
Supplementary Material 

To determine whether optical blur can account for the observed L/M cone 

clumping in 4 of our subjects, an additional test was performed that incorporated the 

assignment uncertainty of each particular cone in the mosaic.  When identifying 

individual L and M cones in a section of retina it is possible to estimate, for each cone, 

the probability of correct assignment.  One hundred mosaics based on these probabilities 

were generated.  These represent a sampling of the cone mosaics that are consistent with 

the original identifications made, given the uncertainty with which individual cone 

identities could be determined. With these mosaics a test was performed similar to the 

initial test used to assess the randomness of the array.  However instead of computing and 

comparing the cumulative histogram of inter-M cone distances based on a single mosaic, 

cumulative histograms of inter-M cone distance were computed for each of the 100 

mosaics based on individual cone assignment probabilities.  The resulting distribution 

was graphically compared with that expected from 100 simulations with random M cone 

arrangement.  Results are shown in Figure 1. The solid black and red lines represent the 

average, minimum, and maximum of the 100 simulations representing the real mosaic.  

The dashed lines represent the boundaries of the 100 random simulations.  

From the two distributions, representing actual and random mosaics, the 

probability was calculated for each point along the curve (i.e. at each distance value) that 

the observed differences between the two distributions could have arisen from chance, 

and hence do not represent a statistically significant departure of the actual mosaic from a 

random array.   Mosaics were deemed non-random if this probability for any particular 

point along the curve was less than p = 0.01, or if the probability for the curve as a whole 



was less than p = 0.05.  No subject met this criterion for the two curves as a whole, 

however for two of the subjects, BS and MD, the curves representing the actual and real 

mosaics were significantly different in at least one location (BS, p = 0.0002; MD p = 

0.008), in both cases indicating a somewhat clumped M-cone array.  The probability that 

we would have observed the departure from randomness seen in BS’s retina in any one of 

eight subjects due solely to chance is only p=0.0016, while there is a higher chance, 

p=0.064, that we would have observed a departure from randomness as large as that seen 

in MD in one of our eight subjects.  MD just barely meets the criterion we are using for 

the mosaic to be considered non-random, while for BS the departure from randomness is 

more striking.  

The interpretation of the results of this test hinges on an accurate assessment of 

the assignment error of cones in the mosaic. While we are able to estimate the fraction of 

cones in each mosaic that are misidentified, we currently have no way to assess the 

certainty of this estimate.  Additional simulations on BS's mosaic indicate that it is not 

possible to arrive at a mosaic that meets the randomness criteria by reassigning a number 

of cone identities equal to the fraction of cones estimated to be misidentified, even when 

purposely choosing the cones that are reassigned to arrive at the least clumped array 

possible.  However, under the conservative assumption that the only cones to have been 

misidentified were those for which optical blur was an issue, further simulations indicate 

an increase in the number of misidentified cones of 60% relative to our estimate of the 

number of misidentified cones is enough to make it probable (p > 0.05) that BS’s mosaic 

will meet the criteria for randomness. MD’s mosaic would require a much smaller 

misestimate of assignment uncertainty for randomness to be probable.  Nevertheless, this 



simulation indicates that the L/M mosaic can be clumped in some eyes and it is difficult 

for us to explain this result on optical grounds.  

 

 

 


