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Visual acuity of Budgerigars: 
does anatomy represent behaviour? 

 
 

Birds have well-developed eyes that are crucial for many of their behaviours, such as sexual 
selection, foraging, and navigation. A first step to understand the constraints set on behaviour by 
vision is to examine the spatial resolution of the eye. Spatial resolution, or visual acuity, is a 
measure of how well the animal can see the fine details of an object. It can be determined 
behaviourally or anatomically. A common behavioural method is a classical two-choice 
discrimination task, where an animal has to choose between two simultaneously presented stimuli. 
The second method is an anatomical investigation of the quality of the optics of the eye and the 
density of ganglion cells within the retina. The optical system of the eye determines the size of the 
image formed on the retina. Ganglion cells are the only cells which connect the retina to the brain 
therefore set the limit for the transfer of information about the image. When properties of the optical 
system and ganglion cell densities are known, the maximum theoretical value of spatial resolution 
can be calculated. 
 
In commonly adopted ganglion cell-count methods the retina is flattened (so called whole-mounted) 
and stained with cresyl violet dye for nuclei of the cells to be examined with the bright field 
microscope. It is well known, that the bird retina consists of several layers of ganglion cells in the 
highest cell density regions. However, most of the studies done so far rely on differential focusing 
even in the areas with four or more layers of ganglion cells. Others, which admit shortcomings of 
such an approach, investigate the retinal structure in cross-sections, but in different specimens. 
 
In this project I investigated the anatomical visual acuity of the Budgerigar, a small parrot 
inhabiting semi-open landscapes of interior Australia. The Budgerigar became a common pet bird 
as well as a good model species for vision research. It has an interesting ecology in the wild, 
possesses colour vision, is easily handled in laboratory, and eager to participate in behavioural 
experiments. I developed a method, which allows to use the same individual specimen of the retina 
for the whole-mount and cross-sectional counts. 
 
In agreement to expectations, the retina of the Budgerigar had an elongated horizontal region of 
densely packed ganglion cells – the visual streak. This pattern of cell distribution is very prominent 
in such open habitat avian species as the ostrich and most of the oceanic birds. In addition to that, in 
the centre of the visual streak Budgerigar retina had a region of very high ganglion cell density – the 
area centralis. This region serves for high visual acuity and is used when the bird needs to 
investigate objects in detail. The highest average cell density in the area centralis was 28000 cells 
per square millimetre. This value and existing data on the optical system of the Budgerigar yielded 
a maximum theoretical spatial resolution of 6 cycles per degree. This is much lower than the visual 
acuity limit of the chicken (13 cycles per degree) or pigeon (24 cycles per degree). Most 
surprisingly, it is only half the visual acuity limit obtained in behavioural experiments (12 cycles 
per degree). As usually there is a good agreement between anatomical and behavioural data in other 
species, deeper investigations on the Budgerigar’s visual acuity are needed. 
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Spatial resolution in the Budgerigar (Melopsittacus undulatus): 
comparing anatomy and behaviour 

 
 

The analysis of Nissl-stained retinal whole-mounts is a common procedure to determine the 
topographical arrangement of the retinal ganglion cell densities and, with the optical system 
parameters of the eye available, to calculate a maximum theoretical value of spatial resolution. It is 
well known, that many birds possess several layers of ganglion cells in the densely packed areas of 
the retina. However, most of the studies done so far rely on the differential focusing while counting 
ganglion cells even in the regions where up to 6 layers occur. In order to obtain more accurate 
numbers of the ganglion cell densities, we invented a histological procedure, which allows to use 
the same retinal specimen for the whole-mount and cross-sectional counts. In five eyes from 3 
individuals of wild type Budgerigar parrots we found a horizontal visual streak with centrally 
situated area centralis, but no fovea. The mean (n=5) peak cell density was 27970 cells/mm2 (s.d. = 
4226) and maximum visual acuity was estimated to be 6.16 cycles/degree. This value is half the 
visual acuity measured behaviourally. One of the possible explanations for such discrepancy is 
aliasing, which can help birds to perform better on behavioural experiments.  
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