Fig. 5.15 Potential loss of genetic diversity as a consequence of rapid climatic change. Each rectangular panel represents the same geographical space, the four panels representing successive steps along a time-series of climatic change that advances downwards, as indicated by the arrow. The ellipse in each panel represents the climatically determined potential range of the species in that geographical area at that time. As a consequence of climatic change the species’ potential range shifts north-eastwards with time. The shaded area in each panel indicates the area where the species is present at that time step, i.e., its realised range. At time t the species fully occupies its potential climatically-determined range, as indicated by the shading of the entire ellipse. Thereafter the area occupied by the species progressively diminishes in size through time, because the rate at which the species’ population is able to migrate is less than the rate required to maintain equilibrium with the rapidly changing climate, whereas the species is unable to persist in areas of its former range that are no longer climatically suitable. The species’ realised range thus becomes progressively more restricted to the south-western part of its potential range.

The spectrum of shading across the species’ realised ranges represents clinal adaptive genetic variation in some character(s) related to the principal climatic gradient spanned by the species’ realised range at time t. It is assumed that gene flow through the species’ population is sufficiently rapid that there is no lag in gene ‘migration’ relative to the rapid climatic change. At time t the full range of genotypes (from red to blue) is present along the climatic gradient across the species’ realised range. As the realised geographic range decreases in extent, however, it also decreases with respect to its range along the climatic gradient with respect to which the species exhibits clinal variation. Thus at time step t+1 the species no longer occupies that part of the climatic gradient to which the red genotypes are adapted, with the result that they are lost from the population. By time step t+3 only genotypes close to the blue extreme of the cline are able to persist within the species’ realised geographic range. The extent to which such loss of diversity may be irreversible depends upon the underlying genetics; if alleles associated with the red genotype are not maintained in populations at the opposite end of the cline then the loss will be effectively irreversible. It should be noted that, were gene ‘migration’ to lag climate as much as does the migration of the species’ population, then the genotypes able to occupy the ‘realised range’ at time t+3 previously would have become extinct, and with them the species as a whole.

