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It is commonly assumed that the visual systems of bees have evolved so as to
maximize the insects’ ability to detect and discriminate floral food sources (Chittka &
Menzel, 1992). The honeybee, in particular, is known to be able to reliably estimate
surface color despite changes in illumination and background (Werner, Menzel, &
Wehrhahn, 1988), and this color constancy is hypothesized to contribute to its foraging
efficiency and fitness.

Tests of this hypothesis run into two complications. First, there are several different
models of computational color vision, each of which depends on different assumptions
about the physical properties of illuminants and surfaces in a scene, and each of which
proposes a different method (* color constancy algorithm’) for computing: color-constant
color descriptors (See Maloney, 1992, for review). Second, the relative foraging
advantage attributable to a particular color constancy algorithm can only be assessed
using realistic models of the physical environment of the bee and of its foraging behavior.

We compare and report the results of simulations of the foraging behavior of
hypothetical bees with different color vision systems and different degrees of color
constancy. These include (a) the UBG Bee which performs no color correction or color
constancy computation on its photoreceptor excitations, (b) the Retinex Bee, and (c) the
Ideal Bee which computes color descriptors that are completely color constant. The
dependent variable is always the rate of nectar accumulation.

The simulated environments are matched as closely as possible to previously-
surveyed physical environments. In these surveys, the identities of different flower
species and their density and spatial distribution were recorded at two-week intervals in
specific North German environments. Spectrophotometric measurements were taken of
the surface spectral reflectances across the UV and visible spectrum of all flowers
observed. Additional measurements of spectral power distributions of typical daylight
illuminants, bee foraging patterns, and bee visual acuity were taken from previous
empirical studies.
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