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Heterochrony, or the evolution of
ontogeny, has been well studied in
embryology and skeletal development,
providing insight into morphological
and genetic mechanisms of evolution."”
However, heterochronic studies of behav-
ior and cognition lag behind in compari-
son. In a recent study we investigated the
ontogeny of social behavior and cogni-
tion in humans’ closest living relatives,
chimpanzees (Pan troglodytes) and bono-
bos (Pan paniscus). These two species
are estimated to have had a chimpanzee-
like common ancestor between 0.86 and
1.8 mya.*” Bonobos have been argued
to exhibit morphological indications of
paedomorphism relative to chimpanzees,
especially in the cranium, and to exhibit
paedomorphic behavior as adults.*"! We
found that bonobos exhibit developmen-
tal delays relative to chimpanzees in sev-
eral aspects of their social behavior and
cognition. Here, we describe how plac-
ing these results in the framework of
heterochrony contributes to understand-
ing behavioral and cognitive differences
between adults of these two species and
to our knowledge of hominid evolution
in general.

Heterochrony research quantifies how
developmental processes evolve, through
characterization of the relationship
between a trait’s growth in size and shape
over time. Heterochronic processes are
divided into two major categories—
paedomorphosis, where a trait in the
descendant species resembles a juvenile
form of the ancestral species, and pera-
morphosis, where a trait in the descendant
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species develops beyond the adult form of
the ancestral species. Within each of these
categories, heterochrony researchers have
created precise definitions of how selection
can act on development through changing
the start and end points of development,
the rate of development, and/or the means
by which development occurs.'*!

In general, it is difficult to apply mor-
phological concepts of heterochronic
change to behavioral and cognitive traits
because such traits do not often grow at
measurable rates and in predictable stages
of form.*! However, a few behaviors can
be studied in this manner because they
can be characterized as having distinct
“sizes” and “shapes,” attributes used by
the heterchrony model in the study of
morphology. For example, in some species
agonistic signals increase in both number
(“size”) and complexity (“shape”) through
infancy and juvenility.”'¢ If an adult of a
descendant species shows a reduced num-
ber and complexity of agonistic signals,
this meets the morphological criteria for
paedomorphosis.”

The heterochrony model may prove to
be applied more easily to cognitive abilities
than to behavioral traits, because there are
more obvious matches of developmental
traits to “size” and “shape.” The order in
which cognitive abilities emerge over the
course of development can vary across
species,'® thus the relative proficiencies at
differing tasks can provide the equivalent
of a shape component. In turn, proficiency
across cognitive tasks, or more general
intelligence, can be indexed by the size
component. Research into human cog-
nitive heterochrony has suggested that

337



Morphological models of
paedomorphosis

Neoteny/Rate hypomorphosis
Ancestor

Descendant

Shape

Time

Postformation
Ancestor

Descendant

Shape

Time

Data from Wobber et al, 2010

Food sharing behavior

§ Chimpanzees

% Bonobos

Age

Social inhibition

% Chimpanzees

E Bonobos

3

Age

cranium.®

Figure 1. Depictions of the patterns found in our recent study? in comparison to models of
paedomorphosis.® Bonobos appear to exhibit neoteny or rate hypomorphosis in their ontogeny
of intolerant behavior, while in their patterns of social inhibition across two tasks they appear to
exhibit postformation, the process found to create paedomorphosis in aspects of the bonobo

children acquire cognitive abilities both at
a different rate and in a different sequence
relative to other primates, suggesting a
fruitful area for further study.'”?°

Investigating heterochrony in several
dimensions (behavioral and/or cognitive
in addition to morphological) enables the
possibility of finding correlations across
seemingly unrelated processes and assess-
ing whether such correlations are due to
common developmental ~mechanisms.
Current research suggests that although
in some poikilotherms morphological and
behavioral paedomorphic processes are
decoupled, in others they may be selected
as a unit.”?? Lictle work has examined
whether correlations exist between mor-
phological and behavioral heterochrony in
non-human primates.

In our recent study, we demonstrated
that bonobos exhibit delayed development
in several aspects of social behavior and
cognition relative to chimpanzees.” This
finding is in line with prior evidence that
bonobos exhibit cranial paedomorphosis,
suggesting potential broad-scale develop-
mental evolution in bonobos.” Here, we
present our data in relation to the mod-
els of paedomorphosis defined in previous
work.® We utilize age in years as our time
variable and performance on each behav-
ioral or cognitive task as our shape compo-
nent, with no relevant size component for
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these analyses. In our first experiment, we
found that chimpanzees increased in their
intolerance during food sharing with age,
while bonobos maintained juvenile, low,
levels of intolerance into adulthood. This
resulted in adult bonobos sharing food
more readily than adult chimpanzees.?>*
The observed pattern best resembles neo-
teny or rate hypomorphosis in bonobos,
since juveniles of the two species showed
comparable levels of intolerance and intol-
erance increased at differing rates with age
in the two species (Fig. 1).

In our second experiment, we found
that chimpanzees showed consistent perfor-
mance across ages on a social response inhi-
bition task, while bonobos improved at a
slower rate across infancy.” This conforms
to the morphological concept of postforma-
tion (pacdomorphosis due to initial shape
under-development) in bonobos, with the
youngest bonobos having more difficulty
than the youngest chimpanzees (Fig. 1).
Finally, we found that on a social reversal
learning task,” bonobos started at a lower
level of performance than chimpanzees in
juvenility, and while both species improved
with age, adult bonobos never reached a
level of performance comparable to adult
chimpanzees.” Again, this appears to rep-
resent postformation in the bonobos, with
there being a difference in early levels of
ability that persists into adulthood (Fig. 1).
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Together, our results suggest that
behavioral and cognitive traits can be
subject to ontogenetic evolution, and that
models of heterochrony can be usefully
extended to traits not typically assessed
in the evolutionary-developmental frame-
work. One result is to encourage further
cross-disciplinary comparisons of traits
subject to developmental shifts in evolu-
tion. In particular, our finding that behav-
ioral and cognitive heterochrony appears
correlated with cranial heterochrony in
questions
about whether the developmental mecha-

bonobos raises provocative

nisms responsible for these changes reflect
an underlying uniformity.
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