A letter contests the view that a CT scan of Australopithicus
africanus "is about to wreak havoc on our view of hominid evo-
lution.” Other letter writers discuss theropod dinosaur and an-
cient bird "breathing mechanisms,” looking at how “lung venti-
lation and gas exchange” relate to the dinosaur-origin-of-birds

hypothesis.

No Surprises? Dean Falk’s Research

commentary “Hominid
brain evolution: Looks can be
deceiving” (Science’s Com-
pass, 12 June, p. 1714) con-
tends that “another new speci-
man...is about to wreak havoc
on our view of hominid evolu-
tion” and that it changes the
big picture. A cranium (Stw
505) found at Sterkfontein,
South Africa, in 1989 was no
surprise—the site has been
producing specimens for more
than 50 years. A coffee-table
book (/) and “the grapevine” speculated
that it had a 600+ cubic-centimeter (cm?)
brain. To test this, brain volume was esti-
mated by using a computed tomography
(CT) scanner. The digital measure
matched the volume obtained by tradition-
al water displacement, but not the coffee-
table book or the grapevine. Conclusion:
CT scanners are more accurate than ru-
mors. To have these sources match, or to
have found a brain, would have been sur-
prising. A mere volume of 515 cm?® for
Australopithicus africanus is not. Readers
still searching for the surprise, anticipating
havoc in the field and changes in their “big
picture,” may be disappointed by these
facts, but not all summer “blockbusters”
live up to reviews by friendly critics.

Tim White
Laboratory for Human Evolutionary Studies, Mu-
seum of Vertebrate Zoology, and Department of
Integrative Biology, University of California,
Berkeley, CA 94720, USA, E-mail: timwhite@socra
tes.berkeley.edu
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Response:

Stw 505 is important because of its unex-
pected cranial capacity of 515 c¢cm?, which
suggests that the cranial capacities of other
hominid fossil specimens may have been
incorrectly estimated. Since writing my
commentary, my colleagues and I have ex-
tensively researched the endocasts in our
collection and have begun to compare
them with 3D-CT reconstructions from the
actual specimens from which they were
taken. We are mighty surprised, and intend
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to publish our results as quickly as you can
say “Ardipithecus.” When reading a film
review, I always hope that the
critic (friendly or otherwise)
has actually seen the picture.
Worthwhile science, like a
credible film review, depends
on knowledge of the subject
matter. In other words, the
proof, as it relates to the signif-
icance of Stw 505, is in the
pudding. I believe that White
and I are both attending a small
workshop in August. I’m bring-
ing the pudding. White should
bring a spoon.

Dean Falk
Department of Anthropology, State University of

New York at Albany, Albany, NY 12222, USA,
d.falk@albany.edu

Lung Ventilation and John A. Ruben
Gas Exchange in and his col-

> leagues sug-
Theropod Dinosaurs gest (Reports,

, 14 Nov. 1997,
p. 1267) that the lung of theropod di-
nosaurs was most likely similar in form to
that of several extant reptiles and was
therefore incapable of sustaining high oxy-
gen (0O,) exchange rates characteristic of
endothermy. We disagree for two reasons.
First, we examined the comparative physi-
ology literature and determined that maxi-
mum oxygen exchange rates (VO,max) of
some extant reptiles overlap the oxygen
consumption rates measured in some
mammals during activity. Specifically, ex-
ceptionally active reptiles with multicam-
eral lungs (/) (for example, monitor
lizards and sea turtles) have values of
VO,max that overlap or approach the oxy-
gen exchange rates measured in similar
size mammals during activity (2). There-
fore, the septate lung in those reptiles must
be capable of sustaining rates of gas flux
characteristic of endotherms. However,
mammals and birds “typically” have a
greater VO,max. Therefore, we addressed
the question of what modifications in the
oxygen transport system of an extant
reptile would be necessary to support
higher rates of oxygen consumption.
We used morphological and physiologi-

cal measurements of extant reptiles and
well-established respiratory equations to
model the gas exchange potential of the
reptilian oxygen delivery system and to
examine the role of lung structure in con-
straining gas exchange. Each step in the
oxygen cascade is described by a set of
respiratory equations and, consequently, it
is possible to describe mathematically the
flux of oxygen through the entire cascade
and to evaluate the impact of modifica-
tions in any of its components (3). We
used this approach to predict the effects of
modifying several parameters in the oxy-
gen cascade on VO,max in a 1-kilogram
lizard, Varanus exanthematicus (4). Our
analysis included four modifications: (i) a
small increase in the maximum cardiac
output; (ii) an increased oxygen carrying
capacity of the blood from reptilian to
mammalian values; (iii) an increase in
maximum cardiac output combined with
the changes in blood oxygen—carrying ca-
pacity; and (iv) an increased respiratory
gas exchange area in the dorsal region of
the lung through elaboration of the inter-
cameral septa with a membranous region
in the ventral portion of the lung. Without
modification of the lung structure, our
analysis predicts that changes in blood
oxygen capacity and cardiac output sup-
port a VO,max that is 50% of the value for
a “typical” 1-kilogram (kg) mammal (35).
However, if we combine these changes
with conservative modifications in lung
morphology, we predict a VO,max that is
nearly 70% of the typical mammalian val-
ue. Our analysis indicates that modifica-
tions in several of the steps of the oxygen
cascade have a cumulative effect on
VO,max (6). The resulting high oxygen
flux rate mandates an increase in lung ven-
tilation that is 233% above the maximum
level measured in extant lizards.

Lizards have a mechanical constraint
on simultaneous vigorous locomotion
and costal ventilation that arises from the
design of the axial musculoskeletal sys-
tem, and this mechanical constraint was
probably the primitive condition for all
tetrapods (7). Consequently, the funda-
mental change required to support sus-
tainable high oxygen exchange rates was
the development of new mechanisms to
increase ventilation (7). This constraint
has been circumvented to varying de-
grees in some extant lizards, for exam-
ple, the use of the gular pump to assist
costal ventilation during activity (8) and
in the lineages that gave rise to en-
dotherms by the evolution of ventilatory
mechanics that are not limited by loco-
motor requirements (7).

Inadequate preservation of the soft-tis-
sue components of the oxygen transport
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system precludes accurate assessment of
the aerobic potential of theropod di-
nosaurs. However, on the basis of metabol-
ic patterns in extant reptiles and our theo-
retical analysis, we find that the notion
that nonavian septate lungs constrain high
oxygen flux rates is not supported. Our
analysis suggests that modifications in
lung structure were not a prerequisite for
supporting higher oxygen consumption
rates. In the mammalian and archosaur lin-
eages that evolved endothermy, higher
oxygen consumption rates could have been
supported through changes in ventilatory
mechanics and increases in blood oxygen
content and cardiac output.

James W. Hicks

Colleen G. Farmer
Department of Ecology and Evolutionary Biology,
University of California, Irvine, CA 92697, USA
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Ruben et al. are to be commended for
bringing forth yet another intriguing argu-
ment concerning dinosaur physiology.
While there may be evidence that theropod
dinosaurs maintained a separate thoracic
and abdominal cavity by means of a sep-
tum, stronger evidence is needed to sup-
port the idea that this membrane served as
a diaphragmatic hepatic piston. The au-
thors compare by analogy the partitioning
of the body cavity of an alligator with
Sinosauropteryx (their figure 5). It would
be beneficial to show in a similar illustra-
tion how this condition differs in other
reptiles, as well as in birds. Teiid lizards
(such as Tupinambis), for example, inde-
pendently developed a non-muscular pos-
thepatic septum dividing the lungs and liv-
er from the abdominal viscera (7), yet un-
like in crocodilians, this structure does not
participate in ventilation. Varanid lizards
(such as Varanus) similarly separate their
lungs (which occupy most of the thorax)

from the peritoneal cavity by means of a
non-ventilatory, postpulmonary septum
(I). Birds also developed a complex, non-
muscular, septal partitioning of their body
cavity by means of two membranes: the
horizontal and the oblique septa (the latter
separates all but the abdominal air sacs
from the viscera, spanning the vertebrae to
the stemal margin) (2). These septa, also,
are nonventilatory in function. How can
we rule out that we are not seeing some-
thing similar in Sinosauropteryx?

Ruben et al. also note the lack of an
“expansive sternum,” “hinged ribs,” and
evidence for “inhalatory filling of the ab-
dominal air sacs” as indicators that
theropods lacked modem avian lungs. The
primary reason for the elongation of the
sternum, however (along with the develop-
ment of the sternal carina), appears to have
been to increase the surface area for the
origin of the flight muscles. The hinged
ribcage can also be considered an adapta-
tion to counter the forces incurred by the
thorax during flight. What is the empirical
evidence to argue that these features must
have been in place before a modern avian
lung could have developed? Additionally,
the lack of air sac diverticula into bone
may not have precluded the possibility of
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