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SUMMARY

Net ecosystem CO, exchange was measured at two managed fens in the East Anglian Fenland
region of the East of England (United Kingdom). Eddy covariance measurements were made
at a semi-natural fen and a regenerating former arable fen at the Wicken Fen Nature Reserve.
Both ecosystems were characterised by significant seasonal variation in gross primary
production, ecosystem respiration and net ecosystem CO, exchange. The semi-natural site
was a net source of CO, between late March and December 2009 and a net sink during the
same period the following year. The regenerating site was a small net source of CO, on an
annual basis.
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INTRODUCTION

Peatlands are wetlands that store a disproportionate amount of soil carbon (C) relative to other
terrestrial ecosystems. The long-term stability of peatland C stocks is of major concern as
small changes in C fluxes to and from this pool have the potential to significantly influence
atmospheric C loading (Baird et al., 2009). Fens are minerotrophic peatlands of high
conservation status. In Europe and elsewhere, large areas of fen peatland have been drained
and converted for intensive arable land use (Thompson, 2008). Agricultural use of peatlands
Is associated with large-scale transfers of historically accumulated soil C to the atmosphere as
carbon dioxide (Veenendaal et al., 2007). Landscape-scale fenland restoration has the
potential to reduce or reverse carbon dioxide (CO,) loss relative to arable fens and has been
cited as an option for mitigating land use related CO, emissions (Thompson, 2008). Despite
this, C cycle processes in managed fens have been poorly quantified and the magnitude of any
CO, savings resulting from restoration remains uncertain (Baird et al., 2009). Furthermore,
the ability to protect or enhance remaining fenland soil C stocks in a changing climate
requires improved knowledge of the dynamic response of CO, exchange to environmental
variability.

The East Anglian Fenland (The Fens) of the East of England contains the largest expanse of
lowland fen peat in England. Widespread drainage and agricultural intensification has resulted
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in significant habitat and soil C loss. Only four fragments of semi-natural (undrained) fen
remain in the region. Concerns over the future of fenland biodiversity and soil carbon are
driving efforts to expand existing nature reserves by rewetting large tracts of agriculturally
degraded fenland (Stroh et al., 2010). Here, we present eddy covariance (EC) measurements
of net ecosystem CO, exchange (NEE) obtained at a semi-natural (undrained) reference site
during two hydrologically dissimilar periods, and at an adjacent area of regenerating former
arable peatland over a complete annual cycle. Our objectives are to (i) present CO, budgets
for the two fens, (ii) analyse between year differences at the semi-natural reference site, and
(iii) contrast CO, exchange at the two fen ecosystems.

MATERIAL AND METHODS

The study sites are located at the Wicken Fen Nature Reserve in the Cambridgeshire Fens
(52°18’N, 0°16’E, 1.7 m OAD). The climate of the region is temperate, mean annual
temperature is 9.8°C and average yearly precipitation is 533 mm. The semi-natural Wicken
Sedge Fen (WSF) site is dominated by Phragmites australis and Cladium mariscus. Soils are
Adventurers series fen peats approximately 2 m in depth. Vegetation management consists of
small-scale rotational cutting. The regenerating Bakers Fen (BF) site was drained in the mid-
nineteenth century and used for intensive arable production prior to restoration. Restoration
commenced in 1994 and consists of winter (November to March) abstractions of calcareous
water from a local watercourse and low density grazing. Extensive peat wastage (circa 1.5 m)
has occurred across the site and residual peat depth is approximately 0.6 m. Vegetation has
developed towards a species composition characteristic of wet fen meadow. Distance between
the sites is approximately 1 km. Measurements were made between April and December in
2009 and 2010 at WSF, and over the complete annual cycle of 2010 at BF.

The EC system at WSF consists of a GILL Instruments R3 sonic anemometer and LI-COR
Li7500 infrared gas analyser. The instrumentation at BF comprises a Campbell Scientific
CSAT3 sonic anemometer and LI-COR Li7500. A suite of environmental measurements
including: net radiation and soil heat flux, photosynthetically active radiation, precipitation
and water levels, and air temperature and relative humidity were made at both sites using
identical sensors. Fluxes were computed over thirty minute intervals using standard
processing methods (Mauder et al, 2008). Quality control, data gap-filling and flux
partitioning were conducted using standardised methods (Reichstein et al., 2005; Papale et al.,
2006). Uncertainty in time-integrated NEE was assessed using methods similar to Elbers et al.
(2011). Energy balance closure was 84% and 76% at WSF and BF, respectively.

RESULTS

Strong seasonal and between year variations in environmental conditions were observed
during the study period (Fig. 1). Conditions in 2009 were warmer than average whilst 2010
was cooler. 2009 was drier than average and 2010 was close to the long-term mean. Spring
and October 2009 were warmer than average, whereas 2010 was characterised by a delayed
start of the thermal growing season and early onset of winter conditions. August was the
warmest month in 2009; July 2010 was the warmest month of the measurement period.
Temperatures were colder than normal during all winter months. Both years experienced drier
than normal spring conditions. July was the wettest summer month in 2009 and the driest in
2010. August 2010 was the wettest in over three decades. Conditions were dry during early
autumn in 2009. Water levels at WSF fell steadily during spring and early summer in both
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years. Dry conditions in late summer and early autumn 2009 led to maximum water level
drawdown in October. In 2010, the extremely high August rainfall resulted in higher late
season water levels than the previous year. Water levels at BF were below the mean peat
surface at the start of the measurement period. Groundwater levels fell rapidly during spring
and the water table was close to the peat base during the summer months (despite high August
rainfall). No water was abstracted onto BF in late 2010 and water level recovery reflected the
shift to a positive water balance.
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Fig 1. Monthly values of key environmental variables measured at Wicken Fen during 2009 and 2010. 1979 to
2008 data provided by the Met Office.

Both sites were characterised by significant seasonal variation in gross primary production
(GPP), ecosystem respiration (ER) and NEE (Fig. 2). At WSF (Fig 2. left), GPP and ER were
higher during all months of 2009 than in 2010, with the exception of July when highest
monthly GPP and ER were observed for the measurement period. Net CO, uptake occurred
between April and July in both years with the highest net uptake in June 2009. CO, uptake
was greater during spring and early summer of 2009 than in 2010. The site functioned as a net
CO; source between August and December in both years. Significantly higher ER was
observed during the interval between September and December 2009 than for the
corresponding period of 2010. Temperature and water levels were both found to be important
controls on ER at this peatland site (not shown). Total GPP and ER summed over the
measurement period were both higher in 2009 than in 2010. GPP was estimated at 1571.9g C
m*2and 1438.3 g C m?in 2009 and 2010, respectively. In 2009, ER was 1653.5 g C m?in
2009 and 1410.5 g C m?in 2010. The site was a net source of +81.6+21 g C m™ between
April and December in 2009 and a net sink of -27.74+19 g C m™ during 2010, a net difference
of 109.3 g C m=
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Fig 2. Monthly GPP, ER and NEE measured at WSF in 2009 and 2010 (left) and at WSF and BF during 2010

(right). Negative (white and grey) bars show GPP; ER is shown by positive bars. Black bars show NEE
(negative values indicate net CO, uptake).

The BF site was a small net source 0f+26.4+13.7 g C m? a™ in 2010. Annual GPP was
estimated at 1617.1 g C m? y, losses via ER totalled 1643.5 g C m™ a™. Total monthly GPP
was highest in June, whilst monthly ER reached a maximum in July (Fig 2; right). Lowest
monthly GPP and ER were observed in January. GPP and ER were higher at BF than WSF
during all growing season months excluding July and August. Similar to WSF, BF was a net
sink for atmospheric CO, between April and July, and a source during all other months. Net
CO; uptake was higher at BF in April and May, but lower than WSF in June and July. Net
CO;, loss was of similar magnitude between August and December at both sites. Total NEE
for the period when both towers were operational was estimated at -8.06 g C m™, of which
1567.6 g C m2and 1559.5 g C m™ were attributed to GPP and ER, correspondingly. The
difference in time-integrated NEE between the WSF and BF sites was 19.7 g C m™ for this
interval (WSF being the larger sink). GPP and ER were both higher at BF, with differences of
129.4 and 158 g C m™, respectively.

DISCUSSION AND CONCLUSIONS

We have presented CO, budgets for two managed fens in the East Anglian Fens. To the best
of our knowledge, these results represent two of only three micrometeorological studies of
CO; exchange at any type of lowland fen peatland in the UK (Evans et al. 2011). The semi-
natural site was a net source of atmospheric CO, during warm and dry conditions in 2009 and
a net sink in the same period in 2010. Both GPP and ER were enhanced during the warm year,
but the increase in spring photosynthesis did not compensate for higher rates of ER in autumn.
ER showed strong relationship with water levels at this site, indicating that the higher ER in
autumn 2009 was due to enhanced oxidation of aerated peat. We did not measure winter
fluxes at WSF. As WSF was close to CO; neutrality during the measurement period of 2010,
it is likely that CO, loss between January and March would render the site a net source of
atmospheric CO; (and a larger CO, source in 2009). We note that the high water levels in
autumn 2010 were the result of extreme summer rainfall. Lower late summer water levels and
higher ER rates are likely to better reflect conditions at WSF. This underlines the need to for
improved management of water levels at this semi-natural fen.

The CO, budget for the regenerating BF site appears to be the only available estimate for a
fen that has been restored after intensive arable land use (Baird et al., 2009). The BF site was
close to CO, neutral on an annual basis despite the absence of high water levels during
summer months. It is likely that CO, losses are low from the highly recalcitrant peat at the
site, and possible that improved hydrological management could render the site a net sink for
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atmospheric CO,. In the UK, CO, emissions from agricultural fens with peat of less than 1 m
currently are reported as 109 g C m? a™ (Thompson, 2008). On the basis of this and our
annual estimate, we calculate a net CO, emissions reduction of 68.9 t0 96.3 g C m?a™ (252.9
t0 353.46 g CO, m? a™). We stress that our measurements were obtained over a single year
that was cooler than long-term conditions for the region. The significant difference in NEE
observed at the semi-natural site highlights the need for longer-term monitoring of these
managed ecosystems.
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