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Whilst the perception that northern hemisphere peatlands act as a major sink for carbon is largely based
on flux tower measurements, recent research has highlighted the importance of the aquatic carbon flux in
peatland systems. Eddy covariance measurements show inter-annual variability in sink strength and data
from Finland, Canada and the UK confirm the long-term drawdown of CO2 from the atmosphere to the
peatland surface. Peatlands, however, lose carbon continuously throughout the year via the aquatic pathway,
the magnitude of carbon loss being strongly linked to peatland hydrology and the degree of “connectivity”
between the peatland carbon pool and the drainage system. Clearly modifying hydrological connectivity
and rainfall-runoff regime will have a significant impact on peatland carbon fluxes.
The Centre for Ecology and Hydrology (CEH) has recently developed a network of four peatland sites across
the UK which aims to quantify the peatland carbon balance by measuring or estimating all the flux terms.
The Carbon Catchments Initiative aims to combine measurements of the land-atmosphere carbon flux (using
eddy covariance and chamber methods) to the downstream fluxes of POC, DOC, DIC and gaseous forms of
carbon. The four peatland sites are at Forsinard (N Scotland), Auchencorth Moss (Central Scotland), Moor
House (N England) and the Upper Conwy (N Wales).
The CEH Carbon Catchments also provide a framework or a “platform” for other related research now and in
the future. For example, the site at Moor House is the focus of a collaborative study on the role of peatland
“pipes” in the transport of various forms of carbon to the steam system. The site in the Upper Conwy is the
headwater water region of a “catchment to coast” study of carbon and nutrient transport within in the River
Conwy catchment. The Forsinard site (part of the Flows National Nature Research) aims to measure the
impact of peatland management (drainage, drain blocking) on carbon fluxes.
One of the main aims of the CEH Carbon Catchments is to reduce uncertainty in the peatland carbon budget
and to integrate and link flux terms, which in the past have been measured independently by atmospheric
scientists and hydrochemists. Data is presented to show the significance of this linkage in terms of the overall
peatland carbon budget.
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We analyzed the effects of short term changes in soil moisture, as they occur during summer months, on
the redox dynamics and trace gas emissions from peatland mesoscosms. Using peat from an ombrotrophic
northern bog in Canada and a minerotrophic, alpine fen in the Rocky Mountains, we determined water
contents using the FDR technique, analyzed pore water chemistry in the unsaturated and saturated zone, and
quantified fluxes of CO2 and CH4 using the static chamber technique. In situ production and consumption
of acetate, CO2, CH4 and terminal electron acceptors was quantified by mass balance. Concentrations and
turnover of CO2, CH4 and electron acceptors were higher in the fen than in the bog peat, resulting in 4 times
higher CO2 and 10 times higher CH4 emissions. Acetate partly accumulated to millimolar concentrations
and fermentation processes were thus partly decoupled from terminal respiration. Diffferences in hydrologic
properties of the peats had a strong impact on redox dynamics. Reducing conditions prevailed up to 5 cm
above the water table in the fen peat whereas such conditions were limited to the saturated zone in the bog
peat. Drought periods resulted in a much stronger response of water table position in the fen peat, but had less
impact on redox processes. Methane was mostly produced near the water table in the fen peat (> 150 nmol
cm-3d-1) and was fairly insensitive to drought in comparison to the bog peat. After irrigation, methanogenesis
restarted in both peats without appreciable time-lag. Methane emission was reduced during water table
fluctuations in the fen peat and too low to be analyzed in the bog peat. CO2 production was dominated by
the unsaturated zone that was enlarged due to water table fluctuations; but increased production rates did
not result in altered fluxes. The results of the study suggest that short-term fluctuations in water table and
soil moisture strongly alter redox process patterns, depending on hydrologic properties of the peat, but that
trace gas fluxes are quite resilient in comparison.
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Soil microbes play a key role in nutrient biogeochemistry, particularly in nutrient-poor ecosystems where
they are supposed to have the biggest impact on ecosystem functioning and structure (Bardgett et al. 2005).
Ombrotrophic peatlands are nutrient-poor ecosystems that can potentially be a good model for a better
understanding of nutrient partitioning between microbes and plants. Here, we investigate the seasonal dynamic
of microbial activity in four Swiss bogs along an altitudinal gradient from about 600 m up to 1900 m a.s.l.
To this aim, peat microbial biomass carbon (C) and nitrogen (N), fluorescein diacetate activity (FDA), total
dissolved nitrogen (TN) and organic carbon (DOC) in pore water as well as total exchangeable N in peat
were periodically assessed from the snow melt until the beginning of autumn 2008.
We report a sharp decline of peat microbial biomass C early in the growing season with a concomitant release
of N in pore water. Lower values of C/N quotient in microbial biomass were found at the beginning and at the
end of the growing season. This trend of the microbial C/N quotient seems to indicate that microbes act as N
sinks outside the plant growing season and as N sources during summer months (Hu et al. 2001). Along the
study period, the amount of exchangeable N in peat was negatively correlated to vascular plant production so
suggesting an effective competitive ability of vascular plants in absorbing N compared to microbes (Schimel
& Bennet 2004). On the other hand, the positive relationship between vascular plant production and DOC
concentration in pore-water seems to indicate a primary role of root exudates in affecting DOC concentrations
(Fenner et al. 2007). The hydrolytic activity of FDA was uncorrelated to microbial biomass, but primarily
related to the peat water content with a reduction of FDA activity when peat water content was higher than
95%. A sustained FDA activity along the study period highlights the important role of mineral stabilized
enzymes for the mineralization of organic matter under suitable peat moisture conditions. Our preliminary
data suggest the presence of important aboveground-belowground feedback mechanisms in terms of nutrient
biogeochemistry. How these mechanisms act in front of a changing climate is a topic that deserves further
research to predict the future of peat bogs.
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Large proportion of peatlands in the Sumava Mts. (Czech Republic) have been influenced by drainage in the
past. In 1999, a Programme of Peatland Restoration started to be implemented in the area with the aim to
restore disturbed hydrology and to stop mire degradation caused by drainage. Main restoration technique
used was blocking of drainage ditches by set of board dams. In 2005, both drained and intact mires were
selected in the area to study degradation changes induced by disturbed hydrology and to evaluate the success
of restoration. Restoration of monitored sites was performed in summer and autumn 2008.
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Five small catchments with different level of disturbance (control, drained and heavy drained) and including
a large proportion of mires have been studied. The mire habitats under the program of monitoring are ombrotrophic peatbogs (Leuco-Scheuchzerion palustris, Oxycocco-Ericion, Sphagnion medii) and waterlogged
spruce forests (Mastigobryo-Piceetum). Permanent plots (71) with associated water wells were established
to characterise microtopographical, vegetation and drainage patterns of the different sites. Position of water
table was measured by piezometers in plastic boreholes. Water samples from boreholes, ditches and streams
were taken monthly for a detailed hydrochemical analysis, including content of main cations and anions
(SO4, NO3, NH4, PO4, Ca, Mg, Al, Fe), pH, conductivity and DOC. Runoff from drained catchments as
well as amount of precipitation were measured continualy. Vegetation was sampled in 1x1m permanent
plots around each borehole. Percentage cover values for all vascular plants and bryophytes present on the
permanent plots were estimated visually.
Three year of pre-restoration monitoring shows that water table was maintained in a lower position than a
natural system and exhibited higher fluctuations in direct relation to the amount of precipitation received on
drained sites. Water table was maintained in lower position especially on dryer dwarf shrub sites (somewhere
with expanding trees) prevailing on drained bogs. During first post-restoration phase in the autumn 2008,
water table in drained bog sites rised up to a position comparable with intact bogs and exhibited low
fluctuation. The effect of restoration on position of water table was still less marked or none in spruce forest
sites.
Conductivity of groundwater had higher values in general on drained bogs. DOC was higher in groundwater
of heavy drained sites and in ditches and much lower in runoff water from drained catchments. Concentrations
of SO4 and NH4 were higher on drained bogs with the highest SO4 values in runoff surface water from drained
catchment. Concentration of SO4 exhibited a decreasing trend in runoff surface water after restoration. Al
concentrations had higher values in groundwater of drained mires with highest concentrations in groundwater
and ditches of drained waterlogged spruce forest.
Changes in abiotic environment of drained mires are well mirrored by their vegetation. Degradation changes
include considerable recession of hollow vegetation (all. Leuco-Scheuchzerion palustris) and Trichophorum
caespitosum lawns. Drainage also caused expansion of moss and lichen species adapted to lower water
table (e.g. Pleurosium schreberi, Dicranum scoparium, Polytrichum strictum, Cladonia rangiferina) and
expansion of well competitive graminoids (mostly Molinia caerulea). In drained sites, expansion of dwarf
shrubs with high proportion of Vaccinium myrtillus at the expense of Vaccinium uliginosum was recorded.
Intensively drained bogs are characterised by expansion of trees (Picea abies, Betula pubescens) into the
bog expanse.

230

Working Papers of the Finnish Forest Research Institute 128
http://www.metla.fi/julkaisut/workingpapers/2009/mwp128.htm

Mapping peat vulnerability to climate change to inform
policy in the UK
Joanna Clark1, Angela Gallego-Sala2, Harriet Orr3, Chris Freeman1, Jo House2, Colin
Prentice2, Pete Smith4
1
2
3
4

School of Biological Sciences, Bangor University, Deniol Road, Bangor, LL57 2UW, Wales, UK,
j.m.clark@bangor.ac.uk, c.freeman@bangor.ac.uk
QUEST, Department of Earth Sciences, University of Bristol, Bristol, BS8 1RJ, UK,
angela.gallego-sala@bristol.ac.uk, jo.house@bristol.ac.uk, colin.prentice@bristol.ac.uk
Environment Agency, Environment Centre Wales, Deiniol Road, Bangor, LL57 2UW, UK,
harriet.orr@environment-agency.gov.uk
School of Biological Sciences, University of Aberdeen, Aberdeen, AB24 3UU, Scotland, UK,
pete.smith@abdn.ac.uk

Observed changes in UK soil carbon stocks (Bellamy et al., 2005) and dissolved organic carbon in freshwater
(Evans et al., 2005) have stimulated policy interest in conserving and restoring soil carbon reserves. Particular
attention has been given to peat soils, which contain around 50% of the UK terrestrial carbon store, as
most have been degraded to some degree by a long history of agricultural use, forestry and acid deposition.
However, restoration is time consuming and costly. Attempts to restore degraded peat back to active peat
accumulation may be in vain if future climate change makes peat formation at certain sites unviable. Current
climate scenarios for the UK suggest an increase in temperatures and change in the pattern of rainfall, which
could shift the net water balance at some sites from positive to negative (i.e. precipitation/in flow becoming
less than evapotranspiration). This in turn could stimulate increased decomposition leading to peat loss
rather than accumulation (Freeman et al., 2001).
Policy makers and land managers have an immediate need to know if climate change poses a risk to peat
formation in the UK, and where that risk is greatest. To help inform decisions making, we produced maps
of peat vulnerability to climate change across the UK. Our approach was to develop a bioclimatic envelope
model for current peat distribution based on global data (‘top down approach’) (Gallego-Sala et al., 2008)
and national scale data (‘bottom-up approach’). We then future climate scenarios for the UK to these models
to estimate future vulnerability. Output from these empirical spatial models was then compared to output
form available dynamic peat accumulation models run for specific sites where long-term data were also
available. The resulting maps represent our current ‘best estimate’ of peat vulnerability to climate change.
The maps are part of wider assessment of how other pressures, such as atmospheric pollution, will impact
on vital ecosystem services such as the provision of good water quality in the future.
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In surface waters, dissolved organic carbon (DOC) occurs in many forms from simple hydrophilic molecules
to larger hydrophobic (aromatic, more recalcitrant) structures such as humic and fulvic acids. The relationship
between UV absorbance and DOC concentration is a useful tool for assessing hydrophobic properties and
hence biodegradability of DOC (Marschner & Kalbitz, 2003; Weisharr et al., 2003). Long-term changes
in this relationship may indicate fundamental changes in decomposition processes occurring within the
terrestrial environment and/or exported organic carbon.
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This study shows that a significant change in the relationship between absorbance and DOC has occurred
across a period of 21 years at 2 moorland catchments in Scotland, UK. Previous studies have shown that
similar absorbance-DOC relationships (expressed as Specific Ultra Violet Absorbance - SUVA, the UV
absorbance per mass of carbon) can result from a range of DOC compounds when taken from different
aquatic environments. However, comparisons of UV absorbance within the same watershed over time, will
be intrinsically related to DOC composition (compounds contributing to aromaticity) and reactivity, provided
no major land-use changes have occurred (Watts et al., 2001; Weisharr et al., 2003)).
A statistical mixed-modeling approach indicated that the UV absorbance-DOC relationship had changed
significantly over time. For a given DOC concentration, absorbance (at 250 nm) measurements (and consequently SUVA) had decreased. Of the potentially mechanistic variables that were tested, only annual
non-marine sulphate loads were significant in explaining this long-term change. No other climate or surface
water chemistry parameters that were included in the analysis were significant in explaining observed trends.
Notable short-term perturbations in overall patterns of change were observed following major drought years.
Although not significant within the current analysis, it appears that hydrological dynamics may explain
additional variability in the UV absorbance-DOC relationship and hence DOC composition.
Ultimately, this study suggests that although DOC concentrations may be increasing in these upland streams
(Dawson et al., 2008) the proportion that is hydrophobic has been decreasing over the past 2 decades.
Moreover, this is the first dataset that provides a possible mechanistic explanation (decreasing sulphate-driven
acid load) controlling solubilisation of organic matter and increasing DOC concentrations with changes in
DOC composition in upland streams. These trends will have impacts on both freshwater biota as well as the
biodegradability of less recalcitrant material in terms of carbon cycling.

References

Dawson JJC et al., 2008. Influence of hydrology and seasonality on DOC exports from three contrasting upland catchments. Biogeochem
90, 93–113.
Marschner B & Kalbitz K 2003. Controls of bioavailability and biodegradability of dissolved organic matter in soils. Geoderma 113,
211–235.
Watts CD et al., 2001. Long-term variation in water colour from Yorkshire catchments. Sci. Tot. Environ. 278, 57–72.
Weisharr JL et al. 2003. Evaluation of specific ultraviolet absorbance as an indicator of the chemical composition and reactivity of
dissolved organic carbon. Environ. Sci. Tech. 37, 4702–4708.

232

Working Papers of the Finnish Forest Research Institute 128
http://www.metla.fi/julkaisut/workingpapers/2009/mwp128.htm

Carbon and GHG budgets of an ombrotrophic peatland –
importance of surface drainage water as a flux pathway
Kerry J. Dinsmore1, Michael F. Billett1 , Ute M. Skiba1 , Robert M. Rees2
1
2

Centre for Ecology and Hydrology, Bush Estate, Penicuik, EH26 0QB, UK., kjdi@ceh.ac.uk, mbill@ceh.ac.uk,
UMS@wpo.nerc.ac.uk
Scottish Agricultural College, King’s Buildings, West Mains Road, Edinburgh EH9 3JG, UK, Bob.Rees@sac.ac.uk

Peatlands represent a major store of soil carbon and as such play an important role in global atmospheric CO2
and CH4 cycling. Much previous peatland research has focussed primarily on land-atmosphere fluxes. Where
aquatic fluxes have been considered, they are often in isolation from the rest of the catchment and usually
focus on downstream losses, ignoring evasion (degassing) from the water surface. However, as peatland
streams have been repeatedly shown to be highly supersaturated in both CO2 and CH4 with respect to the
atmosphere, they potentially represent an important pathway for catchment greenhouse gas (GHG) losses.
The primary aims of this study were: a) to create a complete GHG (CO2, CH4, N2O) and carbon budget for
Auchencorth Moss, an ombrotrophic peatland in south east Scotland, and in doing so identify the relative
importance of aquatic fluxes and b) to understand what controls aquatic fluxes in order to predict how they
will respond to changes in both land management practices and future climate scenarios.
Using both empirical modelling and the examination of streamwater CO2 concentration-discharge hysteresis
loops, a number of distinct CO2 sources were identified within the catchment. These included the input of
deep peat/ground water containing high concentrations of dissolved CO2, through-flow from the shallow
peat, and water originating from an area of deep peat/peat extraction upstream of the study site. Temporal
variability in both CO2 and CH4 could be well modelled using discharge and temperature data alongside the
inclusion of an antecedent rainfall variable, indicating the importance of flow path in controlling the source
of catchment derived gaseous carbon.
The catchment functioned as a net sink for GHGs (212 g CO2-eq m-2 yr-1) and carbon (30.7 g C m-2 yr-1)
(Fig. 1) . The greatest flux in both the GHG and C budget was net ecosystem exchange (NEE). Terrestrial
emissions of CH4 and N2O combined returned only 1.6% of CO2-equivalents captured by NEE to the
atmosphere, whereas evasion of GHGs from the stream surface returned 13%. DOC represented a loss of
38% of NEE carbon uptake, which if processed and evaded downstream, outside of the catchment, may
lead to a significant underestimation of the actual catchment derived GHG losses. The budgets clearly
show the importance of aquatic fluxes at Auchencorth Moss and highlight a significant “disconnect” in the
interpretation of GHG and C budgets

Fig. 1. a) GHG and b) C budget for Auchencorth Moss
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PEATBOG is a new research consortium within the European Research Association BiodivERsA programme,
funded under the European Union 6th Framework.
The aims of PEATBOG are to understand how the biodiversity and ecosystem functioning of peatlands
across Europe are impacted by nitrogen pollution and climate change, and to develop meaningful indicators
of risk to these impacts. On a national and European scale, we intend to identify the peatlands that are most
vulnerable to combined deposition and climate stressors, and critically evaluate current conservation and
air pollution control policies from this perspective.
6
The project will integrate regional surveys, field manipulation, biogeochemical/microbial investigations, and
model development under five objectives:
1. Through surveys across northern Europe, determine the relationships between peatland vegetation diversity
and the deposition of reactive nitrogen, considering all other major drivers on biodiversity.
2. Conduct field manipulation experiments to quantify the nature of interactions between nitrogen pollution,
soil hydrology and temperature on peatland biodiversity and biogeochemistry.
3. Using isotopic tracer techniques and controlled mesocosm experiments, investigate the mechanisms
that link peatland biodiversity to nitrogen cycling, carbon sequestration, and C and N exchange with the
atmosphere, and how these are impacted by chronic N deposition.
4. Determine how the composition and function of the microbial community reacts to enhanced atmospheric nitrogen deposition, warming and drought, and relate these responses to above-ground vegetation
diversity.
5. Develop meaningful indicators, at scales appropriate to the user, of the risk to peatland ecological and
functional integrity of elevated nitrogen deposition and climate change.
By investigating at a range of scales from regional gradient studies to detailed mesocosm experiments, and by
integrating this knowledge into both process-based models and simple transfer functions, PEATBOG directly
links a co-ordinated research programme with the practical needs of resource managers and policymakers. To
this end, the project has a Core Advisory Group encompassing the relevant European policy and conservation
arenas, and a wider Stakeholder / Scientists Group with representatives from science, policy, management
and the public. The three-year project began in Spring 2009.
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One of the most important controls on carbon and greenhouse gas (GHG) release from streams and lakes
associated with northern peatlands is the frequency of extreme hydrological events. In temperate and boreal
peatlands associated with an extensive period of snow cover, the spring snowmelt period may lead to 30–50%
of the annual runoff occurring within a 2–4 week period. Quantifying the concentrations, fluxes and forms
of C released at this time of year is not only important in terms of annual fluxes, but also for understanding
the processes that control C and GHG release from peatlands. Longer term changes to the extent, timing and
intensity of the spring snowmelt event may have a significant impact on annual fluxes.
The aim of this study was to investigate the temporal changes in hydrochemistry of two streams draining
small (86 and 113 ha) forested peatland catchments in the North Karelia Region of Eastern Finland during
the 2008 spring snowmelt event, and to quantify the fluxes of various forms of carbon released. In addition
to dissolved concentrations of the greenhouse gases CO2 and CH4, we also measured N2O. Carbon fluxes
during this 2 month period were then compared to the long-term (1979–2008) flux of TOC from both
catchments, one of which is undrained (the control) the other partially drained. The study is based both on
a routine 2 month spot sampling programme and the deployment of continuous sensors. In particular, the
study used both in-stream and in-soil CO2 sensors to collect high resolution data on small-scale temporal
events. Our data therefore shows how the biogeochemistry of the two streams changes during the transition
from a largely frozen winter peatland to a more biological active system.
Both the pristine (Välipuro) and drained (Suopuro) catchments showed a significant decrease in DOC and
CO2 concentrations during the flood event which lasted for ~10 days. Evasion of CO2 from the streamwater
to the atmosphere peaked before peak discharge, on the rising limb of the flood event. Both POC and
DIC concentrations were unaffected by the snowmelt event. Methane concentrations peaked in the drained
catchment at the time of highest flow, but no comparable effect was observed in the pristine catchment.
N2O concentrations were low throughout the 2 month sampling period, with no significant change during
the snowmelt period.
Fluxes are presented for the various streamwater C components during the spring 2008 snowmelt event and
these are compared to the annual long term TOC fluxes in the two catchments. In addition, our data are used
to compare fluxes from the pristine and the drained catchments, and the results discussed in terms of the
impact of drainage on peatland C fluxes during the spring snowmelt event.
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Peatlands are quantitatively important carbon-storing terrestrial ecosystems (Gorham 1991) where peat
develops due to the rate of C input (organic matter as litter) surpassing that of C output (gas efflux and
leaching) during biomass decomposition. High water contents are an important factor controlling such
equilibrium in these soils since water does not become limiting for plant growth while keeping peat in a
highly reduced state and thus lowering peat degradation rate. A predicted effect of current climate change
is the potential alteration in the hydrological regime due to extreme rain events and extended dry periods.
Thus, greater fluctuations in the water table levels may be expected to influence redox processes and carbon
cycling in peatlands.
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We investigated respiration and transport processes in peat during manipulation of water table level at ecosystem scale in a small iron-rich fen located in a forested area of North Bavaria (Germany). The experimental
design consists of three treatment (dry-rewetting) and three control plots where spatially high resolved peat
profiles (2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 25, 30, 45 and 55 cm depth) were weekly followed up during
6-7 months. An approach combining gas (for CO2, CH4 and O2 analysis) and pore-water sampling allowed
gaining insight into spatio-temporal gradients and linking those to water table fluctuations. Soil moisture,
temperature and CO2 concentrations were also investigated at discrete time resolution by installing sensors
in the upper peat layer (∆=5 cm up to 20 cm) to obtain data series during the investigated period.
A seasonal drying event naturally occurred in the control plots during summer. The drying effect was thus
reinforced (greater intensity and duration) in the treatment plots. The main terminal electron accepting
process was Fe(III)-reduction as suggested by high reduced iron and nearly undetected hydrogen sulphide
concentrations. Water table manipulation affected redox processes in the peat with progressive suppression
of Fe(III)-reduction during the drying period and recover of reduced iron concentrations following the
rewetting event. Spatial gradients were observed in terms of dissolved gas concentrations along the whole
experimental period; oxygen concentration decreased, methane concentration increased and carbon dioxide
concentration increased with depth. Drying period effects included cessation of methane production in the
whole investigated profile and decrease of carbon dioxide concentration. Water table level rapidly rose during
the artificial rewetting event from -80 cm to about -15 cm (data from only one plot). Concomitant response
of dissolved gases concentrations occurred with a sudden drop of oxygen in upper peat layers and a steep
increase of carbon dioxide in the middle layers. Methane concentrations only recovered in the deepest peat
layer showing a lag after the rewetting as elsewhere reported (Hughes, Dowrick et al. 1999). Although the
water table level dropped to -80 cm, anoxic conditions were kept in peat at -50 cm suggesting that the water
content was high enough to reduce permeability for oxygen which likely was rapidly consumed. Such a
difference becomes relevant when considering carbon fluxes as air filled porosity physically controls gas
transport across peat profile.
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Increasing concentrations of DOC have been documented in surface waters in large areas of Northern
Europe and Northeast North America (Monteith et al., 2007). Although often associated with peatlands,
these increases have also been observed in catchments draining organo-mineral and mineral soils. DOC
export represents a significant terrestrial C loss pathway, but in greenhouse gas (GHG) terms its importance
ultimately depends on whether it is mineralised to CO2, or transferred to long-term storage in freshwater
or marine sediments. Based on an integrated, intensive and extensive monitoring programme, we attempt
to identify key sources and potential loss pathways for DOM within the 250 km2 Conwy catchment, North
Wales, a typical UK mixed upland area of blanket bog, mountain grassland, conifer plantation and improved
pasture. Samples from representative headwaters indicate that DOC concentrations are greatest in streams
draining peat catchments, but that concentrations are also high in streams draining farmland. Large qualitative
differences are observed, however, with farmland-derived DOM characterised by much lower DOC/DON and
absorbance/DOC ratios. These observations suggest that peat-derived DOM is likely to be more susceptible
to photodegradation, and farmland-derived DOM to biodegradation. We identify three potential hotspots
for DOM processing within the catchment: 1) long residence time lakes, which intercept approximately
10% of drainage in the catchment, mainly in upland areas; 2) headwater streams, which comprise a large
part of the overall channel length and stable surface area (Battin et al., 2008); and 3) the estuary, in which
freshwater/saltwater mixing may enhance physical and/or biological DOM removal. An initial assessment
indicates that headwater lakes are locally important as DOM sinks but (because of their limited overall
extent) can account for only a small fraction of the total DOC budget. The role of headwater streams is
difficult to quantify based on monitoring alone, but high-frequency DOC and fluorescence measurements
in peat streams show clear diurnal cycles, suggesting that at least a proportion of peat-derived DOM may
be actively processesed within the stream channel. This appears to occur under both baseflow and high
flow conditions (Austnes et al., submitted). In the estuary, we do not find clear evidence of DOM removal
through the freshwater/saltwater interface, with DOC concentrations exhibiting conservative mixing relative
to salinity, and terrestrially-derived DOM observed at the mouth of the estuary. A spatial DOM model has
been developed, which will be applied for several large (60 site) snapshot surveys, and used to test alternative
assumptions regarding in-stream and in-lake processing. A first catchment-scale budget of DOC sources and
sinks will be derived, and the implications of rising DOC inputs to fluvial networks considered in terms of
aquatic ecological impacts and terrestrial GHG balances.
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Peatland soils are important reservoirs in the global carbon cycle and there is much interest in characterising
the response of their carbon stores to temperature perturbations. Peatlands are notable also because of their
dual function as carbon capacitors and amplifiers in the Earth System, sequestering CO2 into soil organic
matter, but also producing CH4, a greenhouse gas more potent than CO2. Cycling of H2 in both aerobic and
anaerobic soils is poorly characterised despite accounting for ~80% of the annual atmospheric H2 sink (Rahn
et al., 2003). Our study adapted a novel heating and cooling instrument, the Metz Syn10, typically used for
process chemistry, as a new form of soil incubator. The instrument is capable of generating cyclical and
ramped temperature regimes and this feature was exploited to simulate real-time diurnal soil temperature
variations while measuring concentrations of CH4, CO2 and H2 at a temporal resolution of every six minutes.
The incubated samples were obtained from the acrotelm and catotelm of a raised bog (Cors Caron) and a
transition fen (Crymlyn Bog) both located in Wales, UK. The peat samples were subjected to three different
temperature regimes: constant stepped, cyclical and ramped. The concentration data collected were used to
calculate production rates, F-ratios (ratio of CH4 production to CH4 + CO2 production), Q10 factors, activation
energy and Gibbs free energy values for specific microbial and enzymatic processes, namely hydrogenotrophic
methanogenesis and CO2 and H2 production. Determinations of these parameters from the cyclic temperature
regimes were compared to values from conventional stepped temperature incubations which are presently
used in most models of anaerobic carbon mineralization in peatland soils. Lower rates of methanogenesis
occurred in cyclical versus constant temperature incubations; however, the effect existed only in acrotelm peat
from the fen. Temperature sensitivity of anaerobic CO2 production in peat soils also was linked positively to
nutrient status. Rates of H2 production were similar for all temperature regimes and responded rapidly to variations in temperature, driving similar but delayed changes in rates of methanogenesis. Ramped temperature
incubations allowed for the determination of optimal temperature of the methanogenic communities present
in each sample. Gradual and continuous ramping of temperature (0.6°C h-1) in the incubations enabled the
determination of the optimal temperature for methanogenesis in peat from the acrotelm and catotelm of the
ombrotrophic and minerotrophic peatlands as well as the impact of cessation of terminal anaerobic carbon
mineralization at higher temperatures on the cycling of CO2 and H2. Nutrient status of a peatland appears
to influence the ability of microbial communities responsible for carbon turnover to respond to changes
in temperature. Q10 values for fens determined from conventional temperature-stepped incubations may
overestimate the response of methanogenesis to variations in temperature. Methane production in peat from
ombrotrophic peatlands responds similarly to both stepped and cyclical temperature regimes.
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Natural wetlands cover ~8-10 million km2 of the earth’s surface (Lehner and Doll 2004) and approximately
20% of the world’s soil carbon is stored in boreal and subarctic peatlands where it has been accumulating
gradually under wet and cool climatic conditions since the end of the last ice age . It has been suggested
that global warming will increase the extent of northern peatlands (Shindell et al. 2004). The large area of
peatlands currently under permafrost is particularly susceptible to climate change since warming has been
predicted to be most pronounced at high latitudes. Thawing of the permafrost in arctic and boreal peatlands
favours carbon accumulation due to an increase of net ecosystem production (Turetsky et al. 2007). However,
peatland ecosystems at lower latitudes may not be well adapted to survive the more frequent extreme heat
waves predicted as part of global warming (Bragazza 2008) and low boreal peatlands may migrate northwards
as a result of elevated temperatures and drought (Gignac et al. 1998). Bioclimatic envelope modelling is
an appropriate technique to study the current distribution of peatlands and to project the potential changes
under future climate scenarios. Regional distribution of peatlands have successfully been mapped in Canada
(Gignac et al. 2000) and Fennoscandia (Parviainen and Luoto 2007) using various bioclimatic models. We
plan to study the zonation of peatlands at a global scale using STASH, a model that attempts to find the most
meaningful bioclimatic variables that characterize the physiological limits of a given ecosystem or species
(Sykes et al. 1996). The predictor bioclimatic variables will be specifically chosen to best differentiate
between each observed mire complex type so that changes in peatland zonation under future climates can
be predicted.
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Does invasion of a Sphagnum-peatland by Betula sp and
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Peatlands are important CO2 sink and CH4 source at the same time. As such they play a major role in the
regulation of the global carbon cycle and the climate of the earth. However, under the global changes produced
by human activities, their functioning may switch from sink to source of carbon. Invasion of peatlands by trees
and grasses is a natural process that may be accelerated by global and/or local changes (i.e. drainage, nutrient
input). The new species through their root system and their litter input may affect the accumulated organic
matter (OM) composition as well as the soil conditions and thus, may reduce the capacity of the peatland to
store carbon. The aim of the study is to assess the effect of a recent (for 30 years with an acceleration in the
last decade) invasion of a French peatland by Betula verrucosa, Betula pubescens and Molinia caerulea on
the soil organic matter dynamics. This site has been selected to be part of a program which aimed to monitor
CH4 and N2O emissions in anthropogenic and natural ecosystems. The results presented here concern the
bulk biogeochemical characteristics of peat from different area of the peatland (treed and treeless areas).
6
Depending on water table level, 2 areas within the peatland were being considered: a southern part of the
peatland as a wet area and a northern part as a dry area. Within each of these areas, 2 plots of 4m2 surface
were chosen depending on vegetation: 2 open plots (treeless) and 2 close plots (with trees and Molinia). In
June 2008, 4 cores (50 cm) were collected in the 4 plots. Each 5 cm, bulk density, OM content, pyrophosphate
index (PPI), CNS content and Rock Eval pyrolysis parameters were measured. At each depth, a MANOVA
was conducted to assess how different were each area in terms of bulk biochemical composition.
Along the peat profiles, MANOVAs showed a high variability between plots at the deepest depths (from 47.5
to 27.5cm). From 27.5cm to 7.5cm, the variability of peat chemical composition decreased steadily. At 7.5
cm depth, no significant differences between plots (P>0.05) were observed. At the surface (2.5 cm), bulk
chemical composition was different between plots (P<0.05). Although no dating had been carried out yet
on the peat profiles, the results could be interpreted in terms of variability of plant sources and ecosystem
processes: the homogenisation of peat chemical composition observed from 27.5cm to 7.5cm may be due
to a homogenisation of source materials, i.e. vegetation tending to be similar between plots with time, and/
or to soil conditions, i.e. decomposition tending to become similar everywhere in the peatland. However,
at the surface, this way to homogeneity was broken. PPI and OM content results showed that the peat in
invaded plots was more decomposed and OM content was less than in the peat from treeless zones (Fig 1).
The results suggested that invasion of the peatland by Betula sp and Molinia caerulea has already affected
the accumulated peat chemistry and that was probably accompanied by an increased level of OM decay.
Experiments based on mixed litter bags are being conducted on invasive vs autochthonous plant species from
the peatland. This will allow us to assess decomposition kinetics of the plants and the effect of their mixing
litters, and thus to better understand the carbon cycle of peatlands invaded by trees and grass.
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In recent years it has been questioned if ombrotrophic bogs presently works as active carbon sequesters
(Malmer & Wallén 1999, Franzén 2006, Gunnarsson et al. 2008). High levels of nitrogen deposition and
changed climatic conditions are thought to be the main ecological drivers of the change in ecosystem function
resulting in reduced carbon sequestering rates. However, studies of carbon flow with eddy covariance towers
show that bogs are still working as carbon sequesters (i.e. Lund et al. 2008). Can a spatial differentiation in
carbon sequestration explain the contrasting views on the function of bogs as active carbon sinks? In order
to answer this question we sampled peat cores from several bogs in southern Sweden and dated them with
the pine method (Ohlson & Økland 1998) to estimate the recent carbon sequestration rates (i.e. the last 40
years). We modelled the carbon input rates (annual primary biomass productivity and decomposition rates)
for the different sites and related it to climatic parameters as average temperatures and precipitation and the
nitrogen decomposition rates.
Preliminary data analysis shows a strong correlation between carbon input rates and the amount of precipitation for the studied sites. Sites with the largest amount of precipitation had the largest input rates. It is the
decomposition rates rather than the annual biomass production that has the strongest influence on the carbon
input. The amount of nitrogen deposition is, however, strongly correlated with the precipitation in the region
and is therefore also highest (about 12 kg ha-1 yr-1) in the sites with the highest precipitation. From this
result we can conclude that nitrogen per se is not the most important factor regulating carbon uptake from
ombrotrophic temperate peatlands as long as the climatic conditions are strongly humid. To have high carbon
sequestration rates it seems to be important to have a high ground water table, which makes the produced
peat quickly inundated in the catotelm, where the decomposition rates will be much slower.
This study show that the spatial variation of the carbon sequestration rates in ombrotrophic bogs in southwestern Sweden is important. The climatic impact of especially the precipitation is a main driver for the
bogs function as carbon sequesters.
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Soil organic matter and its quality are key factors influencing microbial population and the release of nutrients.
In peat, which consists almost entirely of plant residues in different stages of decomposition, the transformation of organic to inorganic compounds is important for ground vegetation and tree stand growth.

The peat samples were placed in growth chambers that were programmed to run different temperature sums
in peat (749d.d., 924d.d., 1085d.d. and 1309d.d. at the end of the experiment, the threshold value was 0 °C)
for a period of 17 weeks. Unlike other studied components (CO2, NH4, microbial C and N) there was only a
weak response to the temperature treatments of the DOC (p = 0.029, F = 3.1, n= 192) and none of the DON
(p = 0.347, F = 1.1) concentrations. However, the initial peat total N had a significant effect on both the
DOC (p = 0.000, F = 60.5) and DON (p = 0.000, F = 121.9). In the Peat1 samples with the lowest peat N the
DOC and DON concentrations were smaller than the corresponding concentrations in Peat2 and Peat3 that
had about the same DOC and DON levels throughout the experiment. When comparing all the samples the
DOC and DON concentrations correlated well (r = 0.74, n = 192), but when broken down into the different
treatments there occurred some differences in the peat N and temperature treatments (see Fig. 1)
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Nitrogen (N) is critical for tree growth on drained peatland forests. Almost all of the peat N is in insoluble
organic forms, which cannot be utilized by trees and ground vegetation. In peat with low pH, the major
forms of N are ammonium, NH4+ and dissolved organic nitrogen (DON). In this paper we show how soil
temperature and the total N content of peat affects the microbial activity and subsequent changes in DOC
and DON organic compounds. The experiment was made in controlled laboratory conditions. The initial
amounts of N in the peat samples (0-10 cm) are denoted as Peat1 (mean peat N amount 35 g m-2, SD ± 8.9),
Peat2 (139 g m-2, SD ± 31.2 ) and Peat3 (147 g m-2, SD ± 30.1). The experiment had a split-plot design with
four replicates for each N level and temperature sum (3 N levels x 4 temperature sums x 4 replicates).

15

Fig. 1. Relationships between DOC and DON concentrations for the different temperature sum treatments at the three
peat total N levels.
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Calcareous species-rich fens are one of the most endangered wetland types in the world. Estonian fens have
been drained and turned into pastures, hayfields and cropfields since the middle of the 19th century. The
area of calcareous rich fens has decreased from about 80 500 ha in the 1950s to some 5000–8000 ha at the
present time. We studied the plant cover and environmental conditions of a calcareous fen, which is the
habitat for 13 rare and protected vascular and moss plant species. The main aim of the study was to relate
the calcareous fen vegetation to microtopography and content of selected chemical elements in mire water
and peat soil.
The composition of vascular (70 species) and moss (44 species) plant species, depth to water level (DWL),
microtopography (proportion and mean height of tussocks), chemical composition (Ca, Mg, Fe, Na, K, S,
total N, total P), bulk density and ash content of the topmost peat layer (0–10 and 10–20 cm), also chemical
composition (Ca, Mg, Fe, Na, K), pH and electric conductivity of mire water were analysed in 23 plots on the
open part (ca 40 ha) of the Parapõllu calcareous fen (230 ha) in North Estonia. The site can be divided into
recharge and discharge (because of moderate drainage) parts with Carex panicea–C. davalliana–Schoenus
ferrugineus and Molinia caerulea communities, respectively.
The Mantel test confirms no significant relationship between field and surface layers. Microtopography is
strongly related to DWL and the amplitude of its seasonal fluctuation (standardized Mantel statistic r=0.41,
t= 3.7, p=0.0002). Ordination by Nonmetric Multidimensional Scaling demonstrates that variations in the
species composition of the field layer mainly correlate with DWL and the contents of Ca, Mg, Na, Fe in
water and the N content in the topmost peat layer. The moss species distribution is well related to Ca and
Mg in water, and N, S, K, Na and Mg contents in peat. Depth to water level and its seasonal amplitude are
in significant negative correlation with peat ash and Ca but positively related to the N content of peat. The
total phosphorus content of peat is very low. The coverage of Molinia caerulea, which rapidly responds to
increased N availability under limited P conditions (Tomassen et al. 2003), rises with increasing DWL. In
N-enriched and deep summer water level conditions M. caerulea outcompetes Schoenus ferrugineus. As the
proportion of Molinia tussocks exceeds the 30% level, many calcareous fen specialist species dissappear.
The tussock-rich environment favours the spreading of Sphagnum, other moss and dwarf-shrub species
common to poor fens and bogs and also contributes to the afforestation of the site with Betula pubescens,
Picea abies and Pinus sylvestris.
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Nitrous oxide (N2O) is recognized as one of the more important trace gases contributing to the greenhouse
effect. Microbial transformations of inorganic nitrogen compounds by nitrification and denitrification processes are the main sources of nitrous oxide from soils. Recent research has been directed towards a better
understanding of the relative contributions of two processes indicating that both production and consumption
of N2O in soils as well as net emissions of N2O from soils to a large degree are controlled by subsurface
soil water content and below ground oxygen availability. Movement of N2O in subsoil takes place primarily
through diffusion. The effective diffusivity of the soil is strongly influenced by the soil water content where
high soil water contents may lead to entrapment of N2O which may be released to the atmosphere by
ebullition. The diffusion of N2O in subsoil may also be influenced by various biogeochemical processes
as well as the anaerobicity of the soil and soil air which may influence the potential for further reduction
of N2O to N2. Emissions of N2O from soil have traditionally been measured by manual static non-flow
through non-steady state closed chamber methods over relatively limited time where gas samples have been
drawn at a predefined time intervals for later laboratory analysis and flux calculations. The methodology
has proven to be reliable and cost effective but has the inherent drawback of low temporal resolution that
manual measurements on a non-continuous basis entails.
The current study investigates the potential of achieving an improved insight into more high temporal
resolution dynamics of N2O effluxes coupled to soil water content, groundwater level and subsurface oxygen
availability from a natural wetland ecosystem by measuring N2O effluxes on a continuous basis using
automated non-flow through non-steady state closed chambers with in situ measurements and real-time
analyses of N2O by an infrared field gas analyzer whereas subsurface concentrations of both gaseous and
dissolved oxygen, soil water content and soil temperature are obtained by use of permanently installed
thermistors, soil moisture sensors and oxygen optodes.
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Peatlands represent the largest store of carbon in UK ecosystems, with Scottish peats alone holding an
estimated 4523 Mt of carbon, which amounts to 46% of the total soil carbon in the UK (Milne & Brown
1997). UK peatlands have been subjected to a significant amount of disturbance during the previous century,
including nitrogen deposition, land management practices such as afforestation, drainage, grazing and burning
and more recently the effects of climate change. These peatlands have the potential to act as a major source
or sink for carbon, but their current status is unknown as significantly less research has been conducted in
the UK compared to other peatland areas such as Northern America and Europe.
This PhD studentship has been funded by the Centre of Ecology & Hydrology in order to improve the
understanding of the status and key processes of UK peatlands. CEH has developed a network of peatland
sites within the UK as part of the Carbon Catchments project, at which the land-atmosphere exchange will be
measured using eddy covariance and flux chamber methods as well as carbon loss from the sites in surface
water. These measurements will help determine the carbon balance of these peatlands.
In addition to quantifying the carbon balance the effect of some of the disturbances peatlands have experienced
is being investigated. The four sites chosen to quantify the carbon balance are located across the length of the
UK and will have been exposed to different levels of nitrogen deposition. In addition to this a long running
nitrogen deposition manipulation experiment exists at Whim Moss, south of Edinburgh. This site is to be
used to examine the effect of nitrogen deposition on the carbon fluxes there. The burning and drainage of
peatlands has been commonplace in the UK for sport and agricultural reasons, but not much is known about
the effect this has on the ability of the peat to store carbon. Most studies have focused on only one aspect of
carbon exchange when examining the effect of these land management practices, whereas the effects of the
management on all parts of the carbon exchange are to be examined by this project.
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Controls on long-term increases in TOC concentrations and
fluxes in peatland catchments in northern Minnesota, USA
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Numerous recent studies have reported long-term increases of dissolved organic carbon (DOC) concentrations
in streams and lakes of northeastern North America, the U.K., and northern Europe (e.g. Monteith et al.
2007). A number of mechanisms have been proposed that may explain increases in DOC concentrations.
Changes in land use or forest cover as a result of harvesting or fire have been shown to influence DOC
concentrations (France, 2000), although increases are also found where there have been no changes in cover.
Higher temperatures resulting from climate change have been proposed as controls on DOC concentration
trends (Freeman et al. 2001), however, this result is not consistent with other studies in which temperature
alone cannot explain increased stream DOC concentrations (Worrall and Burt 2007). A CO2 fertilization
effect has also been proposed that could lead to elevated DOC in water because of higher overall aquatic
or terrestrial productivity (Fenner et al. 2007). Others have speculated on hydroclimatic controls such as
streamflow variability (Erlandsson et al. 2008) and severe drought (Clark et al. 2006) that may cause higher
DOC concentrations in surface waters. Still others have shown that pH and DOC solubility increase in
response to long-term recovery from acid anion deposition, largely due to sulfur emission controls (Monteith
et al. 2007). At the Marcell Experimental Forest (MEF) in northern Minnesota we have measured long-term
increases in unfiltered total organic carbon (TOC) concentrations from upland/peatland catchments. Since
1986, mean air temperature and stream pH has increased, sulfate in wet deposition has decreased and stream
TOC concentrations have more than doubled at two catchments (Fig. 1). One catchment (S2) is a control
watershed where no manipulations have occurred over the past 100 years. The second catchment (S6) has
had two manipulations over the past 30 years. In the early 1980s the upland part of the S6 catchment was
clearcut and converted from a deciduous to a conifer forest. Also, starting in 2002 and continuing through
2008, the ambient sulfate wet deposition has been increased by 4x across one half of the bog in the S6
catchment to mimic past deposition levels. Despite similar increases in TOC concentrations (Fig. 1), stream
TOC export has increased at S2 and not at S6. The combination of treatments in the S6 watershed allows us
to tease apart the reasons for these differences and sheds light on the importance of different hypothesized
controls on stream TOC trends. In addition, we compare TOC trends to dissolved N and P trends to further
explore responses of TOC to changes that affect forested
ecosystems.
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Mire margin forest vegetation structure and diversity in
Finland since1950s and the role in carbon cycling today
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Compared to the early 1950s in southern and central Finland only c.a. 20% of the area of forested mire
margin sites have remained undrained ( Eurola et al. 1991, Hökkä et al. 2002). In their undrained condition
these forested mire margin habitats have retained a relatively natural stand structure and ground vegetation,
although they have been often subjected to some degree of silvicultural management. Thus, on the community
and species level, they are assumed to be important for local and regional biodiversity (Korpela 2004).
Most of the mire margin forests represent, even in 1950s, the intermediate (e.g.Vaccinium myrtillus -type
spruce swamps) and lower nutrient level (paludified pine forests and spruce-pine mires) sites characterized
with hummock dwarf shrub vegetation.
The changes in structure of understorey vegetation of mire margin forests in southern and central Finland
was evaluated according to four Nation wide vegetation surveys from year 2006 as far as 1950s. Their
role in carbon cycling today was evaluated according to a smaller set of forested mire margin sample plots
gathered in 2006.
The common feature for all drained sites is the general decrease in the abundance of sedges and mire dwarf
shrubs in the so-called last phase after drainage (after 15–50 years). Most drastic change take place in the
ground layer: The decrease of Sphagnum species and their replacement by forest bryophyte species such
as Pleurozium schreberi is clearly evident. These changes reflected the change towards mineral soil forest
vegetation in the understorey vegetation (e.g. Korpela 2004, 2008 ).
The most striking feature in the 1980s and 1990s compared to the 1950s was, in addition to the small
number of drained sample plots in 1950s, the large number of sample plots of the pristine, most nutrient- and
herb-rich, (meso-eutrophic) sites (e.g. Korpela 2004). After comparison to the data of the survey of year
2006 the overall lower abundance of understorey vegetation, especially the cover of field layer species, and
especially the lower cover of sedges also in undrained sites was obvious.
Distribution of the understorey vegetation biomass and carbon sequestration followed quite well the percentage cover estimations.
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Sphagnum mosses are widespread in both southern and especially in northern hemisphere; they are common
in all areas where mires exists. While Sphagnum mosses cover almost 2% of earth’s surface they potentially
store more carbon than is captured in photosynthetic assimilation by all terrestrial vegetation in one year,
and therefore constitute a major carbon sink (Clymo et al. 1982). However, different growth processes of
Sphagnum mosses and how they relate are still poorly understood.

6

We measured growth in biomass and length, CO2 assimilation and chlorophyll fluorescence from five different
Sphagnum species typical of different mire habitats. The mires, from which the samples were collected,
are located in Siikajoki, Finland (64°45´N, 24°42´), and form a successional gradient from a wet meadow
through fens to a S. fuscum bog. Typical hollow, lawn and hummock species, common in these mires, were
included in this study (namely S. balticum, S. fimbriatum, S. fuscum, S. majus and S. papillosum).
CO2 assimilation (A) and chlorophyll fluorescence (quantum yield of PSII, Fv/Fm) measurements were
conducted for several samples of each of the Sphagnum species. Measurements were made on the day of
sampling using a portable gas exchange fluorescence system (GFS-3000, Walz, Germany). Measurements
of A and quantum yield of PSII were made at eight different levels of photosynthetically active radiation
(PAR) between 0 and 2000 µmol m -1 s-1. Otherwise cuvette conditions were maintained at a constant level.
Fv/Fm was measured from the same samples after 10 and 20 minute darkening of the sample.
We found significant between species differences in all measured variables. We measured the lowest growth
in biomass and length from the bog species S. fuscum (Section Acutifolia) (Table 1). S. fimbriatum, a species
from the same section, but from the opposite end of the successional gradient, had the highest biomass and
length increase. In addition, it had the highest CO2 assimilation and respiration rates (Table 1). On the other
hand, this species had the lowest quantum yield of PSII and Fv/Fm. Quantum yield of PSII and Fv/Fm were
highest in the hollow species S. majus (Table 1).
Table 1. Growth in biomass (g) and length (mm), CO2 assimilation (A) (µmol g-1 (fresh weight) s-1) at PAR 1000 and 0
µmol m-2 s-1, quantum yield of PSII and Fv/Fm, for each Sphagnum species. Standard errors are included in brackets.
Species

Biomass

Length

A
@ PAR 1000

A
@ PAR 0

Quantum yield
of PSII

Fv/Fm

S. balticum
S. fimbriatum
S. fuscum
S. majus
S. papillosum

1.9 (0.5)
2.8 (0.2)
1.0 (0.2)
1.5 (0.2)
1.1 (0.2)

28.2 (1.8)
51.2 (2.0)
8.1 (0.4)
28.2 (1.2)
18.3 (1.0)

9.6 (0.9)
13.3 (0.9)
12.5 (0.9)
11.4 (1.1)
10.5 (0.8)

-2.5 (0.3)
-6.7 (0.2)
-4.5 (0.3)
-2.5 (0.3)
-3.1 (0.2)

0.25 (0.02)
0.17 (0.01)
0.24 (0.02)
0.25 (0.04)
0.21 (0.02)

0.58 (0.2)
0.55 (0.1)
0.60 (0.1)
0.71 (0.2)
0.65 (0.1)
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The restoration of minerotrophic peatlands based on
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The restoration of wetlands has, at least for a long time, been based on a trial and error approach. By
presenting research on the restoration of minerotrophic peatlands, we will show how vital biogeochemical
knowledge at different spatial scales, from microbiology to landscape hydrology and biogeochemistry, is
for optimal ecological management.
In combination with correlative field studies, experimental research (in the field and under more controlled conditions) is essential. This type of information provides insight into the actual causal relationships
between environmental changes and ecosystem responses including those related to the coupling of C-, N-,
S- and P-cycling, nutrient availability, and phytotoxicity. In addition, it indicates the target processes for
wetland restoration, and thereby enables scientists, water managers and nature managers to choose between
different measures and to predict restoration prospects for locations that differ with respect to their initial
conditions.
The present paper reviews the major environmental problems in aquatic and semi-terrestrial fens related
to biogeochemical issues: desiccation, eutrophication (including increased internal nutrient mobilization),
acidification, and intoxication. It strongly focuses at the biogeochemical processes and factors responsible
for the deterioration of minerotrophic peatlands, and for ecosystem recovery. Only with the knowledge of
these key processes and factors are optimal restoration and management measures possible.
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It has lately been shown that Sphagnum cuspidatum Hoffm. shows methane (CH4) oxidation capacity due to
inhabiting methanotrophic bacteria (Raghoebarsing et al. 2005). This is an interesting finding as peatlands
are a major natural source of the strong greenhouse gas CH4 into the atmosphere. Emissions from Sphagnum
dominated mires are lower than those from Carex dominated ones. One reason for this could be the CH4
oxidation associated to these mosses. Methanotrophs harbouring the hyaline cells of Sphagnum leaves and
stem, methanotrophs produce carbon dioxide (CO2) from CH4 derived from decaying plants. The moss
fixes the produced CO2 in its photosynthesis and releases oxygen for the methanotrophs. Therefore, carbon
released in decomposition would be efficiently recycled within the ecosystem and the moss layer would
limit the release of greenhouse gases CH4 and CO2 to the atmosphere.
In Finland 41 different Sphagnum species are found with the majority occurring on peatlands. The 50 ha large
Lakkasuo peatland inhabits 23 different Sphagnum species. The following questions were addressed:
1. Which Sphagnum species show CH4 oxidation and thus harbour methanotrophic bacteria?
2. Can the responsible methanotroph be identified?
3. What are the key environmental controls of methanotrophy in Sphagnum?
4. Is CH4 a significant carbon source for Sphagnum on an ecosystem scale?
To answer the questions 1−3 we sampled from Lakkasuo systematically all Sphagnum species and tested
their ability to oxidize CH4. We investigated the existing vegetation plots in every 100 m for their Sphagnum
species and sampled each dominant species from 5 plots. Species occurring on less than 5 plots were sampled
from every location found. With this approach we detected Sphagna with narrow and broad ecological
tolerance. From each plot also water table was recorded. To answer the question 4, we analyzed the 13C
signal from both CH4 and CO2 dissolved in water and the Sphagna.
All 23 Sphagnum species support methanotrophs. When individuals showing no CH4 oxidation activity
were transplanted to an environment where the same species, or species belonging to a same section had
CH4 oxidation activity the transplants became CH4 oxidizers. The active transplants hosted a Methylocystis
sequence which they did not have before transplantation. Water level was the key environmental control
of methanotrophy in Sphagnum. In Sphagnum 10–30% of carbon potentially originates from CO2 derived
from CH4 oxidation.
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How atmospheric N deposition affects peatland vegetation
composition, production and Sphagnum N concentration:
an analysis of 30 fertilization studies across the Northern
Hemisphere
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Since the industrial revolution, the increase in anthropogenic N pollution has resulted in high levels of
atmospheric N deposition across extensive areas of Europe, Asia and North America. As N is a limiting
nutrient for plant productivity in many ecosystems, these increases have had dramatic consequences for
productivity and biodiversity. Sphagnum dominated peatlands are considered to be one of the ecosystems
most vulnerable to elevated N deposition, as their only input of N comes from the atmosphere. Although
modest increases in N deposition rates seem to stimulate moss productivity, higher rates generally lead to a
shift from Sphagnum moss dominated to vascular plant dominated vegetation. As Sphagnum performs key
functions in both the hydrology and C-sequestration of peatlands, the above is a cause for much concern
and has resulted in an impressive number of fertilization studies.
In this presentation we combine data in a meta-analysis from the majority of published fertilization studies
as well as some unpublished sources to better quantify N deposition effects across a wider spatial and time
scale than is possible for the separate studies. Apart from quantifying effects, this analysis allows us to test
the current theoretical framework regarding N deposition effects and the time-lags involved with ecosystem
responses to deposition changes. In the presentation we try to answer the following questions
• Is the response of Sphagnum (and or) Sphagnum dominated vegetation equal across geographic regions
and/or climate?
• To what extent is the response to fertilization affected by background N deposition, P availability, exposure
time to fertilization, vascular plant cover, water table and peatland type?
• Does the type of experiment (field fertilization or greenhouse experiment) matter?
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In Finland, forestry is the most important form of land-use in peatlands. More than half of the original peatland
area has been drained, and over 90% of that are forestry-drained peatlands. There is still controversy on the
carbon (C) balance of this land-use, some studies showing loss of C from the soil into the atmosphere, some
others showing decreasing CO2 sink or even increasing sink. It has been suggested that the nutrient status
of the peat soil may strongly affect the C balance of such ecosystems, nutrient-rich sites being potentially
sources of C, whereas drainage could even increase the potential for CO2 uptake at nutrient-poor sites. We
have measured the CO2 exchange with the micrometeorological eddy covariance method on a forestry-drained
peatland since 2004. The site, Kalevansuo, is a nutrient-poor dwarf-shrub pine bog, and it is located in
southern Finland. The results show that the forest is a large CO2 sink annually, fixing about the same amount
of C annually than a similar pine forest growing on upland soil about 50 km’s away from Kalevansuo. The
interannual variation in CO2 fluxes and balances during for years will be analyzed and the controlling factors
and possible explanations for the unexpectedly high CO2 sink will be discussed.
6
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Mitigation of nutrient leaching from active forestry land by
retention in peatlands
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Forest land is extensive in the Nordic-Baltic countries and contributes considerably to element and nutrient
leaching to the inland and coastal waters. Peatlands exert crucial functions for aquatic ecosystems in forest
landscapes. Forestry operations add to outflows and in a situation with increasing biomass harvesting,
enhanced pressures on water courses occur. The importance of retention areas such as buffer zones attracts
attention in water turnover and chemical element balances. Investigations on mires as protection areas were
carried out in central Sweden over the 16 year period 1992–2007.
In the Bälgsjön lake catchment forest land use impacts on discharge and element leaching were studied. A
number of sub-catchments, joining in a sedge fen, formed a joint outflow from the fen to one stream inflow
to the lake being a drinking surface water supply. Water quality had deteriorated over several years. The
only activity inside the catchment was forestry with clear-felling, drainage and scarification. The conclusion
regarding the changed water quality was that forestry measures caused the effects. The importance of the
peatland mitigating capacities for water and element budgets, including about 20 elements, was determined
providing results on the fen function as buffer area.
In relation to a surface water supply lake in central Sweden investigations of a fen were carried out with
results for many elements showing mainly retention, especially for the eutrophication compounds nitrate
(34%) and phosphate (5%). However, organically bound elements, such as metals, had a tendency to be
released as well as organic carbon and hydrogen furnishing slightly acid water with high water colour. An
increase of the colour from 144 mgPt L-1 to 158 mgPt L-1 was observed. In the forest land use, considerations
on preserving riparian sites in the near stream zone for surface water formation are important and should
be considered in a careful way.
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Northern mires have an important role in the global carbon budget. In order to understand their feedbacks
to current climate change, it is necessary to know the functional diversity within the ecosystem and the
mechanisms governing mire carbon exchange dynamics. We compared CO2 exchange and its controls in
different plant communities in a northern aapa mire. The study was carried out in Kaamanen fen in northern
Finland (69º08’N, 27º17’E, 155 m a.s.l.). The mire is composed of wet flarks and dry, ca. 1m high strings,
which is a typical pattern for a northern aapa mire.
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Based on a systematic vegetation inventory and ordination analysis, we chose four plant community types
for the study: Ericales-Pleurozium string tops, Betula-Sphagnum string margins, Trichophorum tussock
flarks and Carex-Scorpidium wet flarks. During the growing season 2007, CO2 exchange measurements with
closed chambers were carried out weekly or biweekly. Based on the measurements, we created nonlinear
gross photosynthesis (PG) and ecosystem respiration (RECO) regression models using air temperature,
photosynthetic photon flux density, peat temperatures at different depths, water level and vascular plant
green area (VGA) as independent variables. Based on CO2 exchange responses to environmental factors,
we distinguished two functional components in the mire: an ombrotrophic component (Ericales-Pleurozium
string tops) and a minerotrophic component (other plant community types). We constructed separate PG
and RECO models for these ecosystem components. With the models we simulated PG, RECO and net
ecosystem exchange (NEE) half-hourly over the growing season using continuous environmental variable
data. To validate the models, we did a second set of measurements in the early summer 2008.
For the minerotrophic mire component, variation in VGA was the main control for PG while for the ombrotrophic component, temperature and possibly moisture factors were more important. RECO was controlled
by water level and VGA, but the responses differed between the ombrotrophic and minerotrophic mire
components. Trichophorum tussock flarks were the most efficient CO2 sink: their PG was efficient due to
large VGA but RECO was low due to small aerobic peat volume (Table 1). In the drier Ericales-Pleurozium
and Betula-Sphagnum types, PG and RECO were both large while in the wet Carex-Scorpidium type they
were both low. The study demonstrates that the fen/bog functional dichotomy can exist also within one mire
and that wet minerotrophic communities can act as effective carbon sinks within northern mires.
Table 1. Comparison of the four plant communities. Water level range relative to moss surface, average VGA on July 21
(growing season peak), growing season NEE, and within-type variation in NEE (SE).
Plant community type
Ericales-Pleurozium
Betula-Sphagnum
Trichophorum
Carex-Scorpidium

Water level, cm
-86 – -45
-26 – 0
-9 – 3
0 – 18

VGA, m2m-2
1.26
0.68
0.58
0.22
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NEE, g CO2 m-2
-41.6
52.7
154.4
84.4

SE (NEE), n=4
39.7
27.5
17.0
19.8
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This paper aims to estimate emissions of greenhouse gases (GHG) N2O, CH4, and CO2 in Estonian transitional
fens and ombrotrophic bogs according to their disturbance due to drainage. The analysis has been performed
mainly on the basis of the literature data from boreal regions of Fennoscandia and North America, which are
comparable to Estonian conditions considering biophysical factors, mire types and flora (Salm et al 2009).
The database of the ISI Web of Science was searched using the following keywords: peatland, wetland,
greenhouse gases, N2O, CH4, CO2, budget of greenhouse gases, sequestering of carbon in peatlands/wetlands.
The following cartographic sources were used to estimate the total area of transitional fens and raised bogs:
(1) Digital land cover database created by the CORINE Land Cover project covering the whole of Estonia
(1997), scale 1:100,000. The following land cover types were considered: (a) Open fens and transitional fens,
(b) Raised bogs, (c) Transitional woodland/scrub on mire (Paal 1997); (2) Landscape maps, scale 1:100,000;
(3) Map layer for drained areas, scale 1:100,000 (Estonian Agricultural Registers and Information Board
and the Estonian Environmental Information Centre 2007). The database includes 59, 165, 89 calculated
fluxes of N2O, CH4, and CO2, respectively. Most of the data used had a non-normal distribution pattern.
Also, we used preliminary data of our field investigations (closed chamber method, gas-chromatograph
analysis (Hutchinson & Livingston 1993), 3 sites in each area, 5 replicates per site, since June 2008) from 6
field study sites of undisturbed and altered mire types in Kuresoo, Valgeraba (both Soomaa National Park),
Sangla, and peat mining areas of Ida-Virumaa (Puhatu, Kasesoo, and Hiiesoo).
The annual emission of CO2, CH4 and N2O in Estonia is estimated to be 779,740 t CO2 eq, of which CO2
makes up 403,390 CO2 eq (403,390 t CO2 yr1), CH4 359,692 CO2 eq (17,128 t CH4 yr1) and N2O 16,659
CO2 eq (56 t N2O yr1). The annual efflux from the drained area is 647,796 CO2 eq, and 131,944 t CO2 eq
from the undrained area.
Comparing GHG emissions (CO2 eq) from the areas under drainage (15% of the total area) with undisturbed
areas (85%), the former contribute 83% of total emissions, whereas the reduction of CH 4 efflux due to
drainage does not compensate the increase in CO2 emissions. Due to drainage, Estonian fens, transitional
fens and ombrotrophic bogs have turned from sinks to sources of GHG. Theoretically, without drainage the
natural mires would be potential to bind 253,565 t CO2 annually and release 19,293 t CH4. Thus, the GWP
of CO2, CH4 and N2O from these mires would be 5 times lower.
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The large amount of carbon in northern peatlands has induced an intensive research to evaluate the possible
changes in this C storage associated with global warming and various land-use activities. The northern
peatlands store not only carbon but also huge amount of nitrogen in their organic matter. Therefore, changes
in nitrogen turnover processes in peat soils have atmospheric importance. In fact, organic soils are the most
potential ones to produce and emit nitrous oxide (N2O), an effective greenhouse gas. Here an overview is
given of the biogeochemistry of nitrogen/N2O in northern peatlands and how anthropogenic activities and
global warming would affect the N2O dynamics in these ecosystems.
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In general, N2O emissions from natural peatlands are low. A key reason for this is that the high water content
in peat limits oxygen diffusion into the soil resulting in low nitrogen mineralization and nitrification rates.
Also, low availability of nitrate in peat highly limits denitrification, the most potential microbial process for
N2O production. Therefore, it is more important to predict changes in hydrology than the direct temperature
effects on biological processes when considering the possible changes in N2O fluxes in boreal peatlands
with global warming.
Use of peatlands, e.g. for forestry and agriculture, generally, requires lowering of water table. This and soil
preparation measures can highly induce the N2O production and emissions. In addition to oxygen availability,
peat characteristics regulate microbial processes behind N2O production and release. Carbon to nitrogen
ratio, particularly, has been shown to be important in peat soils. In the soils of the boreal region, the N2O
production is high even at soil temperatures below 0 oC. Therefore, cold seasons contribute significantly to
the annual N2O emissions from these soils.
An important issue in the land-use and climate policy is how to mitigate the high N2O emissions from
managed boreal peat soils. Unfortunately, the mitigation of N2O emissions from managed peat soils has
been proven to be difficult. For example, N2O emissions from organic agricultural soils can remain high for
decades after afforestation.
Arctic peatlands are not under such an intensive management activities compared to the boreal peatlands
and N2O emissions from the Arctic peatlands are believed to be low. However, a recent study shows that
the nitrogen dynamics in the Arctic peatlands differs from that in the boreal peatlands. In the Arctic the
permafrost related physical processes can highly change the chemical and biological characteristics of peat
soils resulting in extremely high N2O emissions. Therefore, the warming as such would thus have greater
effects on the N2O emissions from Arctic peatlands than in the boreal region.
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Under changing climate there is an acute demand for knowledge on the stability of carbon accumulation rate
in mires. In this study, we determined accumulation profiles and accumulation rates of organic matter, carbon
(C) and nitrogen (N) along a mire chronosequence to evaluate the predictability of accumulation pattern
based on time since mire initiation. The sampling was based on a ca.8-km long chronosequence of mire
ecosystems located in Siikajoki, on the land-uplift coast of Finland (Merilä et al. 2006). The chronosequence
consisted of five peatland sites (core sites 1–5) with approximate terrestrial ages of 180, 210, 700, 1070 and
2500 years, respectively. To complement the sampling, three additional hydrologically independent mire
sites in each mire age class (classes 1–5) were selected from a distance <1000 m of the core sites, resulting
in a sample of 20 mires. A transect of 6–10 sample plots was established in each site to cover the moisture
variation characteristic to each site. A peat or peat/soil profile from each sample plot within each site was
sampled, cut into 10 cm slices, and determined for bulk density, loss on ignition and C and N concentration
by means of LECO CHN analyzer. The terrestrial ages of the mires belonging to the age classes 1–3 were
estimated by the quotient of the land elevation above sea level and land-uplift rate (Ekman 2001). The bottom
ages of the peat layers in age classes 4 and 5 were 14C dated.
We present the accumulation rates for organic matter, C, and N along the chronosequence and evaluate their
predictability based on the linear regression models between the estimated site age and the accumulated
amounts of organic matter, C, and N and on the accumulation profiles of organic matter, C and N within each
site. Preliminary results show fairly large variation in accumulation rates especially in the mid-successional
fen sites (age classes 3 and 4), indicating that accumulation rate of carbon is not constant along the chronosequence and may be influenced by factors such as nutrient availability and climate.
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The Mer Bleue peatland is a large (28 km2) mire located 10 km east of Ottawa, Ontario Canada and comprises
an ombrotrophic bog with hummock-lawn microtopography and sections of poor fen and beaver ponds
at the margin. It has been the site of detailed biogeochemical and ecological studies, which have focused
primarily on the C budget of the peatland (e.g. Roulet et al. 2007). In this paper, we present information on
the concentration and mass of N in the ecosystem, the rates of N mineralization and denitrification and the
δ15N signature of the vegetation and the peat profile, as an indication of the processes of N cycling.
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With the exception of some herbs and deciduous shrubs and trees, foliar N concentrations are small (0.8
to 1.2%) and show only minor seasonal variations, apart from the deciduous component, which shows a
progressive seasonal decline. N mass in photosynthetically active tissues varies in response to plant species
and microtopography, though the variation is not as large as the aboveground biomass. Estimated annual
average N uptake by aboveground net primary productivity is ~ 3 g N m-2 a-1. N concentrations in peat
profiles range from 0.7 to 2.0 %, generally increasing with depth to reach C:N ratios of about 30:1 at the
base of the peat profile. Long-term rates of N accumulation are 0.5 to 0.8 g N m-2 a-1 and short-term rates
(derived from 210Pb dating over last 50 to 150 years) are 1.6 to 2.6 g N m-2 a-1.
Pore-water N concentrations range from1.8 to 8.0 mg L-1 with dissolved organic nitrogen (DON) dominating
(14 to 82 % of the total N) over ammonium (17 to 85 %) and nitrate (2 to 9 %), the smaller percentages of
DON occurring in the lower parts of the peat profile. Ion exchange resins confirm the paucity of available
inorganic N in the system. In the bog section, nitrification rates ranged from -8 to +25 ng N g-1 peat d-1 while
net mineralization rates ranged from -26 to 640 ng N g-1 peat d-1. These rates were affected by a long-term
NPK fertilization experiment.
δ15N ranges from -6 to -10 ‰ in foliar shrub and tree samples to -2 to -3 ‰ in sedges, to 4 to -6 ‰ in mosses
and -1 to +1 ‰ in Smilacina and Typha. There is a strong negative correlation between foliar N concentration
and δ15N, suggesting mycorhizzal fractionation of 15N. Within the peat profile, δ15N values range from -1
to -5 ‰ in the top 10 cm (reflecting the signature of the input litter), to 0 to +2 ‰ at a depth of 30 to40 cm
and then remain close to 0 ‰ to the base of the profile.
A contemporary annual budget of N for the peatland suggests an import of ~ 1 g N m-2 a-1 from atmospheric
deposition and an unknown contribution from N2 fixation. Export comprises N2O emission to the atmosphere,
which is very small, probably < 0.01 g N m-2 a-1, and aquatic export, tied mainly to dissolved organic matter,
as DON, of ~ 0.4 g N m-2 a-1.
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The Mer Bleue peatland is a large (28 km2) mire located 10 km east of Ottawa, Ontario Canada and comprises
an ombrotrophic bog with hummock-lawn microtopography and sections of poor fen and beaver ponds at
the margin. In this poster, we present information on CH4 fluxes from the peatland.
Average growing-season (May – September) fluxes of CH4 range from < 5 mg m-2 d-1 in ’dry’ sections to >
100 mg m-2 d-1 in sections that are ‘wet’, such as hollows, beaver ponds and a Typha marsh. These average
fluxes are closely related to the average position of the water table, explaining about half of the variation in
flux (Fig.1). The overall relationship is similar to that observed in many other peatland regions in Canada
and elsewhere (Fig. 2).
There is considerable variation in CH4 flux in the middle part of the relationship, where water table position
varies between -40 and -15 cm, which is the dominant frequency across the peatland. To better establish the
controls on this variability, we measured CH4 flux at approximately weekly intervals from April to November
for 5 years (2004 - 2008) at 12 collars representing the water table and vegetation variations typical of the
peatland. We show that over the sampling season peat temperature is the dominant control on CH4 flux, and
the difference among collars on a seasonal average is partially dependent on water table position. A third
important control on CH4 flux is vegetation, particularly the presence of Eriophorum vaginatum, which
elevates CH4 flux. There is also considerable inter-annual variation in fluxes, associated with varying peat
thermal and water table regimes, suggesting the need to measure CH4 flux from peatlands over several years
to capture the important controls.
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Nutrient addition, e.g. in the form of Atmospheric nitrogen (N) deposition, has the potential to alter the
structure and functioning of ecosystems. It is important to quantify the effect of these changes on ecosystem
carbon (C) sequestration in peatlands, which are globally important C storages. Many bogs are currently
fertilized by atmospheric N deposition; but also climatic changes leading to accelerated mineralization
may increase nutrient availability in otherwise nutrient poor bogs. Effects of nitrogen, phosphorous (P)
and potassium (K) addition on the bog ecosystem have been studied at the temperate Mer Bleue bog, ON,
Canada from the year 2000 to 2008. Three levels of N fertilization (from 1.6 to 6.4 g N m-2yr-1) are applied
with or without phosphorus and potassium (PK) in triplicate plots. After the first 5-6 years of experimental
fertilization, the results showed that high N deposition can change mixed Sphagnum moss and dwarf shrub
dominated communities to dense dwarf shrub communities without moss cover. One interesting result was
that those altered communities had lower net CO2 uptake (Bubier et al. 2006).
The fertilization experiment has been continuing for 8–9 years, with the addition of new treatments started
in the 2004. We conducted measurements during the summer 2008. Our aim was to follow changes in the
ecosystem and specifically to quantify the relationship between the plant community structure and ecosystem CO2 exchange. We measured light saturated net ecosystem CO2 exchange (NEE), and its components
ecosystem respiration and gross photosynthesis using clear and dark chambers (May-August). Vegetation
characteristics were quantified by measuring foliage cover (leaf area index, LAI), amount of woody and
foliar biomass, and abundance of moss species (point interception technique), moss growth (cranked wires)
and green area of vascular leaves and moss.
The new treatments confirmed the earlier findings that moss cover, particularly Sphagnum species, start
to decline even with the lowest N dose. Fertilization enhanced the growth of dwarf shrubs, measured as
increased leaf area index, canopy height, and biomass. Woody to foliar biomass ratio increased under high N
load. Exchange of CO2 showed responses to accumulating N load (fertilization years times the annual dose).
Ecosystem respiration increased with increasing N load. Also ecosystem gross photosynthesis increased
with increasing N input, but the rate of change decreased with higher N accumulation. As a consequence,
net ecosystem CO2 uptake peaked at moderate N load to the system. We will examine the dependencies
between the vegetation and net ecosystem CO2 exchange, as well as component processes of respiration and
photosynthesis, in order to understand the functioning of the changing environment.
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Studies of plant production in peatlands have focused primarily on aboveground components, despite the fact
that a significant portion of vascular plants are allocated belowground. We studied the relationships between
belowground vascular plant production, water table, and aboveground biomass in a bog in southern Ontario,
Canada to elucidate the possible controls on belowground production. We installed 80 in-growth bags for
17 months (June 2006 to November 2007) at Mer Bleue bog to a depth of 40 cm below the surface. During
that time we monitored water table levels at wells at each core location and estimated aboveground biomass
using a point-intersect method. Following the removal, bags were divided into 10 cm increments, and all
roots were hand sorted from each depth increment. We used linear regression analysis to evaluate the role of
water table depth and aboveground biomass in explaining the high variability in belowground production at
the site. Mean fine root production over the 17 month period was 109.14 ± 71.36 g/m2 with a coefficient of
variation of 65%. Water table depth explained 65% of the variation in belowground production (df = 77, p <
0.001). Analysis of the relationships between aboveground biomass and belowground production indicated
that leaf biomass was a better predictor of belowground production (r2 = 64%, df = 75, p < 0.001) than total
aboveground biomass (r2 = 0.27, df = 77, p < 0.001). Our results indicate that the variation in water table
across the hummock and hollow microtopography at the site is the main driver of belowground production.
Additionally, the strong relationship between leaf biomass and root production provides an important link
between photosynthetic processes aboveground and nutrient and water absorption belowground and may
be a time-saving and useful means of estimating the relative rates of belowground production across space
and time.
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Peat is one of the most important reservoirs for carbon storage in the Northern Hemisphere. Peat bogs
may become carbon sinks for atmospheric carbon dioxide as well as a carbon source to the atmosphere,
depending on climatic conditions. Raised peat bogs are very sensitive to the climatic changes and therefore
may be valuable archives of climatic changes of the past. Unfortunately it is not easy to find undisturbed or
even weakly exploited raised bogs in Central Europe. Recently, investigations of the isotopic composition
of organic matter in peat have become more and more popular. However, the mechanisms which control
isotopic composition of carbon in Sphagnum-peat are not yet well understood.
We present an attempt to find which climatic factors and natural processes control the isotopic composition of
carbon in deposited Sphagnum. Two Baltic type bogs from northern Poland and additionally one ombrotrophic
bog from Belgium were investigated. Two 1-m long cores were collected form Stazki bog (Poland), one from
Slowinskie Blota bog (Poland) and one from Misten bog (Belgium). A Wardenaar corer was used to collect
the peat profiles. Each core was sliced into 1-cm slices. Sphagnum stems were selected from each slice (if
found). The isotopic composition of carbon was determined in the total organic matter of Sphagnum stems
using an elemental analyser coupled to an isotopic ratio mass spectrometer. Polish cores were dated using
14C/210Pb. Age-depth models were generated for dated peat profiles, which span more than one thousand
years. An inter-comparison of the resulting dated datasets was undertaken in addition to comparisons with
existing palaeoclimate data.
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In order to understand the mechanisms of carbon mobilization and biodegradation during permafrost thawing
and to establish the link between the organic carbon (OC) and other chemical and microbiological parameters
in forming thermokarstic lakes, we performed a comparative multidisciplinary study on the biogeochemistry
of OC and related elements in lakes that are being formed due to permafrost thawing in the northern part
of Western Siberia. About 10 lakes and small ponds of various sizes and ages were sampled for dissolved
and colloidal organic carbon and metals and total bacterial cell number. There is a clear chemical sequence
of ecosystem stages during evolution from peat thawing and “palza” degradation in small ponds to large,
km – size lakes subject to drainage and, finally, the “khasyrey” formation. At the beginning of permafrost
thawing at the scale of several meter size ponds (stage 0 to 1), fast lixiviation of unaltered peat yields
significant amount of OC, major and trace elements; the pH of these waters is acidic (3.5 to 4.0). At the
intermediate stage of lake formation (2 to 4), consisting of fast growing ponds of 10 to 50 m in diameter, the
lake water still preserves low pH, high DOC and trace element content. At the 5th stage of lake stabilization
(500 to 2000 m in diameter), there is very weak primary production in the water column (< 0.01 mg C/L/day)
but the bacterial mineralization intensity remains high, up to 0.3 mg C/L/day. At the 6th (final) stage, the
remaining part of the lake located in the centre of the “khasyrei” exhibits the highest pH (5.5-6.0), presence
of green algae and plants, very low conductivity (4–9 µS) and the lowest OC concentrations (Figure). In the
chronosequence of lake formation, there is a clear decrease of the relative proportion of < 1 kDa organic
carbon due to preferential use of small-size organic molecules by the bacterioplankton in growing lakes.
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Figure. Organic carbon speciation in the thermokarst lakes at different stages of their development

The main conclusion drawn from this work is that there is a systematic decrease of both total (< 0.22 µm)
and truly (< 1 kDa) dissolved organic carbon concentration in the sequence of thermokarst development.
This evolution can be explained by the use of allochtonous organic matter and dissolved nutrients originated
from the peat lixivation by microbial community until the steady-state concentration of bacterioplankton
and DOC are established.
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Earth System Models (ESM) combine the knowledge about the atmosphere, the ocean, the cryosphere and
the biosphere, and describe how the physical and biogeochemical processes in these components interact
within the Earth system. ESMs are needed to understand past and future climate variations. The biosphere
component in the ESM of the Max Planck Institute (MPI) of Hamburg does not currently include methane
(CH4) emissions from wetlands that, however, are the largest natural source of CH4 in the atmosphere. The
goal of our project is to incorporate wetlands into the MPI-Hamburg ESM. The present work concentrates
specifically on constructing the model of CH4 production and emission.
Our model is based on the CH4 emission model of Wania (2007). CH4 production occurs by anaerobic
decomposition of organic matter. The production rate is determined by water table depth and the degree of
anoxia in each soil layer. The produced CH4 is transported into the atmosphere via aerenchymatous plants
(e.g. sedges), diffusion and ebullition. On the way up, aerobic methanotrophic bacteria remove a fraction
of the CH4 by oxidizing it into carbon dioxide. The oxidized fraction depends on the amount of available
oxygen. Oxygen is transported into the soil by diffusion and via the aerenchymatous plants.
The first prototype of the model will be validated using data collected on a boreal oligotrophic fen, Siikaneva,
in southern Finland. Data sets of meteorological parameters, CH4 profiles in the peat, and CH4 fluxes measured
by the eddy covariance method above the peatland are used for the validation. We will, for instance, test
two different bubble formation models against the data. One (used in Wania 2007) is based on a threshold
concentration above which a bubble is assumed to form and the other model bases on the nucleation theory.
These models may produce different results because nucleation is controlled by pressure, i.e. mass of water
above each soil layer, while in Wania’s model the ebullition depends only on the CH4 concentration.
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Peatlands sequester significant amounts of carbon (C) globally and in the northern latitudes, streams provide
a loss pathway for C via lateral transport downstream and degassing to the atmosphere. Recent studies have
suggested that C loss via streams can make a significant contribution to the C budget of both peatland and
upland areas dominated by organic soils (e.g. Dawson et al. 2001, Billett et al. 2004, Hope et al. 2004).
However, the influence of the forest management is not known.
Seasonal and inter-catchment variation in losses of both organic and inorganic carbon via downstream
transport and evasion were studied in 11 boreal first order catchments in eastern Finland dominated either
by peatlands or upland soils. Out of these catchments 4 represent undrained peatlands, 4 drained peatlands,
2 unmanaged upland, and 1 managed (clear-cutting, ploughing) upland. Total organic carbon (TOC) and
total inorganic carbon (TIC) concentrations of stream water were measured 7–11 times during year 2007
at the outlets of the catchments and the mean daily runoff was recorded by a V-notch weir and a water
level recorder. CO2 concentrations of the streams were calculated from measurements of TIC and pH with
correction for water temperature.
Stream water TOC and TIC concentrations were highest in the undrained peatland dominated catchments, but
the total range of concentrations between streams was much higher for TOC than for TIC. Annual downstream
export of TIC was quite consistent between the catchments, but the export of TOC was highest in peatland
dominated catchments. Consequently, highest lateral total carbon (TOC+TIC) exports were found from
peatland catchments. TC exports were of the same magnitude from both drained and undrained peatlands,
because in export calculations lower concentrations of TOC in drained peatlands were compensated by
higher discharge rate. Partial pressure of CO2 in streams was the highest in undrained peatland dominated
catchments, whereas the estimated total annual evasion of CO2 was also high in the drained peatlands
presumably due to higher discharge rate and long drainage network. The estimated total annual evasion of
CO2 varied widely depending on calculation method, but was mainly larger than the lateral TIC export at
the catchments. In mineral soil dominated catchments both downstream export of total carbon and evasion
of CO2 into the atmosphere were low.
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Identifying the major regulatory dynamics of gaseous nitrogen fluxes from nutrient poor peatlands is crucial to
assess the respective response to eutrophication. Respiratory denitrification is the main transformation process
involved with gaseous nitrogen exchanges from natural peatlands, for which nitrate is the primary electron acceptor.
Bio-availability of nitrate in soils is constrained by physico-chemical soil conditions and biotic interactions.
The variance of nitrate limitation on gaseous nitrogen exchanges was studied in accordance to covariant soil
anaerobiosis and resource competition1 by comparing the responses of nitrous oxide (N2O) and dinitrogen (N2)
fluxes to nitrate addition between distinct contrasts in plant growth at a pristine, hummocky peatland.

6

Two quantification techniques were applied parallel to soil core incubations in order to determine N2O and N2
fluxes. On the one hand a gas-flow core system was used for direct quantification of net N2O and N2 fluxes.
Highly sensitive measurement of N2 fluxes was enabled by reducing the N2 concentration of the soil atmosphere
to approx. 20 ppm before incubation. On the other hand a 15N-N2O dilution technique was applied to quantify
the gross N2O production and consumption of atmospheric N2O to N2 in peat soil. The headspace N2O pool was
increased with 0.03 ppm N2O rendering an enrichment of ± 9.8 atom% 15N-N2O. Triplicate soil core samples
were taken from two contrasting soil habitat in a hummocky, Carex dominated fen located in NE Poland (53°
07’N; 23°10’E). The hummocks had a gravimetric soil water content of 76.6 ± 2.2% and high root abundance,
dissimilar to 83.4 ± 1.0% and absence of roots in the hollows. Singular nitrate addition, comparable to the
atmospheric NOY-deposition, was applied two days in advance of flux measurement.
Actual net gaseous nitrogen fluxes and responses to nitrate addition were apparently different for both soil
habitat (Table I). Hummock soil cores showed to be net sources of N2O, while hollow soil cores were markedly
net N2O sinks. Net N2 fluxes measured consistently higher from the hollows than the hummocks. Nitrate
addition to the hummock habitat resulted in a small, non-significant increase of the net N2O flux, while the
hollow soil cores showed a drastic shift towards a net N2O source upon nitrate addition. At higher nitrate
availability both N2:N2O ratios and net N2O fluxes clearly demonstrated that relatively more bio-available
nitrogen is converted to N2O by respiratory denitrification. Results of the stable isotope technique will confirm
whether the consumption rate of atmospheric N2O to N2 agrees with the latter observation.
Higher root abundance associated with lower soil anaerobiosis and higher resource competition causes net
N2O fluxes to be positive, but mitigates the effect of nitrate addition. Lower root abundance associated with the
higher soil anaerobiosis, causes natural peat soil to be net N2O sinks, but lower resource competition attributes
to higher eutrophication susceptibility. Inverse covariance of soil anaerobiosis and resource competition as a
result of variance in plant growth indicated to be a major regulatory dynamic of gaseous nitrogen exchanges
from natural peatland, by which the susceptibility to nitrate eutrophication is determined.
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Table I. Gaseous nitrogen fluxes per soil habitat and nitrate addition (øN =
no addition, 0.1N = +0.1mg NO3--N).Characters indicate the significance of
difference between nitrate additions of one soil habitat (n=3)
Hummock
Net N2O flux
(µg-N m-2 h-1)
Net N2 flux
(µg-N m-2 h-1)
N2 : N2O ratio

Hollow

øN

0.1N

øN

0.1N

2.08 ± 0.32a

2.16 ± 0.31a

-3.04 ± 0.12a

16.27 ± 2.87 b

1065.3 ± 139.2a

1249.2 ± 116.0a

2622.3 ± 106.3a

2689.7 ± 125.7a

547.9 ± 50.8a

457.6 ± 16.5b

NA

159.1 ± 37.2
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Organic-rich peatland soils receiving mineralized groundwaters or atmospheric deposition are known to
be important sinks of arsenic in the environment. In minerotrophic peat systems iron plays a major role in
arsenic immobilisation (Blodau et al., 2008). In ombrotrophic peatlands iron is less abundant and fluctuations
in water table may promote the release of previously deposited arsenic to fluvial systems (Rothwell et al.,
in press). The aim of this study was to investigate arsenic distributions across the Peak District National
Park, Southern Pennines, UK, using the catchment characteristics approach. This area contains expanses
of ombrotrophic peatlands that have been subjected to high levels of historical atmospheric contamination.
Data from the national geochemical survey of the British Geological Survey (BGS) was used in this study.
Stream water arsenic concentrations at eighty sites in the National Park were made available by the BGS.
Arsenic concentrations across the region were highly variable, with values ranging from <0.2 to 2.41 μg l–1.
Within a Geographical Information Systems (GIS) framework, the catchment for each stream sampling point
was described by morphological characteristics (area, slope and landscape position), land cover (wetland,
heathland, grassland and arable) and hydrological properties (stream density, topographic wetness index
and the hydrology of soil types). Empirical relationships between stream water arsenic concentrations
and catchment characteristics were examined. Stepwise multiple linear regression revealed that arsenic
concentrations were linked to combined wetland heathland cover, average slope and local relief. Arsenic
concentrations in waters draining catchments dominated by peat soils were greater than those catchments
dominated by mineral soils. The study also revealed that local topography exerts a control on stream water
arsenic concentrations. In catchments with limited drainage or gully erosion, arsenic concentrations were
low. In catchments with marked differences in local topography, arsenic concentrations were highly variable,
suggesting that there are multiple controls on stream water arsenic concentrations. The results of the study
suggest that peat soils are a source of arsenic in the drainage waters of the southern Pennines. Further work
is needed to investigate arsenic dynamics in ombrotrophic peatlands, especially the role of geomorphology
on arsenic retention and release mechanisms.
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The carbon cycle from different upland management strategies has been of great importance with recent
focus on whether these management schemes alter or indeed improve the carbon balance of peatlands. Fire
is one of the most extensive management tools on upland peat soils in the UK with game keepers burning
on a non-regulated burning rotation depending upon local knowledge and experience to produce different
age heather stands with the aim of benefiting grouse production. Burning has been also used as a tool to
reduce the risk of wildfire by reducing fuel load and creating firebreaks. Here we present a two year study on;
carbon budgets, both gaseous and dissolved, and soil pore water chemistry from different fire management
schemes including wildfire, managed burn, and a managed burn substitution option. The Goyt Valley in
South Pennines (UK), has historically been managed by burning but no burning had been allowed for 5 years.
Within this area permission was granted to conduct experimental burns and compare fresh burns with old
burns; unburnt controls and an area of wildfire. As alternative to burning the experiment also considered the
cutting of heather both with and without the lifting of the cut brash. On each experimental plot the study
measured: gaseous carbon exchange, soil pore water and runoff chemistry; and water table depth.
Results show all the sites to be gaseous carbon sources, with the largest carbon sources being from the oldest
heather stands whilst the smallest carbon source is from the wildfire site being a gaseous source of 63.4 Mg
C km-2 yr-1. The carbon losses from different heather stand ages show that there is a transitionary period
between heather ages, i.e. the older the stand the greater the gaseous carbon released. Water table depths
also show a similar pattern to the gaseous carbon fluxes with the sites with the deepest water table depths
have the greatest carbon fluxes. After a managed burn water table depths become closer to the surface. The
same is true of an alternative to managed burn which is heather cutting with the water table depths being
comparable to the recent managed burn, and being much shallower than the degenerate heather site used
as a control site. When DOC values are studied from the different sites a similar pattern is established with
water table depth and gaseous CO2 fluxes with the sites with the deepest water table depths and greatest
gaseous fluxes have the greatest amount of DOC released.
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This study considers whether a peatlands can be restored to a net carbon sink or is restoration simply avoiding
a loss of carbon? Further, what is the effectiveness of different restoration techniques?
Bleaklow in the Peak District (UK) has suffered severe and widespread pollution and wildfire events that
in April 2003 resulted in a wildfire completly removing all vegetation from Km2’s of land on the summit
exposing peat to erosion and degradation. Five different restoration techniques have been applied to different
areas of bare peat in an effort to re-establish vegetation to stop the physical losses of peat surface via fluvial
processes and reduce gaseous CO2 fluxes. The first restoration technique is a natural re-vegetation study on
bare peat. Results show that the gaseous carbon losses from a bare peat site are minimal with a carbon budget
of 84.4 Mg C km-2yr-1, but there has been little natural vegetation regrowth with the percentage of bare
peat measured still at 100% even after almost five years. The second restoration technique considered was
seeding and liming. Liming raises the pH such that a nurse crop of lawn grass could establish a vegetation
cover with subsequent promotion of natural regrowth of native species. The third restoration technique was
seeding, liming and heather brash application. Heather brash acts as a mulch to preserve soil moisture and
provide a seed bank of native species. The fourth approach was seeding, liming and geojute application
where a hemp netting was rolled across the surface of the peat and fixed with biodegradable plastic pins.
The hemp netting physically stabilised the slope and helped to maintain soil moisture. The fifth method is
a grip blocking approach where a series of small dams were installed along a gully floor which retarded
water flow and reduced particulate soil matter loss. Carbon budgets for the five sites were; bare peat 84.4
Mg C km-2yr-1; seeding/liming 83.6 Mg C km-2yr-1; seeding/liming and heather brash 90.6 Mg C km-2 yr-1;
geojute netting 59.7 Mg C km-2yr-1 and gully blocking (results due for completion November 2008). For
all sites a net gaseous carbon losses was observed which was compounded further by fluvial carbon losses.
Soil pore water concentrations of DOC range from 0 to 293 mg C/l where the blocked grip site is losing
the most DOC, on average 84 mg C/l, whilst the geojute site is loosing the least, on average 44.6 mg C/l.
When all these sites are compared to a control site it can clearly be seen that restoration is only reducing
the amount of carbon lost and as yet has had little success in re-creating a carbon sink. Using a predictive
model it can be seen that the biggest effect on reducing gaseous carbon fluxes can be gained by reducing
the depth to the water table.
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Forest management in peatlands may result in an increased liberation of inorganic nitrogen (N). In order to
prevent further leaching, buffer zones with sedimentation pools have been established. The wetland below
receives the waters overflowing from the pool. The load of inorganic N and raised water table may both affect
the vegetation and activity of microorganisms, and thereby immobilization of N or the release of gaseous N
(N2) and nitrous oxide (N2O) by nitrification or denitrification.
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Our site is a spruce swamp buffer constructed in 1997 below a peatland forest with loggings and soil
preparation. In winter, N2O fluxes were determined on the site using a snow gradient method and in summer
using a static chamber. For denitrification potentials, peat profiles were cored during flooding in autumn and
spring. Emissions of N2O were measured in a laboratory by incubating the KNO3 fertilized peat sections
in N2 atmosphere, conditions suitable for denitrification. Samples from the headspace were taken until the
cessation of N2O production. Also surface peat samples were taken for a fertilization experiment. The peat
samples kept in open air were fertilized with 1.25, 2.5, 5.0, 10.0, 65.0 and 130.0 kg NH4NO3-N ha-1 apart
from the controls. The N2O emission was followed in 20°C in growth cabin conditions using static chamber
until N2O production returned to the level preceding the fertilization.
In the field measurements, N2O emissions within the wetland were higher in the vicinity of surface water
flows compared with those from less irrigated parts, but the flux rates did not correlate well with the distance
from the water inlet. However, in laboratory there were clear differences. The N2O production potentials were
higher in samples taken near the water inlet than in more distant ones, and appeared highest at peat depths
corresponding to the coring-time water table. Apart from the water table depth, the potentials were higher
in samples originating from near peat surface layers than in those from deeper peat horizons.
The soil denitrification potential of the spruce swamp buffer was high. Furthermore, the high potential
response of the peat profiles to produce N2O after ammonium nitrate fertilization in laboratory suggests
that similar high emissions could be expected also in the field if free NO3- enters the buffer. Because very
low N2O flux rates were measured even near the principal water pathways, we can deduce that during the
study period the buffer soil was only loaded with a very low amount of mineral nitrogen. There are several
explanations to that. During growing period, mosses and vegetation can bind the free nitrate. It is also possible
that nitrogen bypasses the buffer soil in surface water channels, or nitrification and denitrification already
takes place in the upper parts of the catchment so that the potential load of inorganic N to the watercourses
becomes very low. The latter is supported by the observed low concentrations of total nitrogen inflow and
outflow, typical for humic waters. Buffers on organic soils may often have more importance in preventing
the flows of solids than those of nitrogen or other nutrients.
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Less than 20% of the original mire area of southern Finland is still in natural state. Even many peatlands in
today’s nature conservation areas had been partly or totally drained before conservation. Until now, about
15 000 ha of peatlands have been restored in our nature reserves. Here we present data concerning changes
in leaching due to restoration in two contrasting areas in southern Finland.
The peatlands in Seitseminen have originally been fairly open, growing stunted pine, and unfertile, either
bogs or poor fens. The responses of tree stand to drainage in the 1960s were moderate, and the tree stand
before restoration was about 50 m3/ha, on average. The trees were partly harvested before filling in the
ditches mainly in the years 1997–1999 .
The peatlands of Nuuksio are much more fertile than those in Seitseminen, and had greatly responded to
drainage, which took place already in the 1930s and 1950s. The tree stand consisted mainly of spruce and
exceeded 300 m3/ha in large part of the area. The ditches were dammed in the autumn 2001 and the tree
stand was left standing.
Runoff water quality was monitored in three basins in both areas. To obtain the leaching rates, we used areal
simulated runoff data obtained from the Finnish Environment Institute, Hydrological Services Division. The
responses in leaching were in the same direction in both cases. However, especially when calculated per
restored hectare (Table 1), the responses were much stronger in the more fertile areas of Nuuksio for organic
carbon and nitrogen, but not so much with phosphorus. The reasons for the greater responses in Nuuksio
are partly hydrological. The mires of Nuuksio were originally minerogenic, catchment fed mires, and by
restoration the peat layers regained their contact with the waters from the catchment. This was not the case
with the bogs of Seitseminen and of less importance in the poor fens with a small catchment. Also biological
reasons exist. The peat layers have changed much more in the fertile peatlands of Nuuksio. Moreover, the
living biomass is much larger in Nuuksio, and due to restoration this biomass is inundated and consequently
exposed to anaerobia. This has caused death of the forest species, release of bound nutrients, and, only
gradually, colonization by mires species leading to renewed bounding of nutrients.
Restoration of drained peatlands is a positive action, but harmful water impacts should be avoided. This
urges for hydrological knowledge in the planning and accomplishing phases.
Table 1. Annual long term unrestored leaching rates of organic carbon, nitrogen and phosphorus in the study sites, and
increase in leaching as a sum of 6 post-restoration years, calculated per restored mire area.
Site

Unrestored
leaching

Increase in
leaching

Unrestored
leaching

Increase in
leaching

Unrestored
leaching

Increase in
leaching

g C m-2 a-1

g C m-2 6a-1

g N m-2 a-1

g N m-2 6a-1

g P m-2 a-1

g P m-2 6a-1

Seitseminen

10.5

58

0.19

1.18

0.009

0.21

Nuuksio

5.3

107

0.13

2.54

0.004

0.18
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The role of natural pipes in carbon transfer in northern
peatlands
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Natural pipes are tunnels or conduits for water within soils and are often greater than 10 cm in diameter.
Such natural pipes have been reported in most types of northern peatlands and have been observed to play
an important role in water transfers within peat systems. However, until now no-one has studied carbon
exports from natural pipe waters in deep peats. Pipes form complex undulating networks within the peat
profile and may, under differing flow conditions, combine both water and carbon from various depths within
the peat. Research has shown that environmental change in peatlands can lead to increased pipe formation
(Holden et al., 2005). Pipes may therefore release greater amounts of carbon from deep within the peat to
the aquatic and atmospheric systems in response to climate change.

6

We studied a blanket peatland in northern England where dissolved, gaseous and particulate carbon fluxes
were monitored. The mean annual dissolved organic carbon (DOC) flux from the site is 218 kg ha-1 yr-1
(1993–2002, Clark et al. 2005). Of the 88 pipes found in this catchment, 8 representative pipes and the
catchment outlet were monitored both routinely and during rainfall events. Pipe and stream waters were
analysed for DOC, particulate organic carbon (POC), pH, conductivity, CO2 and CH4 with analysis of base
cations and major anions on storm samples. Flow was also measured at these points. Deep and shallow pipes
respond rapidly to rainfall inputs demonstrating strong connectivity with the peat surface. However, pipes
also transported water from deeper layers of the peat. While many perennially flowing pipes respond quickly
to rainfall events, pH and cation data show (e.g. Table 1) they also appear to obtain waters from deep peat
layers and underlying mineral strata and thereby connect deep matrix and near-surface/overland flow. This
mix of different sources of water results in highly variable concentrations of DOC and dissolved CO2 and
CH4 within pipe water. Results to date show that 20 to 30% of the flow recorded at the catchment outlet can
be accounted for by pipe flow, 53% of DOC and 200% of the exported POC in the stream is produced by the
pipes (not all of the POC leaving the pipes makes its way to the stream, some of it is held in storage). Mean
values of DOC for individual pipes range from 23.1 to 43.8 mg L-1 and mean POC concentrations vary from
0.64 to 6.38 mg L-1. Episodic pulses of POC from pipe outlets are common during storm events suggesting
failures of pipe walls and flushing of debris from the internal system. Mean CH4 and CO2 concentrations
are shown in Table 1. Work that is underway to understand more about the sources of carbon being released
from pipe networks will be outlined. Dual isotopic analyses (C14 and delta13C) are to be used to further
elucidate the proportions of pipe and streamwater “old” and “new” carbon.
Table 1. Variation in carbon species, pH and calcium at Cottage Hill Sike from January to July 2008 based on bi-weekly
samples. P are pipe outlets and CHS is the catchment outlet. DOC, POC and Ca2+ are measured in mg L-1, CO2
measured as CO2-C (mg L-1) and CH4 measured as CH4-C (mg L-1)

Mean DOC
Mean POC
Mean CO2
Mean CH4
Mean pH
Mean Ca2+

CHS
28.2
0.96
2.63
0.025
3.87
0.43

P1
32.0
1.76
0.83
0.009
3.81
0.28

P3
30.0
3.44
1.94
0.005
3.78
0.37

P5
27.6
0.64
2.31
0.012
3.85
0.25

Site
P6
23.1
1.09
1.04
0.008
3.77
0.25

References

P9
25.1
4.03
1.22
0.014
3.83
0.23

P32
27.0
6.38
9.36
4.877
4.46
0.66

P35
43.8
3.77
3.34
0.389
3.90
0.30

P39
33.1
2.90
2.20
0.081
3.71
U

Clark, J.M., Chapman, P.J., Adamson, JK. & Lane, SN. 2005. Influence of drought-induced acidification on the mobility of dissolved
organic carbon in peat soils. Global Change Biology 11: 791–809.
Holden J. 2005. Controls of soil pipe frequency in upland blanket peat. Journal of Geophysical Research, 110, doi:
10.1029/2004JF000143.
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Size and spatial variability of subsurface peatland methane
stock
Maria Strack, J. Ben Hale, Trent Mierau
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mstrack@ucalgary.ca, benhale1@gmail.com, tamierau@ucalgary.ca

Many recent studies have revealed the importance of subsurface methane (CH4) stocks, particularly that
stored as entrapped gas bubbles, for influencing peatland hydrology, ecology and carbon biogeochemistry
(e.g. Strack et al., 2005; Rosenberry et al., 2006). However, there are still relatively few studies that have
quantified the size of both the dissolved and bubble subsurface CH4 pool and fewer still that have investigated
how the size of these pools vary across and between peatlands. As both CH4 production and entrapment
of gas bubbles may be related to vegetation type via its controls of substrate availability and peat physical
properties, it is expected that subsurface CH4 stocks will vary between peatland microforms (hummocks and
hollows) and peatland types as vegetation varies across these gradients. We collected depth profiles of pore
water and entrapped gas within the upper 1 m of peat at triplicate hummocks and hollows at four Canadian
peatlands. CH4 content of the resulting samples was determined. The four study sites included a treed
moderate-rich fen, two poor fens and an ombrotrophic bog. The degree of microtopographic development
also varied between the study sites.
6
Entrapped bubble CH4 was found at all peatlands and microforms and accounted for a large proportion
of the total subsurface CH4 stock. Subsurface CH4 stocks varied between peatlands being lowest at the
moderate-rich fen. CH4 stock also varied between microforms with consistently higher values at hummocks
compared to hollows. This is most likely linked to differences in peat structure between the microforms
with hummocks consisting of denser, often woody peat that appears to be more conducive to trapping
CH4-containing bubbles. It is also likely that aerenchymatic vegetation present at hollows enhances CH4
release and maintains lower CH4 stock at this microform. Because of the importance of entrapped bubbles for controlling peatland hydraulic conductivity, hydraulic and chemical gradients and CH4 efflux via
ebullition, the observed variability in subsurface CH4 stock may be important for controlling differences
in ecohydrological properties between microforms. Understanding its role is important for improving our
understanding of peatland ecohydrology and biogeochemistry. Future research is needed to better explain
the controls on bubble entrapment in peat soil and to determine the magnitude and variability of subsurface
peatland CH4 stocks in other regions.
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Peatlands are important to the global carbon cycle storing accounting for an estimated one third of the global
soil carbon stock and approximately 5% of global annual methane (CH4) emissions. Carbon is stored in
peatlands due to low rates of organic matter decomposition resulting from saturated soil conditions. However,
it has been predicted that future climate change will result in increasing summer drought in northern peatlands
resulting in water table drawdown. Water tables in northern peatlands are also increasingly being drawdown
due to land-use change and resource development. This hydrologic change has the potential to increase
decomposition rates and release stored soil carbon. Alternatively, increased soil aeration may enhance
vegetation growth potentially increasing peat accumulation. It is also likely that the response will vary across
ecohydrological gradients that naturally occur in many peatlands due to microtopography. To investigate
the effect of water table drawdown on peatland carbon cycling, peak growing season vegetation cover,
vascular plant aboveground biomass, and carbon dioxide (CO2) exchange were determined at an ombrotrophic
peatland with a natural water table position (N) in Quebec, Canada and compared it to neighboring sites
experiencing water table drawdown for 5 (D-5) or 15 years (D-15). At each site measurements were made
at triplicate hummocks and hollows to determine whether the response to water table drawdown varied
between microforms.
Water table was similar at D-5 and D-15 where it was significantly deeper than N. Hummocks had significantly deeper water tables than hollows across all sites; however, microforms responded differently to the
water table drawdown with very little change in water table position at hollows following drainage. Water
table drawdown increased total aboveground vascular biomass primarily due to an increase in woody tissue at
hummocks. Both ecosystem respiration (RTOT) and gross ecosystem photosynthesis (GEP) were significantly
higher at hummocks than hollows however drainage did not have a significant effect on net CO2 exchange.
This resulted because water table drawdown generally increased GEP at hollows but decreased GEP at
hummocks (Table 1). Overall, larger differences in vegetation community and CO2 cycling existed between
microforms than could be induced by experimental water table drawdown. While the driest hummocks stored
less CO2 following drainage, net CO2 uptake was enhanced at the wettest hollows resulting in little change
in average net CO2 uptake along the microtopographic gradient. These results are similar to those observed
at a nearby poor fen (e.g. Strack et al., 2006) despite ecohydrological differences between the peatlands.
Table 1. Average (standard deviation) aboveground biomass, maximum GEP, maximum NEE and RTOT*.
N
Biomass
Max GEP
Max NEE
RTOT

Hummock
190 (104)
-24.0 (2.0)
-8.3 (2.0)
15.7 (2.1)

D-5
Hollow
6.3 (5.0)
-9.0 (6.6)
-6.1 (6.6)
2.9 (2.4)

Hummock
406 (112)
-18.9 (4.2)
-4.4 (4.2)
14.5 (2.4)

D-15
Hollow
12.8 (4.2)
-7.7 (3.1)
-3.4 (3.1)
4.3 (1.6)

Hummock
413 (235)
-14.4 (1.2)
-2.6 (1.2)
11.8 (1.1)

Hollow
6.7 (3.0)
-11.0 (0.2)
-7.0 (0.2)
4.0 (0.9)

* maximum GEP and maximum NEE were measured when photon flux density was greater than 1000 µmol m-2 s-1. Units for
biomass and CO2 exchange are g C m-2 (assuming 50% of dry mass as carbon) and g CO2 m-2 d-1, respectively. Negative
values indicate an uptake of CO2 by the peatland.
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Vegetation composition, water and peat chemistry on
spring, poor and rich fens in Estonia
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The distribution and nature of fen types are closely related to hydrology and nutrient condition and water
sources. Species-rich fens are mainly found on the calcareous sub-surface in western islands and the western
coastal part of the mainland, while poor fens are more common in the eastern part of the country. Spring
fens are rather sparsely distributed over the country. The area of fens has decreased dramatically during the
last centuries due to land use (Table 1), and drainage and cessation of mowing and/or grazing have changed
vegetation on still existing fens.
Table. The area of fen types in Estonia in 1955 and in 1990
Fen type
Species-rich fens
Poor fens
Spring fens

Area in the 1930s–1950s,
ha

Area in the 1990s,
ha

80 500
152 000
1 500

5 000–8 000
16 000–17 000
250–500

The aim of our study was to find out differences in the relationships between the composition of vascular
and moss plant species and peat and water chemistry in open spring, rich and poor fens in Estonia. We
studied the species composition and coverage on 1 m × 1 m sample plots on 16 rich fen, 12 poor fen and 17
spring fen sites in July 2008. The height and coverage of tussocks and depth to water level were also found.
Mire water and peat samples were taken near the vegetation plots. Water pH and electrical conductivity
(EC) were measured, and N, P, Ca, Mg, Fe, Na and K contents of peat and water were analysed. We found
that electric conductivity of mire water was significantly lower in poor fens than in rich and spring fens,
320±170, 450±160 and 460±45 μS cm-1, respectively, but pH did not differ between the three fen types.
In the presentation we shall discuss how the differences in electric conductivity are related to the chemical
composition of the topmost peat layer and water and to the vascular and moss species composition of spring,
poor and rich fens.
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Peatlands are considered to be most well-preserved natural ecosystems in Sumava National Park (located
in the southwest part of the Czech Republic in the Sumava Mts.), though 70% of these peatlands have been
drained in the course of the intensification of forestry. Peat degradation and mineralization frequently cause
high nitrate losses and higher CO2 production due to the faster aerobic decomposition, while re-wetting may
lead to the elevated phosphorus concentration in the pore water and higher methane production. The state of
degradation and type of peatland are important factors affecting a success and rate of restoration, it is also
affected by topography, climate and hydrological dynamics. Therefore the samples of peat were taken from
pristine fen and from drained fen and bog in the Sumava Mts. The conditions of re-wetted or drained site
were simulated by anaerobic or aerobic incubation of homogenized peat samples under laboratory conditions
at the temperature 15°C for 135 days. Rates of CO2 and CH4 production were regularly measured during
whole incubation. Soluble organic carbon and nitrogen, soluble reactive phosphorus, nitrates, ammonium
and pH were measured at the start and at the end of incubation.
Rate of N mineralization and concentration of total soluble nitrogen (TSN) increased under aerobic conditions
as compared to anaerobic ones, whereas concentration of soluble organic carbon (SOC) decreased. Re-wetting
caused decrease of rate of N mineralization, concentration of TSN was 2 times lower and SOC decreased
significantly under anaerobic conditions as compared to aerobic ones. In contrast, concentration of soluble
reactive phosphorus (SRP) increased after rewetting. Rate of CO2 production had downward trend under both
aerobic and anaerobic conditions, but the rate of CO2 production was more than 2 times lower for anaerobic
incubation as compared with aerobic incubation. Rate of methane production was higher for the samples
of pristine fen (up to 4 μl CH4 g-1 h-1), than the rate of production measured for the samples of drained fen
and bog. Methane production was initiated after 65 days for the samples of drained fen (up to 0.7 μl CH4
g-1 h-1), and it was still negligible for the samples of drained bog after 135 days. pH value increased during
anaerobic incubation except the bog samples.
It was concluded that restored water regime (elevation of water table) of drained peatland may lead to increase
of SRP concentration in pore water and increase of rate of methane production. However, it should cause
decrease of N mineralization rate and rate of carbon dioxide production within a period of few months after
peatland restoration as compared to drained peatland.
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Phosphorus is efficiently retained in peatland buffer zones
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Our current knowledge of the P retention efficiency of peatland buffer zone areas used to reduce sediment
and nutrient leaching from forestry areas is insufficient. Especially the role of P sorption by soil in buffer
zones needs closer examination as there is considerable variation in the efficiency of P retention. Six sites in
southern Finland were chosen for the study. The buffer zone areas varied between 0.09–0.23 of the catchment
area for the three small buffer zones and between 1.1–4.9% for the three large ones (Table 1). A total of 10
kg of solute PO4–P was added to the inflow of the buffer zone areas during 5 consecutive days. Large 2 and
3 received the addition in two periods during two consecutive years. The concentrations of PO4–P in inflow
and outflow were measured for 2–4 years after the adding periods. P retention characteristics of the surface
peat were determined with sorption-desorption isotherms before and after PO4–P addition and the effective
buffer zone area over which the added P was spread was determined from soil water samples.
P retention in the two largest buffer zone areas was complete (100% retention, Table 1), and the third largest
buffer retained 94%. Retention in the three smallest buffer zones was 24%, 95% and 95% of the added P. As a
result of P addition reduction in peat P retention capacity was detected in three out of four cases. The effective
buffer zone area varied from 67% to 100% of the total buffer zone area. Factors contributing to efficient P
retention were large buffer size and low hydrological load whereas high hydrological load combined with
the formation of preferential flow paths, especially during early spring or late autumn was disadvantageous
(Table 1). The study showed that peatland buffer zones are efficient in retaining added P and even relatively
small buffer zone areas can significantly reduce P load.
Table 1. P retention in buffer zones (% of the added amount) and factors contributing to it: area, % of the catchment
area, hydrological load during the adding period, time of addition, and soil P retention capacity before/after P addition.
Figures for the two addition periods for Large 2 and 3 are separated with semicolon. - no data.
Buffer zone
Small 1
Small 2
Small 3
Large 1
Large 2
Large 3

P retention,
%
24
95
95
100
94
100

Surface area,
%
0.23
0.16
0.09
4.9
1.1
2.5

Hydrological load,
mm d-1
84–152
68–99
58–81
2
4; 60–96
3–12; 4–5

References

Time of addition,
month
V
VI
VII
VII
VI; IX
VI; VI

Soil P retention capacity
Moderate/decreasing
Moderate/decreasing
Moderate/decreasing
Good/unchanged
Good/-/-

Väänänen, R., Nieminen, M., Vuollekoski, M., Nousiainen, H., Sallantaus, T., Tuittila E.-S.& Ilvesniemi. H. 2008. Retention of
phosphorus in peatland buffer zones at six forested catchments in southern Finland. Silva Fennica 42(2), 211–231.
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moss through biomarker analyses and compound specific
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Symbiotic methane oxidising bacteria (methanotrophs) in peat moss (Sphagnum) probably play an important
role in the global carbon cycle, by reducing methane emissions from peat bogs and providing carbon dioxide
to Sphagnum (Raghoebarsing et al., 2005), see Fig. 1. The significance of this symbiosis on a global scale
is, however, yet unknown. Therefore, we collected different Sphagnum mosses from peatlands all over the
world, including Patagonia, Great Britain, Sweden and Siberia. They were tested for methane oxidation
activity and analysed for molecular methanotroph biomarkers. Additionally, we incubated selected mosses
with 99% 13C labelled methane to confirm the presence of methanotrophs.

6

Sphagnum mosses from all over the world showed methane oxidation activity, indicating the global occurrence
of the methanotroph-Sphagnum symbiosis. This was further substantiated by increasing incorporation of
methane-derived label into bacterial compounds (C32-ββ-homohopanol, liberated from tetrafunctionalised
hopanoids) over time. Plant-derived sterol showed also label incorporation, confirming that methane-derived
carbon dioxide provides an important carbon source for Sphagnum. Labelling experiments additionally
showed that mono-unsaturated fatty acids, hopenes and hopanols (hop-17(21)ene, 2-methylhop-17(21)ene
and C32-ββ-homohopanol) are the prevailing methanotroph lipids in Sphagnum. These compounds were
found in all the samples analysed and are potential biomarkers for methanotrophs in ancient peat bogs.
Overall, our results show that the symbiosis between methanotrophs and Sphagnum is an important worldwide
phenomenon, with a crucial role in the carbon cycle in peat bogs.

Fig. 1. Symbiotic methanotrophs oxidise CH4 to CO2, which is in
turn assimilated by Sphagnum, efficiently recycling carbon.
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Vegetation composition change affects the quality and
quantity of carbon inputs in peatlands following persistent
water-level drawdown: Implications for carbon pools and
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Peatlands are ecosystems that accumulate organic matter due to an imbalance between net primary production and decomposition, with decomposition being slower than the production. The carbon (C) storage of
a peatland is labile, and sensitive to variations in environmental conditions. Changes in peatland functions
may be mediated through e.g. land-use change, or climatic warming. In both cases, drawdown of the water
level is a key factor.
6
With respect to vegetation, a persistent change in the water level induces acclimation and adaptation, first
within the existing community as changes in root:shoot ratios and species abundances, followed by slower
but more drastic changes in vegetation composition when species better adapted to the new conditions gain
dominance. Changes in both species abundances and species composition may be critical turning points
for the C balance of a site. While pristine peatlands accumulate C mainly from plant litters of the ground
vegetation (Sphagnum mosses and sedges), in drained peatlands the drastically increasing tree litter inputs
may be more important.
The aim of this study was to examine how does the shift in vegetation composition following persistent
water-level drawdown affect the quality and quantity (Fig. 1) of C inputs in peatland sites with different
nutrient regimes. Including other components or mediators of the C cycle (decomposition rates, microbial
activity) we estimate the impact of the changes in litter inputs on the C balance of peatlands. Understanding
the factors that control the C fluxes in boreal peatland soils is essential for predicting their response to global
change.
500
Sphagnum
Other moss
Graminoid + herb
Leaf
Needle
Twig + branch
Cone
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Fig. 1. Litter inputs per different peatland sites and water-level regimes. OM = bog (ombrotrophic); OL = oligotrophic fen
(minerotrophic); ME = mesotrophic fen (minerotrophic); P = pristine; RD = drained ca. 4 years ago; D = drained ca. 40
years ago. The error bars show standard errors for the total litter production per plot.
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Nitrogen (N) and phosphorus (P) are the limiting factors for plant and microbial growth in most boreal waters
(Pietiläinen & Räike 1999). Because of the growth-limiting effect, an excess of N and P in watercourses
often enhances eutrophication that furthermore leads to cyanobacterial blooms, phosphorus release from the
bottom sediment and water quality deterioration along with changes in flora and fauna (Pietiläinen & Räike
1999, Kauppila & Bäck 2001, Vesiensuojelun suuntaviivat...2007). As nutrient load in watercourses has
been growing recently, the reduction of P and N in Finnish inland waters, coastal waters and groundwater
has been one of the key interests in Finnish water protection policy (Vesiensuojelun suuntaviivat...2007).
Because buffer zone areas have been shown to be an effective and sustainable means of buffering aquatic
ecosystems against detrimental substances, their use is widely recommended (Ihme et al. 1991, Nieminen
et al. 2005). However, very few studies have examined N retention in forested catchments, thus there is a
great need to study the subject further. To address the gap of knowledge, we investigated nitrogen retention
in buffer zones constructed on three pristine-like mires and three drained peatlands. The study was conducted
by adding ammonium nitrate solution to the waters flowing into buffer zone areas during 1 or 2 addition
periods. Water samples were collected before and after the addition, along with samples of peat, vegetation
and N2O+ N2.
The main factors controlling the retention of N were the size of the buffer zone area and runoff volume. The
largest mires retained the inorganic nitrogen almost completely, while small buffer size with considerable
discharge during the addition period reduced the retention capacity to be even less than 15%. NH4-N reduction
was lower compared with NO3-N at each study site. A significant amount of N added was released as N2O
and retained in vegetation. N2O emissions increased immediately after the added nitrogen had found its way
to gas sampling points. Thus, the emissions were dependent on runoff regimes after N addition. Biomass
of vegetation increased slightly, and there was a clear trend in the increase of the field layer along with the
decrease of the bottom layer. We suggest that a significant proportion of the N added has also been retained
in microbial biomass and in the peat matrix.
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Increased industrial activity in the Athabasca Oil Sands Region of northern Alberta, Canada, has resulted
in elevated emissions of S and N that pose a risk to the surrounding ecosystems. The existing emissions
management framework for the region is dependent on both monitoring programs and model generated
estimates of future soil and surface water chemistry. The spatial complexity of the landscape, owing to
limited topography and extensive coverage of fens and bogs is currently an impediment to the application of
dynamic hydrogeochemical models. At two intensively studied catchments of different hydrologic character,
the spatial and temporal variability in soil, fen water and lake water chemistry have been studied to provide
insight into key biogeochemical processes occurring in this landscape. This information is required for
parameterization of the dynamic hydrogeochemical model MAGIC (Cosby et al. 1985) being used to support
the management framework.
Surface water chemistry varies widely within the poor fen dominated peatlands. The data suggest that these
peatlands can act as a significant sink for both sulphur (S) and chloride (Cl). At present S and Cl concentrations decrease in deeper (40 cm) fen waters and integration into the plant material may account for much of
the observed retention. Further evidence from laboratory experiments indicates the potential for S retention
on the exchange sites of organic soils under conditions of high acid deposition. Despite very low mineral
weathering rates in upland soils, groundwater intrusions in the peatlands can act as a source of calcium and
magnesium to the lakes. Additional observations using isotope hydrology (deuterium excess) are indicative
of these localized groundwater sources to the fen complexes. This work reveals that the connection between
upland draining and fen waters is minimal, thus these landscapes must be treated accordingly in dynamic
model applications. Implications for applying a dynamic lumped-parameter catchment-scale model to
predict changes in water chemistry of these heterogeneous watersheds in response to changing atmospheric
deposition will be discussed.
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Reliable estimates of carbon fluxes to and from peatlands, as carbon dioxide (CO2) and methane (CH4), are
vital for quantifying the feedbacks between climate change and the carbon cycle. However, peatland ecosystems are not included explicitly in global climate models (Limpens et al., 2008). The complex spatial and
temporal variability of their carbon fluxes represents a key source of uncertainty. Consequently, greenhouse
gas feedbacks from peatland carbon stocks are omitted from estimates of future climate change. Upscaling
carbon fluxes from the microscale to the ecosystem scale is a way of resolving uncertainty, and crucial for
the inclusion of peatland carbon feedbacks in models of future climate change.
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Peatlands are highly heterogeneous environments, composed of a mosaic of microhabitats: hummocks,
gullies, lawns, and pools, colonised by plants with different morphological and physiological attributes.
Assemblages of plant species represent collections of Plant Functional Types (PFTs), which vary according
to microhabitat (pools are dominated by sphagnum species, lawns by ericoids such as Calluna vulgaris, and
hummocks and gullies by graminoids including Eriophorum sp.). Different PFTs have characteristic effects
on inputs of carbon to the peat and outputs as autotrophic and heterotrophic respiration (De Deyn et al.,
2008). Different plant species with particular functional traits that affect the quantity and quality of carbon
inputs, as litter and root exudates, are important regulators of soil microbial communities responsible for
aerobic and anaerobic decomposition (producing CO2 and CH4 respectively) (Bardgett et al., 2008).
Mapping PFTs provides an accessible means of modelling the spatial variability of potential carbon fluxes.
Small-scale spatial heterogeneity can make an important contribution to carbon fluxes from peatlands at
the ecosystem scale. For example, McNamara et al. (2008) used GIS to quantify the contribution of gully
hotspots to ecosystem CH4 fluxes. Increasing availability of high resolution remotely-sensed datasets such
as QUICKBIRD and LiDAR, in addition to geostatistical techniques such as Kriging, now permit the
mapping of factors and modelling of carbon fluxes from peatlands at the microscale. This project aims to
combine a GIS approach, incorporating LiDAR and extensive vegetation and peat depth survey data,
with experimental work focussing on the influence of PFTs on soil microbial biodiversity and carbon
fluxes. Bulk density analysis of peat cores, combined with incubation experiments, will provide a basis for
understanding variation in peatland carbon storage under a range of environmental conditions. Results from
experimental work will be used to model peatland carbon fluxes based on PFTs and topographic characteristics
at the microhabitat scale, which can be upscaled to provide more reliable estimates of ecosystem carbon fluxes.
Here we present a novel methodology for upscaling microhabitat fluxes of CO2 and CH4 to the ecosystem
scale, and provide a summary of initial conclusions derived from survey work conducted at Moorhouse
National Nature Reserve, north Pennines, UK.
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Cosmogenic 10Be as a potential dating tool in peat
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Ombrotrophic Sphagnum dominated peatlands receive inputs of water, nutrients, and pollutants solely via
atmospheric deposition. Peat accumulates vertically as a result of the upward growth of Sphagnum mosses
such that depth in the peat column reflects time. If materials remain immobile after deposition to the peat
surface, dated peat profiles can reconstruct historical deposition patterns. Fine-scale temporal resolution of
surface peat ages can be obtained using 210Pb dating, but only over the past 150–200 years. Radiocarbon
dating is problematic in young peat (<300 years). We suggest that atmospherically deposited cosmogenic
10Be may provide a novel approach to peat dating. Immobility of deposited 10Be, a requisite for its use as a
dating technique was examined in the laboratory.
Eighteen peat cores were collected using PVC pipe (10 cm diameter, 50 40 cm tall) from a boreal bog near
Calling Lake, Athabasca (55° 55’ N, 113° 40’ W). Surface vegetation in all cores consisted predominantly
of Sphagnum fuscum. In the laboratory, six cores were randomly assigned to one of three water table
position treatments: high (3 cm below the peat surface), low (15 cm below the peat surface), and fluctuating
(alternating between high and low, with water table position changed weekly). Cores were watered every
other day, applying 50 mL of synthetic rain water. For each water table position treatment, 2 cores received
only synthetic rain water (controls) and 4 cores received synthetic rain water with added Be (4 mg of Be
as Be(NO3)2 added in 20 simulated rainfall events over 40 days, followed by 18 simulated rainfall events
without Be over an additional 36 day period (methods mirror those used of Vile et al. 1999).
Beryllium concentrations were below the limits of detection (5 μg L-1 in digest solutions) in all sections of
the control cores. For the cores that received Be additions, we recovered about 80 % of the added Be (3.2
out of 4 mg). The vertical distribution of Be (Fig. 1) indicates limited Be mobility. On average, 91, 85, and
99% of the recovered Be was located within the top 6 cm of the cores in the fluctuating, low, and high water
table treatments. These results are quite similar to those of the Pb mobility study of Vile et al. (1999). Both
Pb and Be are well retained and have limited mobility in ombrotrophic Sphagnum peat.
Using the 210Pb dates for the 3-6 cm depth section of a single ombrotrophic bog core (from Patuanak,
Saskatchewan in 1999; Turetsky et al. 2007), we estimate a 10Be deposition rate of 13.7 (±1.4) x 109 atoms/
m2/yr. Using this deposition rate, we find reasonable agreement between dates based on 210Pb and 10Be
in the upper 39 cm of the peat core (depths below 39 cm were too old to be dated using 210Pb) (Fig. 2). We
obtained three AMS 14C dates (48-51, 54-57, 60-63 cm). Results suggest that cosmogenic 10Be may serve
as a new and valuable dating approach for ombrotrophic peat deposits.
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A common management strategy in UK uplands is the use of controlled burning to manage vegetation. In
England, it has been estimated that 40% of moorland has received some burn management (Thomas et al.,
2004, quoted in Yallop et al., 2005) with estimates of as much as 17% of English uplands having been burnt
in the last 4 years (Yallop et al., 2006). A priori, the consequences of burning of heather or grass on peat
soils is assumed to be detrimental for carbon storage, eg. Garnett et al. (2000). However, there is little or no
evidence, other than anecdotal, that supports this view. The burning of vegetation produces char (black carbon)
and char is a high carbon content material with a very low degradation potential in comparison to the normal
litter produced by moorland vegetation – therefore production of black carbon locks up carbon relative to the
normal litter produced by moorland vegetation. However, char is produced in low volumes in comparison
to the annual litter production; it is only produced once in the burning cycle (eg. once every ten years); and
the burning of vegetation means that litter production in the years after the burn is limited – therefore it
might be considered that burning limits the normal peat accumulation process. The problem is that we do not
know the balance of these effects. Kuhry (1994) have shown that peat accumulates slower where there are
more frequent wildfires, and Garnett et al. (2000) have shown that peat accumulated slower under a 10-year
managed burn than under no burn, but neither study actually measured carbon accumulation they measured
depth of peat and assumed that all the peat had the same compostion. Firstly, this study reports simple
modelling of carbon accumulation under regular burning and char production shows that it is theoretically
possible that more carbon accumulates under regular “cool” burns and that it is possible that more carbon
can accumulate under “cool” burns while leading to lower peat depth accumulation. Secondly, the modelling
study was supported by a number of field surveys where loss of biomass during the burn was compared to
production of black carbon and fate of the litter and soil layers. Thirdly, laboratory studies were conducted
upon typical peatland vegetation in order to assess biomass fate and black carbon production acrossa range
of burn temperatures and fire speeds. This study was able to quantify the fate of carbon across a managed
burns and wildfires in not only the biomass butr also the litter and soil carbon pools. The study shows that
the critical factors are: the degree to which a managed burn is “hot” i.e. the fire contacts the litter or soil
layers; and the fire frequency in relation to the growth rate of the biomass.
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Upland peat soils represent a large terrestrial carbon store and as such have the potential to be either an
ongoing net sink of carbon or a significant net source of carbon. In the UK many upland peats are managed
for a range of purposes but these purposes have rarely included carbon stewardship. Firstly, it is important
to understand the present state of theses heavily managed peatlands but also to assess their prognosis under
climate change.
The sustainable uplands RELU project has developed a model for calculating carbon fluxes from peat soils
that covers all carbon uptake and release pathways (eg. fluvial and gaseous pathways). The model has been
developed so that the impact of common management options within UK upland peats can be considered.
The model was run for a decade from 1997-2006 and applied to an area of 725 km2 of upland peat soils. The
study estimates that the region is presently a net sink of –62 Ktonnes C at an average areal export of – 136
tonnes CO2 equivalent/km2/yr. If management interventions were targeted across the area the total sink could
increase to –160 Ktonnes CO2 equivalent at an average export of– 219 tonnes CO2 equivalent/km2/yr. The
study has considered the theoretical possibility of triple gain within peat ecosystems with respect to carbon
storage, namely: avoided loss, transitionary sinks and perpetual gain and can demonstrate this approach
by modelling the carbon budget of the peat soils of the Peak District National Park. Given present costs
of restoration and value of carbon offsets the study suggests that of the (281/725) km2 of the area where a
carbon benefit was estimated by modelling 51% would show a profit from carbon trading within 30 years.
This hindcasting of different management options shows that the most efficient approach to increasing
greenhouse gas benefit in the region is to re-vegetate all bare soil areas and the least efficient is the blocking
of drains and gullies where the increase in methane fluxes that would result threatens their carbon benefit.
The modelling was then projected to 2030 and given climate change we see that all restoration would have
to occur in a context of shrinking carbon storage in these already marginal peats.
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Peatlands contain one third of total soil carbon and cover 4.106 km2 of the word’s land surface. Their response
to predicted climate change is unknown. Peatlands are a sink of atmospheric carbon but there are fears they
could become a net source of carbon-containing gases and accelerate further climate warming. Here, we
present the results of a comparative study of how peat substrate will respond to predicted warmer and drier
conditions during summers.
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We collected 20 replicated peat cores from two European sites differing in mean annual temperature, Velké
Dářko (Czech Republic; warmer; 7.2°C), and Stor Amyran (Sweden; colder; 4.0°C). For 8 months, the cores
(10 cm ∅, 30 cm deep) were incubated in growth chambers with a ligth/dark cycle, and under controlled
irrigation. At times 0, 4 and 8 months each peat core in a PVC cylinder was covered by a rubber end cap,
flushed with oxygen-free nitrogen and kept at the room temperature over a period of two days. The concentration of headspace CO2 and CH4 were determined periodically using gas chromatography.
First, the effect of months-long temperature memory on gas emissions was studied using two different
warming scenarios. The temperature increase was 5 and 6°C, the same as the predicted warming over the
next century. Peat core replicates were kept at temperature regimes of 11°C versus 16°C and 16 versus 22°C.
No temperature effects on CO2 emissions were found. Under warming from 11 to 16°C we measured almost
two-fold net production rate of CH4, the production of CH4 decreased due to warming from 16 to 22°C.
After an 8-month incubation, peat cores under drying conditions (decreasing water level by as much as 12
cm) were compared to samples with home-site water level. No effect on CO2 emission in spite of 20 times
decreasing CH4 production was observed.
After four months of incubation, the combined effect of warming and drying conditions at temperatures of
16 and 22°C was studied. Despite no individual effect of warming or drying for CO2, a three times higher
CO2 production was seen. Methane emissions decreased 70 times.
The warmer site Velké Dářko produced 7 times higher amounts of methane comparing to the colder site Stor
Amyran. This was in agreement with the concept of greater peat accumulation under colder climate.
Site-specific behavior of peat substrate exposed to changing conditions was observed. Regardless of water
table level, warming led to higher CO2 production at the warmer site Velké Dářko. Moreover, drying conditions led to a steeper reduction in CH4 production at Velké Dářko compared to Stor Amyran.
Our results show that methanogenesis is more temperature dependent than CH4 consumption. A decreasing
water table level will have a stronger effect on CH4 production than the predicted higher temperature. The
warmer site Velké Dářko responds more strongly to predicted climate change than the colder site Stor Amyran.
CH4 consumption is influenced by the combination of warming and drying. Considering the measured
concentrations and the known relative contributions of CO2 and CH4 to the greenhouse effect, the combined
effect of warming and drying at our sites would be a net decrease in the greenhouse effect (4 times lower
direct contribution and 8 times lower indirect contribution). Thus, during dry and hot summers, the studied
peatlands may reduce their contribution to an overall greenhouse effect.
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