
and oxygenated blood (I). During these 

Regarding the evolving ties between academia and industry, a read- conditions, blood flow in the left aorta 

er comments, "By taking the 'technology transfer' business away 
(LAO) is due to blood flowing through the 
foramen of Panizza from the right to left 

from the faculty, universities are ... sending out the wrong signal to aorta during diastole and blood reaching the 
their faculties-that the marketing of their research is an academic left aorta vii the aortic anastomosis (2)- 
mission." The haemodynamics of the crocodilian heart as it per- A right-to-left shunt (pulmonary to sys- 

tains to the analysis of the recently found fossilized dinosaur heart temic) (panel B of the figure) can occur 

and to what dinosaur metabolic rates might have been is discussed. when the right ventricular pressure exceeds 
left aortic pressure and blood is diverted 

And in response to the Pathways of Discovery "Infectious history" away from the pulmonary outflow tract and 
essay by Joshua Lederberg, the contributions of plant scientists to into the left aorta (2). This situation occurs, 
the germ theory of disease are outlined, and clarification is offered for example, when the cogteeth valves 
of the current leading causes of hepatitis C infection. close (3), which appears to happen when 

adrenaline levels are low (that is, when the 
animal is resting). The converse, however, a 

Academia and Industry Need dustry and academia isn't new, but it is left-to-right shunt (systemic to pulmonary), 

A N~,,,, ~~~~i~~~ contract time that the marriage contract be updated. is not possible in crocodilians, conhary to 
Spyros Andreopoulos what Fisher et al. imply. Hence, because 

In his Editorial "Science and secrecy" stanford Univenit~ Medical Center, 300 Pasteur crocodilians can achieve complete separa- 
(science's compass, 4 Aug., p. 724), J , ~ ~ -  

Drive, Stanford, CA 94305-51 19, USA. E-mail: 
masga@stanford.edu tion of oxygenated and deoxygenated blood 

ald Kennedy convincingly discusses the References and are bradymetabolic (metabolically 
importance of scientific disclosure and 1. S.Andreopou[os,StanfordMed12,4 (Summer 1995). sluggish), the suggestion by Fisher et al. 
some reasons why academic science is on that improved systemic oxygenation might 
a collision course over secrecy with na- At the Crocodilian Heart be an adaptation for higher metabolic rates 
tional security values and the industrial of the Matter needs further consideration. 
sectors. There is, however, a dimension to There is no doubt that the fossil that 
the cross-links between academia and the The interpretation of the haemodynamics Fisher et al. describe is an exciting find, 
industrial sectors that Kennedy does not of the crocodilian heart by Fisher et al. in but the four-chambered heart seems to 
discuss that deserves mention. their report "Cardiovascular evidence for an point to an ancestral archosaurian condi- 

Traditionally, connections between in- intermediate or higher A 
CC A B CC A 

dustry and academia have been through in- metabolic rate in an or- 
dividual faculty members who had mutual nithischian dinosaur" (21 
scientific interests with their industry coun- Apr., p. 503) is flawed and ,, LPA RPA LPA 
terparts. Collaborations would be arranged, hence casts doubt on their 
and it was proper for faculty and the uni- conclusion that dinosaurs 
versity administration to define what ar- had "intermediate-to-high" 
rangements were consistent with the values metabolic rates. 
of the university ( I ) .  Crocodilians have a 

In recent years, however, research univer- four-chambered heart (two 
sities themselves have been developing direct atria and two ventricles with 
relationships with industry. Positions with a complete intraventricular 
impressive titles such as "counsel for indus- septum) that completely 
try relations" or "associate dean for industry separates oxygenated from 
relations" have appeared on many campuses. deoxygenated blood, except The crocodilian heart and blood flow patterns during (A) non- 
These new functionaries are expected to fos- during right-to-left shunts shunting and (B) shunting conditions. Atria: RA and LA. 
ter ties with industry for many different aca- when blood in the right ven- 
demic fields, and to a large extent they are tricle exits via the left aorta instead of the tion shared by crocodilians and dinosaurs, 
succeeding, except for a worrisome aspect. If pulmonary outflow tract. Fisher et al. say that and, hence, birds (4). 
faculty are placed under the umbrella of uni- the foramen of Panizza, an aperture between Craig Franklin 
versity-industry agreements, the interests of the left and right aortic arches (FP in the fig- Frank Seebacher 
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5 mission. During nonshunting situations (panel A 
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Response 
Unresolved issues suggest that the cardio- 
vascular physiology of crocodiles is as 
complex as it is understudied. The situa- 
tion underscores the desirability of further 
research rather than further exegesis of ex- 
isting literature. 
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U.S. National Missile Defense: 
Looking at the Whole Package 

The recent technical objections to the U.S. 
National Missile Defense system by a 
study group of the Union of Concerned 
Scientists (UCS) (I)  (Sciencescope, "Hit 
or missile?", 14 Apr., p. 243) and by sever- 
al independent researchers (News Focus, 

"Researchers target flaws in ballistic mis- 
sile defense plan" by D. Malakoff and A. 
Cho, 16 June, p. 1940) are missing the 
point: The planned system will not operate 
just on its own, but will rely for 
warhead'decoy discrimination on inforrna- 
tion supplied by a number of complemen- 
tary systems and use the interceptor's on-
board sensors mainly for homing on a des- 
ignated target. It is critical to discuss these 
complementary systems as well, not just 
the limited discrimination capability of the 
system under consideration for approval by 
President Bill Clinton this fall. 

Four major passive or active discrimina- 
tion techniques-radar and infrared detec- 
tors, and laser and particle beams-were 
evaluated in a report from the American 
Physical Society (APS) study group on the 
status of the science and technology of di- 
rected energy weapons (2) .According to 
the APS study, the best potential for dis- 
crimination is offered by interactive high- 
energy beam techniques, techniques that are 
not even mentioned in the UCS report. In 
this area, one of the most important ad- 
vances in the past 10 years has been the de- 
velopment of superlasers (3, 4); that is, the 
invention of "chirped pulse amplification," 
which increases the instantaneous power of 

lasers by a factor of 1 million. Such power 
enables tabletop lasers to produce nuclear 
reactions directly (4) (see also Science, 2 
Apr. 1999, p. 35). Superlaser beams com- 
bine the ease in steering and focusing of op- 
tical laser beams with the capacity of parti- 
cle beams to generate high-energy sec- 
ondary particles in distant targets, which 
gives them the ability to "x-ray" remote ob- 
jects and discriminate as to whether they 
are warheads or decoys. 

The political implications of ballistic 
missile defense are of such a magnitude 
that it is important that any technical as- 
sessment should be as accurate and com- 
prehensive as possible-including a seri- 
ous evaluation of the prospect of all exist- 
ing and emerging warhead'decoy discrimi- 
nation techniques. 
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