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N removal. In a high-arable landscape, these are
potential problems that will require careful
management (Cook et al. 2009).

Wetlands have multiple benefits such as maintaining
biodiversity, providing fodder and commercial
products, stabilising micro-climates, moderating
floods, groundwater recharge and water quality
improvements (CEC 1995; Dugan 1990; Maltby
1990; Hogan et al. 1992; Maltby and Barker 2009).
An increase in the area of arable land due to ZCB
may lead to an increase in the export of nitrogen (N),
and phosphorus (P) and loss of soil and soil carbon
from agricultural soils. Wetland ecosystems situated
in lowlands, particularly in floodplains, are important
for intercepting these potential pollutants prior to
their deposition in lakes and rivers. Wetlands are
known to reduce P in runoff water via sedimentation
(Johnston et al., 1984, Khalid et al., 1977), and N via
denitrification (Lowrance et al., 1984). They also
reduce nutrient concentrations by assimilating them
in plant biomass (Lee et al., 1975).
The ability of wetlands to reduce nutrient loading in
runoff waters is known to be impaired at very high
nutrient inflow concentrations or during high runoff,
e.g. after heavy rain (Hill, 1997; Mander et al. 1991),
and can also be lower in longstanding wetlands
(Nichols, 1983). This occurs because of the chemical
saturation of binding sites (e.g. in sediment, organic
matter and plant roots), and is particularly significant
for P removal (Omernik et al. 1981; Richardson,
1985). A lack of contact time with denitrifying
bacteria, or their unavailability also leads to reduced
ZCB and wetlands

Haycock et al. (1997) concluded that N reduction is
greater in wetter environments while P reduction is
greater in drier conditions. An increase in arable land
as proposed by ZCB therefore will necessitate a
greater acreage of ‘wet’ wetlands to intercept the
increased N-rich runoff characteristic of arable
farming. A review of 57 wetland studies showed that
wetlands characteristically reduce nutrient runoff
during the spring and summer, but can release
soluble forms of nutrients during the winter, when
the vegetation dies back or when sediment erosion
occurs (Fisher and Acreman, 2004). Phosphorus is
also released if the wetland soil becomes anaerobic,
which can happen during warm and wet periods. It is
thus in the interests of eutrophication management to
preserve floodplain wetlands, but also maintain
‘buffer zones’ (broad strips of wild vegetation at low
field borders) to intercept P in runoff.
Preserving and encouraging diversity of plant and
animal species is important for ecosystem services,
and is largely dependent on structural heterogeneity
of plants and litter. The vegetation composition of a
wetland has been linked to its capacity to reduce
nutrient loads. A comparison of three wetland areas
of different vegetation type found that a wetland
comprising mainly Iris pseudacorus and mixed other
vegetation, and one containing mixed Iris
pseudacorus, reed (Phragmites) and reedmace
(Typha spp.) vegetation removed more N than a
wetland comprising a monoculture of Phragmites
(Fisher et al. 2009). There is a growing body of
evidence that more biodiverse ecosystems in general
are more efficient in providing ecosystem services
than less diverse ecosystems (see for example Tilman
2001; Englehardt and Ritchie 2002, Elmqvist et al.
2010). A more diverse wetland functions at least as
well as a less diverse wetland, and supports a greater
diversity of microbes, fungi, invertebrates, birds and
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mammals by virtue of the more diverse habitat and
niches provided (Morrealle and Sullivan 2010).
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Wetlands are an easy target for conversion to
agriculture or grazing because they are marginal
pieces of land with no obvious value to farmers. The
great value of wetlands ecologically and in provision
of ecosystem services should be made explicit when
making plans for agricultural expansion, which will
be at the expense of biodiversity, which we can ill
afford to reduce further (see e.g. Lewis 2012).
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Recommendations
∑ Conserve and establish new wetlands in
lowland areas between agricultural areas,
particularly between arable land, and
receiving waters;
∑ Make the case for allocating large areas of
land for wetlands to increase nutrient
removal capacity and biodiversity value;
∑ Maintain connections between wetland areas
and between wetlands and semi-natural areas
in order to create habitat corridors. These are
important for maintaining ecosystem
resilience and gene flow;
∑ Plant with a mixture of plant species to
encourage a diversity of other biota. This mix
should include emergent perennial
vegetation, emergent annual and biannual
species, and submerged and floating-leaved
species if water levels allow. This increases
the length of the season over which the
wetland will function and provides a diverse
habitat and enhanced functioning
characteristics (van der Valk 2009; Ramseier
et al. 2009);
∑ Topography of newly constructed wetlands
should be varied to allow frequently flooded
areas to promote denitrification, and
shallower areas to promote P removal.

ZCB and wetlands

Dr Jane Fisher is an ecologist and environmental
scientist, with a particular interest in freshwaters.
She has worked on a range of UK and European
projects examining the links between water
quality and ecology, wetland, lake and river
restoration. Jane is a Senior Lecturer and
Programme Manager for the Wildlife
Conservation degree at Liverpool John Moores
University.
Contact: J.Fisher@ljmu.ac.uk; tomb@liv.ac.uk

Jane Fisher and Tom Barker, Oct 2013

References
CEC, 1995. Wise use and conservation of wetlands.
Communication from the Commission to the Council and
the European Parliament, Commission of the European
Communities COM (95) 189(final), 54pp.

Khalid R.A., Patrick W.H., DeLaune R.D. 1977.
Phosphorus sorption characteristics of flooded soils.
Journal of the Soil Science Society of America 41 305310.

Cook H., Bonnett S.A.F., Pons L.J. 2009. Wetland and
floodplain soils: Their characteristics, management and
future. In Maltby E. and Barker T (editors) The Wetlands
Handbook. Wiley-Blackwell. Oxford. pp 382-416.

Maltby E. 1990. Waterlogged Wealth- Why Waste the
Worlds Wet Places? Earthscan,London.

Dugan P.J. 1990. Wetland Conservation: a review of
current issues and required Action. IUCN, Gland.
Switzerland, 96 pp.
Elmqvist T., Maltby E., Barker T., Mortimer M., Perrings
C., Aronson J., DeGroot R., Fitter A., Mace G., Norberg
J., Sousa Pinto I. and Ring I. (2010). Biodiversity,
ecosystems and ecosystem services, Chapter Two in:
TEEB, The Economics of Ecosystems and Biodiversity:
Ecological and Economic Foundations. Edited by
Pushpam Kumar. Earthscan, London and Washington.

Maltby E. and Barker T. (editors), 2009. The Wetlands
Handbook. Wiley-Blackwell, Oxford.
Mander U., Matt O., Nugin U. 1991. Persectives on
vegetated shoals, ponds and ditches as extensive outdorr
systems of wastewater treatment in Estonia. In: Ethier C.
and Guterstam B. (editors) Ecological Engineering for
Wastewater Treatment. Proceedings of the International
Conference at Stensund Folk College, Sweden.
Morreale S.J., Sullivan K.L. 2010. Community-level
enhancements of biodiversity and ecosystem services.
Frontiers of Earth Science in China 4(1) 14-21.

Engelhardt K.A., Ritchie M.E. 2002. The effect of aquatic
plant species richness on wetland ecosystem processes.
Ecology 832911-2924.

Nichols D.S. 1983. Capacity of natural wetlands to remove
nutrients from wastewater. Journal of the Water Pollution
Control Federation 55 495-505.

Fisher J., Acreman M.C. 2004. Wetland nutrient
functioning: a review of the evidence. Hydrology and
Earth System Sciences 8(4): 673-685.

Omernik J.M., Abenathy A.R., Male L.M. 1981. Stream
nutrient levels and proximity of agricultural and farm land
to streams: some relationships. Journal of Soil Water
Conservation 36 227-231.

Fisher J., Stratford C.J., Buckton S. 2009. Nutrient
removal in three wetland blocks of different vegetation
type. Ecological Engineering 35 1387-1394.
Haycock N.E., Pinay G., Burt T.P., Goulding KW.T. 1997.
Buffer Zones: current concerns and future directions. In:
Haycock N.E., Burt T.P., Goulding K.W.T and Pinay G.
(editors) Buffer Zones: their processes and potential in
water protection Quest Environmental, Harpenden.
Hill A.R. 1997. The potential role of in-stream and
hyporheic environments as buffer zones. In: Haycock
N.E., Burt T.P., Goulding K.W.T and Pinay G. (editors)
Buffer Zones: their processes and potential in water
protection Quest Environmental, Harpenden.
Hogan D.V., Maltby E., Lloyd J.W., Baker C.J. 1992.
Water resource management and the protection of wetland
functioning. NRA: Research and Development Priorities.
NRA Wessex Region.

Ramseier D., Klötzli F., Bollens U., Pfadenhaur J. 2009.
Restoring wetlands for wildlife habitat. In Maltby E. and
Barker T (editors) The Wetlands Handbook. WileyBlackwell. Oxford. pp 780-801.
Richardson C.J. 1985. Mechanisms controlling phosphorus
retention capacity in freshwater wetlands. Science 228
1424-1427.
Tilman D. 2001. Ecology: Achievement and Challenge. In
Press M.C., Huntly N.J., and Levin S.A. (editors) British
Ecological Society Symposium, Series 41, Blackwells
Scientific, Oxford, UK.
van der Valk A. 2009. Restoration of wetland
environments: Lessons ans successes. In Maltby E. and
Barker T (editors) The Wetlands Handbook. WileyBlackwell. Oxford. pp 729-754.

Lewis S.L. 2012. We must set planetary boundaries
wisely. Nature 485 417.
Lowrance R.R., Todd R.L., Asmussen L.E. 1984. Nutrient
cycling in an agricultural watershed: II Streamflow and
artificial drainage. Journal of Environmental Quality 13
27-32.
Johnston C.A., Bubenzer G.D., Lee G.B., Madison F.W.,
McHenry J.R. 1984. Nutrient trapping by sediment
deposition in a seasonally flooded lakeside wetland.
Journal of Environmental Quality 13 283-290.
ZCB and wetlands

Jane Fisher and Tom Barker, Oct 2013

