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We appreciate the constructive commentaries on our review of  
categorical perception (Green et  al. 2020). As we detail below, 
these commentaries suggest several useful pathways toward under-
standing the physiological, ecological, and evolutionary mechanisms 
underlying categorical perception’s role in animal communication 
and decision-making.

Mason (2020) correctly states that categorical perception is not 
necessarily a unitary phenomenon—that is, its expression in di-
verse taxa (e.g., crickets, frogs, and sparrows) is unlikely to reflect 
a single underlying process. James and Ryan (2020) reinforce this 
idea by noting that neural network models have been shown to 
achieve categorical perception in a variety of  ways. The expres-
sion of  categorical perception itself  may vary in the extent to which 
within-category discrimination is diminished or between-category 
discrimination is enhanced. When initially described for human 
speech perception, there was some debate as to whether catego-
rical perception allowed for any within-category discrimination. It 
quickly became apparent, however, that humans are able to dis-
criminate exemplars within a phonemic category, albeit far less ac-
curately than between-category discriminations (Studdert-Kennedy 
et  al. 1970). Categorical perception of  bat calls versus conspecific 
calls by crickets is more absolute in the sense that there appears to 
be no within-category discrimination (Wyttenbach et al. 1996), and 
this may be attributed to the simple neural mechanism involved as 
Mason (2020) suggests. But a big brain may draw absolute bound-
aries as well, as appears to be the case for the categorical percep-
tion of  note types by swamp sparrows (Prather et al. 2009). For all 
these reasons, we fully agree that categorical perception should not 
be viewed as an adaptation on its own but rather as a phenomenon 
that may arise in many ways depending on how evolution acts on 
decision-making and communication systems.

Another dimension of  variation in the expression of  categorical 
perception is whether category boundaries are fixed or flexible. 
Tanner and Tumulty (2020) suggest that the stimulus properties 
being perceived could determine the plasticity of  category bound-
aries. We agree this is an important issue to consider further. It 
is already clear that category boundaries for even simple stimuli, 
such as the length of  song note types in swamp sparrows, vary ge-
ographically (Prather et al. 2009), presumably as the result of  cul-
tural drift, just as in the case for phonemic boundaries in human 
speech. Additionally, in the discrimination of  both words in speech 
(Bloch 1941) and syllables in birdsong (Lachlan and Nowicki 2015), 
the location of  a category boundary depends on where in a vocal-
ization the sound being discriminated occurs. As such, Tanner and 

Tumulty’s (2020) suggestion that plasticity is likely to be found for 
category boundaries involved in individual recognition, whether of  
human faces or wasp faces, is particularly intriguing.

As Luro and Hauber (2020) emphasize, more tests are needed 
of  categorical perception in the wild. These studies can reveal the 
fitness costs and benefits of  categorical perception, helping re-
searchers understand when and how evolution acts on sensory 
tasks that may be facilitated by the expression of  this phenomenon. 
Future studies of  categorical perception would proceed best by 
combining field and lab approaches. A  field study might identify 
the relevant stimulus variation receivers must parse, followed by lab 
assays under controlled conditions to test for categorical perception 
and delineate any category boundaries that may exist. Finally, re-
turning to the field and testing under relevant ecological conditions 
can establish the fitness consequences of  the way in which a stim-
ulus is perceived. Social recognition tasks, such as neighbor-stranger 
recognition as suggested by Tanner and Tumulty (2020) or mate 
and offspring recognition as suggested by Luro and Hauber (2020) 
provide fertile ground for this kind of  work. These studies, com-
bined with the comparative studies proposed by James and Ryan 
(2020), are needed to situate categorical perception in a stronger 
evolutionary framework.

James and Ryan (2020) detail an additional fascinating twist to the 
evolutionary implications of  categorical perception: category bound-
aries might be exploited in a fashion similar to the sensory exploi-
tation of  other kinds of  receiver responses. If  such proves to be the 
case (as seems plausible), then the strength and location of  category 
boundaries could represent trade-offs between competing demands 
for how an organism parses its sensory world into useful categories.
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