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During the last decade or more, much research has
attempted to predict the likely consequences of climate
change for biodiversity. Many studies have focused on
modelling species distributions as a function of climate
(climate envelope modelling), and then used future
climate projections to model the potential change in the
distribution of that species were it closely to track the
change in climate. This approach has usefully high-
lighted the potential magnitude of the conservation
problem that may result from climate change (Erasmus
et al. 2002, Thomas et al. 2004, Harrison et al. 2006)
and identified species traits associated with projected
vulnerability to change based on the relative size and
overlap of current and projected future ranges (Huntley
et al. 2007, 2008, Jetz et al. 2007, La Sorte & Jetz
2010). However, it provides little information about the
likely mechanisms by which such changes will occur,
and yet this mechanistic information is required to
develop appropriate management actions. Identifying
and quantifying the mechanisms through which climate
change will influence population change is therefore one
of the major challenges we currently face.

For most species, the main impacts of climate change
are likely to operate indirectly, through alterations in key
factors such as prey availability (e.g. Frederiksen et al.
2006, Pearce-Higggins et al. 2010), predation risk (e.g.
Martin 2001) and disease (e.g. Cattadori et al. 2005).
Human land-use is also heavily influenced by climatic
conditions, and many indirect effects of climate change
are therefore likely to operate through enforced and
adaptive changes in agriculture, forestry and other
sectors. The potential power of such land-use change to

drive population changes is clearly illustrated by conse-
quences of agricultural intensification for European
open-country birds (Donald et al. 2001). Changing
climatic conditions are very likely to influence agricul-
tural management and drive land-use change, which may
increase the pressure on vulnerable bird populations, but
these mechanistic links have rarely been examined.

In this issue of Ibis, Kleijn et al. (2010) describe how
the Black-tailed Godwit Limosa limosa, a rapidly declin-
ing bird of intensively managed farmland in the Nether-
lands, was first affected by agricultural intensification
and, more recently, by interactions between climate
change and agriculture. This case study neatly demon-
strates that climate change does not act in isolation, but
interacts with a range of other processes to produce
potentially complex consequences for species (e.g.
Mustin et al. 2007). This has two important conse-
quences for ecologists. First, whilst broad patterns from
climate envelope models indicate the potential direction
and magnitude of shifts in species distributions (Green
et al. 2008, Gregory et al. 2009), projections for individ-
ual species may have a high degree of uncertainty associ-
ated with them, particularly if they are based upon
generic bioclimatic variables (Heikkinen et al. 2006) or
exclude other potential drivers of change (Anderson
et al. 2009). This means that, secondly, species-specific
studies of the likely mechanisms by which climate
change will impact upon populations can provide more
detailed information about how individual species are
likely to respond to climate change (e.g. Pearce-Higggins
et al. 2010), and thus inform adaptive management.
Ornithologists have been at the forefront of developing
mechanistic models of population-level responses to
environmental change (Sutherland 1996, Norris 2004).
Identifying the routes through which climate change is
likely to influence these processes, as in the Kleijn et al.
study, provides a basis both for incorporation of climate
change impacts into these models and for the develop-
ment of potential management solutions to adapt to the
effects of climate change.

We have long known the problems that Black-tailed
Godwits in the Netherlands face as a result of agricul-
tural intensification. This species breeds primarily on
lowland grasslands that receive a high amount of fertil-
ization, and are subject to frequent mowing or grazing
(Kleijn et al. 2001). Mowing results in the loss of nests
and young chicks (Kruk et al. 1997), whilst chicks that
avoid direct mortality may also suffer reduced survival as
a result of increased predation and reduced food avail-
ability (Schekkerman & Beintema 2007, Schekkerman
et al. 2009). The severe impact of changes in mowing
dates on productivity of Black-tailed Godwits and other
meadow birds in Western Europe led to the develop-
ment of agri-environment initiatives ranging from post-
ponement of farming operations to direct protection of
nests. However, these measures have not been sufficient
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to halt the population declines (Kleijn et al. 2001, Ver-
hulst et al. 2007).

Kleijn et al. (2010) describe the changes that have
taken place within the Godwit population since the
1940s, and explore the influence of agricultural intensifi-
cation and recent warming trends. Between the 1940s
and 1970s, a period of relatively stable climatic condi-
tions, Godwit breeding phenology advanced by around
2 weeks, probably as a result of agricultural intensifica-
tion (particularly the high degree of fertilization)
improving adult resources for breeding or providing
earlier cover for nesting (Beintema et al. 1985, Kleijn
et al. 2010). However, in contrast to changes observed
in Northern Lapwing Vanellus vanellus breeding in the
same areas (Both et al. 2005), and other waders such as
European Golden Plover Pluvialis apricaria (Pearce-
Higgins et al. 2005), recent increases in spring tempera-
tures have not resulted in any further advance in Godwit
laying dates since the 1980s. The Black-tailed Godwits
breeding in the Netherlands winter in West Africa and
Iberia, and have also experienced severe environmental
changes in their passage and wintering sites (Zwarts
et al. 2009). Throughout this non-breeding range, exten-
sive drainage of freshwater wetlands has resulted in a
reduction in natural prey availability, with Godwits now
almost entirely dependent upon rice as the main food
source (Lourenco & Piersma 2008). Given the strong
links that can exist between breeding and non-breeding
season processes in migratory birds (Gunnarsson et al.
2005, 2006), the timing of arrival and nesting in Dutch
Godwits may well be constrained by the conditions they
are now experiencing in the non-breeding season, as
Kleijn et al. discuss.

In the Netherlands, recent warming has continued to
improve agricultural conditions and extend the growing
season earlier into the spring. This means that median
mowing dates advanced by about 15 days between
1982 and 2005 as a result of more rapid grass growth,
and now occurs at about the same time as median
Godwit hatch dates. This has several detrimental conse-
quences for the Godwits. First, an increasing proportion
of nests and young chicks suffer mortality as a result of
mowing, resulting in an almost seven-fold increase in
the loss of clutches attributed to farming from the late
1980s to late 1990s (Teunissen et al. 2005). Secondly,
more chicks have to survive in an unsuitable landscape
of mown or heavily grazed grasslands, resulting in
increased predation risk and reduced food availability.
Thirdly, the uncut vegetation, which was the favoured
foraging habitat, is now denser and therefore less acces-
sible to chicks, as a result of more rapid spring growth.
As a result of this reduction in foraging quality, chick
condition and survival has also declined since the late
1980s.

This mechanistic study provides an opportunity to
identify how management to adapt to climate change

might be implemented. Such an approach builds on the
models applied to declining farmland birds, where the
identification of the demographic mechanisms underpin-
ning population declines (e.g. Siriwardena et al. 1998,
Peach et al. 2003, Potts & Aebischer 1995) and their
links to agricultural management (e.g. Green 1996, Wil-
son et al. 1997) informed the development of potential
management solutions (e.g. Green et al. 1997, Morris
et al. 2004). The most powerful of these involved the
development of population models to explore the poten-
tial consequences of different management options (e.g.
Green et al. 1997), used to predict the consequences of
variation in grassland management upon Corncrake Crex
crex productivity, a system not too dissimilar to that of
Dutch Godwits. Widespread implementation of appro-
priate agri-environment schemes based upon that model
has led to successful Corncrake population recovery in
Scotland (O’Brien et al. 2006), and this same modelling
approach can be applied to inform climate change adap-
tation. Kleijn et al. discuss the potential options for man-
agement to improve conditions for Godwits but suggest
that introducing delays in mowing or grazing to return
to the phenology of the 1980s would be insufficient
because the current higher temperatures increase grass
growth rates, and increased sward density reduces food
accessibility and chick survival rates. Creating the mosa-
ics of tall and open swards that Godwits need is likely to
require raising groundwater levels to retard plant growth
(Jackson 1985, Schekkerman et al. 2008). The informa-
tion presented in the Kleijn et al. study is key to the
development of appropriate adaptation strategies, per-
haps informed by a population model to assess the rela-
tive costs of different management options (e.g. Ratcliffe
et al. 2005). More studies like this are therefore urgently
needed to allow robust predictions of population
responses to climate-induced environmental changes, for
it is through such studies that science can best inform
policy.
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G.J.D.M. 1985. A shift in the timing of breeding in meadow

birds. Ardea 73: 83–89.

Both, C., Piersma, T. & Roodbergen, S.P. 2005. Climatic

change explains much of the 20th century advance in laying

date of Northern Lapwing Vanellus vanellus in The Nether-

lands. Ardea 93: 79–88.

Cattadori, I.M., Haydon, D.T. & Hudson, P.J. 2005. Parasites

and climate synchronize Red Grouse populations. Nature

433: 737–741.

ª 2010 BTO
Journal compilation ª 2010 British Ornithologists’ Union

440 J. W. Pearce-Higgins & J. A. Gill



Donald, P.F., Green, R.E. & Heath, M.F. 2001. Agricultural

intensification and the collapse of Europe’s farmland bird

populations. Proc. R. Soc. B 268: 25–29.

Erasmus, B.F.N., van Jaarsveld, A.S., Chown, S.L., Ksha-

triya, M. & Wessels, K.J. 2002. Vulnerability of South Afri-

can animal taxa to climate change. Glob. Chang. Biol. 8:

679–693.

Frederiksen, M., Edwards, M., Richardson, A.J., Halliday,

N.C. & Wanless, S. 2006. From plankton to top predators:

bottom-up control of a marine food web across four trophic

levels. J. Anim. Ecol. 75: 1259–1268.

Green, R.E. 1996. Factors affecting the population density of

the corncrake Crex crex in Britain and Ireland. J. Appl. Ecol.

33: 237–248.

Green, R.E., Tyler, G.A., Stowe, T.J. & Newton, A.V. 1997.

A simulation model of the effect of mowing of agricultural

grassland on the breeding success of the Corncrake (Crex

crex). J. Zool. 243: 81–115.

Green, R.E., Collingham, Y.C., Willis, S.G., Gregory, R.D.,

Smith, K.W. & Huntley, B. 2008. Performance of climate

envelope models in retrodicting recent changes in bird pop-

ulation size from observed climate change. Biol. Lett. 4:

599–602.

Gregory, R.D., Willis, S.G., Jiguet, F., Vorisek, P., Klanova,

A., van Strien, A., Huntley, B., Collingham, Y.C., Cou-

vet, D. & Green, R.E. 2009. An indicator of the impact of

climate change on European bird populations. PLoS ONE

4: e4678.

Gunnarsson, T.G., Gill, J.A., Newton, J., Potts, P.M. &

Sutherland, W.J. 2005. Seasonal matching of habitat qual-

ity and fitness in migratory birds. Proc. R. Soc. London B,

272: 2319–2323.

Gunnarsson, T.G., Gill, J.A., Atkinson, P.W., Gélinaud, G.,

Potts, P.M., Croger, R.E., Gudmundsson, G.A., Apple-

ton, G.F. & Sutherland, W.J. 2006. Population-scale driv-

ers of individual arrival times in migratory birds. J. Anim.

Ecol. 75: 1119–1127.

Harrison, P.A., Berry, P.M., Butt, N. & New, M. 2006. Model-

ling climate change impacts on species’ distributions at the

European scale: implications for conservation policy. Env.

Sci. Policy 9: 116–128.

Heikkinen, R.K., Luoto, M. & Virkkala, R. 2006. Does sea-

sonal fine-tuning of climatic variables improve the perfor-

mance of bioclimatic envelope models for migratory birds?

Divers. Distrib. 12: 502–510.

Huntley, B., Green, R.E., Collingham, Y.C. & Willis, S.G.

2007. A Climatic Atlas of European Breeding Birds. Barce-

lona: Lynx Edicions.

Huntley, B., Collingham, Y.C., Willis, S.G. & Green, R.E.

2008. Potential impacts of climatic change on European

breeding birds. PLoS ONE 3: e1439.

Jackson, M.B. 1985. Ethylene and responses of plants to soil

waterlogging and submergence. Annu. Rev. Plant Physiol.

Plant Mol. Biol. 36: 145–174.

Jetz, W., Wilcove, D.S. & Dobson, A.P. 2007. Projected

impacts of climate and land-use change on the global diver-

sity of birds. PLoS Biol. 5: e157.

Kleijn, D., Berendse, F., Smit, R. & Gilissen, N. 2001.

Agri-environment schemes do not effectively protect

biodiversity in Dutch agricultural landscapes. Nature 413:

723–725.

Kleijn, D., Schekkerman, H., Dimmers, W.J., van Kats,

R.J.M., Melman, D. & Teunissen, W.A. 2010. Adverse

effects of agricultural intensification and climate change on

breeding habitat quality of Black-tailed Godwits Limosa l.

limosa in the Netherlands. Ibis 152: 475–486.

Kruk, M., Noordervliet, M.A.W. & ter Keurs, W.J. 1997.

Survival of black-tailed godwit chicks Limosa limosa in

intensively exploited grassland areas in The Netherlands.

Biol. Conserv. 80: 127–133.

La Sorte, F.A. & Jetz, W. 2010. Avian distributions under

climate change: towards improved projections. J. Exp. Biol.

213: 862–869.

Lourenco, P.M. & Piersma, T. 2008. Stop-over ecology of

Black-tailed Godwits Limosa limosa limosa in Portuguese

rice fields: a guide on where to feed in winter. Bird Study

55: 194–202.

Martin, T.E. 2001. Abiotic vs. biotic influences on habitat selec-

tion of coexisting species: climate change impacts? Ecology

82: 175–188.

Morris, A.J., Holland, J.M., Smith, B. & Jones, N.E. 2004.

Sustainable Arable Farming For an Improved Environment

(SAFFIE): managing winter wheat sward structure for Sky-

larks Alauda arvensis. Ibis 146: 155–162.

Mustin, K., Sutherland, W.J. & Gill, J.A. 2007. The complex-

ity of predicting climate-induced ecological impacts. Clim.

Res. 35: 165–175.

Norris, K. 2004. Managing threatened species: the ecological

toolbox, evolutionary theory and declining-population para-

digm. J. Appl. Ecol. 41: 413–426.

O’Brien, M., Green, R.E. & Wilson, J. 2006. Partial recovery

of the population of Corncrakes Crex crex in Britain, 1993–

2004. Bird Study 53: 213–224.

Peach, W.J., Siriwardena, G.M. & Gregory, R.D. 2003. Long-

term changes in over-winter survival rates explain the

decline of reed buntings Emberiza schoeniclus in Britain. J.

Appl. Ecol. 36: 798–811.

Pearce-Higgins, J.W., Dennis, P., Whittingham, M.J. & Yal-

den, D.W. 2010. Impacts of climate on prey abundance

account for fluctuations in a population of a northern wader

at the southern edge of its range. Glob. Chang. Biol. 16:

12–23.

Pearce-Higgins, J.W., Yalden, D.W. & Whittingham, M.J.

2005. Warmer springs advance the breeding phenology of

Golden Plovers Pluvialis apricaria and their prey (Tipulidae).

Oecologia 143: 470–476.

Potts, G.R. & Aebischer, N.J. 1995. Population dynamics of

the Grey Partridge Perdix perdix 1793–1993: monitoring,

modelling and management. Ibis 137: S29–S37.

Ratcliffe, N., Schmitt, S. & Whiffin, M. 2005. Sink or swim?

Viability of a black-tailed godwit population in relation to

flooding. J. Appl. Ecol. 42: 834–843.

Schekkerman, H. & Beintema, A.J. 2007. Abundance of

invertebrates and foraging success of Black-tailed Godwit

(Limosa limosa) chicks in relation to agricultural grassland

management. Ardea 95: 39–54.

Schekkerman, H., Teunissen, W. & Oosterveld, E. 2008.

The effect of ‘Mosaic management’ on the demography of

black-tailed godwit Limosa limosa on farmland. J. Appl.

Ecol. 45: 1067–1075.

Schekkerman, H., Teunissen, W. & Oosterveld, E. 2009.

Mortality of shorebird chicks in lowland wet grasslands:

ª 2010 BTO
Journal compilation ª 2010 British Ornithologists’ Union

Climate change mechanisms 441



interactions between predation and agricultural practice.

J. Ornithol. 150: 133–145.

Siriwardena, G.M., Baillie, S.R., Buckland, S.T., Fewster,

R.M., Marchant, J.H. & Wilson, J.D. 1998. Trends in the

abundance of farmland birds: a quantitative comparison of

smoothed Common Bird Census indices. J. Appl. Ecol. 35:

24–43.

Sutherland, W.J. 1996. From Individual Behaviour to Popula-

tion Ecology. Oxford, UK: Oxford University Press.

Teunissen, W.A., Schekkerman, H. & Willems, F. 2005. Pre-

datie bij weidevogels. Op zoek naar de mogelijke effecten

van predatie op de weidevogelstand. Sovon-onderzoeks-

rapport 2005 ⁄ 11, Sovon Vogelonderzoek Nederland: Beek–

Ubbergen.

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes M.,

Beaumont L.J., Collingham Y.C., Erasmus B.F.N.,

Ferreira de Siqueira M., Grainger A., Hannah L., Hughes

L., Huntley B., van Jaarsveld A.S., Midgley G.F., Miles

L., Ortega-Huerta M.A., Townsend Peterson A., Phillips

O.L. & Williams S.E. 2004. Extinction risk from climate

change. Nature 427: 145–148.

Verhulst, J., Kleijn, D. & Berendse, F. 2007. Direct and indi-

rect effects of the most widely implemented Dutch agri-envi-

ronment schemes on breeding waders. J. Appl. Ecol. 44:

70–80.

Wilson, J.D., Evans, J., Browne, S.J. & King, J.R. 1997.

Territory distribution and breeding success of skylarks

Alauda arvensis on organic and intensive farmland in south-

ern England. J. Appl. Ecol. 34: 1462–1478.

Zwarts, L., Bijlsma, R.G., van de Kam, J. & Wymenga, E.

2009. Living on the Edge: Wetlands and Birds in a Chang-

ing Sahel. Zeist, The Netherlands: KNNV Publishing.

ª 2010 BTO
Journal compilation ª 2010 British Ornithologists’ Union

442 J. W. Pearce-Higgins & J. A. Gill


