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Figure S1. Schematic diagrams that provide additional details about the proposed Darwinian model of learning-
induced map plasticity. (a, b) If a behaviorally useful circuit (denoted by the black circle) arises in an expanded 
region of the map, map renormalization would be expected to eliminate the circuit (or shift its response 
properties in a manner that would not be appropriate). The figure illustrates two possibilities to avoid this 
problem. (a) The first possibility is that the circuit is somehow “moved” or “copied” such that a different 
population of neurons [in the appropriate (i.e. blue) region of the map] develops the relevant circuit properties. 
Although the possibility that memories can be moved from one location to another has been proposed1,2, there 
is little experimental evidence of a biological mechanism that would support such the phenomena. (b) The 
second (more likely) possibility is that the neurons that exhibit the behaviorally useful properties would be 
stabilized so that they would not shift their response to the topographically organized feature (in this case tone 
frequency) even though all of the neighboring neurons shift back to the properties they were tuned to before 
the map expansion. If this occurs, the behaviorally relevant circuit would be tuned to a feature that was 
different from its neighbors. This scenario is represented by the blue colored symbol in the yellow region of the 
bottom panel (iii). If this prediction of the model is confirmed, unusual tuning might serve as a useful marker to 
identify neurons involved in dedicated circuits. (c) In the proposed Darwinian model of learning, memories and 
skills are stabilized as dedicated circuits with sparse response characteristics. When learning is specific to a 
feature that is organized topographically in the brain (such as frequency and orientation discrimination3,4), some 
of the neurons involved in the dedicated circuit would be expected to be located in the topographically 
organized region (such as A1 and V1 cortical areas). The proposed model makes the surprising prediction that 
these neurons would not necessarily be located in the expected region of the map, because behaviorally useful 
circuits would often develop when the map was expanded and the neurons would become “stranded” when 
they were stabilized before the map normalized. The model predicts that the vast majority of neurons would not 
be part of a dedicated circuit and would be free to shift as the map expands or contracts with ongoing learning. 
The schematic diagram illustrates this idea by showing that none of the stabilized neurons shift when the map 
expands. For example, the red shape (denoted by the black square) in the yellow region was not eliminated 
when the yellow and red areas contract because this circuit is stabilized. (d) Circuit stabilization is more likely to 
exist as a range of relative stability rather than a binary state (i.e. stabilized or not stabilized). In the final 
schematic, the most stable neurons are represented at the top of each box and the least stable (i.e. most 
flexible) are represented at the bottom. The neurons that violate the typical topography are stabilized and 
shown at the top. The neurons that are the least stable are shown to be responsible for map expansion. This 
view avoids the prediction of earlier map expansion models that expansion of one region should make subjects 
significantly worse at tasks involving the contracted region. In this view the brain is not a zero sum game 
because with learning uncommitted neurons shift in an attempt to provide some new and useful computation, 
while dedicated neurons do not shift. The advantage of the proposed learning mechanism is that it provides a 
large number of neurons tuned to novel stimuli so that the brain can use a coarse coding (wisdom of the 
crowds) strategy to solve a new problem and sparse coding to generate well-rehearsed solutions.  
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Figure S2. Schematic diagrams that provide additional details about the proposed Darwinian model of learning-
induced map plasticity. (a) The model predicts that earlier learning could influence later learning because 
stabilized circuits could contribute to the development of novel circuits during map expansion. This 
phenomenon could support a form of directed exploration of the solution space that would allow for learning 
that is progressive. Such a phenomenon could also help to explain why learning is faster on new tasks that are 
related to a previously learned task. The dotted and dash-dotted lines show behavioral performance before 
learning and after the first round of learning, respectively. The black arrow shows behavioral performance at 
each stage. The pink indicates the stabilized circuit, which is the most effective circuit yet developed.  (b) The 
model predicts that large scale plasticity would not be necessary for tasks that can be solved using existing 
circuits. Map plasticity is often necessary to obtain optimal performance on tasks involving simple stimuli (e.g. 
tone frequency discrimination), but may not be necessary for tasks involving more complex stimuli (e.g. speech). 
Since real world stimuli can often be distinguished by multiple cues, it is more likely that a circuit exists that can 
reliably accomplish the task. Learning would occur (black arrow shifting rightward) as the brain identifies which 
circuits are best able to accomplish the task. Even if no change is needed to accomplish the task, the model 
predicts that behaviorally useful circuits might be stabilized (pink) so that they are not later eliminated by map 
plasticity related to learning another task. The proposed model could support a lifetime of learning by allowing 
for repeated cycles of replication with variation, selection, and normalization which would support Darwinian 
evolution of different (though potentially overlapping) circuits that can perform an enormous number of 
different tasks. 
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