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constraint on relative brain size and thafgesidual values of indi-
vidual species relative to a best-fit line between brain size and
body size values are not independent of body size itself (Fig. 3).
This result is important when considering the encephalization
level of small New World monkeys.

As a final word, the comparison between the behavioral capa-
bilities of the hummingbird (brain size of less than a gram) and the
baleen whale (brain size in excess of 5,000 grams) reminds us of
the paradox raised by Barlow in H. J. Jerison (1985). In a heavy
brain a high encephalization index might correspond to the addi-
tion of many grams of brain tissue. whereas in a light brain the
same increase of the index would correspond to the addition of a
comparatively small amount of brain tissue. If encephalization is
related to intelligence, why does the heavy brain require many
times more brain tissue than the light brain to confer the same in-
crease in intelligence?

Clearly, spandrels - by products of structural constraints — re-
quires more attention from evolutionary biologists. The work of
Finlay et al. is most welcome.
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Abstract: Despite the ontogenetic allometric size effects that explain
much of phyletic variation in brain components, the residuals of some
structures indicates that mosaic brain evolution was an important factor in
Jiominid evolution. and that reorganization of the hominid brain may have
occurred as early as 3+ MY. Finlay et al.'s allometric technique masks
residual variation around allometric trends, and the patterns of residuals
relevant to species-specific departures from strict allometric trends.

It has been some 25 years since 1 reviewed Jerison’s 1973 book in
Science. 1 admire the tenacity with which the allometrists continue
to regard brain size as the most salient explanation for behavioral
differences among species, whether extant or fossiliferous. In that
review (Holloway 1974) 1 suggested that there was a tendency to
reify numbers into a fictional realm, such as “extra cortical neu-
rons” or the fitting of the 0.66 slope to the data without first check-
ing the actual regression figures, something that awaited Martin’s
(1983) paper, demonstrating an empirical slope of 0.75. At the
time of writing that review, I was concerned by Jerison’s (p. 81)
dismissal of the concept of “reorganization” of brain components
as a trivial explanation for even more trivial behavioral phenom-
ena, namely, species—specific behavior. How our svmbolic capaci-
ties could be regarded as “trivial” surprised me. Plotting numer-
ous graphs of log-log brain-body weight (and brain part volumes,
e.g.. the hippocampus) relationships completely validate, us does
this article by Finlay et al., that there are indeed allometric con-
straints to brain development operating at ontogenetic levels. and
thus having occurred in the phylogenies of most animal groups,
hominids included. For this investigator. however, it is the allo-
metric constraints which might be deemed “trivial” (sensn Jeri-
son). and the residuals, or departures from the constraints that are
most provocative and nontrivial in analyzing Slwcies—sp(‘(‘ifi(- be-
havioral repertoires and in particular the paleonenrological evi-
dence for hominid evolution. That was my essential message in the
reference that Finlay et al. cites (Holloway 1979). and T tried at
that time to make a rapproachment with Jerison which would be
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holistic regarding both allometric constraints and species—speciﬁc
departures from those constraints. and I did trv factor analysis as
one method to demonstrate this. The recent paper in Nature by
Barton and Harvey (2000) offers a critique of the Finlav et al.
study, and demonstrates correctly, T helieve, that mosaic evolution
did occur among brain components.

I ended my 1979 paper as follows:

By cathecting on size alone, all evolutionary paradigms become re-
duced to natural or genetic selection operating on incremental size
increases and behavioral efficiency. which always has the underlving
implicit structural argument that “intelligence”™ equals “brain size.”
Thus. for example. all of hominid evolution becomes “scaling,” "allom-
etry,” or quantitative increases. whereas these are only distal manifes-
tations of something more complex and important. In other words, all
of individual variation, the very stuff that evolution works on. is reduced
to a single dimension of either small or large. In fact.itis likely that the
selection events in any animal’s life depend more on the timing of mat-
urational events, epigenesis within the central nervous system (CNS).
and evervday events — that is. the "nitty-gritty” life-death “selection
walks” — are matters of hierarchical organization, differentiation. and
development. of which the outcomes through time can only be mea-
sured (thus far) as size increments. We should and can demand richer
explanations. (Holloway 1979, p. 85)

T had (and continue to do so at present) used the visual svstem
to illustrate my position regarding reorganization as being an im-
portant element of human brain evolution. There are at least two
good reasons for doing so: (1) the comparative primate volume-
tric data (e.g.. Stephan et al. 1981) shows that the primary visual
striate cortex (PVC) in Homo is 121% less in volume than expected
for a primate of its brain size (the lateral geniculate nucleus is
—144% less than expected). These residuals of over 100% should
command some attention, despite the small sample sizes within
species, and log-log regression lines with very large errors at the
extremes. (2) The pale(meurologicul evidence from brain endo-
casts occasionally shows details in the posterior cerebral region
suggesting that the reduction had occurred at least 3 nillion vears
ago. We will never know about the australopithecine hippociun-
pus. basal ganglia, septal, and amygdaloid nuclei, and so on, but
we do have a chance to identify and guantify some of the external
morphology of the cerebral cortex, as [ have tried to show with re-
gard to the lunate sulcus as an anterior boundary of PVC, and
cerebral asymmetries in particular (sec Holloway 1995 for a the-
oretical synthesis and Holloway 1996 for a full review).

I am also very skeptical of “spandrel” theories of brain/behav-
joral evolution as chanpioned here by Finlay et al. That all of our
species-specific behavioral attributes such as developing language
where arbitrary symbol systems underlie most of our cognition.
our emotions, our predispositions toward xenophobia and vio-
lence within and against species. our behavioral diversity with re-
gard to intelligence(s). our musicality. and so much more, should
simply be epiphenomena of an evolutionary passage (that cannot
he tested without time machines) bevond some size rubicon
strikes me as implausible. Spandrel theories cannot explain ge-
nius, sexual dimorphism of behavior, and brain structures such s
the corpus callosun. Neither spandrel or allometric analvses can
explain the difference in maternal behavior, between mountain
and prairie voles when pups are taken from the nest. Spandrel the
ories canmot explain the recently demonstrated differences e
tween Australian Aborigines and Cancasians with regard to PV
volumes and perceptual tasks (Klekamp et al. 1994). Take any lou
log regression line of mammalian brain-bodv weights and sec
whicl animal’s hehavior vou can predict when 'th(*y are closch ad-
jacent. for example. whales and cetaceans. or chimpanzee and
orangutan. or even various species of Macaca. which display dif
ferences in temperament and personality. Dog breeds would he
vet another example of the falure of wlometny to do more than
provide an ontogenctic constraint. which while nseful. begs the
more difficult issues of brain structural variation and behaviors
differences. For these, we can only hope that MRIL PRL and
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PET scans will get us beyond our cathecting on size alone. I am
not opposed to allometry at all; it must be a necessary component
part of any future holistic theory (or theories) of brain evolution,
but I am worried about dismissing evidence which suggests that
(uantitative shifts in neural systems through time might help us to
better understand the conjoint evolution of brain and behavior.



