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Appendix 1

Applying the IR approach to ratio dependent 
predator-prey models

Here we show how the IR approach may be applied to an alterna-
tive model formulation, the “Ratio dependent” (RD) model, in 
which the predator’s functional and growth responses incorporate 
predator-dependence, such as might arise through interference be-
tween competing predators (Arditi and Ginzburg 1989, Akcakaya 
et al. 1995). We follow the same procedure as outlined in the main 
paper, determining the equivalence of the IR and RD approaches 
to derive an expression for the assimilation efficiency function. 
Following Getz (1984), a possible RD predator-prey model is:
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where c is a constant. Equating the predator’s growth response in 
this model to that of the IR model (Eq. 5 in the main paper) and 
solving for e gives the following expression for the assimilation 
efficiency function:
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As before it can be seen that assimilation efficiency may vary with 
prey concentration (V), either increasing or decreasing as prey 

concentration changes, in a manner similar to that shown in the 
main paper. In addition, however, assimilation efficiency may also 
change in response to changes in predator concentration (C). In 
particular, the manner in which e changes with prey concentration 
now depends on the density of predators; if cC > k2 – V then e de-
creases with increasing V, if the reverse is true then e increases with 
V, and if cC = k2 – V then e is constant with respect to V. Hence, as 
predator density crosses a threshold predator concentration given 

by 
 
C * =

k
2
− V '

c
, the assimilation efficiency function switches 

from increasing to decreasing (Fig. A1). Furthermore, analysis of 
this RD approach shows that there may always be combinations 
of C and V that result in e > 1 for a given set of parameter values. 
Hence, the approach considered here is only strictly applicable 
over the range of predator and prey densities from which the pa-
rameters were estimated. 

However, although these predator dependencies are potentially 
very important from a population dynamic point of view, they 
do not change the fundamental conclusions of our paper. That 
is, regardless of what the underlying population dynamic model 
is, the IR approach enables an expression for the assimilation ef-
ficiency function to be derived by comparing the equations for 
the predator’s functional and growth responses, and the shape of 
this response can be determined by parameterising those responses 
from experimental data. 
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Figure A1. Relationship between predator and prey density and the assimilation efficiency, as derived from the IR version of the ratio 
dependent model. The dashed line shows the threshold predator concentration, C*, below which assimilation efficiency increases with 
prey density, and above which assimilation efficiency decreases with prey density.
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