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Sensitivity of Density Dependent Populations to
Environmental Variability.

Finlay A M Scott1 and Alastair Grant2 .

Environmental variations (weather, toxin exposure, etc) alter demographic
parameters of individuals. ow do these perturbations feed through into
effects on populations? Density dependence can reduce the effects of en-
vironmental stochasticity, but it is also possible for the two to interact in
a way that amplifies the environmental noise, as in the case of Dungeness
Crab (Higgins et al. 1997) and Soay Sheep (Coulson et al. 2001). How-
ever, we lack a general framework to predict how populations will respond
to environmental noise. Here we perturb two and three stage class popu-
lation models, including the LPA model of Tribolium (Dennis et al. 2001),
with white noise, focussing on those parts of parameter space where the
unperturbed population has a stable equilibrium. We assess responsive-
ness by measuring the variance of the input and output time series, and
examine the ability of different elasticities to predict population respon-
siveness. The elasticity of density independent growth rate is effective as
a general guide but for some forms of density dependence the one-step
elasticity is better. Density dependence may reduce impacts, but this
depends crucially on its form and which parts of the life history are im-
pacted by the environmental shocks. Short-term population consequences
are sometimes greater than would be inferred from conventional elastici-
ties. The extent to which this occurs can be predicted by the magnitude
of the stability determining eigenvalue.

1School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ,
UK (e-mail: f.scott@uea.ac.uk).

2School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ,
UK (e-mail: a.grant@uea.ac.uk).

References

[1] Coulson, T., Catchpole, E. A., Albon, S. D., Morgan, B. J. T., Pem-
berton, J. M., Clutton-Brock, T. H., Crawley, M. J. & Grenfell, B.
T. 2001 Age, sex, density, winter weather, and population crashes in
Soay sheep. Science 292, 1528-1531.

[2] Dennis, B., Desharnais, R. A., Cushing, J. M., Henson, S. M. &
Costantino, R. F. 2001 Estimating chaos and complex dynamics in
an insect population. Ecological Monographs 71, 277-303.

[3] Higgins, K., Hastings, A., Sarvela, J. N. & Botsford, L. W. 1997
Stochastic dynamics and deterministic skeletons: Population behav-
ior of Dungeness crab. Science 276, 1431-1435.

22-Sco-a 22-Sco-b


