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EXECUTIVE SUMMARY
Overwintering distributions of many coastal waders have shifted in recent decades.
From a UK perspective this initially meant that many species developed more easterly
and northerly distributions. Latterly, numbers of some species appear to be increasing
further east in Europe and falling on the east coast of Britain as the general eastward
shift continues.
These changes in distribution appear to be driven by waders taking advantage of new
opportunities to over-winter on sites offering better feeding conditions closer to their
Arctic and sub-Arctic breeding ranges rather than being negative impacts.
In the future, however, these newly developed distributions may make populations
more susceptible to the intermittent severe weather events to which they are
particularly vulnerable.
Similar distribution changes are probably occurring in wildfowl although the evidence is
less robust.
The effects of climate change on the mainly Arctic and sub-Arctic breeding grounds of
waterbirds over-wintering in the UK can be expected to be detrimental. Main impacts
are likely to be loss of habitat, a northwards shift in suitable habitat resulting in
increase migration costs and increased predation pressure. These impacts may
outweigh the benefits of milder weather on the wintering grounds.
There is little evidence as to how the impacts of climate change on the prey base of
over-wintering waterbirds is affecting their numbers.
Our own efforts to mitigate climate change including improved sea-defences and the
renewable energy industry and its supporting infrastructure may also have adverse
affects on these birds through loss of habitat, disturbance, displacement and possible
direct mortality.

FULL REVIEW
Introduction
The open coast, estuaries and inshore waters of the UK are of international
importance for the vast numbers of waders and certain species of wildfowl that they
support over winter. Additionally, a small number of waterbird species breed around
the UK coast. Climate change has already affected many species of waterbird
inhabiting coastal areas and is expected to do so increasingly in the future.
1. What is already happening?
Current climate change has already been shown to have affected the over-wintering
distributions of many waders in the UK (Austin & Rehfisch, 2005) and more widely in
north-west Europe (Maclean et al., 2008). Further changes may be expected both in
response to climate change that has occurred to date and to future climate change.
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In addition to the effects of a changing winter climate, the populations of waterbirds
wintering in the UK may also be affected by climate change on their breeding grounds
or at migration stop-over sites (Robinson et al., 2005), though current evidence is
sparse.
National and regional changes in winter weather caused by climate change can have
impacts on the survival rates and distribution of waders. It has been shown that wader
mortality is high during periods of severe winter weather (Clark N.A., 1982; Clark J.A.,
2004); therefore, as winters become milder, it is expected that survival rates will
increase. However, it has been shown that the wintering distribution of these birds has
changed rapidly in response to climate change during recent years (Austin &
Rehfisch, 2005; Rehfisch et al., 2004; Rehfisch & Austin, 2006; Maclean et al., 2008)
and it may be that these species are not so much being forced to redistribute by
climate change but rather taking advantage of new opportunities presented, at least in
the short-term, by climate change. Thus, in response to increasingly mild winter
weather, an increasing proportion of the UK wintering population of eight out of nine
common and widespread waders studied, i.e. Eurasian oystercatcher, ringed plover,
grey plover, sanderling, dunlin, red knot, bar-tailed godwit and redshank, now winter
on the more productive yet relatively colder east coast of Britain (in particular,
estuaries in the southern North Sea and in the eastern English Channel) while
numbers in the south-west of Britain (estuaries in the Western Channel and Celtic Sea
and in the Irish Sea) have declined. It is not that the latter have necessarily become
less suitable as overwintering sites. Indeed, milder winter weather in the west
probably means that these regions are more hospitable in absolute terms than they
were in the past. Rather, eastern sites have become relatively more attractive
because birds are able to take advantage of richer feeding in the more muddy east
coast sediments with a much reduced risk of cold weather mortality (Austin &
Rehfisch, 2005). Furthermore, these shifts in distribution mean that birds are now
wintering closer to their breeding grounds as the migration routes of most species
brings them first to the north and east coasts of Britain. Consistent with this, the overwinter distributions of several species of waders (ringed plover Charadrius hiaticula,
purple sandpiper Calidris maritime and turnstone Arenaria interpres) over-wintering on
the UK’s open coasts have shifted northwards towards their breeding grounds in
Iceland, Canada and Greenland (Rehfisch et al., 2004). Maclean et al., (2008)
similarly showed that the north-west European wintering distribution of redshank
Tringa totanus had shifted north-west, towards its predominant Icelandic breeding
grounds, this contrasting with the easterly shifts of other species whose European
wintering populations originate from Scandinavia, Siberia and Greenland. It should
also be noted that numbers of many of these species have begun to decline in the
east of the UK in the most recent winters (Austin et al., 2008), the implication being
that increasing numbers of birds over-winter in countries to the east, consistent with
the distributional shift occurring at a European scale (Maclean et al., 2008) and
observations of increased numbers over-wintering on the Dutch Waddensea (Hustings
et al., 2008).
Although, similar analyses have not been undertaken for wildfowl there is much
anecdotal evidence supported by bird counts to suggest that increasing numbers of
many species are taking advantage of ice-free waters in the Baltic countries, waters
formerly unavailable throughout much of the winter while they remained frozen. Many
of these wildfowl species winter around the UK coast although for many numbers
inland are greater and so the relationship of trends to changes in the marine
environment alone are less clear.

MCCIP ARC SCIENCE REVIEW 2010-11
W ATERBIRDS
2

Thus, currently, many waterbirds (in particular, waders) appear to be responding to
take advantage of new opportunities presented by climate change rather than being
disadvantaged. While there may be concern regarding the declines of waders that are
occurring in response to climate change at a regional level, this stems from making an
introspective appraisal of a much larger response and it would be incorrect to consider
such local declines a negative response to climate change within those regions.
2. What could happen in the future?
The short-term, seemingly beneficial, responses to current climate change described
above may not offset potential long-term detrimental impacts of both current and
future climate change. For most waterbirds over-wintering in the UK, their breeding
grounds are extralimital, substantially in Arctic and sub-Arctic areas (Wernham et al.
2002; Delany et al. 2009). These areas are subject to the greatest current and future
prediction of rising temperature and this will directly impact these species on their
breeding grounds as vegetation zones move northwards. For some species this may
ultimately result in greater migration distances as they are limited in the extent to
which they can redistribute on the wintering grounds by the availability intertidal
habitat which is concentrated around the UK and southern North Sea coastline of
western Europe. These birds may also be exposed to new levels of predation
pressure on their breeding grounds as predators move north tracking northward shifts
in vegetation zones. Some species, currently limited to breeding in the most northerly
latitudes may lose much their favoured breeding habitat. Thus, although these
changes are affecting these birds on their remote breeding grounds, the effects can
be expected to manifest themselves in changes in productivity and annual survival
that will impact the numbers arriving to over-winter on the European coast. From a UK
perspective, this potential decline in wader numbers across Europe, together with
increasing numbers of birds over-wintering further east suggests that we could see a
decline in many of our internationally important over-wintering waterbird populations.
While we have seen short-term gains for some waterbirds on their UK wintering
grounds with milder winters, these benefits may be off-set in the medium- and longterm. There are grounds to speculate that there may be as yet unseen issues in that
the short-term gains from the redistribution on the wintering grounds may be leading
these species into ecological traps where environmental conditions are less stable
within the new range. Waders, in general, are vulnerable to severe weather (Clark,
2009) and, within the UK, close to their energetic limits during the winter (Piersma,
1994). Redshank, for example, have a notoriously low resistance to severe weather
events (Clark, 2004) and so, while standing to benefit substantially from milder winters
would still be vulnerable to short-term severe weather incidents which may be
expected to be more intense further east.
Waders, in particular, but also shelduck Tadorna tadorna, rely principally on intertidal
habitat for foraging and, in the case of waders, saltmarsh is important for providing
high-tide roost sites. Loss of both these habitats can be expected as a result of rising
sea levels combined with coastal squeeze (Pethick & Crooks, 2000), particularly in
locations where sea defences are maintained in the face of rising sea levels. This loss
of intertidal habitats is expected to have a negative impact on many waterbirds
(Percival, 1998; Galbraith et al., 2002; Austin & Rehfisch, 2003), inducing higher
winter mortality (Atkinson et al., 2004; Burton et al., 2006). In time, this increased
mortality from habitat loss can be expected to counter, at least to some extent, the
benefits associated with increasingly mild winter weather. Especially given that the
intertidal habitats of the southern North Sea and the eastern English Channel, where
benefits have been greatest, are those most at risk from sea-level rise due to the
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substantial extent of low lying coastal margins in those areas and continuing isostatic
adjustment since the last ice age.
It has been shown that in at least one species of wader - the knot Calidris canutusthat breeding success is affected by density dependent effects on the wintering
grounds (Boyd & Piersma, 2001) indicating that the effects of redistribution of birds
and loss of habitat due to climate change may be more far-reaching than observed at
the local level.
In areas where artificial barriers do not prevent retreat as the sea rises, the shape of
the estuaries may change (Austin & Rehfisch, 2003). This will influence sediment
composition, in turn leading to changes in invertebrate fauna and ultimately the
waterbird community preying upon them. In areas around the southern North Sea and
eastern English Channel there is much land adjacent to estuaries that historically was
claimed from the sea. Where, through managed realignment, the sea is allowed to
breach existing defences and reclaim this low lying land, substrates are predicted to
become more sandy as the estuaries widen and opened up to increased wave action.
Species that prefer sandier sediments, such as oystercatcher Haematopus ostralegus,
would be expected to benefit while those preferring muddier sediments, such as
dunlin Calidris alpina, would be expected to suffer.
Aside from supporting over-wintering birds, the UK coast also provides important
staging for migrating waterbirds passing through on autumn and spring passage on
route to and from wintering grounds in southern Europe and Africa. Changes in habitat
availability and quality due to climate change may be particularly critical to these
populations as during stopover at the sites birds must refuel rapidly before making
their onward journeys.
Several species of wader have substantial coastal breeding population within the UK.
For example, redshank and ringed plover both breed on habitats vulnerable to sealevel rise and coastal squeeze and so could be directly affected throughout their
annual cycle.
Aside from these direct affects of climate change on the waders themselves we might
also expect indirect impacts through changes in their invertebrate food supply. There
is, however, no current evidence to support this supposition. However, waders are
adaptable and across their winter ranges utilise most prey species that they are likely
to encounter eventually in UK waters. Thus, changes in prey species composition due
to climate change assisted invasion of southern species into UK waters may not have
a marked impact on waders unless overall prey numbers are affected. If, however,
changes in the relative availability of shellfish compared to more mobile prey were to
shift then this may cause changes in the wader community (Atkinson et al., 2010).
Another aspect of climate change is that of rising sea surface temperatures. It is
conceivable that waterbirds including piscivourous ducks, divers and grebes wintering
around the coasts of the UK could, like seabirds, be affected by changes in the quality
of prey. There is, however, no current evidence to support this supposition.
We should bear in mind that waterbirds may also be affected by our own efforts to
deal with climate change. For example, further construction of coastal defences to
protect against rising sea levels is likely to increase coastal squeeze whilst the
development of the renewable energy industry, particularly off-shore wind farms and
tidal barrages, may lead to changes in habitat availability and in some cases have a
direct effect on mortality while support infrastructure may lead to increased
disturbance (Drewitt & Langston, 2006).
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3. Confidence in the science
What is already happening: Low

Aside from the observed changes in over-winter distribution of waders and possibly
wildfowl there is little direct evidence for the effects of climate change on waterbirds.
Waterbirds face a host of pressure, including amongst others those arising from
developments in estuarine habitats, increased disturbance from recreation,
shellfisheries and changes in water quality. It is therefore difficult to ascribe changes
we monitor in populations to any one factor. Furthermore, assessing the impacts of
climate change as it affects these species on their Arctic and sub-Arctic breeding
grounds is hampered by the scarcity of basic monitoring let alone focused scientific
research.
What could happen: Low

Waterbirds are generally highly mobile and adaptable species. Many species overwintering in the UK also over-winter in southern Europe and Africa where they inhabit
a variety of habitats and feed on a wide range of prey. It is therefore difficult to predict
how these species will adapt to climate change on the wintering grounds. It is even
more difficult to predict how they may respond on their breeding grounds as there is
such a paucity of baseline data.
4. Knowledge gaps
The top priority knowledge gaps that need to be addressed in the short term to
provide better advice to be given to policy makers are:
1. Most research focused on the effects of climate change on waterbirds has
been derived from programmes that monitor over-wintering populations,
something that we in the UK do especially well. However, the waterbirds that
the UK hosts breed largely in Arctic and sub-Arctic regions where there is a
paucity of monitoring. However, changes in annual productivity and predation
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pressure on the breeding grounds may outweigh any changes occurring on the
wintering grounds. There is a general consensus amongst scientists that
monitoring on the breeding grounds is a priority for the conservation of many of
these species.
2. Some long-distance migrants, rely on stop-over areas to refuel before
continuing their journies. However, many of these areas are in remote or
poorly monitored parts of the flyways and our knowledge of pressures on these
areas and number of birds passing through them is scant.
3. To understand changes in waterbird populations in response to climate change
it is necessary to develop integrated population models that include annual
productivity, adult and juvenile survival and to explore how these are affected
by climate change.
5. Socio-economic impacts
Waterbirds are popular with the general public and attract a high level of eco-tourism.
Changes in numbers and distributions of these species could affect this relationship.
Many waterbirds are important predators of intertidal invertebrates. In some cases
they are seen as competitors with the shellfish industry. Changes in distribution could
result in new conflicts. The corollary of this is that waterbirds foraging on intertidal
areas occupy a central position in nutrient flow and maintaining the ecological
balance. Consequently, changes in numbers in either direction may affect the
ecological balance in perhaps unforeseen ways.
6. References
Atkinson, P.W., Crooks, S., Drewitt, A., Grant, A., Rehfisch, M.M., Sharpe, J. & Tyas, C. (2004)
Managed realignment in the UK – the first five years of colonisation by birds. Ibis, (Suppl,
1), 101-110.
Atkinson, P.W., Maclean, I.M.D. and Clark, N.A. ( 2010) Impacts of shellfisheries and nutrient
inputs on waterbird communities in the Wash, England. Journal of Applied Ecology 47, 191199.
Austin, GE & Rehfisch, M.M. (2003) The likely impact of sea level rise on waders (Charadrii)
wintering on estuaries. Journal of Nature Conservation, 11, 43-58.
Austin, G. & Rehfisch, M.M. (2005) Shifting nonbreeding distributions of migratory fauna in
relation to climatic change. Global Change Biology, 11, 31–38.
Austin, G., Collier, M., Calbrade, N., Hall, C. & Musgrove, A. (2008). Waterbirds in the UK
2006/07: The Wetland Bird Survey. BTO/WWT/RSPB/JNCC 2008. BTO Thetford.
Boyd, H. & Piersma, T. (2001) Changing balance between survival and recruitment explains
population trends in red knots Calidris canutus islandica wintering in Britain, 1969-1995.
Ardea, 89, 301-317
Burton, N.H.K., Rehfisch, M.M., Clark, N.A. & Dodd, S.G. (2006) Impacts of sudden winter
habitat loss on the body condition and survival of redshank Tringa totanus. Journal of
Applied Ecology, 43, 464-473.
Clark, J.A. (2004). Ringing recoveries confirm higher wader mortality in severe winters. Ringing
& Migration, 22, 43-50
Clark, J.A. (2009). Selective mortality of waders during severe weather. Bird Study, 56, 96-102.
Clark, N.A. (1982). The effects of the severe weather in December 1981 and January 1982 on
waders in Britain. Wader Study Bulletin, 34, 5-7.
MCCIP ARC SCIENCE REVIEW 2010-11
W ATERBIRDS
6

Delany, S., Scott, D., Dodman, T. & Stroud, D. (eds) An Atlas of Wader Populations in Africa
and Western Eurasia. Wetlands International. Wageningen, The Netherlands: Wetlands
International, 2009.
Drewitt, A. L., and R. H. W. Langston. (2006). Assessing the impacts of wind farms on birds.
Ibis, 148, 29-42.
Galbraith C.A. & D.A. Stroud. The Stationery Office, Edinburgh, UK. pp. 398-404.
Galbraith, H., Jones, R., Park, P., Clough, J., Herrod-Julius S., Harrington, B, & Page, G.
(2002) Global climate change and sea level rise: potential losses of intertidal habitat for
shorebirds. Waterbirds, 25, 173-183
Hustings, F. Koffijberg, K., van Winden, E.,van Roomen, M., SOVON Ganzen- en
Zwanenwerkgroep & Soldaat L. (2008). Watervogels in Nederland in 2006/07. SOVONmonitoringrapport 2008/04, Waterdienst-rapport 2008.061. SOVON Vogelonderzoek
Nederland, Beek-Ubbergen.
Maclean, I.M.D., Austin, G.E., Rehfisch, M.M., Blew, J., Crowe, O., Delany, S., Devos, K.,
Deceuninck, B., Günther, K., Laursen, K., van Roomen, M. & Wahl, J. (2008) Climate
change causes rapid changes in the distribution and site abundance of birds in winter.
Global Change Biology, 14, 2489-2500.
Percival, S.M., Sutherland, W.J. & Evans, P.R. (1998) Intertidal habitat loss and wildfowl
numbers: applications of a spatial depletion model. J. Appl. Ecol., 35, 57-63.
Pethick, J.S. & Crooks, S. (2000). Development of a coastal vulnerability index: a
geomorphological perspective. Environ. Conserv., 27, 359–367.
Piersma, T. (1994). Close to the edge. Energetic bottlenecks and the evolution of migratory
pathways in Knots. Den Burg, Texel: Uitgeverij Het Open Boek
Rehfisch, M.M. & Austin, G.E. (2006). Climate change and coastal waterbirds: the United
Kingdom experience reviewed. Waterbirds around the world. Eds. G.C. Boere,
Rehfisch, M.M., Austin, G.E., Freeman, S.N., Armitage, M.J.S. & Burton, N.H.K. (2004). The
possible impact of climate change on the future distributions and numbers of waders on
Britain’s non-estuarine coast. Ibis, 146 (Suppl. 1), 70-81
Robinson, R.A., Learmouth, J.A., Hutson, A.M., Macleod, C.D., Sparks, T.H., Leech, D.I.,
Pierce, G.J., Rehfisch, M.M. & Crick, H.Q.P. (2005). Climate Change and Migratory
Species. BTO Research Report 414: A report for Defra Research Contract CR0302. Defra
Publications, London.
Wernham, C.V., Toms, M.P., Marchant, J.H., Clark, J.A., Siriwardena, G.M. & Ballie, S.R.
(eds). 2002. The Migration Atlas: movements of the birds of Britain and Ireland. T. & A.D.
Poyser, London.

MCCIP ARC SCIENCE REVIEW 2010-11
W ATERBIRDS
7

