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Paedomorphosis and Neoteny in the Pygmy Chimpanzee

Abstract. The strongly paedomorphic skull form in the pygmy chimpanzee results
from the heterochronic process of neoteny. This cranial paedomorphosis and
neoteny in Pan paniscus may be related to reduced sexual dimorphism in morphology
and behavior. The interspecific differences in form result from shifts in the rate and

. timing of similar patterns of development.

The nature of the morphological differ-
ences between the ‘‘pygmy’’ and ‘‘com-
mon’’ chimpanzees and the meaning of
these differences for our understanding
of ape and human evolution have long
been of interest to primatologists. Early
investigators (/, 2) suggested that the
pygmy chimpanzee (Pan paniscus) rep-
resented a ‘‘dwarfed, paedomorphic’’
form of chimpanzee (I, 2); later others
(3, 4) also invoked paedomorphosis and
neoteny to account for the differences
between the chimpanzee species, but
detailed studies to support these hypoth-
eses have not been made.

I have integrated studies of allometry
[size and shape relations (5)] and heter-

Fig. 1. (A) Paedomorphosis in Pan paniscus
adults and the extension of common growth
allometries to larger sizes in Pan troglodytes
adults. (B) Relative size of the skull (§), trunk
and forelimbs (7/F), and hind limbs (H) in
adult Pan paniscus (shaded symbols) when
placed on an ontogenetic sequence of infant,
juvenile, subadult, and adult Pan troglodytes
(open symbols). (C) Skull length (in millime-
ters) is plotted against a measure of trunk
length (in millimeters) in ontogenetic se-
quences of the chimpanzees. The lower slope
in the pygmy chimpanzees (k = 0.38; stan-
dard deviation, 0.01) compared to the the
common chimpanzee (k = 0.62; standard de-
viation, 0.03) reflects slowed growth of the
skull relative to overall body size, yielding
paedomorphosis via neoteny. (D) Gould’s (7)
‘“‘clock model” of heterochrony, where the
curved trajectory represents differential travel
along common growth allometries. If the
dashed vertical line is taken as the condition
in adult Pan troglodytes, the position of the
clock’s ‘*hands’’ for the skull, trunk and fore-
limbs, and hind limbs indicates the relative
position of adult Pan paniscus (17-22); com-
pare to (B).
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ochrony [shifts in the timing of develop-
mental patterns (6-9)] in an analysis of
chimpanzee (and gorilla) morphology (9-
16). My results indicate that most of the
shape differences between adult pygmy
and common chimpanzees are allometric
because of ‘‘ontogenetic scaling.’” That
is, the primary differences in shape result
from a simple extension of common
growth allometries to different terminal
sizes (Fig. la) (/7). This has been found
to generally hold within the skull (13-15),
within the trunk (/4), and within each
limb (/0), but not in a comparison of hind
limb length relative to trunk or forelimb
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length (10, 14). I now discuss new find-
ings concerning these issues, resulting
from more detailed comparisons among
various body regions in the two species
of chimpanzees.

Although ontogenetic scaling of pro-
portions holds for almost all compari-
sons within the. major body regions of the
head, trunk and forelimbs, and hind
limbs, the pygmy and common chimpan-
zees clearly do not fall along a common
ontogenetic trajectory when compari-
sons are made between these major body
regions. In fact, the data show a ‘‘gradi-
ent’’ of differential size (and correlated
shape) change among thé major body
regions in a comparison of P. paniscus
with P. troglodytes chimpanzees (/8)
(Table 1). Adult pygmy chimpanzees do
not have overall proportions that match
any single ontogenetic stage in P: rroglo-
dytes. Rather, given a large-to-small vec-
tor of size change, the skull is most
strongly reduced in size, the forelimbs
and body trunk are somewhat reduced,
and the hind limbs aré not reduced at all
(19). The opposite changes characterize
a small-to-large vector of size increase
(that is, P. paniscus to P. troglodytes)
(Fig. 1B) (20). A comparison of the onto-
genetic allometries of maximum skull
length against head-and-trunk length in
the chimpanzee reveals a strong diver-
gence of the growth trajectories; at a
given body size, P. paniscus has a small-
er overall skull size than P. rroglodytes
(Fig. 1C) (21, 22). Because of the strong
ontogenetic scaling of cranial growth
pattérns, the smaller skull size in the
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Table 1. A comparison of body dimensions between adult Pan paniscus arid an ontogenetic
sequénce of P. troglodytes. Values are age-group means. The dimensions of head, trunk and
forelimbs, and hind limbs for adult P. paniscus fall at different points along the growth trends of

P. troglodytes.

Body dimensions (mm)

Item Pan troglodytes Adult Pan
Infant Juvenile Subadult Adult paniscus
Total skull length 148 163 175 195 163
Arm length 373 417 504 574 555
Arm span 1225 1405 1526 1795 1588
Trunk height 451 526 570 733 665
Hind limb length 347 397 478 543 542

pygmy chimpanzee is correlated with a
paedomorphic or juvenilized shape rela-
tive to P. troglodytes of equal size or
age. ,

The shifts in patterns of size and shape
relative to agé among thé major body
regions in a transformation of P. troglo-
dytes to P. paniscus (Fig. 1D) demion-
strate that the adult pygmy chimpanzee
exhibits paedomorphosis of skull form
via neoteny; it is characterized by an
overall skull size and shape closely re-
sembling younger subadult stages of P.
troglodytes (23). Neoteny is the appro-
priate heterochroriic process in this case
because the paedomorphic skull form in
P. paniscus is produced by a dissociation
of the ancestral relation of skull to body
growth, and a slowing or retardation in
the overall rate of shape change in skull
form relative to overall body growth (see
Fig. 1, C and D). Conversely, if size
increase from P. paniscus to P. troglo-
dytes is considered, the timing shifts in
Fig. 1D would yield a mirror image, and
acceleration of skull growth relative to
overall body size growth would produce
the peramorphic (8) cranial shape in
common chimpanzees.

The cranial paedomorphosis and neo-
teny in P. pahiscus may be related to
reduced sexual dimorphism in morpholo-
gy and behavior since reduction -or trun-
cation of a structure’s growth yields re-
duced sexual dimorphism (24), and P.
paniscus exhibits less sexual differentia-
tion of behavior and grouping patterns
than P. troglodytes (25).

Gould (7) and others (26) have suggest-
ed Ihat analyses of heterochrony may
provide a vital link between studies of
morphological evolution and regulatory
genetics. The seeming disparity between
the morphological and genetic distance
separating humans and chimpanzees has
led many to conclude that small changes
in the genetic material controlling regula-
tory systems might account for signifi-
cant organismal change in evolution (7,
26-28). Although the morphological dif-
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ferences between pygmy and common
chimpanzees do not approach those
characterizing a human-to-chimpanzee
contrast, the above results show how
substantial morphological differentiation
may result from shifts in developmental
timing and rates of growth among vari-
ous major body regions, with little or no
change in the ontogenetic patterns within
each region. The data are consistent with
the idea that ‘‘features of an organism
are bound ... in covariant sets, and
these sets are often dissociable as
blocks™ (28). This ‘‘shuffling” of the
developmental trajectories of various
body regions may provide new adaptive
morphological configurations with mini-
mal genetic changes.

BrIAN T. SHEA
Departments of Anthropology and
Cell Biology and Anatomy,
Northwestern University,
Evanston, Illinois 60201
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