at least in an
attenuated form, the rapid warming observed over the Antarctic Peninsula extends as far south as Rutford Ice Stream. This result
agrees with other recent results that show a warming trend across much of the West Antarctic Ice Sheet.

Change in CO2 concentration and O2/N2 ratio in ice cores due to molecular diffusion
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Abstract
Polar ice cores are unique archives for ancient air. However, a loss of air due to molecular diffusion during storage could affect
the composition of the remaining air. We formulate a model with a high spatial resolution (1 mm) calculating the loss of N2,
O2 and CO2 in pure clathrate ice in order to determine which layers of an ice core are affected by significant changes in the
CO2 concentration and the δ(O2/N2) ratio for storage durations up to 38 years. The results agree with experimental δ(O2/N2)
measurements at ice core pieces performed after different storage durations. Additionally, the calculations confirm the
importance of the storage temperature and show that the CO2 concentration is less affected than that of δ(O2/N2). Furthermore,
guidelines for ice core sample preparation are provided in dependence of storage duration and temperature.
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Abstract
Feedback processes in the carbon budget are investigated in a manner that parallels the treatment of feedback processes in the
energy budget. The analysis is applied to simulations with the CCCma earth system model CanESM1 using a range of emission
scenarios. For the atmosphere there is a positive “carbon-temperature” feedback which acts to increase CO2 flux to the
atmosphere as temperatures warm. There is also a negative “carbon-concentration” feedback which acts to remove CO2 from the
atmosphere via enhanced uptake of CO2 by the land and ocean as CO2 concentration increases. While the positive feedback
associated with temperature change is reasonably linear and consistent as temperature increases, the feedback associated with
CO2 concentration is not. The negative carbon-concentration feedback weakens with increasing CO2 concentration thereby
enhancing atmospheric CO2 and accelerating global warming. The behaviour of the inferred carbon-concentration feedback is
different for different emission scenarios implying a dependence on state variables other than CO2concentration. The carbonconcentration feedback behaviour inferred for a particular scenario may not, therefore, be used to infer system behaviour for
other scenarios.
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Abstract

Coupled climate-carbon cycle models have shown that anthropogenic climate change has a negative effect on natural carbon
sinks i.e., climate change induces a reduction in both land and ocean carbon uptake leading to an additional amount of CO2 in the
atmosphere. Friedlingstein et al. (2006) concluded that such supplementary CO2 in the atmosphere would lead to an additional
climate warming in 2100. However, as given by Friedlingstein et al. (2006), the role of non-CO2 greenhouse gases (GHGs) and
aerosols was neglected both for their direct impact on climate and their indirect impact on the carbon cycle. Besides, the climate
models used for IPCC AR4 accounted for the radiative forcing of all GHGs and anthropogenic aerosols but neglected the
climate-carbon cycle feedback. In IPCC AR4, Meehl et al. (2007) attempted to reconcile these two methods in order to derive
the global warming that would arise from both all anthropogenic forcings and climate-carbon cycle feedback. Here we show that
the approach they used is wrong for several reasons. First, as previously done by Friedlingstein et al. (2006), they considered that
the warming is proportional to the change in atmospheric CO2 concentration. This assumption leads to consider that the gain in
temperature is equal to the gain in CO2. However, because of the non-linearity of the climate response to increased
CO2concentrations, the gain in temperature is lower than the gain in CO2. Second, they assumed that the temperature gains of the
climate-carbon cycle feedback generated by CO2, non-CO2 GHGs and aerosols are all equal. We show here that, because of the
specific spatial and temporal distribution of the radiative forcing exerted by those external perturbations, the temperature gains
are all different. Based on our revised method, we found that, for the SRES A2 scenario, the projected global warming in 2100,
due to increases in atmospheric CO2, non-CO2 GHGs and anthropogenic sulphate aerosols, is 2.3–5.6°C. This is accidentally
nearly equal to the original one of Meehl et al. (2007) (2.4–5.6°C).
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Abstract
Management and use of Nelumbo nucifera Gaertn.—the lotus plant—was studied in 58 wetlands distributed throughout
Thailand. Although traditionally harvested in extractive systems depending on natural wetlands, N. nucifera is now increasingly
being managed. Two hundred eighty informants mentioned 20 different uses, mainly for food, medicine, and religious rites, in
both subsistence and cash economies. The uses of N. nucifera appeared to be rather generalized throughout the country even if
informants in the northern and central regions knew of more uses and ways of commercializing its products, possibly related to
the abundance of wetlands and natural stand in those regions, and maybe also cultural differences.
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Abstract

Anthropogenic phosphorus (P) inputs to the Florida Everglades have produced dramatic changes in the wetland vegetation of
this otherwise oligotrophic system. While the proliferation of undesirable plant species in response to enrichment has been well
documented, nutrient-related changes in the physiological and morphological attributes of existing vegetation, prior to any shifts
in species composition or changes in the spatial extent of certain taxa, have yet to be adequately characterized. In this
experiment, three sawgrass-dominated areas were enriched with P for 3 years at rates of 0.4 g P/m2/year (HP), 0.1 g P/m2/year
(LP), or 0 g P/m2/year (controls) to assess potential impacts of P-enriched discharges from stormwater treatment areas into the
Everglades. Elevated concentrations of TP in rhizomes and leaves and reduced ratios of leaf N:P were detected in HP plants
within ~1 year at most sites. Live leaf densities, plant heights, and plant densities of the HP groups were generally higher than
LP and control groups after 2 years, a pattern that was evident even after major fire events. Total aboveground biomass was
significantly elevated in both HP and LP treatments at two of the three sites after 3 years. No change in species composition was
detected during the study. Planned hydrologic restoration measures will increase P loads into parts of the Everglades that have
not previously experienced anthropogenic P enrichment. Monitoring native vegetation such as sawgrass can be a sensitive and
relatively robust means of detecting unintended P enrichment in these areas prior to shifts in vegetation community composition
or changes in area cover of key species.
Keywords: Ecological indicators - Everglades - Phosphorus - Plant morphology - Sawgrass - Vegetation community - Wetlands
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Abstract
The Elatia Mires of northern Greece are unique ecosystems of high conservation value. The mires are climatically marginal and
may be sensitive to changing hydroclimate, while northern Greece has experienced a significant increase in aridity since the late
twentieth century. To investigate the impact of recent climatic change on the hydrology of the mires, the palaeoecological record
was investigated from three near-surface monoliths extracted from two sites. Testate amoebae were analysed as sensitive
indicators of hydrology. Results were interpreted using transfer function models to provide quantitative reconstructions of
changing water table depth and pH. AMS radiocarbon dates and 210Pb suggest the peats were deposited within the last c. 50
years, but do not allow a secure chronology to be established. Results from all three profiles show a distinct shift towards a more
xerophilic community particularly noted by increases in Euglypha species. Transfer function results infer a distinct lowering of
water tables in this period. A hydrological response to recent climate change is a tenable hypothesis to explain this change;
however other possible explanations include selective test decay, vertical zonation of living amoebae, ombrotrophication and
local hydrological change. It is suggested that a peatland response to climatic change is the most probable hypothesis, showing
the sensitivity of marginal peatlands to recent climatic change.
Keywords: Mires - Peatlands - Climate change - Testate amoebae – Palaeohydrology
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Abstract
The effect of intensive human intervention, poor socio-economic conditions and little knowledge on mangrove ecology pose
enormous challenges for mangrove restoration in Southeast Asia. We present a framework for tropical mangrove restoration.
Our proposed restoration framework addresses the ecology, economy and social issues simultaneously by considering the causes
of mangrove degradation. We provide a step by step guideline for its restoration. We argue that although, ecological issues are of
prime importance, economic and social issues must be considered in the restoration plan in order for it to be successful. Since
mangrove ecology is not adequately studied in this region, local ecological knowledge can be used to fill the baseline
information gaps. Unwanted human disturbance can be minimized by encouraging community participation. This can be ensured
and sustained by facilitating the livelihood of the coastal community. We translated the restoration paradigm into a readily
available practical guideline for the executors of the plans. We provide an example of mangrove restoration project that is
closely related to our proposed framework. We are optimistic that this framework has the potential for universal application with
necessary adjustments.
Keywords: Community development - Community participation - Experiential learning - Ecological restoration - Ecosystem
synthesis - Mangrove degradation
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Abstract
We studied redoximorphic features, field indicators and bacterial communities of soils in hummocks and hollows of a palustrine
forested wetland in Virginia. We hypothesized that presence of hydric soils, soil physicochemistry and soil bacterial community
structure would differ between hummocks and hollows. We fingerprinted soils collected from different microtopographic
locations using Length Heterogeneity Polymerase Chain Reaction (LH-PCR) to study their bacterial community structures. Two
hummocks had silty/sandy loam soils with mean chroma values of > 4, showing no indication of ‘hydric soils’ (i.e., wetland
soils). Two hollows, however, had clay loam soils with mean chroma values of 2 with gleying and redox concentrations
observed, indicative of seasonally inundated wetlands. The soils of hollows also had higher organic matter content and soil
moisture compared to the soils of hummocks (P < 0.05). Multidimensional scaling (MDS) and Analysis of similarity (ANOSIM)
of the fingerprints revealed differences in soil microbial community structures between hummocks and hollows (Global R =
0.30, P < 0.01). The diversity measures of the fingerprints (Shannon’s H′) were also different by microtopography with higher
diversity in hollows relative to hummocks (P < 0.05). LH-PCR proves to be a useful tool in examining bacterial community
composition of wetland soils in this study. However, cloning and sequencing of specific community LH-PCR profiles of interest
is necessary to fully characterize the community down to genus/species level. With species identities we should be able to not
only better explain differences observed in the community profiles, but study their relations to hydrologic and/or
physicochemical conditions of wetlands.
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Abstract
Invertebrate colonization during leaf litter decomposition was studied at the 2nd order of Yanase River, Iruma city, Saitama,
Japan from November 13, 2002 to May 20, 2003. Two different mesh sizes (1 and 5 mm) of litter-bags were used to evaluate the
decomposition of leaf litter of Sakura (Prunus lannesiana), bags were placed equally in riffle (water flow velocity: 0.2–0.6 m
s−1) and pool (water flow velocity: 0.04–0.06 m s−1). Mass loss and invertebrates in the litter-bags were monitored at interval
between 1 and 3 weeks, and the invertebrates were classified based on their functional feeding group. Among the invertebrates
found inside the litter-bags, the case-bearing shredder Lepidostomatidae was the most dominant invertebrates and they were the
early colonizer that appeared about 3 months after the litter-bags immersion. In absence or low number of leaf-shredders, the
decomposition rates in 1 and 5 mm litter mesh bags followed the exponential (or first-order) decay kinetic (R 2: 0.72–0.92).
However, the presence of a large number of leaf-shredders in 1 mm litter-bags caused an acceleration of decomposition process;
that even resulted faster mass loss than the loss from the 5 mm mesh bags placed in riffle area (0.030 day−1 vs. 0.011 day−1).
Our results shows the importance of using different mesh sizes of litter-bags in decomposition study, which is applicable to the
experiment in lotic or lentic ecosystem. Using smaller mesh size of litter-bags can provide information on how significant the
effect of detritus feeders on the decomposition process, while the bigger mesh size can represent better the natural decomposition
process when a large number detritus feeders is present in the smaller mesh size of litter-bags.
Keywords: Detritivore - Decomposition - Litter-bag - Lepidostomatidae - Shredder assemblage
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Abstract
A vast ecosystem of wetlands and lakes once covered the Mesopotamian Plain of southern Iraq. Widespread drainage in the
1990s nearly obliterated both components of the landscape. This paper reports the results of a study undertaken in 1972–1975 on
the vegetation of the wetlands prior to drainage and provides a unique baseline for gauging future restoration of the wetland
ecosystems in Mesopotamia. Five representative study sites were used to assess the flora, three of which were wetlands. A total
of 371 plant species were recorded in the five sites, of which approximately 40% represent obligate or facultative wetland
species. The wetland vegetation was classified into five major physiognomic forms (submerged, floating, herbaceous tall
emergent, herbaceous low emergent and woody low emergent), which was further subdivided into 24 fresh and halophytic
communities. Water levels greatly fluctuated across the different types of wetlands, and mean surface water depth ranged from
below to greater than 2 m above the sediment surface, reflecting permanently, seasonally or intermittently wet habitats.
Aboveground biomass was also highly variable among the communities. The Phragmites australis community, which was the
most extensive community type, had the greatest biomass with an average value of approximately 5,000 g m−2 in summer.
Distribution and community composition were largely controlled by water levels and saline-freshwater gradients. Canonical
correspondence analysis showed that salinity and water depth were the most important factors to explain species distribution.
Environmental variables related to soil salinity separated halophytic species in woody low emergent and herbaceous low
emergent forms (Tamarix galica, Cressa cretica, Alhagi mannifera, Aeluropus lagopoides, Juncus rigida, and Suaeda
vermiculata) from other species. Their habitats were also the driest, and soil organic matter content was lower than those of other
species. Habitats with deepest water were dominated by submerged aquatic and floating leaved species such as Nymphoides
peltata, Ceratophyllum demersum, and Najas armata. Such diverse environmental conditions in the Mesopotamian wetland
would be greatly affected by evapotranspiration, river water inputs from north, ground water inputs, local soil conditions, and a
tide or seiche-controlled northward transgression of water from the Gulf. These environmental conditions should be considered
in restoration plans if plant communities existed in the mid-1970s are to be part of the desired restoration goals.
Electronic supplementary material: The online version of this article (doi: 10.1007/s11273-008-9099-1) contains supplementary
material, which is available to authorized users.
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Abstract
It has long been assumed that the peat underlying tropical peat swamp forests accumulates because the extreme conditions
(water logged, nutrient poor, anaerobic and acidic—pH 2.9–3.5) impede microbial activity. Litterbag studies in a tropical
Malaysian peat swamp (North Selangor peat swamp forest) showed that although the sclerophyllous, toxic leaves of endemic
peat forest plants (Macaranga pruinosa, Campnosperma coriaceum, Pandanus atrocarpus, Stenochlaena palustris) were barely
decomposed by bacteria and fungi (decay rates of only 0.0006–0.0016 k day−1), leaves of M. tanarius, a secondary forest
species were almost completely decomposed (decay rates of 0.0047–0.005 k day−1) after 1 year. Thus it is intrinsic properties of
the leaves (that are adaptations to deter herbivory in the nutrient poor environment) that impede microbial breakdown. The water
of the peat swamp was very high in dissolved organic carbon (70–84 mg l−1 DOC). Laboratory studies revealed initial rapid
leaching of DOC from leaves (up to 1,720 mg l−1 from 4 g of leaves in 7 days), but the DOC levels then fell rapidly. The
leaching of DOC resulted in weight loss but the physical structure of the leaves remained intact. It is suggested that the DOC is
used as a substrate for microbial growth hence lowering the concentration of DOC in the water and transferring energy from the
leaves to other trophic levels. This would explain how nutrient poor tropical peatswamps support diverse, abundant flora and
fauna despite low nutrient levels and lack of rapid litter cycling such as occurs in other types of tropical rainforests.
Keywords: Dissolved organic carbon - Leaf litter breakdown - Malaysia - Tropical peat swamp
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Abstract
Simple ecological models that mostly operate with population densities using continuous variables, explain quite well the
behavior of real populations. In this work we propose and discuss the continuous dynamics of a system of three species, which
belongs to the well-known family of Lotka–Volterra models. In particular, the proposed model includes direct effects such as
predation and competition among species, and indirect effects such as refuge. The model is proposed to explain recent studies
about a group of crustacean (amphipods of genus Hyallela) found in all the plain streams and shallow lakes of the American
continent. The studied system includes three compartments: algae, a strictly herbivore amphipod and an omnivore (herbivore and
carnivore) one. The analysis of the model shows that there are stable extinction equilibria throughout all the parameters’ space.
There are also equilibria with stable coexistence of the three species and two interesting binary equilibria: one with stable
coexistence of algae and herbivore and other with coexistence between algae and omnivore amphipods. The presence of Allee
effect in the algae growth and the existence of refuge for the herbivore amphipod (prey) determine a bottom-up control.
Keywords: Population dynamics; Continuous models; Trophic systems; Amphipods.
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Abstract
In marine ecosystems ecological and environmental conditions continuously change, possibly supporting the wide range of
phytoplankton species coexisting in aquatic environments. Phytoplankton communities are not homogeneously distributed in the
water column due to the spatial and temporal variability of turbulent mixing and the concurrent biological response. In this paper
an individual-based model (Lagrangian method) simulating the basic physiology of two coexisting phytoplankton species has
been developed. The species, sharing the same availability of light and nutrient resource, are characterized by different photophysiological parameters. The spatial and temporal evolution of turbulent mixing is simulated introducing vertical profiles of
measured eddy diffusivity. Three case studies have been examined to analyze the role of environment–individual interactions in
determining bloom conditions for both the selected species. The organisms experience recurrent fluctuations of light,
temperature, and nutrient concentration gradients, due to the turbulent mixing in the water column, which have significant
effects on the growth of the phytoplankton species. In all the numerical experiments, the temporal and spatial variability of
different forcings do not support the prevalence of one species over the other over the time scale typical of a phytoplankton
bloom.
A well mixed water column favours the growth of both the populations while a variable mixing regime limits their growth
reducing the photophysiological differences between the species.
Keywords: Individual-based approach; Phytoplankton coexistence; Phytoplankton photophysiology; Turbulent mixing.
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Abstract
This paper models the dissolved oxygen (DO) dynamics in the Orbetello lagoon as a function of the physico-chemical and
ecological system variables, including the submerged vegetation, nutrients, and hydrodynamics. It should be viewed as the
concluding sequel to a previous paper describing the dynamics of the lagoon ecosystem [Giusti, E., Marsili-Libelli, S., 2006. An
integrated model for the Orbetello lagoon ecosystem, Ecol. Model. 196, 379–394] by introducing the missing DO dynamics. The
model considers the oxygen demand originating from the decay of carbonaceous and nitrogenous compounds, as well as
photosynthesis and natural reaeration by winds and currents as the oxygen producing processes. With a fixed-parameter set the
model could accurately reproduce each single circadian DO cycle, but in the long run it failed to extend this fit and could not
accommodate the large DO fluctuations induced by the seasonal variability. In order to enhance the model flexibility, a fuzzy
pattern recognition algorithm was designed to classify the circadian DO patterns into four typical behaviours, related to the
season, and estimate the corresponding parameters, with the overall model output being a fuzzy combination of these sets. The
paper discusses several methods to patch the parameter sets and compares their performance in tracking long-term DO
variations. A final assessment of the model validity is obtained by incorporating the whole DO dynamics (model, fuzzy pattern
recognition and parameter combination) into the general lagoon model and producing a consistently correct series of DO daily
distributions over a yearly cycle. Thus the paper contains both a practical and a methodological aspect. The practical one is the
linking of all the lagoon dynamics to the dissolved oxygen kinetics in order to clarify to what extent macroalgae and
macrophytes influence the oxygen balance. The methodological aspect consists of extending the validity of short-term models to
long time-horizons through a patching technique supported by fuzzy pattern recognition.
Keywords: Fuzzy modelling; Pattern recognition; Lagoon ecosystems; Mathematical modelling; Parameter estimation;
Dissolved oxygen dynamics.
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Abstract
This study investigated efficiency of in situ enhanced biological denitrification of nitrate-contaminated groundwater which
employs a well-to-well circulation in a shallow zone where oxygen might give an adverse affect on the denitrification processes.
The numerical model developed for the efficiency test included sequential aerobic and nitrate-based respiration, multi-Monod
kinetics of reactive components, growth and decay of biomass, and denitrification inhibition associated with the presence of
oxygen. Moreover, reaction kinetics for production of toxic intermediates such as nitrite and nitrous oxide were also included in
the model. The developed model was applied to the analysis of enhanced in situ denitrification using an injection/extraction well
pair. To evaluate the relative remediation effectiveness, comparisons were made between a continuous fumarate injection test
(CFIT) system and a pulsed fumarate injection test (PFIT) system, where both systems had the same total fumarate mass injected
into the aquifer. The PFIT system was preferable to the CFIT system because of the high possibility of occurrence of clogging in
the latter case at the injection well, with no other significant advantages found in either the CFIT or the PFIT system.
Accordingly, this developed numerical model is useful to predict and evaluate an in situ bioremediation by denitrification in
aquifers.
Keywords: Denitrification; Recirculation; Numerical models; Biodegradation.
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Abstract
The Atlantic Rain Forest, an important biodiversity hot spot, has faced severe habitat loss since the last century which has
resulted in a highly fragmented landscape with a large number of small forest patches (<100 ha). For conservation planning it is
essential to understand how current and future forest regeneration depends on ecological processes, fragment size and the
connection to the regional seed pool. We have investigated the following questions by applying the forest growth simulation
model FORMIND to the situation of the Atlantic Forest in the state of São Paulo, SE Brazil: (1) which set of parameters
describing the local regeneration and level of density regulation can reproduce the biomass distribution and stem density of an
old growth forest in a reserve? (2) Which additional processes apart from those describing the dynamics of an old growth forest,
drive forest succession of small isolated fragments? (3) Which role does external seed input play during succession? Therefore,
more than 300 tree species have been classified into nine plant functional types (PFTs), which are characterized by maximum
potential height and shade tolerance. We differentiate between two seed dispersal modes: (i) local dispersal, i.e. all seedlings
originated from fertile trees within the simulated area and (ii) external seed rain. Local seed dispersal has been parameterized
following the pattern oriented approach, using biomass estimates of old growth forest. We have found that moderate density
regulation is essential to achieve coexistence for a broad range of regeneration parameters. Considering the expected uncertainty
and variability in the regeneration processes it is important that the forest dynamics are robust to variations in the regeneration
parameters. Furthermore, edge effects such as increased mortality at the border and external seed rain have been necessary to
reproduce the patterns for small isolated fragments. Overall, simulated biomass is much lower in the fragments compared to the

continuous forest, whereas shade tolerant species are affected most strongly by fragmentation. Our simulations can supplement
empirical studies by extrapolating local knowledge on edge effects of fragments to larger temporal and spatial scales. In
particular our results show the importance of external seed rain and therefore highlight the importance of structural connectivity
between regenerating fragments and mature forest stands.
Keywords: Forest growth model; FORMIND; Plant functional types; Regeneration; Simulation.
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Abstract
Climate change models for California's Sierra Nevada predict greater inter-annual variability in precipitation over the next 50
years. These increases in precipitation variability coupled with increases in nitrogen deposition from fossil fuel consumption are
likely to result in increased productivity levels and significant increases in forest understory fuel loads. Higher understory plant
biomass contributes to fuel connectivity and may increase future fire size and severity in the Sierra Nevada. The objective of this
research was to develop and test a model to determine how changing precipitation and nitrogen deposition levels affect shrub
and herb biomass production, and to determine how often prescribed fire would be needed to counter increasing fuel loads.
Model outputs indicate that under an increasing precipitation scenario significant increases in shrub and herb biomass occur that
can be counteracted by decreasing the fire return interval to 10 years. Under a scenario with greater inter-annual variability in
precipitation and increased nitrogen deposition, implementing fire treatments at an interval equivalent to the historical range of
15–30 years maintains understory vegetation fuel loads at levels comparable to the control.
Keywords: Climate change; Fire; Plant community.
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Abstract
A dynamic simulation model was constructed using outputs from a balanced Gulf of Maine (GOM) energy budget model as the
initial parameter set. The model was structured to provide a recipient control set of dynamics, largely based off of flows to and
from different biological groups. The model was used to produce Monte Carlo simulations that were compared (percent change
in biomass) with basecase simulations for a variety of scenarios. Changes in primary production, large increases in pelagic and
demersal fish biomass, increases in fishing mortality, and large increases in top predators such as baleen whales and pinnepids
were simulated. These scenarios roughly simulated the potential impacts of climate change, altered fishing pressure, additional
protected species mitigations, and combinations thereof. Results suggest that the GOM system is primarily influenced by
bottom-up processes involving phytoplankton, zooplankton, and bacterial biomass. Pelagic and demersal fish were important in
determining trends in some of the scenarios. Marine mammals, large pelagic fish, and seabirds have a minor role in the GOM
system in terms of biomass flows among the ecosystem components. The system is resilient to large-scale change due, in part to
many predator–prey linkages. However, major alterations could occur from sustained climate change, high fishing rates, and by
combinations of these types of external forcing mechanisms.

Keywords: Ecosystem model; Food web; Top predators; Lower trophic levels; Primary production; Predator–prey linkages.
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Abstract
Increasing global temperatures as a result of climate change are widely considered inevitable for Australia. Despite this, the
specific effects of climate change on Australian agriculture are little studied and the effects on agricultural pests and diseases are
virtually unknown. In this paper we consider the impact of climate change on the Asiatic citrus psyllid (Diaphorina citri
Kuwayama [Hemiptera: Psyllidae]); one of two known vectors of huanglongbing (citrus greening); a debilitating disease which
is caused in Asia by a phloem-limited bacterium ‘Candidatus Liberibacter asiaticus’ (α-Proteobacteria). D. citri does not occur in
Australia, but if introduced would pose a major threat to the viability of the Australian citrus industry and to native Citrus
species. This paper presents an approach developed to understand how climate change may influence the behaviour, distribution
and breeding potential of D. citri. Here we developed and describe an initial dynamic point model of D. citri biology in relation
to its citrus host and applied it to a scenario of increasing temperatures, as indicators of climate change, on a continental scale. A
comparison between model outputs for the three time frames considered (1990, 2030 and 2070) confirms that increasing
temperatures projected under climate change will affect the timing and duration of new citrus growth (flush) necessary for
psyllid development throughout Australia. Flushing will start progressively earlier as the temperature increases and be of shorter
duration. There will also be a gradual southward expansion of shorter durations of the occurrence of flush. Increasing
temperatures will impact on D. citri both directly through alteration of its temperature dependant development cycle and
indirectly through the impact on the host flushing cycle. For the whole of Australia, a comparison between model outputs for the
three scenarios considered indicates the seasonality of D. citri development will change to match changes in citrus flush
initiation. Results indicate that the risk of establishment by D. citri is projected to decrease under increasing temperatures,
mainly due to shortened intervals when it can feed on new leaf flushes of the host. However, the spatially heterogeneous results
also suggest that regions located on the southern coastline of Australia could become more suitable for D. citri than projected
under current temperatures. These results confirm the value of a linked host-pest approach as based on D. citri climatic
requirements alone the model would have accounted only for shorter development periods and predicted an increased risk of
potential distribution.
Keywords: Dynamic modelling; Asiatic citrus psyllid; Diaphorina citri; Climate change; Citrus pest; Valencia orange (Citrus ×
aurantium L., syn. Citrus sinensis (L.) Osbeck); Citrus greening; Huanglongbing; STELLA.
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Abstract
The recent global financial crisis has highlighted the need for balanced and efficient investments in the reduction of the
greenhouse effect caused by emissions of CO2 on a global scale. In a previous paper, the authors proposed a mathematical
model describing the dynamic relation of CO2 emission with investment in reforestation and clean technology. An efficient
allocation of resources to reduce the greenhouse effect has also been proposed. Here, this model is used to provide estimates of
the investments needed in land reforestation and in the adoption of clean technologies for an optimum emission and abatement of

CO2, for the period of 1996–2014. The required investments are computed to minimize deviations with respect to the emission
targets proposed in the Kyoto Protocol for European Countries. The emission target can be achieved by 2014 with investments in
reforestation peaking in 2004, and a reduction of the expected GDP of 42%, relative to 2006. Investments in clean technology
should increase between 2008 and 2010 with maximum transfer figures around 70 million American dollars. Total (cumulative)
costs are, however, relatively high depending on the price of carbon abatement and the rate at which the expected CO2
concentration in the atmosphere should be reduced. Results highlight the advantages for policy makers to be able to manage
investments in climate policy more efficiently, controlling optimum transfers based on a portfolio of actions that tracks a predefined CO2 concentration target.
Keywords: Control; Simulation; Mathematical model; Global warming; Carbon dioxide; Greenhouse gases.
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Abstract
Model practitioners increasingly place emphasis on rigorous quantitative error analysis in aquatic biogeochemical models and
the existing initiatives range from the development of alternative metrics for goodness of fit, to data assimilation into operational
models, to parameter estimation techniques. However, the treatment of error in many of these efforts is arguably selective and/or
ad hoc. A Bayesian hierarchical framework enables the development of robust probabilistic analysis of error and uncertainty in
model predictions by explicitly accommodating measurement error, parameter uncertainty, and model structure imperfection.
This paper presents a Bayesian hierarchical formulation for simultaneously calibrating aquatic biogeochemical models at
multiple systems (or sites of the same system) with differences in their trophic conditions, prior precisions of model parameters,
available information, measurement error or inter-annual variability. Our statistical formulation also explicitly considers the
uncertainty in model inputs (model parameters, initial conditions), the analytical/sampling error associated with the field data,
and the discrepancy between model structure and the natural system dynamics (e.g., missing key ecological processes, erroneous
formulations, misspecified forcing functions). The comparison between observations and posterior predictive monthly
distributions indicates that the plankton models calibrated under the Bayesian hierarchical scheme provided accurate system
representations for all the scenarios examined. Our results also suggest that the Bayesian hierarchical approach allows
overcoming problems of insufficient local data by “borrowing strength” from well-studied sites and this feature will be highly
relevant to conservation practices of regions with a high number of freshwater resources for which complete data could never be
practically collected. Finally, we discuss the prospect of extending this framework to spatially explicit biogeochemical models
(e.g., more effectively connect inshore with offshore areas) along with the benefits for environmental management, such as the
optimization of the sampling design of monitoring programs and the alignment with the policy practice of adaptive management.
Keywords: Bayesian calibration; Eutrophication; Uncertainty analysis; Aquatic biogeochemical models; Hierarchical Bayes;
Mathematical modeling.
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Abstract

The nutrient enrichment of rivers and its consequences are among the most severe water quality problems in Europe, causing
eutrophication and other problems. The decision-making processes involved in the management of these problems require
extensive human expertise from people who deal directly with day-to-day stream problems, as well as empirical knowledge
based on scientific research. This means that eutrophication is a complex problem, the optimal management of which requires an
integrated and multidisciplinary approach. This approach can be taken using a Knowledge-Based System (KBS) built upon the
concepts and methods of human reasoning. Accordingly, a KBS was developed within the STREAMES project. In this KBS
most of the knowledge needed for managing eutrophication problems was organised and structured in the form of a decision tree
(DT). The methodology specially developed to build this KBS, as well as the internal structure of the eutrophication decision
tree, is presented here. The good DT obtained led to consider the KBS a suitable tool to support the management of
eutrophication.
Keywords: Eutrophication; Knowledge-based system; Stream; Water quality; Mediterranean.
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Abstract
An effective measure to cope with eutrophication of lakes is to remove nutrients that can cause algal blooming by taking
advantage of natural water purification processes. Here the term “purification” is defined, in a wide sense, as the potential role of
a water body to contribute to the reduction of pollutants and thus controlling eutrophication. Also regarded as a kind of
ecological regulating services, biological purification involves various processes concerning seasonal nutrient fixation, such as
uptake by aquatic macrophytes, biofouling onto foliage substrates, feeding by organisms in higher trophic level, and eternal loss
or removal of substance from the water. In order to evaluate the water purification ability, a numerical lake ecosystem model
highlighting the role of macrophyte colonies in the shore zone was developed and applied to Lakes Suwa, Kasumi and Biwa, as
well as five small lakes attached to Lake Biwa.
The model includes the biological interactions between pelagic compartments (phyto- and zooplankton, detritus, dissolved
organic matter, pelagic fish and nutrients) and benthic compartments (macrophytes, epiphytic algae, phytal animals, macro- and
megalobenthos, and demersal fish). Under dynamic forcing of meteorological and hydrological parameters, the model was run
over a year to evaluate the annual nutrient cycles and purification functions. The reproducibility of the model was validated for
each water body by comparison with the field data from the water quality monitoring campaign. Numerical results revealed that
the water purification ability, from viewpoints of both stock and flux, generally tends to be higher in the shore region than in the
offshore region owing to a wide variety of aquatic biota. Moreover, it increases almost in proportion to the density of vegetation
in the shore region. Nutrient fluxes representing the purification processes turned out to be closely connected with the surface
area or equivalently with the retention time of the water bodies, suggesting that biological purification does not become
dominant against physical turnover until the surface area reaches around 103 ha or the retention time exceeds the order of 102
days.
Keywords: Lakes and attached small lakes; Water purification ability; Offshore and inshore; Macrophyte; Hydrological
parameter.

Impact of climate change on snowpack in the Pyrenees: Horizontal spatial variability and vertical
gradients
J.I. López-Morenoa, S. Goyetteb and M. Benistonb
Instituto Pirenaico de Ecología, CSIC, Campus de Aula Dei, P.O. Box 202, Zaragoza 50080, Spain
b
Climatic Change and Climate Impacts Group, University of Geneva, Batelle/D, 7 Chemin de Drize CH-1227, Carouge
(Geneva), Switzerland
Journal of Hydrology, Volume 374, Issues 3-4, 15 August 2009, Pages 384-396
a

Abstract
In this study, snowpack series are modeled across the Pyrenees using data derived from the HIRHAM Regional Climate Model
for both the control period (1960–1990) and two emission scenarios (SRES B2 and A2) by the end of the 21st century (2070–
2100). A comparison of future and control simulations enables us to quantify the expected change in snowpack for the next
century. Snow simulations are performed on 20 Regional Climate Model (RCM) grid points over the Pyrenees, covering the
entire north–south and east–west transects; data were downscaled for four different altitudinal levels (1500, 2000, 2500, and
3000 m a.s.l.). This procedure yields a relatively complete picture of the expected impacts of climate change in the Pyrenees,
covering horizontal spatial variability as well as altitudinal gradients. According to the HIRHAM model projections following
different greenhouse gas emission scenarios, the thickness and duration of snowpack in the Pyrenees will decrease dramatically
over the next century, especially in the central and eastern sectors of the Spanish Pyrenees. The magnitude of these impacts will
follow a marked altitudinal gradient: the maximum accumulated snow water equivalent may decrease by up to 78%, and the
season with snow cover may be reduced by up to 70% at 1500 m a.s.l. The magnitude of the impacts decreases rapidly with
increasing altitude; snowpack characteristics will remain largely similar in the highest sectors. The decline of the snowpack
would be reduced by half if a medium–low emission scenario was considered (B2) instead of the medium–high concentrations of
greenhouse gas assumed in the A2 scenario.
Keywords: Climate change; Snow; Greenhouse gases emission scenarios (SRES); Spatial variability; Altitudinal gradients;
Pyrenees.
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Abstract
It is generally accepted that the seasonal cycle of precipitation and temperature in cordillera of the western US exhibits a north–
south pattern for annual, interannual and decadal time scales related to large-scale climate patterns. In this paper we explore
these relationships, with special attention to the role of local and regional physiographic, hydrogeologic and anthropogenic
conditions on low-frequency climate and terrestrial response modes. The goal is to try to understand the spatio-temporal
structure in historical precipitation, temperature and streamflow records (P–T–Q) in terms of climate, physiography,
hydrogeology, and human impacts. Spatial coherence in time series is examined by classification of factor loadings from
principal component analysis. Classification pattern of P–T–Q stations indicate that local physiography, the hydrogeology, and
anthropogenic factors transform atmospheric forcing and terrestrial response into unique clusters. To study the temporal
structure, dominant low-frequency oscillatory modes are identified for a region from historical P–T–Q records using singular
spectrum analysis. Noise-free time trajectories are reconstructed from the extracted low-frequency modes (seasonal–decadal) for
each contributing watershed area corresponding to streamflow observation stations, and the phase–plane plots are obtained.
Together, the spatial classification and phase plane provides a means of detecting how large-scale hydroclimatic patterns relate
to major landforms and anthropogenic impacts across the CRB. The main result of this paper is that resolving the relative impact
of basin-wide patterns of climate, physiography and anthropogenic factors (irrigation, dams, etc.) on runoff response can be a
useful tool for detection and attribution for each source of variability.
Keywords: Singular spectrum analysis; Principal component analysis; Pattern classification; Change detection; Colorado River
Basin.
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Abstract
Quantifying the hydrological response to an increased atmospheric CO2 concentration and climate change is critical for the
proper management of water resources within agricultural systems. This study modeled the hydrological responses to variations
of atmospheric CO2 (550 and 970 ppm), temperature (+1.1 and +6.4 °C), and precipitation (0%, ±10%, and ±20%) based on
Intergovernmental Panel on Climate Change projections. The Soil and Water Assessment Tool (SWAT) was used to model the
hydrology and impact of climate change in the highly agricultural San Joaquin watershed in California. This watershed has an
area of 14,983 km2 with a Mediterranean climate, resulting in a strong dependence on irrigation. Model calibration (1992–1997)
and validation (1998–2005) resulted in Nash–Sutcliffe coefficients of 0.95 and 0.94, respectively, for monthly stream flow. The
results of this study suggest that atmospheric CO2, temperature and precipitation change have significant effects on water yield,
evapotranspiration, irrigation water use, and stream flow. Increasing CO2 concentration to 970 ppm and temperature by 6.4 °C
caused watershed-wide average evapotranspiration, averaged over 50 simulated years, to decrease by 37.5%, resulting in
increases of water yield by 36.5%, and stream flow by 23.5% compared to the present-day climate. Increasing temperature
caused a temporal shift in plant growth patterns and redistributed evapotranspiration and irrigation water demand earlier in the
year. This caused an increase in stream flow during the summer months due to decreased irrigation demand. Water yield,
however, decreased with an increase in temperature. Increase of precipitation by ±10% and ±20% generally changed water yield
and stream flow proportionally, and had negligible effects on predicted evapotranspiration and irrigation water use. Overall, the
results indicate that the San Joaquin watershed hydrology is very sensitive to potential future climate changes. Agricultural
implications include changes to plant growth rates, irrigation timing and runoff, all of which may affect future water resources
and water quality.
Keywords: Watershed modeling; Agricultural watershed; Climate change; SWAT; Water yield; Evapotranspiration.
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Abstract
Three experimental biocovers were installed during the summer of 2006 at the St-Nicéphore landfill in Québec (Canada). The
main objectives of the experimental program were to assess the efficiency of these biocovers in reducing CH4 emissions and to
monitor the evolution in space and time of the dynamics and diversity of methanotrophic bacteria that may be responsible for
CH4 abatement. Dynamics of methanotroph populations derived from most probable number (MPN) counts exhibited different
steps (lag, growth, and collapse phases), with mean abundances decreasing somewhat with depth. Methanotroph diversity, as
assessed by denaturing gradient gel electrophoresis showed changes over time in the community structure. These changes were
dependent on the sampling depth and only Type I methanotrophs belonging essentially to the genus Methylobacter were
retrieved from our samples. Given the youthful character of the system under study, together with the reported behavior of this
functional group of methanotrophs, it was concluded that Type I methanotrophs forming the community structure might reflect
pioneer species with a potentially high growth rate (r-strategists) that become numerically dominant reducing the evenness of
species distribution. These results contribute to the generally limited body of knowledge on methanotroph diversity in landfill
cover soils.

Carbon and Nitrogen Fractions in Dryland Soil Aggregates Affected by Long-term Tillage and
Cropping Sequence
Upendra M. Sainju*, Thecan Caesar-TonThat and Jalal D. Jabro
USDA-ARS, Northern Plains Agricultural Research Lab., Sidney, MT 59270
Soil Sci Soc Am J, 73:1488-1495 (2009), DOI: 10.2136/sssaj2008.0405

Abstract

Tillage and cropping sequence may influence C and N sequestration, microbial activities, and N mineralization in dryland soil
aggregates. We evaluated the 21-yr effect of tillage and cropping sequence combinations on C and N fractions in aggregates of a
Dooley sandy loam (fine-loamy, mixed, superactive, frigid Typic Argiustolls) at the 0- to 20-cm depth in eastern Montana.
Tillage and cropping sequences were no-tilled continuous spring wheat (NTCW) (Triticum aestivum L.), spring-tilled
continuous spring wheat (STCW), fall- and spring-tilled continuous spring wheat (FSTCW), fall- and spring-tilled spring wheatbarley (Hordeum vulgare L.) (1984–1999) followed by spring wheat-pea (Pisum sativum L.)(2000–2004)(FSTW-B/P), and
spring-tilled spring wheat-fallow (STW-F). Carbon and N fractions were soil organic C (SOC), total N (STN), particulate
organic C and N (POC and PON), microbial biomass C and N (MBC and MBN), potential C and N mineralization (PCM and
PNM), NH4–N, and NO3–N. Aggregate proportion was greater in NTCW than in FSTCW in the 4.75- to 2.00-mm aggregatesize class at 0 to 5 cm but was greater in STW-F than in STCW in the 2.00- to 0.25-mm size class at 5 to 20 cm. After 21 yr,
STW-F reduced SOC, STN, POC, and PON concentrations in aggregates by 34 to 42% at 0- to 5-cm and by 20 to 32% at 5- to
20-cm compared with NTCW and STCW. The PCM and MBC were greater in NTCW and STCW than in STW-F in the <2.00mm size class at 0 to 5 cm but MBN varied with treatments, aggregate-size classes, and soil depths. Compared with other
treatments, NH4–N concentration was lower in STW-F in the 4.75- to 0.25-mm size class but PNM and NO3–N were greater in
FSTW-B/P in the <2.00-mm size class. Long-term reduced tillage with continuous spring wheat increased soil aggregation, C
and N sequestration, and microbial biomass and activities in all aggregates but increased tillage intensity with spring wheatbarley/pea rotation increased N mineralization and availability in small aggregates compared with the conventional STW-F.

Soil Carbon and Nitrogen Accumulation in a Forested Debris Flow Chronosequence, California
Judith K. Turk* and Robert C. Graham
Soil and Water Sciences Program, Dep. of Environmental Sciences, Univ. of California, Riverside, CA 92521
Soil Sci Soc Am J, 73:1504-1509 (2009), DOI: 10.2136/sssaj2008.0106

Abstract
The role of forest soils in the biogeochemical cycling of C and N is most dynamic during the early stages of soil development.
To define C and N trends that occur with soil development in a mixed coniferous forest, a chronosequence formed by debris
flows was studied. The accumulation rates of total organic C (TOC) and total N (TN) were evaluated in soils on 10 debris flow
deposits, ranging from <1 to 244 yr old. Analysis of the mineral soils was restricted to the 30-cm depth, since this was the depth
of the shallowest debris flows. Carbon was found to accumulate in the organic horizons at a rate of 26.5 g m–2 yr–1 throughout
the time span of the chronosequence. Total organic C accumulation in the mineral horizons (0–30 cm) occurred from 0 to 82 yr
at a rate of 13 g m–2 yr–1, and was nearly stable from 82 to 244 yr. Total N accumulated at a rate of 0.57 g m–2 yr–1 in the
organic horizons and a rate of 0.17 g m–2 yr–1 in the mineral horizons (0–30 cm) throughout the 244 yr chronosequence. This
study suggests that C accumulation in the upper mineral horizons of young forest soils occurs for <100 yr, while N accumulation
is a slower process that occurs for >250 yr. Carbon and N accumulation in the organic horizons, however, both follow a linear
trend over the 244-yr period. The rates of C accumulation suggest a rapid recovery of the soil organic C pool following
disturbance.

Organic Soils on Basaltic Lava Flows in a Cool, Arid Environment
Karen L. Vaughana,* and Paul A. McDanielb
a USDA, Natural Resources Conservation Service, 245 Jimmy Doolittle Rd., Salt Lake City, UT 84116
b Dep. Plant, Soil, and Entomological Sciences, Univ. of Idaho, Rm. 242 Ag. Science, Moscow, ID 83844-2339
Soil Sci Soc Am J, 73:1510-1518 (2009), DOI: 10.2136/sssaj2008.0257

Abstract
Holocene-aged basaltic lava flows offer a unique opportunity to study the initial stages of soil formation. In the cool, dry climate
at Craters of the Moon National Monument and Preserve (CROM) in southern Idaho, organic soils (Histosols in Soil Taxonomy)
are the dominant soil on recent lava surfaces. Unsaturated Histosols, or Folists (Folic Histosols in World Reference Base
[WRB]), occupy crevices and depressions on the lava surface and support vegetation adapted for life in this harsh environment.
These soils are comprised of either a thin fibric (Oi horizon) over a hemic (Oe horizon) or a single, relatively homogenous Oe
horizon over relatively unweathered basalt bedrock. The parent material for organic soils is biologic rather than geologic in

origin with parent vegetation growing in crevices supplying the necessary organic debris. Soil acidity is directly influenced by
the type of vegetation growing in the soil, with more acidic leaf litter creating lower pH soils while more alkaline plant debris
generates soil with more neutral pH. Within these shallow soils (12–35 cm), organic C content (mean 333 g kg–1) is
proportional to fiber content and cation-exchange capacity (CEC) and inversely proportional to bulk density. Compared with
Folists of wetter climates, those forming at CROM have substantially higher bulk densities with a mean of 0.41 g cm–3. The
influence of loessial mineral material likely accounts for the increased mineral content and subsequent increase in bulk density.
Knowledge of the morphological, physical, and chemical properties of Folists at CROM is essential to improve our
understanding of the ecological significance of Folists and co-evolution of soils and plant communities in a cool, arid
environment.

Phosphorus Adsorption and Fractionation in a Two-phase Olive Mill Waste Amended Soil
A. López-Piñeiroa,*, D. Cabreraa, D. Peñaa, A. Albarránb and J. M. Rato Nunesc
a Área de Edafología y Química Agrícola, Facultad de Ciencias, Universidad de Extremadura, Avda de Elvas S/N 06071,
Badajoz, Spain
b Área de Producción Vegetal, Escuela de Ingenierías Agrarias, Universidad de Extremadura, Ctra. de Caceres, 06071, Badajoz,
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c Escola Superior Agraria de Elvas, Apartado 254, 7350, Elvas, Portugal
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Abstract
Two-phase olive mill waste (TPOMW) is a by-product of olive oil extraction, contains up to 90% organic matter, and may be
used as soil amendment. To investigate the impact of TPOMW amendments to soil on the fractionation, adsorption, and
buffering capacity of P, experiments were conducted on soils collected from a typical olive grove amended for 5 yr with 0, 30,
and 60 Mg ha–1 of TPOMW. A modified Hedley fractionation scheme evaluated the change in soil P forms while surface
models were used to fit the data. The P fractionation results suggested and increase in HCl-P fraction. Other P pools, such as
residual-P, NaHCO3–Pi, NaOH-Pi, NaOH-Po, soluble-P, and NaHCO3–Po increased to lesser degrees. A two-surface Langmuir
model fit the adsorption data better than a uniform layer model and underestimation of the P adsorption was observed when the
traditional Langmuir equation was used. The TPOMW amendments significantly decreased the P adsorption maxima ( = 0.05)
and most of the P was adsorbed on low energy sites, independent of the amendment applications received. The TPOMW soil
application decreased indices of P-binding intensity at both high and low affinity sites, decreased the P equilibrium buffering
capacity, and increased the equilibrium P concentration (EPC). Coupled with the low energy of P binding, results implied an
increase in the readily soluble P, and thus runoff P losses could potentially increase in TPOMW amended soil.

Tracing Sediment Movement on a Semiarid Watershed using Rare Earth Elements
V. O. Polyakova,*, A. Kimotob, M. A. Nearinga and M. H. Nicholsa
a USDA-ARS, South West Watershed Research Center, 2000 E. Allen Rd., Tucson, AZ 85719
b Pima County Regional Flood Control, 97 E Congress, Tucson AZ 85701
Soil Sci Soc Am J, 73:1559-1565 (2009), DOI: 10.2136/sssaj2008.0378

Abstract
A multi-tracer method employing rare earth elements (REE) was used to determine sediment yield and to track sediment
movement in a small semiarid watershed. A 0.33-ha watershed near Tombstone, AZ was divided into five morphological units,
each tagged with one of five REE oxides. Relative contribution of each unit to the total sediment yield was determined by
collecting runoff and sediment, and the spatial redistribution of sediment was determined from sampling the soil surface.
Average sediment yield was 1.0 Mg ha–1 yr–1 from the entire watershed, but varied between 0.1 Mg ha–1 yr–1 from the upper
slope to 5.0 Mg ha–1 yr–1 from the lower channel. Little re-deposition occurred in the channels indicating an effective transport
system. The erosion pattern and rates were in agreement with the current morphology of the watershed, which has a welldeveloped channel network.

Building Up Organic Matter in a Subtropical Paleudult under Legume Cover-Crop-Based Rotations
F. C. B. Vieiraa, C. Bayera,*, J. A. Zanattaa, J. Mielniczuka and J. Sixb

a Univ. Federal do Rio Grande do Sul, C.P. 776, 90001-970 Porto Alegre (RS), Brazil
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Soil Sci Soc Am J, 73:1699-1706 (2009), DOI: 10.2136/sssaj2008.0241

Abstract
The potential of conservation management systems to ameliorate degraded agricultural soils and mitigate global warming is
related to their potential for long-term stabilization of soil organic matter (SOM). This study was performed in a 19-yr-old
experiment that was set up on a degraded Paleudult (220 g kg–1 clay) in southern Brazil to (i) evaluate the effect of seven no-till
crop rotations (grass- and legume-based cover crop systems) and mineral N fertilization (0 and 145 kg ha–1 yr–1) on soil organic
C (SOC) stocks (0–17.5-cm depth) and (ii) estimate rates of SOM dynamics in these systems under subtropical climate
conditions. Annual C input (shoot + root) ranged from 2.61 to 7.84 Mg ha–1, with the highest values in legume-based and Nfertilized cropping systems. The SOC stocks were closely related to C input levels, and a minimum C input of 4.05 Mg ha–1 yr–
1 was estimated to maintain the original SOC stock of 31.38 Mg ha–1. Based on the one-compartment model of SOM dynamics,
the SOM decomposition rate was estimated to be 1.2% and the humification coefficient was estimated to be 9.6%. After 19 yr,
the stock of the original SOC decreased to about 24.78 Mg ha–1, while accumulation of SOC derived from the crops ranged
from 4.26 to 12.79 Mg ha–1. Our results highlighted the benefits of legume cover crop species in no-till systems for the
stabilization of SOC in degraded agricultural soils.

Microbial Indicators of Eutrophication in Everglades Wetlands
Alan L. Wrighta,*, K. Ramesh Reddyb and Susan Newmanc
a Everglades Research & Education Center, Univ. of Florida, 3200 E. Palm Beach Rd., Belle Glade, FL 33430
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Abstract
Nutrient loading has been implicated as a major cause of ecological changes in Everglades wetlands. The main objective of this
study was to assess changes in microbial indicators in response to nutrient loading across the Everglades landscape. Soil
chemical, physical, and microbial properties were measured for nutrient-impacted and oligotrophic sites within Water
Conservation Area (WCA)-1, WCA-2a, WCA-3a, and Taylor Slough of Everglades National Park. Impacts of nutrient loading
were most evident by the development of gradients in floc and soil total P from peripheral to interior areas of all wetlands
following the paths of surface water flow. Floc was more responsive to nutrient loading than the underlying soil. The sensitive
indicators of eutrophication were floc and soil total P, microbial biomass P, and mineralized P. Total P averaged 185 and 140%
greater for nutrient-impacted than oligotrophic areas for floc and soil (0–3 cm), respectively. Microbial biomass P averaged 97
and 52% higher at nutrient-impacted than oligotrophic areas for floc and soil, respectively. Mineralized P was the most sensitive
indicator of eutrophication, being 689 and 135% higher at nutrient-impacted than oligotrophic areas for floc and soil,
respectively. Microbial indicators in WCA-3a and Taylor Slough were more responsive to nutrient loading than in WCA-1 and
WCA-2a, which received higher P loads. Delineation of nutrient-impacted and oligotrophic areas in Everglades wetlands may
serve as a baseline to assess future impacts of eutrophication. The consistent pattern in the response of microbial processes to
nutrient loading across the range of conditions in different Everglades wetlands demonstrates their suitability as sensitive
indicators of eutrophication.

Spatial Variability in Properties Affecting Organic Horizon Carbon Storage in Upland Soils
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Abstract

Quantifying the amount and distribution of soil organic carbon (SOC) within natural soils is important for sample design, C
budgeting/pool estimation, and understanding SOC turnover at a process level. We examined the distribution of SOC across a
typical UK upland, moorland catchment to establish the amount and spatial structure of variability in key soil properties
affecting SOC stocks, namely O horizon C content, bulk density (DB) and horizon depth. Organic horizons of Histosols and
Gleysols had greater SOC contents but smaller bulk densities than Podzols and Leptosols. Consequently, SOC density
differences between soils were minimized and horizon depth variation became crucial to the measurement of SOC stocks.
However, individual Podzol profiles stored appreciable amounts of SOC in O horizons (up to 50 kg m–2). Geostatistical
analyses showed spatially structured variance in many properties relating to SOC storage at both plot (variograms reaching sills
at ranges 3–8 m) and catchment scales (ranges 437–529 m). The increase in variance from plot to catchment scales was large for
O horizon depth. However, DB showed complex scale and soil type inter-relationships, with similar variance at different scales.
We show that detailed soil investigations spanning multiple spatial scales are necessary to quantify soil C storage properties for
purposes of hydro-ecological modeling and C budgeting at small catchment scales. This has implications for upscaling to
regional or national soil C databases.

Spatial Distribution of Carbon in the Subsurface of Riparian Zones
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Abstract
Soil C supplies vary spatially within and among riparian wetlands. Understanding this variability is essential to assessments of
C-dependent riparian wetland functions such as water quality enhancement and C storage. In this study, we examined the
distribution of C with depth across the riparian landscape. Our objectives were to describe the spatial distribution of various C
forms in the subsurface of riparian wetlands, and to identify the watershed, landscape, and soil characteristics that govern the
distribution of these forms. Twenty-two riparian sites, mapped as alluvial or outwash soils, were examined along first- through
fourth-order streams. Soils were described from pits and auger borings along transects established perpendicular to the stream.
Roots and buried A horizons represent the majority of C in the subsurface, representing an important source of C for riparian
zone functions. Buried A horizons and C-rich lenses, indicative of alluvial soils, were identified in 21 of the 22 sites. Higher
order riparian zones tended to have greater quantities of alluvium. Roots were generally distributed to the greatest depths close to
the streams where alluvial deposits were thickest. All first-, second-, and third-order riparian zones were mapped as outwash
soils on county-scale soil surveys. These sites, however, contained predominantly alluvial soils, suggesting that soil surveys at
the 1:15,840 scale are inadequate for identifying alluvial soils along lower order streams. To assess the best predictors of
alluvium distribution within riparian zones, 11 watershed characteristics were examined. A forward stepwise regression revealed
that watershed size and floodplain width are two of the most important indicators of the quantity, width, and depth of alluvium,
and subsequently subsurface C, within glaciated riparian zones.

Spatial Relationships of Phosphorus Sorption in a Seasonally Saturated Constructed Wetland Soil
Jonathan J. Maynard*, Anthony T. O'Geen and Randy A. Dahlgren
Dep. of Land, Air and Water Resources, Univ. of California, One Shields Ave., Davis, CA 95618-8627
Soil Sci Soc Am J, 73:1741-1753 (2009), DOI: 10.2136/sssaj2008.0244

Abstract
Constructed wetlands can be important sinks of P in agricultural landscapes; however, the long-term ability of these systems to
retain P often diminishes with time. This study used a spatially explicit statistical approach to characterize spatial patterns of soil
properties and their correlation with P sorption in an 11-yr-old, seasonally saturated, constructed wetland receiving runoff from
irrigated agriculture. The results were used to link the spatial pattern of P sorption with hydrologic, biogeochemical, and

pedologic processes. A spatial sampling design was used and soil samples were measured for total P, bioavailable P, P sorption
index (PSI), total C and N, texture, oxalate- and dithionite-extractable Fe and Mn, pH, electrical conductivity, water-extractable
Mg, Ca, and Na, and sedimentation rate. Wetland hydrodynamics was a primary factor shaping the spatial distribution of
wetland soil properties, creating three distinct hydrologic and biogeochemical zones (e.g., sediment deposition, transition, and Fe
oxide transformation). Soil properties with the strongest correlation to the PSI included oxalate-extractable Fe, clay, total C, and
silt. In the sediment-deposition zone, sedimentation was the dominant process influencing P sorption, contributing fresh
sediments with reactive surfaces for P sorption. In contrast, the Fe oxide transformation zone received little sedimentation,
resulting in greater exposure time for surface sediment alteration. Increased exposure resulted in dissolution of crystalline Fe
oxides and reformation of poorly crystalline Fe oxides in a thin oxidative lens at the sediment–water column interface, thus
increasing P sorption capacity. This spatially explicit investigation of P sorption in seasonally saturated wetland soils provided a
robust framework within which to evaluate the wetland soil processes controlling P sorption capacity and the efficacy for longterm sorption potential.

Abiotic Nitrate Retention in Agroecosystems and a Forest Soil
B. Fricks*, J. Kaye and R. Seidel
Penn State Univ., 2042 Peach Orchard Dr. #317, Falls Church, VA 22043
Soil Sci Soc Am J, 73:1137-1141 (2009), DOI: 10.2136/sssaj2008.0199

Abstract
Agricultural ecosystems are the primary source of nitrate (NO3–) pollution in many watersheds. We used a laboratory 15N tracer
study with live and gamma irradiated soils to examine the role of land management in abiotic retention of NO3– in three
agroecosytems and a forest soil. Nitrogen retention was defined as the quantity of 15N that remained in soil following salt
extractions. Land management only affected N retention after 15 min of incubation, with forested soils retaining <4% of the
added 15N and agricultural soils retaining <1%. In all four ecosystems, abiotic retention (retention in gamma irradiated soils)
occurred after 1 d (15–20% of the 15N) and 21 d (up to 60% of 15N) of incubation. After 1 and 21 d, 15N retention in irradiated
soils was larger than in live soils, revealing a methodological artifact associated with gamma irradiation. While our results show
that abiotic reactions can occur in the laboratory, it is unlikely that such high rates of abiotic 15N retention occur in the field.
Gamma irradiation appears to impart methodological artifacts that limit its use in partitioning microbial and abiotic N retention
in soils.

Soil Nitrogen Mineralization and Microbial Biomass Relation, and Nitrogen Conservation in HumidTropics
C. B. Pandeya,*, R. C. Srivastavaa and R. K. Singhb
a Central Agricultural Research Institute, Post Box 181, Port Blair-744101Andaman, India
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Soil Sci Soc Am J, 73:1142-1149 (2009), DOI: 10.2136/sssaj2008.0182

Abstract
The reciprocal relationship between microbial biomass C (MB-C) and net nitrification in the seasonally dry tropics can reduce
nitrate (NO3–) leaching losses, and be regarded as a mechanism of N conservation. The objective of the present study was to
determine the influence of high seasonally prolonged rainfall on water-filled pore space (WFPS), net-nitrification rates (NNR),
net-ammonification rates (NAR), pool sizes of NH4+–N and NO3––N, and MB-C in three major land-use systems (moistevergreen, semi-evergreen forests, and home garden) in the equatorial humid tropical climate of South Andaman, India. Soil
properties were examined to determine a mechanism of N conservation in the humid tropical soils. Across the land use systems,
WFPS ranged from 68 to 84% during the wet season and 25 to 47% during wet season dry spells (48–72 h after wet season high
rainfall). The rate of net-nitrification and NO3––N pool declined 10 to 17 times and 4 to 6 times, respectively during the high
rainfall wet season in all the land use systems compared with wet season dry spells. On the contrary, ammonification rate and
NH4+–N pool increased 7 to 34 times and 2 to 3 times, respectively during the wet season across land use systems compared
with the wet season dry spell. Microbial biomass C was positively correlated with the NNR, but it was inversely correlated with
the NH4+–N pool. The above observations suggest that NO3– N is likely reduced to NH4+ via a dissimilatory pathway during
rainy periods (anaerobic conditions), which conserves N in the plant available form (NH4+) in the soils of the humid tropics.

Does Physical Protection of Soil Organic Matter Attenuate Temperature Sensitivity?
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Abstract
Global climate change may induce accelerated soil organic matter (SOM) decomposition through increased soil temperature, and
thus impact the C balance in soils. We hypothesized that compartmentalization of substrates and decomposers in the soil matrix
would decrease SOM sensitivity to temperature. We tested our hypothesis with three short-term laboratory incubations with
differing physical protection treatments conducted at different temperatures. Overall, CO2 efflux increased with temperature, but
responses among physical protection treatments were not consistently different. Similar respiration quotient (Q10) values across
physical protection treatments did not support our original hypothesis that the largest Q10 values would be observed in the
treatment with the least physical protection. Compartmentalization of substrates and decomposers is known to reduce the
decomposability of otherwise labile material, but the hypothesized attenuation of temperature sensitivity was not detected, and
thus the sensitivity is probably driven by the thermodynamics of biochemical reactions as expressed by Arrhenius-type
equations.

Effect of Charcoal Quantity on Microbial Biomass and Activity in Temperate Soils
Simone E. Kolb, Kevin J. Fermanich and Mathew E. Dornbush*
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Soil Sci Soc Am J, 73:1173-1181 (2009), DOI: 10.2136/sssaj2008.0232.

Abstract
Wildfire-produced charcoal is a common component of soils, affecting a range of important abiotic and biotic soil processes.
Our ability to predict the effects of charcoal addition to soil is currently limited, however, by our understanding of how charcoal
affects the soil microbial community mediating many of these processes. This study sought to improve our understanding of the
relationship between charcoal addition and soil microbial biomass and activity among temperate soils. Charcoal was added to
four distinct temperate soils, a Mollisol, an Alfisol, an Entisol, and a Spodosol, at five application levels ranging from 0 to 0.1 kg
charcoal kg–1 soil, and incubated at 25°C with measurements at approximately 0, 1.5, and 3 mo. We hypothesized that microbial
biomass and activity would increase with increasing charcoal application in all soils, but the relative magnitude of the response
would depend on the texture and fertility of each soil. As hypothesized, microbial biomass and activity and Bray P increased
significantly with increasing charcoal application, while extractable N decreased. The coniferous forest soil provided a notable
exception to the general patterns of N availability, having the highest total extractable N at the highest charcoal application level.
Our results suggest that charcoal additions affected microbial biomass, microbial activity, and nutrient availability in relatively
similar ways in all four soils that we studied, suggesting considerable predictability in response to charcoal application.
Differences in the magnitude of the microbial response, however, appeared dependent on differences in nutrient availability
among soils.

Shifts in Microbial Community Composition and Physiological Profiles across a Gradient of Induced
Soil Degradation
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Abstract
A disturbance gradient was created to evaluate the relationship between changes in soil physical and chemical properties with
microbial community composition. Plots of a 12-yr fallow Ultisol in Northeastern Brazil were arranged in a Latin Square design
and disturbed by tillage events applied zero, one, two, three, or four times over a 3-mo period. Sixty days after the last event,
plots were sampled (0–20 cm) and soil analyses performed. Tillage resulted in a linear disturbance gradient characterized by
significant declines in soil available water, saturated hydraulic conductivity, soil aggregation, organic C, and microbial biomass.
The disturbance gradient also affected soil microbial communities, but the changes observed were dependent on the profiling
technique used. The application of one tillage event significantly altered terminal restriction fragment length polymorphism (TRFLP) profiles, which remained unchanged on further disturbances. In contrast, community level physiological profiles (CLPPs)
continued to change as disturbance levels increased and were significantly correlated with most soil properties associated with
soil degradation. Phospholipid fatty acid (PLFA)-based assessment of microbial community structure was the least sensitive to
disturbance, showing significant changes only between the control plots and those subjected to four tillage events. Nevertheless,
the linear shift observed in a PLFA biomarker of bacterial stress (ratio of 19:0cy to 18:1w7c) in response to the disturbance
gradient was consistent with physiological changes in the CLPPs. The results clearly illustrate that microbial community
responses to increasing levels of soil physical disturbance can be detected at physiological (CLPPs), biochemical (PLFA), and
genotypic (T-RFLP) levels; however, they are not synchronously coupled. Further studies are needed to determine if there is
functional significance to the physiological responses to disturbance that are, or are not, accompanied by community
composition changes.
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Abstract
Redox processes are responsible for Fe and Mn segregation as Fe–Mn oxide coatings or nodules. These nodules are also trace
element scavengers in soils. Redox processes are of particular importance in seasonally saturated soil containing naturally high
concentrations of trace metals. We investigated the dynamics of Fe–Mn nodules and two associated trace elements, Co and Pb,
under controlled redox conditions in a column experiment, including five columns fed with mimicked topsoil solution that was
elevated in Fe and Mn. The results show that the redox conditions reached 100 mV, which was sufficient to dissolve Mn oxides
and release the associated Co, while Pb was readsorbed onto nodule surfaces. The amounts of Mn and Co released into the water
were small compared with the quantities stored in the nodules (<0.1% of the initial stock stored in the nodules). The redox
conditions were insufficient, however, to allow Fe oxide dissolution. On the contrary, 70 to 90% of the Fe entering the column
was fixed onto the nodules. In terms of an environmental threat, these results showed that Pb would not be released from soil
during nodule dissolution, whereas Co, which is less toxic, would be released.

Phosphorus and Greenhouse Gas Dynamics in a Drained Calcareous Wetland Soil in Minnesota
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Abstract
Restoration of wetland hydrology can produce ecological benefits but may have unintended consequences. We examined effects
of altered water level on release of dissolved reactive phosphorus (DRP) and greenhouse gases (GHG) in soil cores from a marsh
being evaluated for restoration. We also measured field concentrations of DRP and other constituents in wetland porewater.
Intact cores from a sampling location with higher Fe and lower calcium carbonate (CaCO3) contents released more DRP than
another location, and displayed higher DRP under completely saturated compared to partly drained conditions. Porewater
samples collected from the high-Fe location also contained higher DRP levels. Chemical data suggest that redox-driven reactions
largely controlled DRP levels at the high-Fe site, while CaCO3 adsorption was more important at the low-Fe site. Over the long
term, water table elevation may attenuate P draining from the wetland due to decreased mineralization. However, such measures
may increase P release in the short term. Raising the water level in soil cores resulted in decreased nitrous oxide (N2O)
emissions, increased methane (CH4) emissions, and an overall increase in total global warming potential (GWP). The proportion
of total GWP contributed by N2O decreased from 14% to 1% as water level was raised, while the proportion contributed by CH4
increased from 10 to 20% to 60 to 80%. Restoration of hydrology in the Rice Lake wetland has the potential to affect both local
water quality and global air quality. These combined effects complicate the cost-to-benefit analysis of such wetland restoration
efforts.

Nitrate Leaching and Nitrous Oxide Flux in Urban Forests and Grasslands
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Abstract
Urban landscapes contain a mix of land-use types with different patterns of nitrogen (N) cycling and export. We measured
nitrate (NO3–) leaching and soil:atmosphere nitrous oxide (N2O) flux in four urban grassland and eight forested long-term study
plots in the Baltimore, Maryland metropolitan area. We evaluated ancillary controls on these fluxes by measuring soil
temperature, moisture, and soil:atmosphere fluxes of carbon dioxide on these plots and by sampling a larger group of forest,
grass, and agricultural sites once to evaluate soil organic matter, microbial biomass, and potential net N mineralization and
nitrification. Annual NO3– leaching ranged from 0.05 to 4.1 g N m–2 yr–1 and was higher in grass than forest plots, except in a
very dry year and when a disturbed forest plot was included in the analysis. Nitrous oxide fluxes ranged from 0.05 to >0.3 g N
m–2 yr–1, with few differences between grass and forest plots and markedly higher fluxes in wet years. Differences in NO3–
leaching and N2O flux between forests and grasslands were not as high as expected given the higher frequency of disturbance
and fertilization in the grasslands. Carbon dioxide flux, organic matter, and microbial biomass were as high or higher in urban
grasslands than in forests, suggesting that active carbon cycling creates sinks for N in vegetation and soil in these ecosystems.
Although urban grasslands export more N to the environment than native forests, they have considerable capacity for N retention
that should be considered in evaluations of land-use change.
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Abstract

High levels of naturally occurring arsenic are found in the shallow reducing aquifers of West Bengal, Bangladesh, and other
areas of Southeast Asia. These aquifers are used extensively for drinking water and irrigation by the local population.
Mechanisms for its release are unclear, although increasing evidence points to a microbial control. The type of organic matter
present is of vital importance because it has a direct impact on the rate of microbial activity and on the amount of arsenic
released into the ground water. The discovery of naturally occurring hydrocarbons in an arsenic-rich aquifer from West Bengal
provides a source of potential electron donors for this process. Using microcosm-based techniques, seven sediments from a site
containing naturally occurring hydrocarbons in West Bengal were incubated with synthetic ground water for 28 d under
anaerobic conditions without the addition of an external electron donor. Arsenic release and Fe(III) reduction appeared to be
microbially mediated, with variable rates of arsenic mobilization in comparison to Fe(III) reduction, suggesting that multiple
processes are involved. All sediments showed a preferential loss of petroleum-sourced n-alkanes over terrestrially sourced
sedimentary hydrocarbons n-alkanes during the incubation, implying that the use of petroleum-sourced n-alkanes could support,
directly or indirectly, microbial Fe(III) reduction. Samples undergoing maximal release of As(III) contained a significant
population of Sulfurospirillum sp., a known As(V)-reducing bacterium, providing the first evidence that such organisms may
mediate arsenic release from West Bengali aquifers.

Nutrient Variation in an Urban Lake Chain and its Consequences for Phytoplankton Production
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Abstract
In the Central Arizona–Phoenix (CAP) ecosystem, managers divert mixed stream water and groundwater to maintain an artificial
lake chain in Indian Bend Wash (IBW), a historically flashy, ephemeral, desert stream. Nutrient concentrations in the CAP
ecosystem's groundwater, stream water, and floodwater differ: stream water has low concentrations of both inorganic N and P,
while groundwater is low in inorganic P but rich in nitrate (NO3–). Consequently, groundwater contribution drives inorganic N
concentrations in the lake chain. In contrast, floodwater typically has high P concentrations while remaining low in N. Thus we
expected N and P concentrations in IBW lakes to vary with the mix of water flowing through them. Elevated NO3– and low
inorganic P concentrations were predicted when groundwater pumping was pronounced and this prediction was supported. We
hypothesized that these predictable changes in water chemistry would affect nutrient limitation of phytoplankton. Laboratory
nutrient-addition bioassays demonstrated that phytoplankton growth was P-limited throughout the summer of 2003 when N/P
was high. However, after a late-season flood drove N/P below 31:1, the expected threshold between N and P limitation, N
limitation was observed. Our results indicate that effects of floods, the preeminent historic drivers of Sonoran Desert stream
biogeochemistry, are mitigated in urban ecosystems by decisions about which spigots to turn. Consequently, nutrient limitation
of urban streams is driven as much by management decisions as by natural hydrologic variation.
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Abstract
Mathematical models help to quantify agricultural sediment and phosphorus transfers and to simulate mitigation of pollution.
This paper develops empirical models of the dominant sediment and phosphorus event dynamics observed at high resolution in a
drained and undrained, intensive grassland field-scale lysimeter (1 ha) experiment. The uncertainties in model development and
simulation are addressed using Generalized Likelihood Uncertainty Estimation. A comparison of suspended solids (SS) and total
phosphorus (TP) samples with a limited number of manual repeats indicates larger data variability at low flows. Quantitative
uncertainty estimates for discharge (Q) are available from another study. Suspended solids–discharge (SS-Q) hysteresis is
analyzed for four events and two drained and two undrained fields. Hysteresis loops differ spatially and temporally, and
exhaustion is apparent between sequential hydrograph peaks. A coherent empirical model framework for hysteresis, where SS is
a function of Q and rate of change of Q, is proposed. This is evaluated taking the Q uncertainty into account, which can
contribute substantially to the overall uncertainty of model simulations. The model simulates small hysteresis loops well but fails
to simulate exhaustion of SS sources and flushing at the onset of events. Analysis of the TP–SS relationship reveals that most of
the variability occurs at low flows, and a power-law relationship can explain the dominant behavior at higher flows, which is
consistent across events, fields, and pathways. The need for further field experiments to test hypotheses of sediment mobilization
and to quantify data uncertainties is identified.
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Abstract
Streams and rivers are a globally significant source of nitrous oxide (N2O), a potent greenhouse gas. However, there remains
much uncertainty in the magnitude of N2O emissions from these sources, partly due to an incomplete understanding of the
factors that control microbial N2O production in lotic sediments. During 2004–2005 we measured sediment N2O production in
12 headwater streams across an agricultural land use gradient. Stream water nitrate (NO3–) concentrations were positively
related to the proportion of agricultural land use in the basin and frequently exceeded 20 mg N L–1 in the stream draining the
most agricultural basin. Stream sediments were nearly always a net source of N2O, and production rates were positively related
to stream water NO3– concentrations and sediment carbon content. There were no seasonal patterns in N2O production rates
during 2004, but stream water NO3– and N2O production both peaked during the winter of 2005. The spike in NO3–
concentrations likely resulted from winter rain and snowmelt that flushed NO3– from the soils following a dry summer and fall.
In turn, the elevated stream water NO3– concentrations stimulated in-stream N2O production rates. Overall, we were only able
to explain 29% of the variation in N2O production rates on a log scale. The unexplained variation may be due to differences in
the fraction of denitrified NO3– that is converted to N2O among the study sites, or that our measures of substrate availability in
the water column were not reflective of substrate availability in the porewater used by denitrifiers.

Biodegradation of Methane and Halocarbons in Simulated Landfill Biocover Systems Containing
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Abstract
The attenuation potential of methane (CH4) and of selected volatile organic compounds (VOCs) was compared in four types of
compost materials using dynamic flow column experiments over a period of 255 d. Garden waste compost mixed with wood
chips showed the highest steady-state CH4 oxidation rate (161 g m–2 d–1), followed by a commercial compost product
Supermuld (110 g m–2 d–1). In the column containing the highest fraction of compost (compost/sand mixed in 1:1), CH4
oxidation declined significantly during the period of operation, probably due to clogging by formation of exopolymeric

substances. After 40 d of operation, CH4 production was observed. All the VOCs tested were degraded. CFC-11 (CCl3F) and
HCFC-21 (CCl2FH) were anaerobically degraded by reductive dechlorination, generating HCFC-31 (CClFH2) and HFC-41
(CFH3), which were both aerobically degraded in the oxic portion of the columns. Overall, the highest removal of VOCs was
observed in the column containing the compost/wood chip mixture. This study demonstrates that biocovers consisting of
compost materials have the potential to attenuate trace gas emissions from landfills.
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Abstract
Volatilization of ammonia following application of urea contributes to smog formation and degradation of natural ecosystems.
The objective of this study was to evaluate the impact of (i) incorporationand banding of urea and (ii) surface broadcast of slowrelease urea types on NH3volatilization in a dry acidic soil. Volatilization was measured using wind tunnels for 25 d after
standard urea (140 kg N ha–1) was broadcast, broadcast and incorporated(0–5 cm), or incorporated in shallow bands (3–5 cm) to a
conventionally tilled silty loam soil. Urea supplemented with a urease inhibitor or coated with a polymer was also broadcast at
the soil surface. Little N diffused out of the polymer-coated granules and ammonia losses were low (4% of applied N). Use of a
urease inhibitor also resulted in a low NH3 loss (5% of applied N) while maintaining soil mineral N at levels similar to plots
where untreated urea was broadcast. The rate of hydrolysis of urea broadcast at the soil surface was slowed by the lack of
moisture and NH3 loss (9% applied N) was the lowest of all treatments with standard urea. Incorporation of broadcast
urea increased emissions (16% applied N) by increasing urea hydrolysis relative to surface application. Furthermore,
incorporation in band also increased emissions (27% applied N) due to a localized increase in soil pH from 6.0 to 8.7. We
conclude that incorporating urea in bands in a dry acidic soil can increase NH3 volatilization compared to broadcast application
followed by incorporation.
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Abstract
Establishment of riparian buffers is an effective method for reducing nutrient input to streams. However, the underlying
biogeochemical processes are not fully understood. The objective of this 4-yr study was to examine the effects of riparian zone
restoration on soil N cycling mechanisms in a mountain pasture previously degraded by cattle. Soil inorganic N pools, fluxes,
and transformation mechanisms were compared across the following experimental treatments: (i) a restored area with vegetation
regrowth; (ii) a degraded riparian area with simulated effects of continued grazing by compaction, vegetation removal, and
nutrient addition (+N); and (iii) a degraded riparian area with simulated compaction and vegetation removal only (-N). Soil
solution NO3– concentrations and fluxes of inorganic N in overland flow were >90% lower in the restored treatment relative to
the degraded (+N) treatment. Soil solution NO3– concentrations decreased more rapidly in the restored treatment relative to the
degraded (-N) following cattle (Bos taurus) exclusion. Mineralization and nitrification rates in the restored treatment were
similar to the degraded (-N) treatment and, on average, 75% lower than in the degraded (+N) treatment. Nitrogen trace gas fluxes
indicated that restoration increased the relative importance of denitrification, relative to nitrification, as a pathway by which N is
diverted from the receiving stream to the atmosphere. Changes in soil nutrient cycling mechanisms following restoration of the
degraded riparian zone were primarily driven by cessation of N inputs. The recovery rate, however, was influenced by the rate of
vegetation regrowth.
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Abstract
During oil-sands mining all vegetation, soil, overburden, and oil sand is removed, leaving pits several kilometers wide and up to
100 m deep. These pits are reclaimed through a variety of treatments using subsoil or a mixed peat-mineral soil cap. Using
nonmetric multidimensional scaling and cluster analysis of measurements of ecosystem function, reclamation treatments of
several age classes were compared with a range of natural forest ecotypes to discover which treatments had created
ecosystems similar to natural forest ecotypes and at what age this occurred. Ecosystem function was estimated from bioavailable
nutrients, plant community composition, litter decomposition rate, and development of a surface organic layer. On the
reclamation treatments, availability of nitrate, calcium, magnesium, and sulfur were generally higher than in the natural forest
ecotypes, while ammonium, P, K, and Mn were generally lower. Reclamation treatments tended to have more bare ground,
grasses, and forbs but less moss, lichen, shrubs, trees, or woody debris than natural forests. Rates of litter decomposition were
lower on all reclamation treatments. Development of an organic layer appeared to be facilitated by the presence of shrubs. With
repeated applications of fertilizers, measured variables for the peat-mineral amendments fell within the range of natural
variability at about 20 yr. An intermediate subsoil layer reduced the need for fertilizer and conditions resembling natural forests
were reached about 15 yr after a single fertilizer application. Treatments over tailings sand receiving only one application of
fertilizer appeared to be on a different trajectory to a novel ecosystem.
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Abstract
High levels of naturally occurring arsenic are found in the shallow reducing aquifers of West Bengal, Bangladesh, and
other areas of Southeast Asia. These aquifers are used extensively for drinking water and irrigation by the local population.
Mechanisms for its release are unclear, although increasing evidence points to a microbial control. The type of organic matter
present is of vital importance because it has a direct impact on the rate of microbial activity and on the amount of arsenic
released into the ground water. The discovery of naturally occurring hydrocarbons in an arsenic-rich aquifer from West Bengal
provides a source of potential electron donors for this process. Using microcosm-based techniques, seven sediments from a site
containing naturally occurring hydrocarbons in West Bengal were incubated with synthetic ground water for 28 d under
anaerobic conditions without the addition of an external electron donor. Arsenic release and Fe(III) reduction appeared to be
microbially mediated, with variable rates of arsenic mobilization in comparison to Fe(III) reduction, suggesting that multiple
processes are involved. All sediments showed a preferential loss of petroleum-sourced n-alkanes over terrestrially sourced
sedimentary hydrocarbons n-alkanes during the incubation, implying that the use of petroleum-sourced n-alkanes could support,
directly or indirectly, microbial Fe(III) reduction. Samples undergoing maximal release of As(III) contained a significant
population of Sulfurospirillum sp., a known As(V)-reducing bacterium, providing the first evidence that such organisms may
mediate arsenic release from West Bengali aquifers.
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Abstract
Kinetic sorption and column miscible displacement transport experiments were performed to quantify the extent of
retention/release and the mobility of mercury in different soils. Results indicated that adsorption of mercury was rapid and highly
nonlinear with sorption capacities having the following sequence: Sharkey clay > Olivier loam > Windsor sand. Mercury
adsorption by all soils was strongly irreversible where the amounts released ordesorbed were often less than 1% of that applied.
Moreover, the removal of soil organic matter resulted in a decrease of mercury adsorption in all soils. Adsorption was described
with limited success using a nonlinear (Freundlich) model. Results from the transport experiments indicated that the mobility
of mercury was highly retarded, with extremely low concentrations of mercury in column effluents. Furthermore, mercury
breakthrough curves exhibited erratic patterns with ill-distinguished peaks. Therefore, mercury is best regarded as strongly
retained and highly "immobile" in the soils investigated. This is most likely due to highly stable complex formation (irreversible
forms) and strong binding to high-affinity sites. In a column packed with reference sand material, a symmetric breakthrough
curve was obtained where the recovery of mercury in the leachate was only 17.3% of that applied. Mercury retention by the
reference sand was likely due to adsorption by quartz and metal-oxides.
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Abstract
Aims: Mycorrhizas (fungal roots) play vital roles in plant nutrient acquisition, performance and productivity in terrestrial
ecosystems. Arbuscular mycorrhizas (AM) and ectomycorrhizas (EM) are mostly important since soil nutrients, including NH,
NO and phosphorus, are translocated from mycorrhizal fungi to plants. Individual species, genera and even families of plants
could be interconnected by mycorrhizal mycelia to form common mycorrhizal networks (CMNs). The function of CMNs is to
provide pathways for movement or transfer of nutrients from one plant to another. In the past four decades, both 15N external
labeling or enrichment (usually expressed as atom%) and 15N naturally occurring abundance (15N, ) techniques have been
employed to trace the direction and magnitude of N transfer between plants, with their own advantages and limitations.
Important Findings: The heavier stable isotope 15N is discriminated against 14N during biochemical, biogeochemical and
physiological processes, due to a greater atomic mass. In general, non-N2-fixing plants had greater 15N values than N2-fixing
(0) ones. Foliar 15N often varied by 5 to 10 in the order: non-mycorrhizas/AMs > EMs ericoid mycorrhizas. Differences in 15N
() or 15N (atom%) values could thus provide N transfer information between plants. A range of between 0 to 80% of one-way N
transfer had been observed from N2-fixing mycorrhizal to non-N2-fixing mycorrhizal plants, but generally less than or around

10% in the reverse direction. Plant-to-plant N transfer may provide practical implications for plant performance in N-limited
habitats. Considering that N translocation or cycling is crucial, and the potential benefits of N transfer are great in both
agricultural and natural ecosystems, more research is warranted on either one-way or two-way N transfers mediated by CMNs
with different species and under field conditions.
Keywords: 15N enrichment • 15N natural abundance (15N) • 15N stable isotope • common mycorrhizal networks (CMNs) •
nitrogen transfer.

Big plants—do they limit species coexistence?
Laura M. Keating and Lonnie W. Aarssen*
Department of Biology, Queen's University, Kingston, Ontario, Canada K7L 3N6
Journal of Plant Ecology, Volume 2, Issue 3, September 2009, Pages. 119-124

Abstract
Aims: According to conventional theory, larger plant species are likely to inflict more intense competition on other (smaller)
species. We tested a deducible prediction from this: that a larger species should generally be expected to impose greater limits on
the number of species that can coexist with it.
Methods: Species richness was sampled under plant canopies for a selection of woody species (‘host’ species) that display a
wide range of adult sizes (from small shrubs to large trees), growing within natural vegetation of the Interior Douglas-fir zone of
southern British Columbia, Canada. These data were compared with species richness levels sampled within randomly placed
plots within the host species habitat.
Important Findings: A prominent host species size effect on species richness was detected but only narrowly at the small end of
the species size range. Across most (90%) of the increasing size range of host species, the number of species residing under the
host canopy showed no significant decrease relative to the number expected by random assembly, based on species richness
within randomly defined equivalent areas within the habitat of the host species. This apparent ‘null effect’, we suggest, is
explained not because these larger species have no effect on community assembly. We postulate that larger species are indeed
likely to be more effective in causing competitive exclusion of some smaller species (as expected from conventional theory), but
that any potential limitation effect of this on resident species richness is offset for two reasons: (i) larger species also generate
niche spaces that they cannot exploit under their own canopies and so have minimal impact (as competitors) on smaller species
that can occupy these niches and (ii) certain other small species—despite small size—have effective competitive abilities under
the severe competition that occurs within host neighbourhoods of larger species. These and other recent studies call for reevaluation of traditional views on the role of plant size in affecting competitive ability and community assembly.
Keywords: competition • competitive exclusion • plant size • physical space niche • random assembly • reproductive economy.
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Abstract
Aims: Global climate change and ongoing plant invasion are the two prominent ecological issues threatening biodiversity world
wide. Among invasive species, Lantana camara and Hyptis suaveolens are the two most important invaders in the dry deciduous
forest in India. We monitored the growth of these two invasive species and seedlings of four native dry deciduous species

(Acacia catechu, Bauhinia variegata, Dalbergia latifolia and Tectona grandis) under ambient (375–395 µ mol mol–1) and
elevated CO2 (700–750 µ mol mol–1) to study the differential growth response of invasive and native seedlings.
Methods: Seedlings of all the species were exposed to ambient and elevated CO2. After 60 days of exposure, seedlings were
harvested and all the growth-related parameters like plant height; biomass of root, stem and leaves; total seedling biomass; R/S
ratio; allocation parameters; net assimilation rate (NAR) and relative growth rate (RGR) were determined.
Important Findings: Biomass, RGR and NAR of all the species increased under elevated CO2 but the increase was higher in
invasive species and they formed larger seedlings than natives. Therefore under the CO2-enriched future atmosphere,
competitive hierarchies could change and may interfere with the species composition of the invaded area.
Keywords: dry deciduous seedlings • elevated CO2 • global change • plant invasion.
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Abstract
Eurasian steppe ecosystems are nitrogen-limited and suffer additionally from high grazing intensities in many areas. Soil
surface-bound cyanobacteria are able to fix nitrogen and can be the major source of plant available nitrogen in such ecosystems.
In this study, the abundance and dinitrogen fixation capacity of the most common soil surface-bound microbial and lichen
species were determined at an ungrazed, a winter-grazed, and a heavily grazed steppe site in the Xilin River catchment, Inner
Mongolia, People’s Republic of China. The microorganisms were identified as Nostoc spec. and the lichen species as
Xanthoparmelia camtschadalis (Ach.) Hale by a combination of classical light microscopy, confocal laser scanning microscopy
and molecular analysis of the internal transcribed spacer (ITS1) region of ribosomal RNA. Both species were found exclusively
at grazed steppe sites, with a clear difference in abundance depending on the grazing intensity. At the winter-grazed site, Nostoc
was more abundant than Xanthoparmelia; for the heavily grazed site, the opposite was found. N2 fixation was quantified with
both the acetylene reduction method and 15N2 incubation. Cyanobacterial colonies of Nostoc fixed N2 vigorously, whereas X.
camtschadalis did not at all. The fraction of nitrogen derived from the fixation of molecular nitrogen in Nostoc was 73%,
calculated from 15N natural abundance measurements of Nostoc with X. camtschadalis as reference. The conservatively
calculated N2 uptake by Nostoc was 0.030–0.033 kg N ha−1 for the heavily grazed site and 0.080–0.087 kg N ha−1 for the
winter-grazed site for the growing seasons of 2004 and 2005, respectively. Together with previous findings, this study
demonstrates that N2 fixation by Nostoc can potentially replace significant amounts, if not all, of the nitrogen lost in the form of
N2O and NO soil emissions in this steppe ecosystem.
Keywords: Cyanobacteria - Lichen - Semi-arid grassland - Nostoc - Xanthoparmelia camtschadalis - Grazing – MAGIM.
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Abstract

Various biologically mediated processes are involved in the turnover of dissolved organic matter (DOM) in soil; however,
relatively little is known about the dynamics of either the microbial community or the individual classes of organic molecules
during the decomposition of DOM. We examined the net loss of DOC, the mineralisation of C to CO2 and the degradation of
DOC from six different soils by soil microorganisms. We also quantified the changes in the concentrations of protein,
carbohydrate and amino acid C during microbial biodegradation. Over a 70-day incubation period at 20°C, the mineralisation of
DOC to CO2 was described by a double exponential model with a labile pool (half-life, 3–8 days) and a stable pool (half-life,
0.4–6 years). However, in nearly all cases, the mass loss of DOC exceeded the C released as CO2 with significant deviations
from the double exponential model. Comparison of mass DOC loss, CO2 production and microbial cell counts, determined by
epifluorescence microscopy, showed that a proportion of the lost DOC mass could be accounted for by microbial assimilation.
Carbohydrate and protein C concentrations fluctuated throughout the incubation with a net change of between 3 to 13 and −30 to
22.4% initial DOC, respectively. No amino acid C was detected during the incubation period (level of detection, 0.01 mg C l−1).
Keywords: Decomposition dynamics - Dissolved organic carbon - Dissolved organic matter - DOC - DOM - Microbial
assimilation - Microbial decomposition - Soil water.
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Abstract
The long-term treatment effect (since 1957–1966) of farmyard manure (FYM) application compared with crop residue
incorporation was investigated in five soils (sandy loam to silty clay) with regards to the net sulfur (S) mineralization potential.
An open incubation technique was used to determine accumulated net S mineralization (SAccMin) and a number of soil physical
and chemical properties were determined. Treatments and soil differences in SAccMin, as well as correlations with soil
variables, were tested with single and multivariate analyses. Long-term FYM application resulted in a significantly
(p = 0.012) higher net S mineralization potential, although total amounts of C, N, and S were not significantly (p < 0.05)
increased. The accumulated S mineralization differed significantly (p < 0.05) between soils within this treatment. The
measured soil variables were not significantly correlated to SAccMin. Conclusively, different treatment histories influenced the
quality (e.g., chemical composition) and cycling rate of the organic S pool, rather than its size.
Keywords: Sulfur mineralization - Farmyard manure - Physical protection - Open incubation.
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Abstract

Earlier studies of postmining heaps near Sokolov, Czech Republic (0–46 years old) showed that massive changes in plant
community composition occur around 23 year of succession when the heaps are colonized by the earthworms Lumbricus
rubellus (Hoffm.) and Aporrectodea caliginosa (Savigny). The aim of the current study was to test the hypothesis that the
introduction of earthworms into a postmining soil enhances growth of late succession plant species. In a laboratory experiment,
earthworms significantly increased biomass of Festuca rubra and Trifolium hybridum grown in soil from a 17-year-old site. The
biomass increase corresponded to a significant decrease in pH and an increase in oxidable C, total N, and exchangeable P, K, and
Ca content. A second laboratory experiment showed higher biomass production of late successional plant community
(Arrhenatherum elatius, Agrostis capillaris, Centaurea jacea, Plantago lanceolata, Lotus corniculatus, and Trifolium medium) in
soil from late successional stage (46 years old); the introduction of earthworms into soil from an early successional stage (17
years old) increased biomass production. In a field experiment, introduction of L. rubellus to enclosures containing a 17-year-old
soil not colonized by earthworms significantly increased the biomass of grasses after 1 year. The results support the hypothesis
that colonization of postmining areas by earthworms can substantially modify soil properties and plant growth.
Keywords: Earthworms - Plant succession - Plant growth - Postmining soils.
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Abstract
The concern that climate change may increase fire frequency and intensity has recently heightened the interest in the effects of
wildfires on ecosystem functioning. Although short-term fire effects on forest soils are well known, less information can be
found on the long-term effects of wildfires on soil fertility. Our objective was to study the 17-year effect of wildfires on forest
net mineralization rates and extractable inorganic nitrogen (N) and phosphorus (P) concentrations. We hypothesize that (1)
burned forest stands should exhibit lower net mineralization rates than unburned ones; (2) these differences would be greatest
during the growing season; (3) differences between soil variables might also be observed among plots from different years since
the last fire; and (4) due to fire-resistant geochemical processes controlling P availability, this nutrient should recover faster than
N. We used a wildfire chronosequence of natural and unmanaged Pinus canariensis forests in La Palma Island (Canary Islands).
Soil samples were collected during winter and spring at 22 burned and unburned plots. We found significantly higher values for
net N mineralization and extractable N pools in unburned plots. These differences were higher for the winter sampling date than
for the spring sampling date. Unlike extractable N and N mineralization rates, extractable P levels of burned plots exhibited a
gradual recovery over time after an initial decrease. These results demonstrate that P. canariensis forest soils showed low
resilience after wildfires, especially for N, and that this disturbance might induce long-term changes in ecosystem functioning.
Keywords:
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Abstract
Interactions between plants and microorganisms can significantly affect plant health and productivity as well as ecosystem
functioning. Detailed knowledge of the tripartite relationships between plants, fungi, and bacteria, and their environment is still
limited. In the present study, the soils adjacent to three plant species (Cruciata laevipes, Mentha piperita, Equisetum arvense) in
the Ljubljana Marsh and the bulk, plant-free soil were analyzed for their bacterial community structure in June and October
2006. The terminal restriction fragment length polymorphism analysis indicated a different bacterial community structure in the
rhizosphere and in bulk soil, however, with almost no seasonal changes between late spring and autumn samples and no apparent
impact of the three plant species. In addition, root colonization of the three plant species by arbuscular mycorrhizal fungi (AMF)
and dark septate endophytes (DSE) was microscopically assessed monthly from May until October 2006. A presumably
accidental correlation between monthly precipitation and the degree of arbuscule formation, with the latter lagging 1 month, was
noted for M. piperita, the most heavily colonized of the three plant species. With all three plants, the phosphorus content in roots
correlated positively with most AMF structures. Microsclerotia of DSE were mainly abundant in autumn samples. Fungal
diversity in roots was estimated using temporal temperature gradient gel electrophoresis separation of the fungal polymerase
chain reaction products obtained for both 18S-rDNA and the 5.8S-ITS2-28S rDNA segments. No specific effects of either plant
species or seasonal changes on mycorrhizal community structure were discernible.
Keywords: Arbuscular mycorrhizal fungi in wetlands - Eubacterial communities in wetlands - Microbial community analysis
by molecular techniques - Rhizosphere microorganisms - Ljubljana Marsh.
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Abstract
Northern Hemisphere surface temperature reconstructions suggest that the late twentieth century was warmer than any other time
during the past 500 years and possibly any time during the past 1,300 years (refs 1, 2). These temperature reconstructions are
based largely on terrestrial records from extra-tropical or high-elevation sites; however, global average surface temperature
changes closely follow those of the global tropics3, which are 75% ocean. In particular, the tropical Indo-Pacific warm pool
(IPWP) represents a major heat reservoir that both influences global atmospheric circulation4 and responds to remote northern
high-latitude forcings5, 6. Here we present a decadally resolved continuous sea surface temperature (SST) reconstruction from
the IPWP that spans the past two millennia and overlaps the instrumental record, enabling both a direct comparison of proxy data
to the instrumental record and an evaluation of past changes in the context of twentieth century trends. Our record from the
Makassar Strait, Indonesia, exhibits trends that are similar to a recent Northern Hemisphere temperature reconstruction2.
Reconstructed SST was, however, within error of modern values from about ad 1000 to ad 1250, towards the end of the
Medieval Warm Period. SSTs during the Little Ice Age (approximately ad 1550–1850) were variable and 0.5 to 1 °C colder than
modern values during the coldest intervals. A companion reconstruction of 18O of sea water—a sea surface salinity and
hydrology indicator—indicates a tight coupling with the East Asian monsoon system and remote control of IPWP hydrology on
centennial–millennial timescales, rather than a dominant influence from local SST variation.
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Abstract
Spatially synchronized fluctuations in system state are common in physical and biological systems ranging from individual
atoms1 to species as diverse as viruses, insects and mammals2, 3, 4, 5, 6, 7, 8, 9, 10. Although the causal factors are well known
for many synchronized phenomena, several processes concurrently have an impact on spatial synchrony of species, making their
separate effects and interactions difficult to quantify. Here we develop a general stochastic model of predator–prey spatial
dynamics to predict the outcome of a laboratory microcosm experiment testing for interactions among all known synchronizing
factors: (1) dispersal of individuals between populations; (2) spatially synchronous fluctuations in exogenous environmental
factors (the Moran effect); and (3) interactions with other species (for example, predators) that are themselves spatially
synchronized. The Moran effect synchronized populations of the ciliate protist Tetrahymena pyriformis; however, dispersal only
synchronized prey populations in the presence of the predator Euplotes patella. Both model and data indicate that synchrony
depends on cyclic dynamics generated by the predator. Dispersal, but not the Moran effect, 'phase-locks' cycles, which otherwise
become 'decoherent' and drift out of phase. In the absence of cycles, phase-locking is not possible and the synchronizing effect of
dispersal is negligible. Interspecific interactions determine population synchrony, not by providing an additional source of
synchronized fluctuations, but by altering population dynamics and thereby enhancing the action of dispersal. Our results are
robust to wide variation in model parameters representative of many natural predator–prey or host–pathogen systems. This
explains why cyclic systems provide many of the most dramatic examples of spatial synchrony in nature.
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Abstract
Many aspects of the carbon cycle can be assessed from temporal changes in the 13C/12C ratio of oceanic bicarbonate. 13C/12C
can temporarily rise when large amounts of 13C-depleted photosynthetic organic matter are buried at enhanced rates1, and can
decrease if phytomass is rapidly oxidized2 or if low 13C is rapidly released from methane clathrates3. Assuming that variations
of the marine 13C/12C ratio are directly recorded in carbonate rocks, thousands of carbon isotope analyses of late Precambrian
examples have been published to correlate these otherwise undatable strata and to document perturbations to the carbon cycle
just before the great expansion of metazoan life. Low 13C/12C in some Neoproterozoic carbonates is considered evidence of
carbon cycle perturbations unique to the Precambrian. These include complete oxidation of all organic matter in the ocean2 and
complete productivity collapse such that low-13C/12C hydrothermal CO2 becomes the main input of carbon4. Here we compile
all published oxygen and carbon isotope data for Neoproterozoic marine carbonates, and consider them in terms of processes
known to alter the isotopic composition during transformation of the initial precipitate into limestone/dolostone. We show that
the combined oxygen and carbon isotope systematics are identical to those of well-understood Phanerozoic examples that
lithified in coastal pore fluids, receiving a large groundwater influx of photosynthetic carbon from terrestrial phytomass. Rather
than being perturbations to the carbon cycle, widely reported decreases in 13C/12C in Neoproterozoic carbonates are more easily
interpreted in the same way as is done for Phanerozoic examples. This influx of terrestrial carbon is not apparent in carbonates
older than 850 Myr, so we infer an explosion of photosynthesizing communities on late Precambrian land surfaces. As a result,
biotically enhanced weathering generated carbon-bearing soils on a large scale and their detrital sedimentation sequestered
carbon5. This facilitated a rise in O2 necessary for the expansion of multicellular life.
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Abstract
Among the largest uncertainties in current projections of future climate is the feedback between the terrestrial carbon cycle and
climate1. Northern peatlands contain one-third of the world's soil organic carbon, equivalent to more than half the amount of
carbon in the atmosphere2. Climate-warming-induced acceleration of carbon dioxide (CO2) emissions through enhanced
respiration of thick peat deposits, centuries to millennia old, may form a strong positive carbon cycle–climate feedback. The
long-term temperature sensitivity of carbon in peatlands, especially at depth, remains uncertain, however, because of the short
duration or correlative nature of field studies3, 4, 5 and the disturbance associated with respiration measurements below the
surface in situ or during laboratory incubations6, 7. Here we combine non-disturbing in situ measurements of CO2 respiration
rates and isotopic (13C) composition of respired CO2 in two whole-ecosystem climate-manipulation experiments in a subarctic
peatland. We show that approximately 1 °C warming accelerated total ecosystem respiration rates on average by 60% in spring
and by 52% in summer and that this effect was sustained for at least eight years. While warming stimulated both short-term
(plant-related) and longer-term (peat soil-related) carbon respiration processes, we find that at least 69% of the increase in
respiration rate originated from carbon in peat towards the bottom (25–50 cm) of the active layer above the permafrost. Climate
warming therefore accelerates respiration of the extensive, subsurface carbon reservoirs in peatlands to a much larger extent than
was previously thought6, 7. Assuming that our data from a single site are indicative of the direct response to warming of
northern peatland soils on a global scale, we estimate that climate warming of about 1 °C over the next few decades could induce
a global increase in heterotrophic respiration of 38–100 megatonnes of C per year. Our findings suggest a large, long-lasting,
positive feedback of carbon stored in northern peatlands to the global climate system.
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Abstract
Productivity denotes the rate of biomass synthesis in ecosystems and is a fundamental characteristic that frames ecosystem
function and management. Limitation of productivity by nutrient availability is an established paradigm for lake ecosystems1, 2,
3. Here, we assess the relevance of this paradigm for a majority of the world's small, nutrient-poor lakes, with different
concentrations of coloured organic matter4, 5. By comparing small unproductive lakes along a water colour gradient, we show
that coloured terrestrial organic matter controls the key process for new biomass synthesis (the benthic primary production)
through its effects on light attenuation. We also show that this translates into effects on production and biomass of higher trophic
levels (benthic invertebrates and fish). These results are inconsistent with the idea that nutrient supply primarily controls lake
productivity, and we propose that a large share of the world's unproductive lakes, within natural variations of organic carbon and
nutrient input, are limited by light and not by nutrients. We anticipate that our result will have implications for understanding
lake ecosystem function and responses to environmental change. Catchment export of coloured organic matter is sensitive to
short-term natural variability and long-term, large-scale changes, driven by climate and different anthropogenic influences6, 7.
Consequently, changes in terrestrial carbon cycling will have pronounced effects on most lake ecosystems by mediating changes
in light climate and productivity of lakes.
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Abstract
Ice cores extracted from the Antarctic ice sheet suggest that glacial conditions, and the relationship between isotopically derived
temperatures and atmospheric
have been constant over the last 800,000 years of the Late Pleistocene epoch1. But
independent lines of evidence, such as the extent of Northern Hemisphere ice sheets2, sea level3 and other temperature records4,
point towards a fluctuating severity of glacial periods, particularly during the more extreme glacial stadials centred around
340,000 and 420,000 years ago (marine isotope stages 10 and 12). Previously unidentified mechanisms therefore appear to have
mediated the relationship between insolation, CO2 and climate. Here we test whether northward migration of the subtropical
front (STF) off the southeastern coast of South Africa acts as a gatekeeper for the Agulhas current5, 6, which controls the
transport of heat and salt from the Indo-Pacific Ocean to the Atlantic Ocean. Using a new 800,000-year record of sea surface
temperature and ocean productivity from ocean sediment core MD962077, we demonstrate that during cold stadials (particularly
marine isotope stages 10 and 12), productivity peaked and sea surface temperature was up to 6 °C cooler than modern
temperatures. This suggests that during these cooler stadials, the STF moved northward by up to 7° latitude, nearly shutting off
the Agulhas current. Our results, combined with faunal assemblages from the south Atlantic7, 8 show that variable northwards
migration of the Southern Hemisphere STF can modulate the severity of each glacial period by altering the strength of the
Agulhas current carrying heat and salt to the Atlantic meridional overturning circulation. We show hence that the degree of
northwards migration of the STF can partially decouple global climate from atmospheric partial pressure of carbon dioxide,
, and help to resolve the long-standing puzzle of differing glacial amplitudes within a consistent range of atmospheric
.
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Abstract
Environmental conditions during the past 24 million years are thought to have been favourable for enhanced rates of atmospheric
carbon dioxide drawdown by silicate chemical weathering. Proxy records indicate, however, that the Earth's atmospheric carbon
dioxide concentrations did not fall below about 200–250 parts per million during this period. The stabilization of atmospheric
carbon dioxide concentrations near this minimum value suggests that strong negative feedback mechanisms inhibited further
drawdown of atmospheric carbon dioxide by high rates of global silicate rock weathering. Here we investigate one possible
negative feedback mechanism, occurring under relatively low carbon dioxide concentrations and in warm climates, which is
related to terrestrial plant productivity and its role in the decomposition of silicate minerals. We use simulations of terrestrial and
geochemical carbon cycles and available experimental evidence to show that vegetation activity in upland regions of active
orogens was severely limited by near-starvation of carbon dioxide in combination with global warmth over this period. These
conditions diminished biotic-driven silicate rock weathering and thereby attenuated an important long-term carbon dioxide sink.
Although our modelling results are semi-quantitative and do not capture the full range of biogeochemical feedbacks that could
influence the climate, our analysis indicates that the dynamic equilibrium between plants, climate and the geosphere probably
buffered the minimum atmospheric carbon dioxide concentrations over the past 24 million years.
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Abstract
The modern Eastern Equatorial Pacific (EEP) Ocean is a large oceanic source of carbon to the atmosphere1. Primary
productivity over large areas of the EEP is limited by silicic acid and iron availability, and because of this constraint the organic
carbon export to the deep ocean is unable to compensate for the outgassing of carbon dioxide that occurs through upwelling of
deep waters. It has been suggested that the delivery of dust-borne iron to the glacial ocean2, 3 could have increased primary
productivity and enhanced deep-sea carbon export in this region, lowering atmospheric carbon dioxide concentrations during
glacial periods. Such a role for the EEP is supported by higher organic carbon burial rates documented in underlying glacial
sediments4, 5, but lower opal accumulation rates cast doubts on the importance of the EEP as an oceanic region for significant
glacial carbon dioxide drawdown6, 7. Here we present a new silicon isotope record that suggests the paradoxical decline in opal
accumulation rate in the glacial EEP results from a decrease in the silicon to carbon uptake ratio of diatoms under conditions of
increased iron availability from enhanced dust input. Consequently, our study supports the idea of an invigorated biological
pump in this region during the last glacial period that could have contributed to glacial carbon dioxide drawdown. Additionally,
using evidence from silicon and nitrogen isotope changes, we infer that, in contrast to the modern situation, the biological
productivity in this region is not constrained by the availability of iron, silicon and nitrogen during the glacial period. We
hypothesize that an invigorated biological carbon dioxide pump constrained perhaps only by phosphorus limitation was a more
common occurrence in low-latitude areas of the glacial ocean.
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Abstract
The global temperature response to increasing atmospheric CO2 is often quantified by metrics such as equilibrium climate
sensitivity and transient climate response. These approaches, however, do not account for carbon cycle feedbacks and therefore
do not fully represent the net response of the Earth system to anthropogenic CO2 emissions. Climate–carbon modelling
experiments have shown that: (1) the warming per unit CO2 emitted does not depend on the background CO2 concentration; (2)
the total allowable emissions for climate stabilization do not depend on the timing of those emissions; and (3) the temperature
response to a pulse of CO2 is approximately constant on timescales of decades to centuries. Here we generalize these results and
show that the carbon–climate response (CCR), defined as the ratio of temperature change to cumulative carbon emissions, is
approximately independent of both the atmospheric CO2concentration and its rate of change on these timescales. From
observational constraints, we estimate CCR to be in the range 1.0–2.1 °C per trillion tonnes of carbon (Tt C) emitted (5th to 95th
percentiles), consistent with twenty-first-century CCR values simulated by climate–carbon models. Uncertainty in land-use
CO2 emissions and aerosol forcing, however, means that higher observationally constrained values cannot be excluded. The
CCR, when evaluated from climate–carbon models under idealized conditions, represents a simple yet robust metric for
comparing models, which aggregates both climate feedbacks and carbon cycle feedbacks. CCR is also likely to be a useful
concept for climate change mitigation and policy; by combining the uncertainties associated with climate sensitivity, carbon
sinks and climate–carbon feedbacks into a single quantity, the CCR allows CO2-induced global mean temperature change to be
inferred directly from cumulative carbon emissions.
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Abstract
Primary production in over half of the world's oceans is limited by fixed nitrogen availability. The main loss term from the fixed
nitrogen inventory is the production of dinitrogen gas (N2) by heterotrophic denitrification or the more recently discovered
autotrophic process, anaerobic ammonia oxidation (anammox). Oceanic oxygen minimum zones (OMZ) are responsible for
about 35% of oceanic N2 production and up to half of that occurs in the Arabian Sea1. Although denitrification was long thought
to be the only loss term, it has recently been argued that anammox alone is responsible for fixed nitrogen loss in the OMZs2, 3,
4. Here we measure denitrification and anammox rates and quantify the abundance of denitrifying and anammox bacteria in the
OMZ regions of the Eastern Tropical South Pacific and the Arabian Sea. We find that denitrification rather than anammox
dominates the N2 loss term in the Arabian Sea, the largest and most intense OMZ in the world ocean. In seven of eight
experiments in the Arabian Sea denitrification is responsible for 87–99% of the total N2 production. The dominance of
denitrification is reproducible using two independent isotope incubation methods. In contrast, anammox is dominant in the
Eastern Tropical South Pacific OMZ, as detected using one of the isotope incubation methods, as previously reported3, 5. The
abundance of denitrifying bacteria always exceeded that of anammox bacteria by up to 7- and 19-fold in the Eastern Tropical
South Pacific and Arabian Sea, respectively. Geographic and temporal variability in carbon supply may be responsible for the
different contributions of denitrification and anammox in these two OMZs. The large contribution of denitrification to N2 loss in
the Arabian Sea indicates the global significance of denitrification to the oceanic nitrogen budget.
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Abstract
Pollution of soils with heavy metals is becoming one of the most severe environmental and human health hazards. Due to its
widespread contamination finding innovative ways to clean metal pollutant has become a priority in the remediation field.
Phytoremediation, the use of plants for the restoration of environments contaminated with pollutants is a relatively new
technology that is more benign than current engineering solutions to treat contaminated sites. Recently, the benefits of
combining endophytic bacteria with plants for increased remediation of pollutants have been successfully tried for toxic metal
removal from contaminated soils. Endophytic bacteria reside within plant hosts without causing disease symptoms. Further, the
metal resistant endophytes are reported to be present in various hyperaccumulator plants growing on heavy metal contaminated
soils and play an important role in successful survival and growth of plants. Moreover, the metal resistant endophytes are
reported to promote plant growth by various mechanisms such as nitrogen fixation, solubilization of minerals, production of
phytohormones, siderophores, utilization of 1-aminocyclopropane-1-carboxylic acid as a sole N source and transformation of
nutrient elements. In this review we highlight the diversity and plant growth promoting features of metal resistant endophytic
bacteria and discuss their potential in phytoextraction of heavy metals from contaminated soils.
Keywords: Endophytic bacteria; Phytoremediation; Heavy metals; Siderophores.
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Abstract

Surface soil samples, which had no significant As contamination, were examined for As(V) reduction, As(III) oxidation and As
mobilization capability. All five soil samples tested exhibited microbial As(V)-reducing activities both in aerobic and anaerobic
conditions. Under aerobic conditions when As(V) reduction had almost ceased, oxidation of As(III) to As(V) occurred, whereas
only As(V) reduction was observed under anaerobic conditions. In cultures incubated with As(III), As(III) was oxidized by
indigenous soil microbes only under aerobic conditions. These results indicate that microbial redox transformations of As are
ubiquitous in the natural environment regardless of background As levels. Mobilization through microbially mediated As(V) and
Fe(III) reduction occurred both in the presence and absence of oxygen. Significant variation in dissolved As occurred depending
on the Fe contents of soils, and re-immobilization of As arose in the presence of oxygen, presumably as a consequence of
dissolved As(III) and Fe(II) oxidation. There was no apparent correlation between dissolved Fe(II) and As, suggesting that
reductive dissolution of Fe(III) minerals does not necessarily determine the extent of As release from soils.
Keywords: Arsenate reduction; Arsenite oxidation; Reductive dissolution; Fe (III) minerals; Soil microbes.
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Abstract
Expanding human activities along the freshwater to marine continuum of coastal watersheds increasingly impact nutrient inputs,
nutrient limitation of primary production, and efforts to reduce nutrient over-enrichment and eutrophication. Historically,
phosphorus (P) has been the priority nutrient controlling upstream freshwater productivity, whereas nitrogen (N) limitation has
characterized coastal waters. However, changing anthropogenic activities have caused imbalances in N and P loading, making it
difficult to control eutrophication by reducing only one nutrient. Furthermore, upstream nutrient reduction controls can impact
downstream nutrient limitation characteristics. Recently, it was suggested that only reducing P will effectively control
eutrophication in both freshwater and coastal ecosystems. However, controls on production and nutrient cycling in estuarine and
coastal systems are physically and chemically distinct from those in freshwater counterparts, and upstream nutrient management
actions (exclusive P controls) have exacerbated N-limited downstream eutrophication. Controls on both nutrients are needed for
long-term management of eutrophication along the continuum.
Keywords: Nutrient limitation - Nitrogen - Phosphorus - Eutrophication - Freshwater to marine continuum - Water quality.
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Abstract
The sensitivity of oxygen depletion in turbid estuaries to parameters like freshwater discharge, depth, and sediment availability is
investigated using an idealized model. The model describes tidally averaged circulation and suspended sediment concentration
(SSC), which are input into an advection–diffusion sink module of dissolved oxygen (DO). Based on the analysis of field data
collected in the Ems estuary, the modeled oxygen depletion rates are proportional to SSC. The model is calibrated to the
observed variation of DO with SSC and temperature. Modeled DO closely tracks changes to the estuarine turbidity zone (ETZ):
increased channel depth, decreased freshwater discharge, and decreased mixing move the ETZ upstream, amplify SSCs, and
decrease DO. Summertime temperatures produce lower DO than cooler periods. Model results are consistent with historical

measurements in the Ems, which indicate that hypoxic events (DO concentrations < 2 mg l−1) have occurred more frequently
after deepening from 5 to 7 m.
Electronic supplementary material The online version of this article (doi:10.1007/s12237-009-9171-y) contains supplementary
material, which is available to authorized users.
Keywords: Estuarine circulation - Estuarine turbidity maximum - Sediment dynamics - Morphology - Fluid mud - Water
quality - Hypoxia - Anoxia - Ems estuary.
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Abstract
Enrichment of molybdenum (Mo) in reducing sediments due to authigenic fixation in anoxic interstitial waters could provide an
indicator of hypoxic conditions that integrates over substantial temporal extents. Sediments maintained under controlled
dissolved oxygen (DO) conditions showed elevated concentrations of Mo when exposed to low DO concentrations. Mo
accumulation was linearly related to time of exposure in treatments below 2.8 mg O2/L, with less or no accumulation at higher
concentrations. Rates of accumulation were independent of DO concentration below 2.8 mg/L. Accumulation occurred at DO
concentrations higher than those limiting accumulation in field settings, with rates in the lowest treatments similar to those in
sediments of deep basins with restricted circulation and low DO concentrations.
Keywords: Molybdenum - Sediments - Dissolved oxygen – Hypoxia.
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Abstract
The purpose of this research was to assess the effects of dredging performed in a marginal wetland colonized by aquatic
macrophytes on eutrophication of the adjacent shallow tropical lake (Imboassica Lake, Brazil). The river mouth of the
Imboassica River that drains into Imboassica Lake had been densely colonized by aquatic vegetation dominated by Typha
domingensis (Pers.) when it was dredged. Total and dissolved nitrogen and phosphorus concentrations were measured monthly
over 13 years at four stations in the Imboassica river-lake system. Dredging activities reduced phosphorus and nitrogen retention
at the river mouth and subsequently increased these nutrient stocks in the lake waters. Nutrient retention by non-dredged wetland
was estimated to be ca. 1,200 kg year−1 (87.3 g m−2 year−1) for nitrogen and 60 kg year−1 (4.5 g m−2 year−1) for phosphorus. Our
whole-lake approach suggested that dredging might intensify rather than mitigate eutrophication in shallow tropical lakes when
the removal of aquatic macrophytes is coupled to the persistence of anthropogenic nutrient inputs from the watershed.
Keywords: Dredging - Nutrient retention - Eutrophication - Shallow tropical lakes - Typha domingensis (Pers.) – Wetlands.
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Abstract
This study examined freshwater discharge of dissolved organic matter (DOM) to the shallow Lavaca–Matagorda (LM) Bay
estuarine system along the central Texas coast and investigated whether chromophoric DOM (CDOM) photochemical reactions
have the potential to stimulate microbial activity within LM estuarine waters. Dissolved organic carbon (DOC) concentrations
ranged from 3 to 10 mg C l−1 and CDOM levels (reported as a 305) ranged from 8 to 77 m−1 during April and July, 2007, when
the LM system was experiencing very high freshwater inputs. DOC and CDOM levels were well-correlated with salinities > 3,
but exhibited considerable variability at salinities < 3. CDOM photobleaching rates (i.e., decrease in a 305 resulting from
exposure to solar radiation) for estuarine samples ranged from 0.014 to 0.021 h−1, corresponding to photobleaching half-lives of
33–50 h. Our data indicate when Matagorda Bay waters photobleach; dissolved organic carbon utilization is enhanced perhaps
due to enhanced microbial respiration of biologically labile photoproducts (BLPs). Net ecosystem metabolism calculations
indicate that most of the LM system was net heterotrophic during our study. We estimate that BLP formation could support up to
20% of the daily microbial respiratory C demand in LM surface waters and combined with direct photochemical oxygen
consumption could have an important influence on O2 cycles in the LM system.
Keywords: CDOM - DOC - Microbial activity - Photochemistry - Net ecosystem metabolism.
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Abstract
The effects of inorganic nutrient (N and P) and glucose C treatments on bacterial growth were followed for 3 days in natural
surface and deep water bacterial samples during the main post-spring bloom stages of phytoplankton growth in the northern
Baltic Sea. In addition, the importance of photochemical degradation of dissolved organic matter on bacterial growth was
investigated vertically (0.1–2.0 m) and spatially, in a salinity gradient from river mouth to open sea. Bacterial production was
consistently C limited in the surface layer, with N or both N and P as the secondary limiting nutrients from spring to early
summer and in late summer, respectively. In deep water, bacterial growth showed combined temperature and C limitation, and in
spring, this also appeared to be true with surface samples. The effect of 1-day sunlight pre-treatment varied from no effect up to
a 44% production increase, with clear bacterial production responses only being seen at the surface (10 cm depth). The
implications of bacterial C limitation for the structure and function of the surface plankton ecosystem, including its
CO2 exchange with the atmosphere are discussed.
Keywords: Bacteria - Growth limitation - Photochemical degradation - The Baltic Sea.
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Abstract
During August and September 2007, the lower Chesapeake Bay and its tributaries experienced a massive bloom ofCochlodinium
polykrikoides Margalef (>104 cells per milliliter) that persisted for over a month, was extremely patchy, and at times penetrated
into the Atlantic Ocean. The onset of the bloom coincided with a period of intense rainfall and stormwater runoff after a
protracted summer drought period. Genetic evidence showed this species to be distinct from many Asian strains but similar to
other North American strains. Populations dominated byC. polykrikoides took up a variety of nitrogenous compounds to support
their growth and were able to mobilize additional sources of organic nutrients through peptide hydrolysis. Bioassays determined
that C. polykrikoides exerted a lethal affect on juvenile fish and shellfish, causing 100% mortality of juvenile fish (Cyprinodon
variegates) in less than 24 h and 20% mortality in juvenile American oysters (~21 mm; Crassostrea virginica) within 72 h.
Keywords: Cochlodinium polykrikoides - Nitrogen uptake - Chesapeake Bay - Fish mortality.
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Abstract
Nitrogen loading from anthropogenic sources, including fertilizer, manure, and sewage effluents, has been linked with declining
water quality in coastal lagoons worldwide. Freshwater inputs to mid-Atlantic coastal lagoons of the USA are from terrestrially
influenced sources: groundwater and overland flow via streams and agricultural ditches, with occasional precipitation events.
Stable nitrogen isotopes ratios (δ15N) in bioindicator species combined with conventional water quality monitoring were used to
assess nitrogen sources and provide insights into their origins. Water quality data revealed that nutrients derived from terrestrial
sources increased after precipitation events. Tissues from two bioindicator species, a macroalgae (Gracilaria sp.) and the eastern
oyster (Crassostrea virginica) were analyzed for δ15N to determine spatial and temporal patterns of nitrogen sources. A broadscale survey assessment of deployed macroalgae (June 2004) detected regions of elevated δ15N. Macroalgal δ15N
(7.33 ± 1.15‰ in May 2006 and 6.76 ± 1.15‰ in July 2006) responded quickly to sustained June 2006 nutrient pulse, but did
not detect spatial patterns at the fine scale. Oyster δ15N (8.51 ± 0.89‰) responded slowly over longer time periods and
exhibited a slight gradient at the finer spatial scale. Overall, elevated δ15N values in macroalgae and oysters were used to infer
that human and animal wastes were important nitrogen sources in some areas of Maryland’s coastal bays. Different nitrogen
integration periods across multiple organisms may be used to indicate nitrogen sources at various spatial and temporal scales,
which will help focus nutrient management.
Keywords: Stable nitrogen isotopes - Coastal lagoons - Human and animal wastes - Biological indicators - Water quality Spatial analysis.
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Abstract
Analysis of soil, soil water and groundwater in the Mount William Creek catchment, southeastern Australia, shows that
Mg2+and Ca2+ within infiltrating rainfall are rapidly depleted by plant uptake and adsorption on clay minerals. Na+ and K+ may
exhibit minor enrichment at shallow depths but are quickly readsorbed, so that cation/Cl– ratios typical of groundwater are
observed in soil water within the upper 200 cm of the soil profile for all species. The concentrations of K+ and Ca2+ in soil and
groundwater are more depleted than Na+ and Mg2+ due to preferential uptake by vegetation. Removal of organic matter results in
a continuing, long-term export of all major cations from the soil profiles. The processes of biogeochemical fractionation within
the unsaturated zone rapidly modify the cation/Cl– ratios of infiltrating rainfall to values characteristic of seawater. These
mechanisms may have reached steady state, because groundwaters with seawater ion/Cl– ratios are thousands of years old; the
exchange sites on the soil clays are probably saturated, so cations supplied in rainfall are exported in organic matter and
incorporated into recharge infiltrating into the groundwater. Much of the chemical evolution of groundwater traditionally
attributed to processes within the aquifer is complete by the time recharge occurs; this evolutionary model may have broad
application.
Keywords: Unsaturated zone - Cation exchange - Plant uptake - Hydrogeochemistry – Australia.
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Abstract
Long-term records of the concentration of nitrogen species from British rivers were compiled in order to assess temporal change
in the total fluvial nitrogen flux compared to the other inputs to, and outputs from, the UK terrestrial biosphere. The following
nitrogen species are considered: ammoniacal N, nitrate, nitrite, dissolved organic nitrogen, and particulate organic nitrogen.
Concentration and flow records were reconstructed from 1974 to 2005 for ammoniacal N, nitrate, nitrate, and dissolved organic
nitrogen (DON) and from 1992 for particulate organic nitrogen (PON). The reconstructed fluvial nitrogen time series was
compared to records for inorganic fertilizer, atmospheric emissions, industrial and sewage effluent, and imports. The results
show that (1) the total dissolved nitrogen flux over the study period, after flow correction, varied from 470 to 980 kt N a−1,
which, on average, comprised 69% nitrate N; 26% dissolved organic N; 4% ammoniacal N; and 1% nitrite N; (2) the total
nitrogen flux including PON varied from 504 to 1004 kt N a−1; (3) the flux of ammoniacal N shows a significant decline over the
study period, but significant increases in both nitrate N and dissolved organic N mean that the total dissolved nitrogen flux still
shows a significant increase at a rate of 6.3 kt N a−1; and (4) the dissolved nitrogen flux record shows both a steady increase over
the period 1974 to 2005 and sharp discrete rises in response to severe droughts. Flux increases (up to 69% increase compared to
the 4 years prior to the drought) in response to severe droughts are not consistent with a storage effect caused by reduced flows

but, instead, appear to represent enhanced production in the year of the drought. The long-term rise of fluvial nitrogen flux from
British rivers is in contrast to declines in inputs and other N outputs.
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Abstract
This paper presents estimates for global N and P emissions from sewage for the period 1970–2050 for the four Millennium
Ecosystem Assessment scenarios. Using country-specific projections for population and economic growth, urbanization,
development of sewage systems, and wastewater treatment installations, a rapid increase in global sewage emissions is predicted,
from 6.4 Tg of N and 1.3 Tg of P per year in 2000 to 12.0–15.5 Tg of N and 2.4–3.1 Tg of P per year in 2050. While North
America (strong increase), Oceania (moderate increase), Europe (decrease), and North Asia (decrease) show contrasting
developments, in the developing countries, sewage N and P discharge will likely increase by a factor of 2.5 to 3.5 between 2000
and 2050. This is a combined effect of increasing population, urbanization, and development of sewage systems. Even in
optimistic scenarios for the development of wastewater treatment systems, global N and P flows are not likely to decline.
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Abstract
We present results from transient sensitivity studies with the Biogeochemical Elemental Cycling (BEC) ocean model to
increasing anthropogenic atmospheric inorganic nitrogen (N) and soluble iron (Fe) deposition over the industrial era. Elevated N
deposition results from fossil fuel combustion and agriculture, and elevated soluble Fe deposition results from increased
atmospheric processing in the presence of anthropogenic pollutants and soluble Fe from combustion sources. Simulations with
increasing Fe and increasing Fe and N inputs raised simulated marine nitrogen fixation, with the majority of the increase in the
subtropical North and South Pacific, and raised primary production and export in the high-nutrient low-chlorophyll (HNLC)

regions. Increasing N inputs alone elevated small phytoplankton and diatom production, resulting in increased phosphorus (P)
and Fe limitation for diazotrophs, hence reducing nitrogen fixation (∼6%). Globally, the simulated primary production, sinking
particulate organic carbon (POC) export. and atmospheric CO2 uptake were highest under combined increase in Fe and N inputs
compared to preindustrial control. Our results suggest that increasing combustion iron sources and aerosol Fe solubility along
with atmospheric anthropogenic nitrogen deposition are perturbing marine biogeochemical cycling and could partially explain
the observed trend toward increased P limitation at station ALOHA in the subtropical North Pacific. Excess inorganic nitrogen
([NO3 −] + [NH4 +] − 16[PO4 3−]) distributions may offer useful insights for understanding changing ocean circulation and
biogeochemistry.
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Abstract
Peatlands and permafrost are important components of the carbon cycle in the northern high latitudes. The inclusion of these
components into a dynamic global vegetation model required changes to physical land surface routines, the addition of two new
peatland-specific plant functional types, incorporation of an inundation stress mechanism, and deceleration of decomposition
under inundation. The new model, LPJ-WHy v1.2, was used to simulate net ecosystem production (NEP), net primary
production (NPP), heterotrophic respiration (HR), and soil carbon content. Annual peatland NEP matches observations even
though the seasonal amplitude is overestimated. This overestimation is caused by excessive NPP values, probably due to the lack
of nitrogen or phosphorus limitation in LPJ-WHy. Introduction of permafrost reduces circumpolar (45–90°N) NEP from 1.65 to
0.96 Pg C a−1 and leads to an increase in soil carbon content of almost 40 Pg C; adding peatlands doubles this soil carbon
increase. Peatland soil carbon content and hence HR depend on model spin-up duration and are crucial for simulating NEP.
These results highlight the need for a regional peatland age map to help determine spin-up times. A sensitivity experiment
revealed that under future climate conditions, NPP may rise more rapidly than HR resulting in increases in NEP.
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Abstract
In this study, we examine the magnitude and temporal variability of surface water pCO2 in a set of lakes in boreal Québec, and
explore the links between lake and catchment properties. The study lakes were consistently supersaturated in CO2, with the
mean lake pCO2 ranging from 400 to over 1800 µatm. There was significant interannual variability in pCO2, apparently driven
by regional patterns in precipitation. The best multivariate model of average pCO2 included dissolved organic carbon (DOC),
lake area and chlorophyll as independent variables, suggesting that external carbon (C) loading to lakes plays a central role in
lake CO2 dynamics and that lake trophic status may modulate the influence of external C loading. We show that even if the key
drivers of lake pCO2 are similar, they interact differently among regions and the resulting models may be dramatically different.
In particular, we show that although pCO2 is invariably correlated to DOC, the shape of this relationship varies greatly among

regions, suggesting large-scale regional differences in C delivery, quality, and in-lake processing. As a consequence, current
models cannot be extrapolated across regions unless we apply region-specific variables.

Nitrogen fixation in the western equatorial Pacific: Rates, diazotrophic cyanobacterial size class
distribution, and biogeochemical significance
Sophie Bonnet
Wrigley Institute for Environmental Studies, University of Southern California, Los Angeles, California, USA
Isabelle C. Biegala
Centre d'Océanologie de Marseille, Institut de Recherche pour le Développement, UR103 CAMELIA, Marseille, France
Pierre Dutrieux
SOEST, University of Hawaii, Honolulu, Hawaii, USA
Lia O. Slemons
School of Oceanography, University of Washington, Seattle, Washington, USA
Douglas G. Capone
Wrigley Institute for Environmental Studies, University of Southern California, Los Angeles, California, USA
Global Biogeochem. Cycles, 23, GB3012, doi: 10.1029/2008GB003439
14 August 2009

Abstract
A combination of 15N2 labeling, Tyramide Signal Amplification–Fluorescent in Situ Hybridization (TSA-FISH) assay, and
chemical analyses were performed along a trophic gradient (8000 km) in the equatorial Pacific. Nitrogen fixation rates were low
(0.06 ± 0.02 to 2.8 ± 2.1 nmol L−1 d−1) in HNLC waters, higher in the warm pool (0.11 ± 0.0 to 18.2 ± 2.8 nmol L−1 d−1), and
extremely high close to Papua New Guinea (38 ± 9 to 610 ± 46 nmol L−1 d−1). Rates attributed to the <10-µm fraction
accounted for 74% of total activity. Both unicellular and filamentous diazotrophs were detected and reached 17 cells mL−1 and
1.85 trichome mL−1. Unicellular diazotrophs were found to be free-living in <10-µm fraction or in association with mucilage,
particles, or eukaryotes in the >10-µm fraction, leading to a possible overestimation of this fraction to total N2 fixation. In
oceanic waters, 98% of the unicellular diazotrophs were picoplanktonic. Finally, we found a clear longitudinal pattern of niche
partitioning between diazotroph groups: while unicellular diazotrophs were present all along the transect, Trichodesmium spp.
were detected only in coastal waters, where nitrogen fixation associated to both size fractions was greatly stimulated.
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Abstract
Despite its growing environmental significance, there are no detailed historical records of atmospheric As deposition for the
Northern Hemisphere. Having overcome the severe analytical challenges in measuring As in polar ice, and using an Arctic ice
core representing ∼16 ka of snow accumulation, we present a complete record of atmospheric As deposition for this period
which reveals significant contamination beginning 3000 years ago. While Pb enrichments unequivocally increased threefold
above natural background levels during Greek/Phoenician, Roman, and Medieval periods, As is elevated by a factor of 5.
Previous studies showed that these periods are not only enriched in Pb but also Sb: here we show significant contamination not
only by As but also Bi, Cu, and Zn. The Pb isotope data reveal declines in the ratio 206Pb/207Pb which reflects the introduction

Pb-bearing aerosols from smelting of lead ores, but the metallurgy of copper ores must also have played a role. Taken together,
these findings demonstrate a deeper, broader environmental significance of sulphide ore processing in antiquity, defining the
origins of global atmospheric contamination for a suite of related elements and providing a new perspective on the start of the
Anthropocene. In addition, the data indicate that by far the greatest As concentrations in the ice core are recorded during the
Younger Dryas cold climate event centered around 12 ka B.P., demonstrating the strong link between global climate change and
the atmospheric cycling of trace elements.
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Abstract
We present a multiple linear regression model developed for describing global river export of dissolved SiO2 (DSi) to coastal
zones. The model, with river basin spatial scale and an annual temporal scale, is based on four variables with a significant
influence on DSi yields (soil bulk density, precipitation, slope, and area with volcanic lithology) for the predam situation. Cross
validation showed that the model is robust with respect to the selected model variables and coefficients. The calculated global
river export of DSi is 380 Tg a−1 (340–427 Tg a−1). Most of the DSi is exported by global rivers to the coastal zone of the
Atlantic Ocean (41%), Pacific Ocean (36%), and Indian Ocean (14%). South America and Asia are the largest contributors (25%
and 23%, respectively). DSi retention in reservoirs in global river basins may amount to 18–19%.
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Abstract

The oceans absorb and store a significant portion of anthropogenic CO2 emissions, but large uncertainties remain in the
quantification of this sink. An improved assessment of the present and future oceanic carbon sink is therefore necessary to
provide recommendations for long-term global carbon cycle and climate policies. The formation of North Atlantic Deep Water
(NADW) is a unique fast track for transporting anthropogenic CO2 into the ocean's interior, making the deep waters rich in
anthropogenic carbon. Thus the Atlantic is presently estimated to hold 38% of the oceanic anthropogenic CO2 inventory,
although its volume makes up only 25% of the world ocean. Here we analyze the inventory change of anthropogenic CO2 in the
Atlantic between 1997 and 2003 and its relationship to NADW formation. For the whole region between 20°S and 65°N the
inventory amounts to 32.5 ± 9.5 Petagram carbon (Pg C) in 1997 and increases up to 36.0 ± 10.5 Pg C in 2003. This result is
quite similar to earlier studies. Moreover, the overall increase of anthropogenic carbon is in close agreement with the expected
change due to rising atmospheric CO2 levels of 1.69% a−1. On the other hand, when considering the subpolar region only, the
results demonstrate that the recent weakening in the formation of Labrador Sea Water, a component of NADW, has already led
to a decrease of the anthropogenic carbon inventory in this water mass. As a consequence, the overall inventory for the total
water column in the western subpolar North Atlantic increased only by 2% between 1997 and 2003, much less than the 11% that
would be expected from the increase in atmospheric CO2 levels.
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Abstract
Eight-month-old blocks of the coral Porites lobata colonized by natural Hawaiian euendolithic and epilithic communities were
experimentally exposed to two different aqueous pCO2 treatments, 400 ppmv and 750 ppmv, for 3 months. The chlorophyte
Ostreobium quekettii dominated communities at the start and at the end of the experiment (65–90%). There were no significant
differences in the relative abundance of euendolithic species, nor were there any differences in bioeroded area at the surface of
blocks (27%) between pCO2 treatments. The depth of penetration of filaments of O. quekettii was, however, significantly higher
under 750 ppmv (1.4 mm) than under 400 ppmv (1 mm). Consequently, rates of carbonate dissolution measured under elevated
pCO2 were 48% higher than under ambient pCO2 (0.46 kg CaCO3 dissolved m−2 a−1 versus 0.31 kg m−2 a−1). Thus, biogenic
dissolution of carbonates by euendoliths in coral reefs may be a dominant mechanism of carbonate dissolution in a more acidic
ocean.
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Abstract
Measurements performed on a cruise within the central Iceland Basin in the high-latitude (>55°N) North Atlantic Ocean during
late July to early September 2007 indicated that the concentration of dissolved iron (dFe) in surface waters was very low, with an
average of 0.093 (<0.010–0.218, n = 43) nM, while nitrate concentrations ranged from 2 to 5 µM and in situ chlorophyll
concentrations ranged from 0.2 to 0.4 mg m−3. In vitro iron addition experiments demonstrated increased photosynthetic
efficiencies (Fv/Fm) and enhanced chlorophyll accumulation in treatments amended with iron when compared to controls.
Enhanced net growth rates for a number of phytoplankton taxa including the coccolithophore Emiliania huxleyi were also
observed following iron addition. These results provide strong evidence that iron limitation within the postspring bloom
phytoplankton community contributes to the observed residual macronutrient pool during summer. Low atmospheric iron supply
and suboptimal Fe:N ratios in winter overturned deep water are suggested to result in the formation of this seasonal highnutrient, low-chlorophyll (HNLC) condition, representing an inefficiency of the biological (soft tissue) carbon pump in the
region.
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Abstract
In situ volatilization fluxes of gaseous elemental mercury, Hg(0), were estimated for tidally exposed salt marsh sediments in the
summer at the urban/industrial Secaucus High School Marsh, New Jersey Meadowlands (Secaucus, New Jersey) and in the early
autumn at a regional background site in the Great Bay estuary (Tuckerton, New Jersey). Estimated daytime sediment-air mercury
volatilization fluxes at the Secaucus High School Marsh ranged from −375 to +677 ng m−2 h−1 and were positive (land to air
flux) in 16 out of 20 measurement events. At the Great Bay estuary, mercury fluxes measured continuously over a 48-h period
ranged from −34 to +81 ng m−2 h−1 and were positive during the day and negative at night. At both sites, mercury volatilization
fluxes peaked at midday, and cumulative mercury fluxes exhibited strong positive correlations with cumulative solar radiation
(r2 = 0.97, p < 0.01) consistent with a light-driven mercury volatilization efficiency of about 15 ng Hg mol PAR−1 or about 0.06
ng Hg kJ−1. No significant correlations were found between mercury fluxes and wind speed, air temperature, or tide height at
either site. Thus despite a tenfold difference in sediment mercury concentration, photochemistry appears to be the dominant
factor controlling mercury volatilization from these salt marsh sediments. The average mercury volatilization flux estimated for
the Great Bay salt marsh in this study (17 ng m−2 h−1) compares well with other micrometeorological mercury fluxes for
nonpoint source contaminated salt marsh and forest soils (8–18 ng m−2 h−1) and is more than 10 times higher than the average
mercury emission flux from land (∼1 ng m−2 h−1). Annual mercury emissions from salt marsh wetlands may be comparable to
individual industrial emissions sources in coastal states of the eastern United States.
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Abstract
The Mediterranean Sea is an important regional European Union (EU) sea, often used to assess the global change of the
environment because of its practically enclosed character. As most of the northern part is bordered by the EU, it is also of
interest in the evaluation of the environmental and economic impact of the implementation of the EU Water Framework
Directive and related legislation. Within this framework, nutrient loads from the adjacent land surfaces need to be assessed. For
this purpose, the geographic information system (GIS)–interfaced hydrologic/water quality model ArcView Generalized
Watershed Loading Function Model (AVGWLF) was applied to all coastal-adjacent catchments of the Mediterranean Sea.
Results of this exercise have shown that the modeled average streamflow and nutrient loads fall within the ranges reported in the
literature. Therefore, successful application of this model is feasible. However, for improved representation of the actual
Mediterranean Sea streamflow and nutrient status, more accurate input data are required, particularly for the Asian and North
African regions.
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Abstract
As humanity develops strategies to manage and adapt to climate change, potential changes to carbon cycles are of increasing
interest. The potential sensitivity of carbon sources and sinks in lakes may be of global importance, yet the direction and
magnitude of possible changes are poorly understood across entire lake-rich regions. We used a spatially explicit simulation
model of water and carbon cycling to explore the potential behavior of 6739 lakes and watersheds to changes in climate. Our
study site was the Northern Highland Lake District of northern Wisconsin and the Upper Peninsula of Michigan. We developed
two perturbation scenarios built from observed extreme high and low precipitation and evaporation values. Despite a spatially
uniform change in precipitation across the region, individual lakes responded differently. Hydrologic responses were mostly
predictable at both individual and regional scales, but the routing of carbon in lakes was both more sensitive and varied. We
estimate that in today's climate, 7.3E+10 g of carbon are vented annually from lake surfaces in the District to the atmosphere.
Compared to today's climate, total regional flux of carbon from lake surfaces was 31% higher in the wet scenario and 45% lower
in the dry scenario. Some measures of carbon fluxes (such as net ecosystem production) appear to change uniformly and
gradually at the regional scale, though aggregate change was driven primarily by considerable changes in relatively few large

lakes. The simulations demonstrate that simple, spatially homogeneous perturbations in these complex connected watersheds can
have both predictable and surprising effects.
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Abstract
Photochemical degradation of Congo River dissolved organic matter (DOM) was investigated to examine the fate of terrigenous
DOM derived from tropical ecosystems. Tropical riverine DOM receives greater exposure to solar radiation, particularly in large
river plumes discharging directly into the open ocean. Initial Congo River DOM exhibited dissolved organic carbon (DOC)
concentration and compositional characteristics typical of organic rich blackwater systems. During a 57 day irradiation
experiment, Congo River DOM was shown to be highly photoreactive with a decrease in DOC, chromophoric DOM (CDOM),
lignin phenol concentrations (Σ8) and carbon-normalized yields (Λ8), equivalent to losses of ∼45, 85–95, >95 and >95% of
initial values, respectively, and a +3.1 ‰ enrichment of the δ 13C-DOC signature. The loss of Λ8 and enrichment of δ 13C-DOC
during irradiation was strongly correlated (r = 0.99, p < 0.01) indicating tight coupling between these biomarkers. Furthermore,
the loss of CDOM absorbance was correlated to the loss of Λ8 (e.g., a 355 versus Λ8; r = 0.98, p < 0.01) and δ 13C-DOC (e.g., a
355 versus δ 13C; r = 0.97, p < 0.01), highlighting the potential of CDOM absorbance measurements for delineating the
photochemical degradation of lignin and thus terrigenous DOM. It is apparent that these commonly used measurements for
examination of terrigenous DOM in the oceans have a higher rate of photochemical decay than the bulk DOC pool. Further
process-based studies are required to determine the selective removal rates of these biomarkers for advancement of our
understanding of the fate of this material in the ocean.
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Abstract
Permafrost degradation can result in the loss of significant amounts of carbon, through release to the atmosphere in the form of
carbon dioxide and/or methane and through export downstream to lakes and rivers. The fate of this carbon in lake ecosystems is
poorly understood. We investigated the capacity of lake bacteria to utilize carbon from different soils from an adjacent mire.
Dark bioassays were undertaken to measure the dynamics of the bioavailability and chemical character of dissolved organic
carbon (DOC). The soils ranged from already degraded minerotrophic fens to ombrotrophic active layer and soils from the
permafrost layer. Our study shows that soil DOC was rapidly consumed by bacteria collected from lake water, particularly
within the first 48 h (about 85% of the total consumed DOC). The mean DOC consumption by lake bacteria was 0.087 mg L−1
d−1 when supplied with lake water DOC and varied between 0.382 mg L−1 d−1 (permafrost soil) and 0.491 mg L−1 d−1
(degraded fen soil) when supplied with terrestrial DOC. Thus, the data suggest that export of DOC from degrading permafrost
mires at any stage of degradation can potentially increase rates of respiration by fourfold to sevenfold and can have pronounced
effects both on receiving lake ecosystems and on the land-atmosphere carbon balance. In this study we also propose simple
predictive models, incorporating weight-averaged molecular weight and specific UV absorption in combination with other
simple qualitative parameters for the estimation of potential bioavailability of soil DOC in aquatic ecosystems.
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Abstract
Laguna Vilama is a hypersaline Lake located at 4660 m altitude in the northwest of Argentina high up in the Andean Puna. The
impact of ultraviolet (UV) radiation on bacterioplankton was studied by collecting samples at different times of the day.
Molecular analysis (DGGE) showed that the bacterioplankton community is characterized by Gamma-proteobacteria
(Halomonas sp., Marinobacter sp.), Alpha-proteobacteria (Roseobacter sp.), HGC (Agrococcus jenensis and an uncultured
bacterium), and CFB (uncultured Bacteroidetes). During the day, minor modifications in bacterial diversity such as
intensification of Bacteroidetes' signal and an emergence of Gamma-proteobacteria (Marinobacter flavimaris) were observed
after solar exposure. DNA damage, measured as an accumulation of Cyclobutane Pyrimidine Dimers (CPDs), in
bacterioplankton and naked DNA increased from 100 CPDs MB−1 at 1200 local time (LT) to 300 CPDs MB−1 at 1600 LT, and
from 80 CPDs MB−1 at 1200 LT to 640 CPDs MB−1 at 1600 LT, respectively. In addition, pure cultures of Pseudomonas sp.
V1 and Brachybacterium sp. V5, two bacteria previously isolated from this environment, were exposed simultaneously with the
community, and viability of both strains diminished after solar exposure. No CPD accumulation was observed in either of the
exposed cultures, but an increase in mutagenesis was detected in V5. Of both strains only Brachybacterium sp. V5 showed CPD
accumulation in naked DNA. These results suggest that the bacterioplankton community is well adapted to this highly solar
irradiated environment showing little accumulation of CPDs and few changes in the community composition. They also
demonstrate that these microorganisms contain efficient mechanisms against UV damage.
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Abstract

The Antarctic seabed has traditionally been regarded as cold and thermally stable, with little spatial or seasonal variation in
temperature. Here we demonstrate marked spatial variations in continental shelf seabed temperature around Antarctica, with the
western Antarctic Peninsula shelf significantly warmer than shelves around continental Antarctica as a result of flooding of the
shelf by Circumpolar Deep Water from the Antarctic Circumpolar Current. The coldest shelf seabed temperatures are in the
Weddell Sea, Ross Sea, and Prydz Bay as a consequence of seasonal convection associated with strong air-sea heat fluxes and
sea-ice formation. These waters constitute the dense precursors of Antarctic Bottom Water, and can descend down the adjacent
slope to inject cold water into the Southern Ocean deep sea. Deep sea seabed temperatures are coldest in the Weddell Sea and are
progressively warmer to the east. There is a distinct latitudinal gradient in the difference between seabed temperatures on the
shelf and in the deep sea, with the deep sea warmer by up to ∼2 K at high latitudes and colder by ∼2 K around sub-Antarctic
islands. These differences have important consequences for benthic ecology and biogeography, understanding the evolutionary
history of the Antarctic marine biota, and the impact of regional climate change.
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Abstract
Runoff from mountain glaciers and icecaps is a critical control on physical and chemical conditions of aquatic ecosystems in
glaciated watersheds. To date, there has been little research on the biogeochemistry of proglacial streams. Here we use a space
for time substitution to evaluate how stream water physical conditions and concentrations of carbon, nitrogen, and phosphorus
may be altered by diminishing glacial coverage. For a full annual hydrograph, we sampled six watersheds in southeastern Alaska
that ranged in glacier coverage from 0 to 55%. We found that during the summer runoff season (May–October), stream water
temperature and specific conductivity were negatively correlated with the percentage of the watershed covered by glacial ice,
while stream water turbidity showed a significant positive correlation. Stream water concentrations of dissolved organic carbon
(DOC) were typically low (0.5–3.0 mg C L−1) and showed a significant trend toward higher concentrations as watershed glacier
coverage decreased. Concentrations of dissolved organic nitrogen (DON) and dissolved inorganic nitrogen also increased
significantly with decreasing glacial coverage. In contrast, concentrations of soluble reactive phosphorus decreased with lower
glacial coverage. Interestingly, we found that the DOC:DON ratio of stream water dissolved organic matter (DOM) decreased
with increasing glacier coverage, suggesting that glaciers may be a source of N-rich DOM. During winter low flows
(November–April) there were few differences in stream water physical and biogeochemical conditions across the six watersheds
as glacial inputs diminished and streamflow was dominated by groundwater. Our findings suggest that in southeastern Alaska
ongoing glacial recession and the associated land cover change will impact physical and biogeochemical conditions in coastal
streams, with implications for salmon spawning habitat, aquatic ecosystem productivity, and fluxes of reactive nutrients to
downstream nearshore marine ecosystems.
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Abstract
Climate change models predict changes in precipitation patterns over the next several decades for northern temperate regions.
Resulting fluctuations of the water level may drastically affect the source-sink functions of peatlands. Here, we manipulated the
water table level in an acidic, minerotrophic fen using drying and rewetting experiments to simulate summer drought and heavy
rainfalls to estimate changes in peat decomposition and source-sink functions. We found that carbon dioxide (CO2) formation
rates and exoenzymatic activities increased in the most active surface layer during the initial water table drawdown; however,
extreme drying did not further increase these activities. Activity stimulated in deeper oxygenated peat layers did not substantially
contribute to CO2 emissions. Additionally, no phenol oxidase activity was determined. Rewetting of peat after drying did not
lead to a CO2 flush like in mineral soils. Water table manipulations yielded a higher availability of nitrate, ferric iron, and sulfate
and prolonged the onset of methane formation. Sulfate was exported to a nearby stream. We concluded that the increasing
frequency of extreme weather conditions like summer droughts and heavy rainfalls might not affect carbon storage but instead
strengthen the sink function for nitrate and ferrous iron and the source function for sulfate in peatlands.

Isotopologue signatures of N2O produced by denitrification in soils
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Abstract
We investigated oxygen and site-specific nitrogen isotope effects of N2O produced in the NO3 −-to-N2O step of denitrification.
Arable sand and silt loam soils with varying NO3 − availability were incubated under N2/C2H2 atmosphere in order to establish
anaerobic conditions and to block N2O reduction. Dual isotope and isotopomer ratios of emitted N2O were determined by
analysis of δ 18O, average δ 15N (δ 15Nbulk) and 15N site preference (SP is equal to difference in δ 15N between the central
and peripheral N positions of the asymmetric N2O molecule). The average N enrichment factor of the NO3 −-to-N2O step
ranged from −47.9 to −53.6‰, which is between the reported ranges of enrichment factors of nitrification and denitrification. SP
varied with time, and mean values were between 3.1 and 8.9‰, which is higher compared to SP reported from pure cultures of
denitrifiers but lower compared to nitrifiers and fungal denitrifiers. This shows that SP of N2O produced in soils might be seen
as a semiquantitative indicator for the different pathways of N2O production but not specific enough to quantify the relative
contribution of denitrification to the total N2O flux in systems where several source processes are important. δ 18O of N2O from
all treatments was less variable compared to δ 18O of soil NO3 −, indicating that there was a relatively large O exchange with
water during N2O formation.
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