Fig. 5.13 The potential ranges of the species were simulated using a scenario derived from the last 30 years (2070–99) of the HADCM2 transient simulation using both greenhouse gases and sulphate aerosol forcing (Mitchell et al. 1995) applied to climate response surfaces fitted to the species’ recorded European ranges and the climate corresponding to the period from which the records were derived (1931–60 from Leemans and Cramer (1991) for Quercus ilex and 1961–90 from New et al (1999) for the remainder). As in previous studies (Hill et al. 1999; Huntley et al. 1995), three bioclimate variables were used to fit the response surfaces (coldest month mean temperature, annual temperature sum above 5(C, and an estimate of the ratio of actual to potential evapotranspiration). The data used to derive the models relate to a 50 km UTM grid. The models for all four species fitted well, as assessed using the kappa statistic (Monserud and Leemans 1992) 0.70 ( ( ( 0.85 – ‘very good’ fit; ( ( 0.85 – ‘excellent’ fit. The maps portray the present and potential future ranges as simulated by the response surface model for each species. Blue dots signify grid cells simulated as potentially occupied under both the present and future climate; yellow dots indicate grid cells simulated as potentially occupied only for the present climate; red dots indicate grid cells simulated as potentially occupied under the future climate. The four species illustrated represent four trophic levels and are typical of many others that have been studied. (A) Quercus ilex – Holm oak: an evergreen tree of southern and south-western Europe (( = 0.78) (distribution from Jalas and Suominen (1976). (B) Apatura iris – Purple emperor: a widespread woodland butterfly whose larvae feed upon several Salix spp. (willows) (( = 0.87) (distribution from Talman (1998) with the distribution used to fit the model truncated at 30°E because of the unreliability of the data from Russia). (C) Phylloscopus bonelli – Bonelli’s warbler: small insectivorous woodland bird of western and south-western Europe (( = 0.78) (breeding distribution from Hagemeijier and Blair 1997). (D) Circaetus gallicus – Short-toed eagle: large raptor of partially-forested landscapes in southern Europe where it feeds primarily upon reptiles (( = 0.70) (breeding distribution from Hagemeijier and Blair 1997).

