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We agree with all 3 sets of commentators (Healy 2015; Smulders
2015; Thornton and Wilson 2015) that the goal we set is chal-
lenging, (Croston et al. 2015) and we are well aware of the mag-
nitude of effort involved in such an undertaking. It is notable that
50 years ago, Sydney Brenner wisely chose the simple nematode,
Caenorhabditis elegans, as a model system for dissecting the links
among genes, neurons, and behavior (Brenner 1974), yet hundreds
of thousands of published papers and a few Nobel prizes later,
there is still no end in sight. Given that C. elegans are a relatively
simple organism and that cognition in most species is a complex
phenotype associated with many genes of small effects, quantita-
tive genetic approaches will likely provide the most useful advances
in understanding how natural selection affects cognition. We are
happy to hear that there is support for a renewed focus on trait
heritability in behavioral ecology research, and we look forward to
further insight arising from this effort.

Smulders (2015) reiterates a valid point that it is critical to know
which specific traits are heritable, as a trait of interest may be the
outcome of multiple and necessarily coincident factors. In such
cases, any additive genetic variance detected in that trait may be
due to these confounding factors. This problem, however, can
often be resolved via conventional experimental approaches aimed
at isolating the trait of interest from any potential confounds. For
example, Smulders (2015) suggested that heritability estimates of
the number of hippocampal neurons might be affected by poten-
tially heritable motivation to hoard food, which is necessarily tied
to hoarding behavior. If that were the case, we would expect that
animals hoarding less should have fewer neurons. However, for
chickadees that spent their entire life in captivity and had little
motivation to cache, the total number of hippocampal neurons
is similar to that of their wild, highly motivated counterparts
(Pravosudov and Roth 2013). In this example, then, it is unlikely
that motivation to hoard food directly drives development of the
hippocampus. Similar experimental approaches can be employed
in careful consideration of what precise trait is being measured, so
that heritability estimates are not confounded by other behavioral
or cognitive traits.

Thornton and Wilson (2015) caution against what they refer to as
an “overemphasis” on studies of trait heritability, on grounds that
traits operate in concert and selection does not act on single traits,
and that heritability estimates cannot predict selective responses in
the presence of any of several phenomena known to affect gene
expression. Instead, they suggest a focus on the genetic architecture
of traits. We have not suggested the abandonment of any effort to
identify specific genes in association with traits of interest. However,
because the genetic architecture underlying cognitive traits is typi-
cally complex and includes multiple genes with small effects, it
may be difficult to identify the individual genes involved (Rockman
2012). Research in fruit flies, however, illustrates that such task,
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though challenging, is feasible (e.g.,, Shorter et al. 2015). We sug-
gest that for any effort at understanding trait evolution, including
uncovering genetic underpinnings, we must logically begin with the
determination that that trait is heritable. It is clear that the nature
and extent to which heritability estimates can provide insight into
trait evolution depends entirely on the question being asked (e.g,,
Smulders 2015). Rausher and Delph (2015) point out that evolu-
tionary biologists are often primarily interested in selective pres-
sures driving the evolution of phenotypes, and addressing questions
about heritability of phenotypes, then, constitutes a complete
explanation for evolutionary phenotypic change. Definitive answers
to these questions may often be gained without identifying underly-
ing genes (Rausher and Delph 2015).

Although we agree that identifying genetic networks underly-
ing specific traits is important, this approach is subject to the same
weaknesses as estimating heritability—many traits change simul-
taneously, and determining genetic basis for particular traits is
a daunting task. As cognitive traits are likely polygenic, involving
many genes with likely small allelic effects, quantitative genetics
might provide an easier approach to investigate effects of natural
selection (Rockman 2012). Although it may be true that heritability
estimates cannot provide insight into causal pathways underlying
genotype-phenotype associations, quantitative genetic approaches
have been successful in investigating the evolution of complex phe-
notypes. Many cognitive traits are quantitative in nature, meaning
that adaptation in these traits likely involves additive effects at many
small effect loci, and parallel trait evolution may produce different
genetic architecture for polygenic traits, even among different pop-
ulations within the same species (e.g., Soria-Carrasco et al. 2014;
Feldman et al. 2015).

As with any biological inquiry, multiple approaches will be neces-
sary for addressing key questions about the evolutionary biology of
cognition. However, the first step is establishing whether a trait can
respond to selection. IFrom there, we can move on to test specific
predictions about how selective, or nonselective evolutionary driv-
ers, may act on these traits.

FUNDING

R.C., C.L.B., D.YK., and V.V.P. were supported by the National
Science Foundation grant (I0S1351295 to V.V.P). R.D. is sup-
ported by the Natural Sciences and Engineering Research Council
of Canada.

Address correspondence to R. Croston. E-mail: RCroston@unr.cdu.

Received 19 October 2015; accepted 21 October 2015.
doi:10.1093/beheco/arv192

Editor-in-Chief: Leigh Simmons

REFERENCES

Croston R, Branch CL, Kozlovsky DY, Dukas R, Pravosudov VV, et al 2015.
Heritability and the evolution of cognitive traits. Behav Ecol. 26:1447-1459.

Conner JK, Hartl DL. 2004. A primer of ecological genetics. Sunderland
(MA): Sinauer Associates Incorporated.

Feldman CR, Durso AM, Hanifin C'T, Pfrender ME, Ducey PK, Stokes
AM, Barnett KE, Brodie ED III, Brodie ED Jr. 2015. Is there more
than one way to skin a newt? Convergent toxin resistance in snakes is
not due to a common genetic mechanism. Heredity. 1-8. DOI:10.1038/
hdy.2015.73.

Healy SD. 2015. More data required: a comment on Croston et al. 2015.
Behav Ecol. 26:1462.

9T0Z ‘ST AInc uo Ariqi AisiBalun Jese NN e /B1o'seulnolpioxo'odsysg/:dny wolj pspeojumod


mailto:RCroston@unr.edu?subject=
http://beheco.oxfordjournals.org/

1464

Pravosudov VV, Roth TC II. 2013. Cognitive ecology of food hoarding: the
evolution of spatial memory and the hippocampus. Annu Rev Ecol Evol
Syst. 44:173-193.

Rausher MD, Delph LE 2015. Commentary: when does understanding
phenotypic evolution require identification of the underlying genes?
Evolution. 69:1655-1664.

Rockman MV, 2012. The QTN program and the alleles that matter for evo-
lution: all that’s gold does not glitter. Evolution. 66:1-17.

Shorter J, Couch C, Huang W, Carbone MA, Peiffer J, Anholt RR,
Mackay TFE 2015. Genetic architecture of natural variation in

Behavioral Ecology

Drosophila melanogaster aggressive behavior. Proc Natl Acad Sci USA.
112:E3555-E3563.

Smulders TV. 2015. Interpreting measurements of heritability: comment on
Croston ¢t al. Behav Ecol. 26:1461-1462.

Soria-Carrasco V, Gompert Z, Comeault AA, Farkas TE, Parchman TL,
Johnston JS, Buerkle CA, Feder JL, Bast J, Schwander T, et al. 2014.
Stick insect genomes reveal natural selection’s role in parallel speciation.
Science. 344:738-742.

Thornton A, Wilson AJ. 2015. In search of the Darwinian Holy Trinity in
cognitive evolution: comment on Croston et al. Behav Ecol. 26:1460-1461.

9T0Z ‘ST AInc uo Ariqi AisiBalun Jese NN e /B1o'seulnolpioxo'odsysg/:dny wolj pspeojumod


http://beheco.oxfordjournals.org/



