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INTRODUCTION

Individual-based behavioural models can be useful tools for
conservation managers who need to assess the effect of
environmental change on their target bird species (Goss-
Custard & Stillman in press). They can also be used to assess
habitat quality by predicting the effect of changes in the food
supply on rates of survival (Stillman et al. 2005a, West et al.
2005). This is a much more effective approach than monitor-
ing bird numbers for two reasons: firstly, bird numbers
present at a particular site will depend not only on conditions
at that site, but also conditions at other sites during both the
breeding and the non-breeding seasons (Goss-Custard 1993,
Goss-Custard et al. 1995) and secondly, because bird num-
bers are not predictive: if bird numbers go down it is often
too late to take remedial action once any change has been
detected. The principal advantage of individuals-based
behavioural models is that they can be used to make predic-
tions for completely new sets of circumstances, not just within
the limits of previously existing circumstances. This is
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We used an individual-based model to assess site quality and to predict the effect of local (i.e. disturbance from
a cycle path) and global (i.e. climate change) environmental change on the survival of six species of
overwintering shorebirds on the Exe estuary, U.K. We also compare site quality on the Exe estuary with three
other estuary Special Protection Areas (SPAs) and compare our predictions for the effects of climate change
with predictions made for another southern U.K. estuary, Poole Harbour. Prey biomass densities in the Exe
estuary were high for all six shorebirds, being as high as or higher than those found on other estuary SPAs.
Simulations of increased levels of disturbance from a proposed cycle path along the side of the estuary predicted
that disturbance of upper mudflat areas was unlikely to affect shorebird survival but that increased disturbance
of nearby fields would reduce curlew survival. Shorebirds on the Exe estuary were far less seriously affected
than those in Poole Harbour by reductions in mean daily temperatures, loss of terrestrial habitats and simulated
sea-level rise. We conclude that the Exe estuary is a high quality estuary and that the shorebird populations
modelled were less susceptible to climate change than those in Poole Harbour.

because individual birds within these models behave to max-
imise their own chances of survival, no matter how much the
environment changes. Their decisions are based on general
principles, such as optimal foraging theory and game theory,
and they are expected to respond to environmental change in
the same way that real birds do (Goss-Custard & Sutherland
1997).

The environmental change issues that conservation man-
agers are faced with operate at several different scales. Local
changes, such as habitat loss or disturbance resulting from
local developments, are site-specific and so will differ
between neighbouring sites. In contrast, climate change
operates at a global scale, and neighbouring sites will expe-
rience similar changes in, for example, temperature and sea-
level. However, even though temperature and sea-level
changes will be similar for neighbouring sites, this does not
necessarily mean that the consequences of these changes for
site quality, measured in terms of bird survival, will be the
same. Birds in some sites may be more susceptible to climate
change, for example due to pre-existing differences in prey


