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The TJ-6 is the most popular centrifuge 

fit, 
are hundreds of ckmEln service re-ta- 

introduced, whether it's the refriger- tives nationwide-at least one in every n j o r  
or non-refrigerated version. city in the U.S. and Canada. 
Users appreciate how quiet it Send for Brochure SB-490 for-1 

, They like the removable bowl that description of this superior ta 
makes oleaning a snap. They like the centrifuge.Write to: 
o o l o ~  adapters which bring a new Beckman Instruments,- + 

pacticality and ease of handling to Inc., Spinco Division, 
&He-top centrifuges. 11 17 California Avenue, 

Owners are delighted with the Palo Alto, CA 94304. 1 
I'J-6's excellent reliability. And if 

is a problem, they know there 
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ECSOOVL with Voltage Limit Control.. .2,000 volts.. . $1,195 EC500 . . .2,000 volts . . . $1,095 

EC400' . . .1,000 volts . . . $795 

If you're doing advanced separations work, 
dependable power supply ought to be the least of 
your problems. 

It can be, too, with the new EC400 and EC500- 
both true constant power supplies which automati- 
cally compensate for changes in voltage or current. 

The EC400, at $795, offers you up to 1,000 volts 
maximum, 200 mA maximum current, and 200 watts 
maximum power. 

The EC500, at $1,095, gives you up to 2,000 volts 
maximum voltage--a must for highest resolution in 
techniques such as isoelectric focusing. Maximum 
current is 150 mA and maximum power is 300 watts. 

Both E-C power supplies have dual-range 
meters, positive safety interlock, and dual electrical 
protection. Both adapt easily to any type of electro- 
phoretic cell. Each is available with Voltage Limit 
Control at slightly higher cost. 

Set and forget. Isn't that what you want and 
need in a laboratory power supply? For technical 
information call 813-344-1644 collect or write . . . 
E-C Apparatus Corporation, 3831 Tyrone Blvd. N., 
St. Petersburg, FL 33709. 

A product of the Separations Specialists. 

17 APRIL 1981 Cirde No. 122 on Readers' Safvk@ Card 267 



ISSN 0036-8075 

17 April 1981 
Volume 212, No. 4492 

SCIENCE 
LETTERS Evolutionary Studies: W. D. Russell-Hunter; Population Growth and Energy U s e :  

A.  K .  Jain; E.  Streng; K .  Davis;  Innovation in Science Teaching: 
B. F. Skinner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  EDITORIAL Taking Science out o f  Social Science: F .  Mostel ler 291 

ARTICLES New Academic P o s i t i o n s :  The Outlook in Europe and North America: C. V. Kind 293 

. . . . . . . . . . . . . .  V i t e l l o g e n e s i s  and the Vitellogenin Gene Family: W. Wahli et al. 298 

NEWS AND COMMENT Getting S e r i o u s  About Strategic Minerals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  305 

Critical Minerals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  306 

Ethical R i s k s  in Biomedicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  307 

High-Cost L e m o n s  in the U.S. A r s e n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  309 

Briejng: Identifying the D a n g e r o u s  Individual: FDA. NHTSA Appointment\: 
Yale A d o p t s  Plan to Handle C h a r g e s  o f  Fraud; Exxon 
S c r a p s  Motor Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 

RESEARCH NEWS How Conversational Are G e n e s ' ? .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  313 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Male "Pill" B l o c k s  Sperm E n z y m e  314 

Space Science in the Year o f  the Shuttle.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  316 

Red Star in Orbit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 7 

BOOK REVIEWS The F o u n d e r s  of Science at the British Museum. 1753-1900. r e i s i r n , e d  by 
D. M. Knight; Sir  Joseph Banks. P.  F.  R e l z b o c h :  P e p t i d e s .  
M. J. B r o ~ ~ n s t e i n :  The Mathematical Theory of Quantitative Genetics, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M. Slatkin; Books Received 319 

BOARD OF DIRECTORS FREDERICK MOSTELLER D ALLAN BROMLEY 
Retiring President. Chairman President 

CHAIRMEN AND 
SECRETARIES OF 
AAAS SECTIONS 

MATHEMATICS (A) 
Ralph P. Boas 
Ronald Graham 

PHYSICS (0)  
Maurica Goldhaber 
Rolf M Slnciair 

E MARGARET BURBIDGE ELOISE E CLARK NANCIE L GONZALEZ 
President.Elect EDWARD E DAVID. JR DAVID A HAMBURG 

CHEMISTRY [C) 
Roberl W Parry 
William L Jolly 

PSYCHOLOGY (J) SOCIAL. ECONOMIC AND POLITICAL SCIENCES (K) HISTORY AND PHILOSOPHY OF SCIENCE (Ll ENGINEERING (Ml 
George A Miller James G March Harry W w l l  M~chael Michael~s 
Mered~th P Crawford Gill~an Llndt Dlana L Hall Donald E Marlowe 

EDUCATION (0) 
Ann C. Howe 
Roger G. Olstad 

DENTISTRY 1R) PHARMACEUTICAL SCIENCES IS) INFORMATION COMPUTING AND COMMUNICATION IT) 
Maynard K Hine Anthony P S~monelli George W Tressel 
Harold M Fullmer Robert A Wiley Madeline M Henderson 

DlVlSlONS ALASKA DIVISION PACIFIC DIVISION SOUTHWESTERN AND ROCKY MOUNTAIN DIV: 

John Bl~gh 
President 

T Ne11 Davis Beatrice M Sweeney Alan E Leviton Sam Shushan M M~chelie B a l m t  
Execut~ve Secretary President Executive D~rector President Executive Oi7ice1 

SCIENCE 1s publlshad Wl o n  Friday, except the last weak In  Decemkr,  by the American ASSMlatlOn lor the Advancement of Sclenca 1515 Massachusetts Avenue, NW, Washlnglon, D.C 
20005 Second-class Postage &ubllcation No 484460) paid at Weshlngtan D C and at an additional entry Now comblned wlth The Science Monthly I Copyright 1 1981 by the Amer~can Assoctation tor 
the Advancement of Sclence Domestic indiv~dual membership and subscription (51 issues) $43 Domest~c ~nstltutlonal subscrlp'lon 151 Issues) $80 Forei n postage extra Canada 524 other (surface mall) 
$27 air surface via Amsterdam $55 First class airmall school year and student rates on request Srngle coples $2 ($2 50 by mall) back issues $3 ($3 58 by mall) classroom rates on request Change of 
address allow 6 weeks iving old and new addresses and seven-digit account number Postmaster Send Form 3579 to Sc~ence 1515 Massachusetts Avenue NW Washington 0 C 20M)5 Science a 
indexed in the Readers 8 u d e  to Permd~aal Llleralure and in several specialized Indexes 



REPORTS Graphitic Carbon in the Allende Meteorite: A Microstructural Study: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.  P.  ti. Sirlirll and P. R .  Brrvc,c,h.. 

Evidence of Sea Spray Produced by Bursting Bubbles: J .  \Vrr . . . . . . . . . . . . . . . . . .  

Threads in the Hagfish Slime Gland Thread Cells: Organization. 
. . . . . . . . . . . . . . . . .  Biochemical Features. and Length: S. U'. L)o~~ . i~ i t l g  et al. 

Inter-fel-on-Resist~int Cell Line Lacks Fatty Acid Cyclooxygenase .4ctivity: 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  ti. A .  C'hrri~~lrrrho.se~ et al. .. 

Energetics of Running Cockroache\: C. F.  Hci.rc,icl 11. L). A.  Pi.ri~~,c>l. 
R . J .  F'r111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Continuous Lines of BasophiliMast Cells Derived from Normal Mouse Bone 
Marro~b: ti. ,Ytr,qrro. ti. YoXoro. S .  A .  Arrr~oi~.soir . . . . . . . . . . . . . . . . . . . . . . . . .  

Bovine Babesiosis: Protection of Cattle ~ . i t h  Cultt~re-Derived Soluble 
Brrhc.tirl kol.is .Antigen: R .  L). Sinit11 et al. . . . . . . . . . . . . . . . . . . .  .. . . . . . . . .  

Alcohol-Dependent Liver Cell Necrosis in vitro: A New Model: 
F .  A .  X .  S ( . l~ r r r~ t~c~  et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.Astatine-? l I-Tellurium Radiocolloid Cures Espel.imentaI Malignant .Ascites: 
W. L). Hlootilc~r et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . .  

Encystment Discovered in a Marine Copepod: B. C'. Coil11 and J .  Gr.rrrlt . . . . . . . .  

Cognitive Interaction After Staged Callo\al Section: Evidence fix 'l'r:insfer 
. . . . . . . . .  of Semantic .Activation: J .  J .  Sii1ti.c et ul. . . . . . . . . . . . . . . . . . . .  .. 

Hinged Teeth in Snake,: .4n Adaptation for Swallowing Hard-Bodied Prey: 
A.  M. Srr~,ir:X! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.Aerial Spraying of 2.4.5.-T and Human Birth Malformations: An 
Epitlemiological Investigation: J .  A .  Hrrt1if.k r t  al. . . . . . . . . . . . . . . . . . . . . . . . .  

Multiple Paternity in Belding's Ground Squirrel L'itters: .I. Htrtlhc~i~ and 
P. U'. Slrrrrnrril . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Language-Related Potentials Specific to Human Language Cortex: 
I .  F~.ic)tl. C;. A.  C?jc~t i zrrr l r l ,  E .  E. For: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Circadian Variation in the Latency of Brainstem Responses and Its Relation 
. . . . . . . . . . . . . . . . . . .  to Body Temperature: N. K. .'Mrrr.clrrrll and E. L)oil(.hit~ 

GABA .4nalogucs Activate Channels of Different Duration on Cultured Mou\e 
. . . . . . . . . . . . . . . . . . . . . . .  Spinal Neurons: J .  L. Bro.krr and 1) .  A .  Mrrr l~crs . .  

Genetic Evidence That Protein Synthesis Is Required for the Circadian 
. . . . . . . . .  Clock of 1Vrrrro.sj)orrr: H .  .YrrXn.sllit~lrr. J .  Pcrlitlrrt~, J .  F .  Felclr~rrr~. 

ANNA J. HARRISON RUSSELL W. PETERSON WILLIAM T GOLDEN 
WALTER E. MASSEY 

WILLIAM D CAREY 
HARRIET ZUCKERMAN Treasurer Executtve On~cer 

GEOLOGY AND GEOGRAPHY (El BIOLOGICAL SCIENCES (G1 ANTHROPOLOGY (Hi 
Jack A S~mon John A Moore Ala? R Beals 
J ;hornas Dutro Jr Walter Chavtn Prisc~lla Retntng 

MEDICAL SCIENCES (N) AGRICULTURE 101 INDUSTRIAL SCIENCE [P) 
Morton D Bogdonoff Martln A Massengale John D~ebold 
C e a W  Lowenste~n Coyt T Wtlson Roberl L Stern 

STATISTICS (U) 
Staohen E F~enberg 
ETra Glaser 

ATMOSPHERIC AND HYDROSPHERIC GENERAL (X i  
SCIENCES (WI Herman Pollack 

Jullus London S Fred Slnger 
Glenn R H~lst 

The Amer~can Assoc~ation for the Advancement of Sclence was founded In 1848 and tncorporated in 1874 Its objects 
en% further the work of sctenttsts to tac~i~tate cooperatton among !hem to foster sc~enttttc freedom and responstbtiity 
I 0  Improve the eilectlveness of sclence in !he romotlon of human welfare and to Increase publ~c understandtng and 
apprecla!ton of the ~mportance and promlse orthe methods of sclence ~n human progress 

COVER 

Juvenile Belding's ground squirrels 
(Spc>ri?lophillrs heldiilgi) at Tioga Pass. 
California. These littermates (about I 
month old) have been above ground I 
day. Adult females in this social rodent 
species mate polygamously. Electro- 
phoretic paternity exclusion analyses 
indicate that most litters are sired by 
more than one male. Therefore. these 
squirrels may be either full siblings o r  
maternal half-sibs. See page 351. 
[George D. Lepp. Los Osos, Califor- 
nia] 
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I AUTOMATE YUUR LAB. 1 

MACSYM 2 
IS THE COMPUTER-BASED 
MEASUREMENT AND CONTROL 
SYSTEM THAT CONNECTS 

MACSYM 2 is the easiest way to collect your 
data, store and analyze it, and automate 
your experiment. It's not only easy to hook 
up, it even speaks BASIC - a powerful com- 
puter language that's easy to understand 
and easy to use. Whether your application 
involves sensor linearization or 

\oO W ~ I ~ "  Thls program ~nstrumMAcSYM 2 to 
Input analog data (AIN) from card slot 8 channel 0 

set rhe analog output 1AOT) of card slot 0 channel 1 t o 0  5 
tlmes SIN 1x1 If X IS greater than 5 volts sound alarm on slot 1 channel 1 

if less turn off alarm Walt '11 second read agatn I ts that bastc 

data reduction, you'll prog 
in BASIC. 

And MACSY M 2 is flexible 
run several experiments a t  
With it, you can generate 
data, display alarms, or update a 
computer. And MACSYM 2 even allows you 
to change variables as 
an experiment is 
running. 

See for yourself 
why thousands of 
MACSYM 2's are already .- 
in use around the 
world. For the fastest 
response, simply fill out 
and return the coupon 
below, or call vour 

~LII--II-~-~--DI 

, I have an immediate need for MACSYM 2. 1 . 
I 0 Please send more information. I 
1 Please have a salesman call. 
I 

I 
I 

I Name 

I Ttle Phone 

I 
I 

I 
! ~r~anizat ion I 

- I 
I cm State ZIP 

I Send to: Bill Miller, Analog Devices, 
I 

I 4 Technology Center, Norwood, MA 02062 I 
I 

ANALOG 
DEVICES I 

\:T"YOUT IN FRONT. 
Analog Devices. Inc . Box 280. Norwood. MA 02062. Headquarters. (617) 329-4700, California: (714) 842-1717. (4081 947-0633; Illinois. (3121 653-5000. Ohio: (6141 764-8870. 
Pennsylvania (2151 643-7790. Texas 17131 664-5866. Belgium: 031137 48 03. Denmark 02184 5800; France: 011687 3411. Holland 01620-51080: Israel. 31052-21023. 
Japan 031263 6826. Sweden 08-282740. Swttzerland 022i3157 60, United Kingdom. 011941 0466. West Germany 089-530319. and representatives around the world 
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Another 
fM for 
studies 
With the introduction of our 
new 3' End Labeling System, 
we now offer six systems, 
plus special accommodation 
packaging, to make your 
DNA-RNA studies faster, surer, 
and more reproducible. 

NEN 



3' End Labeling 
The world's first 3' End Labeling System 
labels protruding, flush, and recessed 3' 
termini with 3'-dATP, [ c x - ~ ~ P ]  - (cordyce- 
pin 5'-triphosphate) in a simplified proto- 
col adapted from the procedures of Tu 
and Cohen.' The system utilizes terminal 
transferase to add a single dATP, [ a -32~ ]  - 
molecule to the 3' end of a DNA chain. 
The resulting labeled DNA is suitable for 
sequencing by the Maxam and Gilbert 
techniq~e.~ 
The components are designed to end 
label up t o  100pmol of 3' ends per 
reaction: 

3'-dATP, [a -32~]  - (Cordycepin 
5'-triphosphate) 

Terminal Deoxynucleotidyl Transferase 
Terminal Transferase Reaction Buffer 
Cobalt Chloride 
Control Plasmid DNA Fragments 
Deionized Water 

Prior to shipment, all system components 
are subjected toa complete 3' end label- 
ing procedure. The polyacrylamide gel 
used to separate the fragments is autora- 
diographed to assess labeling efficiency, 
and a copy of the autoradiogram is in- 
cluded with your system. 
Order NEK-009 (10-reaction system) 

NEK-009A (5-reaction system) 

5' End Labeling 
The world's f~rst 5' End Labellng System 1s 
an accurate, efflclent, t~me-saving means 
of label~ng nuclelc acld Adapted from 
procedures described by Maxam and 
G~lbert,~ ~t Includes A T P , [ ~ - ~ ~ P ]  - with our 
own spec~ally prepared polynucleotlde 
klnase and a carefully balanced comple- 
ment of buffers, enzymes, and other 
reagents necessary for label~ng the 5' ter- 
mlnl of DNA fragments 
Systems sufflcient for ether 10 or 5 reac- 
tions (up to 50pmol5' ends per reaction) 
contain the following components: 

Adenosine 5'-tr~phosphate, [ y - 3 2 ~ ] -  

Alkaline Phosphatase 
Polynucleotide Kinase (purified to 

homogeneity) 

Phosphatase Buffer 
Direct Phosphorylation Buffer 
Exchange Phosphorylation Buffer 
Hinf I Digest of Plasmid DNA, pBR322 

(control to check the system) 
Deionized Water 

The system is tested the day before ship- 
ment using the same lots of components 
you will receive, including fresh tracer. 
The resulting autoradiogram is included 
with your system. 
Order NEK-006 (10-reaction system) 

NEK-006A (5-reaction system) 

Translation 
NEN's in vitro protein translation systems 
have made cell-free translations of euka- 
ryotic mRNAs exceptionally reliable and 
reproducible. These time-and-trouble- 
saving systems are offered with either 
Methionine, L- [ 3 5 ~ ]  - or Leucine, L - [ 3 ~ ] -  
labeled tracers. Both utilize an extract of 
rabbit reticulocyte lysate that has been 
treated with micrococcal nuclease to 
inactivate endogenous mRNA. The lysate 
is prepared under strictly controlled con- 
ditions toensure retention of high protein 
synthesis activity. 
Systems sufflcient for 100 or more reac- 
tlons contaln the following components 

Rabblt Retlculocyte Lysate 
Methlon~ne L- [ 3 5 ~ ]  -, or 
Leuclne, L- (3, 4, 5-'H] - 
Translation Cocktall 
Control mRNA 
Magnesium Acetate 
Potasslum Acetate 
De~onlzed Water 

Each lot of systems 1s b~olog~cally tested 
wlth the exogenous control mRNA A 
graph demonstrating Meth~on~ne or 
Leuclne lncorporatlon 1s provlded wlth 
your shlpment 
Order NEK-001 (Met [ 3 5 ~ ] )  

NEK-001A (extra ml of lysate 
Included) 

NEK-001B (tracer shlpped as 
needed) 

NEK-002 (Leu [ 3 ~ ] )  
NEK-OO2A (extra ml of lysate 

Included) 

Nick Translation 
We now offer two exclusive systems for 
making consistently high specific activity 
probes using nick translation: dCTP, [ 3 2 ~ ] -  

and ~TTP, [~H] - .  Both systems include E. 
coli DNA Polymerase I prepared in our 
laboratories to  ensure extremely high 
reproducibility. The DNase I, dNTP mix- 
tures, stop buffer, and sterile deionized 
water are optimized for compatibility 
and stability. 
Systems sufficient for either 20or 10 reac- 
tions contain the following components: 

Deoxycytidine 5'-triphosphate, 
[CI-~~P] -, or 

Deoxythymidine 5'-tri hosphate, 
[methyl, 1'. 2'. 

DNase l 
DNA Polymerase I 
Control Plasmid DNA (pBR322) 
Deoxynucleoside Triphosphate 

Mixture 
Nick Translation Buffer 
Nick Translation Stop Buffer 
Deionized Water 

Each lot of systems is tested with the con- 
trol supercoil pBR322 plasmid DNA to 
ensure efficient incorporation of dCTP or 
dTTP into DNA, and a copy of the curve is 
included with your system. 
Order NEK-004 (dCTP [ 3 2 ~ ] )  

(20 reactions, tracer in ethanol) 
NEK-004A (10 reactions, tracer in 

ethanol) 
NEK-004B (20 reactions, tracer 

concentrated in aqueous 
solution) 

NEK-004C (10 reactions, tracer 
concentrated in aqueous 
solution) 

NEK-OOS(dTTP c3H] ) 
(20- reaction system) 

'Tu, C PD and Cohen, S N , Gene, 10: 177, 1980 
'Maxam, A M and G~lbert, W, Methods Enzyrnol, 
65,1980 

Call us toll free to request detailed 
descriptions of any of these sys- 
tems or to discuss any questions 
you may have for our technical 
staff. 

New England Nuclear 
549 Albanv Street. Boston. Massachusetts 02118 
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Call toll free: 800-225-1572 (In Massachusetts and International: 617-482-9595) 
NEN Chemicals GmbH: D-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9, Tel. 514-636-4971, Telex 05-821808 

Circle No. 131 on Readers' Service Card 



1 

slight disproportion between 
slide and print formats. 

Here 1s the quickest, easiest 
way to prepare prints to ~llus- 
trate reports and articles. Or 
keep records. Or s 
correspondence Or 
handy prlnt file from 
sl~des. And you alw 
have the secur~ty of dong yc 



FOR TODAY'S FACULTY AND COLLEGE STAFF MEMBERS* FROM 18 TO 80. 

Whether you're thinking retirement 
or not, review the plan that provides 
for cash withdrawal and/or a lifetime 
income. 

TIAA-CREF Supplemental Retirement Annuities 
(SRAs) offer you substantial flexibility including cash 
withdrawal and/or lifetime retirement income. You 
can even reduce your income taxes now! 

You can begin contributions to an SRA at any age 
and begin benefits at any age up to age 71 unless you 
are still employed (then you can delay beginning 
benefits until age 80). For example, you could start 
contributions at age 25, and choose to begin benefits 
or withdraw cash at age 34,40 or 50, regardless of 
your employment status. 

Get your money at any time. 

You can receive benefits as a lifetime income or over a 
fixed period of from 2 to 10 years. What's more, if you 
need it (even while employed by your current 
employer), you can withdraw all the money you have 
accumulated by surrendering your contracts. Or, you 
can withdraw $1,000 or more every six months. There 
is never a cash surrender charge. 

Contributions are tax-deferred, 
so you pay less income taxes now. 

The federal income tax on your contributions is 
deferred until they are paid to you as benefits. So, you 
pay less tax now. 

Changing employers? Take SRAs with you. 

Since you own your Supplemental Retirement Annui- 
ties, you take them with you if you leave your current 
employer. You can make contributions through any 
institution that makes Supplemental Retirement 
Annuitfes available to staff members. Contributions 
can be as little as $25 a month. 

Full information. 

Complete and mail the coupon for an SRA Information 
Kit today. You'll get full details about all the advan- 
tages SRAs have to offer, why this plan suits so many 
financial situations and age groups and how much 
you may contribute to the plan. 

*TIAA-CREF provides annulties and other servlces for eniployees of 
colleges, univers~ties, pr~vate schools and certaln other nonprof~t 
tax-exempt educational and research irlstltutlons 

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE 
... SEND FOR A FREE INFORMATION KIT. 

I Teachers Insurance and 
I Annultv Assoclat~on of i Ameri;a-~oile~e Retirement 

Equities Fund 
1 730 Third Avenue I NewYork, N.Y. 10017 

I Please send me full details I about TIAA-CREF Supplernen- 
I tat Retirement Annu~ties, the I 
1 flexible tax-deferred annuity plan that offers the opportunity to accumu- 

I late funds for additional retirement income and the option for cash 
1 withdrawal. 

i 
I 

I Name I 
I Address I 
I ci ty 

I 
I 

Z ~ p D a t e  of B~rth- 
I 

I State I 
( Nameof Institution I 

Pleabe let us know if you are participating in a TIAA-CREF retirement plan ! at your institution il YES il NO S 41781 I , 
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The Axiomat's imaae "u handller 
See what just this one module 
can do for you 
The d~agram below traces just a few of 
the poss~ble light paths through the ob- 
servation module of the unique Zeiss 
Axiomat. You can route the light directly 
to the cameras ... or, with the 3 unique 
prism carousels, you can manipulate it 
in more ways than with any other micro- 
scope. And, of course, the Axiomat 
has no equal in stability, precision 
engineering and optical quality. 
Quality service-Expert dealers. 

The great name in optics 

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los 
Angeles, San Francisco, Washington, D.C. In Canada: 45 Valleybrook Dnve, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660. 
Circle No. 124 on Readers' Service Card t 
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The VR-1 is the subject of one or more pending patents. 

lab-udsim 



Some day soon most research animals, personnel, and 
research programs will be protected this way* 

What is a "Ventilated Animal Rack"? 
It is a portable, totally enclosed animal rack with four 
separate, independent, isolated-from-each-other chambers. 
Low velocity air enters each chamber; makes a single pass 
over the cages, and is exhausted by negative pressure 
directly to the main exhaust system. This special rack (VR-1) 
most effectively isolates the animals from the animal room. . . 
and the research personnel from the animals. 

What are the benefits to the animals? 
There are many. Cross-contamination is substantially 
decreased because air from an infected animal goes to the 
exhaust system with an absolute minimal exposure of the 
other animals. Animal stress is also significantly reduced: the 
enclosed environment is quiet; drafts and thermal and 
humidity fluctuations are greatly minimized; and animals can 
be easily observed without inducing stress. The success of 
this environment is attested to by the fact that the total 
number of animals born to a species that breeds poorly 
(DBA/2J mice) is increased and the percent survival is also 
appreciably higher: Additional evidence: judging by accelera- 
tion of weight gain, newly arrived animals housed in this 
system become acclimated more rapidly. Further evidence? 
Even multiple species can be successfully housed in the 
same rack. 

What are the benefits to the 
research workers? 
Since the air in the rack is exhausted into the main exhaust 
system and does not re-enter the animal room itself, research 
workers are effectively isolated from animal dander or other 
allergens, odor; pheromones, microorganisms, and food and 
bedding dust. Even with the doors of the unit open, the 
direction of air flow tends to be from the room and into the unit 
which helps to contain contaminated air within the unit. 
Result: virtual elimination of allergic reactions and generally, a 
cleaner; safel; odor-free work environment for the research 
people. 

What are the benefits to research programs? 
Because this system greatly reduces the chance of cross- 
contamination, and because it provides a much less stressful 
environment generally (e.g., it tends to reduce the amount of 
animal handling required), the chances of jeopardizing 
expensive research programs are substantially minimized. 

"any of these systems are already installed in major research institutions.. . 
and conversion to these ventilated animal racks is accelerating. 

Are there other benefits? 
The air velocity is variable and is separately adjustable for 
each shelf. The system offers a choice of bottle watering or a 
specially designed upfeed serpentine automatic watering 
configuration that eliminates stagnant water; permits flushing 
during the day, and significantly minimizes contamination. 
This rack also permits excellent space utilization since 
multiple species can be safely housed in the same room. 
Cleaning is easy; VR-1 can be handled by most standard rack 
washers. The unit is quiet. And, in summary, it is a most 
effective isolation system that can actually divide a room into 
multiple separate, isolated environments. 

From Lab Products, Inc.-The leader in 
environmental control products 
Lab Products now offers the widest selection of systems for 
environmental protection: five Stay-CleanTM laminar flow 
systems; lsosystemTM housing system consisting of a dispos- 
able filter cap, cage covel; and plastic cage; Enviro-GardTM 
filter system with permanent filter bonnets; and See- 
ThroughTM suspended cage systems with a special filtering 
system. We are now likely to have at hand solutions to virtually 
all of your environmental problems. 

For more information 
Why wait for "some day soon". . .write or call Lab Products, 
Inc., 365 West Passaic Street, Rochelle Park, N.J. 07662 or 
complete the coupon. (phone 201 /843-4600) 

' Lab Products, Inc. 
1 365 W. Passaic Street 
( Rochelle Park, N.J. 07662 
I I would appreciate: 3 1 ~ddit ional information on your VR-1 Ventilated Animal i 1 Rack. 

Information on vour other environmental control ! 
1 products. 

Your 68-page catalog of animal housing and care 
systems and accessories. 

I Seeing your local representative-Please call and set up I 
I an amointment: I 
3 

8 6 

1 AreaCode Number Ext. 
5 
I 

1 Name I 
1 Title I 

Organization I 
I 
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17 New 
Circulators, 
+0.02"C* 



You never had such a wide 
choice of accurate, solid 
state circulators as you 
now have with Precision,,, 
Our newest additions 
feature more "C control 
than ever before, It's all to 
give you more accurate, 
reliable performance 
every time you circulate. 
Measure all your constant 
"C- in baths, circulators, 
ovens, and incubators- 
with Precision, 
'10.01 "C, in fact, for two models! Frigid 
-60°C circulator is precise to +0.1 OC. 

Pick from seven new 
refrigerated circulators. 
Various models feature 
digital set, LED display, 
smooth duplex pumps, 
multiple safeties or 
indicator lights. 

These same 
fine options 

can be found on select new 
ambient circulators, Five 

models; 4 liter to 8 liter 
capacity. 

Choose a new 
compact 7 
liter or 12 
liter benchtop 

Send for the new Precision 
circulator brochure, 
GCA/Precision Scientific Group 
3737 West Cortland Street 
Chicago, Illinois 60647 

Distributed exclusively by 
American Scientific ~ioducts 
Circle No. 129 on Readers' Service Card 

GCA 

LETTERS 

Evolutionary Studies 

In his interesting article about the cre- 
ationist suit recently tried in California 
(News and Comment, 20 Mar., p. 1331), 
William J.  Broad notes that this deliber- 
ately limited case could prove to be a 
mere prelude to a major series of legal 
battles over basic constitutional issues. 
As adumbrated by the creationist attor- 
ney Richard K. Turner, exposing the 
"religious" nature of evolutionary "be- 
liefs" will be part of the fundamentalists' 
legal strategy. 

Turner cites Popper's falsificationist 
theory of science, and the notorious de- 
duction that the inability to make predic- 
tions denies scientific character to evolu- 
tionary theory. In 1980, Popper dissoci- 
ated himself from this deduction which 
claims evolutionary studies to be "meta- 
physical" (1). In these circumstances, 
Popper's exact words should be quoted: 
"It appears as if some people would 
think that the historical sciences are un- 
testable because they describe unique 
events. However, the description of 
unique events can very often be tested 
by deriving from them testable predic- 
tions or retrodictions." In short, Popper 
has now defended the scientific charac- 
ter of the theory of evolution and of 
paleontology. 

Popper's own statement, made after 
critical reexamination of his views on the 
methodology of science, proves much 
broader than those of many experimen- 
talists who claim his views as the basis of 
their scientific operations. A similarly 
narrowed view of Darwinism has domi- 
nated adaptational research with theo- 
ries based on current and immediate 
optimality of all structures and process- 
es. This restrictive research program has 
been criticized recently by Gould and 
Lewontin (2), who have set out a number 
of alternatives in an elegantly presented 
essay which supports Darwin's own plu- 
ralistic approach to evolutionary studies. 
Credible and successful scientific de- 
fense in future creationist trials could 
require that scientists avoid making nar- 
rowly restrictive and unnecessarily dog- 
matic statements about their scientific 
methodology. 

W. D. RUSSELL-HUNTER 
Department of Biology, 
Syracuse University, 
Syracuse, New York 13210 

References 

per, New Sci. 87, 611 (1980). 
ould and R. C.  Lewontin, Proc. R.  Soc. 

London Ser. B 205, 581 (1979). 

Population Growth and Energy Use 

In his editorial "It is people who use 
energy" (30 Jan., p. 439), Kingsley Da- 
vis proposes population growth as a ma- 
jor cause of the energy problem. 

In the United States, even if popula- 
tion had remained constant from 1955 to 
1978, total energy consumption would 
have increased by 51 percent. To com- 
pensate for the increase in per capita 
energy consumption, the 1955 popula- 
tion would have had to fall by 56.2 
million people or 34 percent by 1978. 

Davis says worldwide consumption of 
energy has been growing at a rate of 3.5 
percent per year. By contrast, popula- 
tion has been growing at a rate of be- 
tween 1.7 and 1.8 percent. Thus, while 
population growth may be a major cause 
of rising energy consumption, one can- 
not disregard per capita consumption. 

Per capita energy consumption in in- 
dustrialized countries in 1978 was about 
44 times higher than in low-income coun- 
tries. The estimated annual population 
growth rates for these two groups of 
countries were 0.7 percent and 2.2 per- 
cent, respectively. While low-income 
countries accounted for 30.5 percent of 
the 1978 world population, they con- 
sumed only about 2.4 percent of the 
energy resources. In comparison, indus- 
trialized countries accounted for only 
15.7 percent of the world population but 
consumed about 54.4 percent of the en- 
ergy resources (I). A decrease in world- 
wide population growth rates, without a 
decrease in per capita energy consump- 
tion in industrialized countries, cannot 
solve the global energy problem. 

ANRUDH K. JAIN 
International Programs, 
Population Council, 
One Dug Hammarskjold Plaza, 
New York 1001 7 

References and Notes 

1. Based on data included in tables 1, 7, and 17 of 
World Development Report, 1980 (World Bank, 
Washington, D.C., 1980). This report classifies 
125 countries in six groups: low-income, middle- 
income, industrialized, capital-surplus oil ex- 
porters, and centrally planned economies. 
Countries in these six groups accounted for 
30.5,20.6, 15.7, 1.4, and 31.8 percent ofthe 1978 
world population but consumed about 2.4, 9.1, 
54.4, 1.1, and 33.0 percent of the energy re- 
sources in 1978. 

Davis infers that part of the energy 
problem in the United States is that we 
are letting in too many refugees. People 
use energy, true. However, I doubt that 
immigrants are the ones who are sur- 
rounded by electrical gadgets at every 
turn, keep comfortably warm or cool 
despite the weather, and drive their own 
cars (plural per family) rather than sup- 
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Close the 
Information Gall 

PROBLEM: Scientific information grows 
rapidly. Your capacity to read 
doesn't. 

SOLUTION: Get CA SELECTS-a selective 
biweekly publication devoted to 
summaiies of articles in your 
area of research. 

CA SELECTS brings you abstracts of the world's chemistry- 
related journal articles and other literature on the topic you 
choose from the 110 now available. 

Absorb more information In a few hours than you now get In days 
of read~ng journals. No other current-awareness 
servlce In chemistry is comparable. Pr~ce: jus 
per year. 
Prlces vary In U K Republlc of Ireland W Germany Japan and France 

Send for FREE Catal 
oC CA SELECTS t o ~ i c  

~ I I U I I I I U  
Please send my free CA SELECTS catalog and 
orderlng lnstruct~ons 
I understand th~s request does not oblpate me to 
order a subscr~pt~on 
hAAll TO: CHEMICAL ABSTRACTS SERVICE 

Marketing Department-SMA 
F.O. Rox 3012 
Columbus. Ohio 43210 

Name 

Title 

Address- 

1-1 CAS 15 a d~v~s to  rerlcan Chern~cal Soc~etv 'UI 
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port public transportation. The relation- 
ship between numbers of people and 
energy use involves more than per capita 
use figures. 

EVELYN STRENG 
Texas Lutheran College, 
Seguin 78155 

With respect to Streng's letter, I can 
say only that immigrants are people, 
and, like other people, they use energy. 
Thev need heat in winter and air condi- 
tioning in summer, just as other people 
do. They eat food grown with fossil fuel, 
and they drive cars. In fact, the world- 
wide current of migration from less to 
more developed countries is exacerbat- 
ing the drain on energy supplies, because 
the migrants use more energy after mi- 
grating than they did before. 

Jain and I agree that a solution to the 
world's energy crisis requires conserva- 
tion, particularly in the industrial coun- 
tries. We disagree when he uses this 
view to obscure the necessity of popula- 
tion control and implies, as is often done 
in the Third World, that the energy prob- 
lem would be solved if the industrial 
nations were less wasteful. 

His own analysis, I think, shows the 
Futility of conservation in face of popula- 
tion growth. If the less developed coun- 
tries are consuming far less energy than 
the industrial countries, they are evi- 
dently conserving it. This enforced con- 
servation, however, is not solving their 
energy problem; rather, their population 
increase is creating a demand for fossil 
Fuels which they are too poor to meet, 
with the result that they are burning up 
their forests at a prodigious rate and 
using their land and human resources 
inefficiently. 

In the 38 countries the World Bank 
singles out as low-income countries (25 
of them in Africa and most in the tropics 
or subtropics), the average population 
density is two and one-fourth times that 
of the industrial nations; yet their popu- 
lation increase is three times as fast. 
Their external public debt and foreign 
debt service have been rising relative to 
the gross national product, and their 
Food deficit, already monumental, is 
forcing them to rely for subsistence on 
the New World industrial nations. These 
nations, however, can export food on a 
grand scale only because their ratio of 
people to land resources is still reason- 
ably low and because they use copious 
amounts of energy in agriculture. As the 
Steinharts, Pimentel, and others have 
shown, more calories are being used in 
American food production and distribu- 
tion than the food itself yields at the 
table. In the process, we are losing top- 
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soil, poisoning rivers and lakes, and ex- 
hausting fossil water reserves. As the 
wst of energy soars, so will the cost of 
food exports. The unprecedented growth 
of population in the less developed coun- 
tries is thus causing an acute energy 
crisis not only at home but in the world 
as a whole. Conservation in the industri- 
al states, badly as it is needed and cer- 
tainly as it is soon to come, cannot 
compensate for this relentlessly mount- 
ing pressure on diminishing resources. 

KINGSLEY DAVIS 
Center for Advanced Study in the 
Behavioral Sciences, 
202 Junipero Serra Boulevard, 
Stanford, California 94305 

Innovation in Science Teaching 

Was Frederick Mosteller aware that 
his important presidential address, "In- 
novation and evaluation" (27 Feb., p. 
881), concluded with the beautiful but 
tragic example of his point? He suggest- 
ed that the AAAS sponsor initiatives in 
science and engineering education. Per- 
haps he was thinking of a recent 211- 
page book (I) reporting the results of 
nine studies under contract to the Na- 
tional Science Foundation. Neither Mos- 
teller nor the authors of that book men- 
tioned teaching methods which have 
long since proved their value (2). 

In 1%0 in Roanoke, Virginia, an 8th 
grade class, using simple teaching ma- 
chines and a previously untested pro- 
gram, covered a11 of 9th grade algebra in 
one term. Their grades met 9th grade 
norms, and measures of retention a year 
later were considerably better than nor- 
mal. The educational establishment 
should have been delighted. Here was 
the way to teach algebra! But, 20 years 
later, the study is forgotten. Forgotten 
also are scores of equally dramatic ex- 
periments. Surely this is an example of a 
lag in the use of innovations to be added 
to those so delightfully described by 
Mosteller. 

What is needed in education is not 
innovation but a change in the establish- 
ment that will permit efficient teaching 
methods to be used. 

B. F. SKINNER 
Department of Psychology and Social 
Relations, Harvard University, 
Cambridge, Massachusetts 02138 

1 .  What are the Needs in Science, Mathematics, 
and Social Science Education? Views from the 
Field (SE809, National Science Foundation, 
Washington, D.C., 1980). 

2. E. W. Rushton, The Roanoke Experiment (En- 
cyclopedia Britannica Press, Chicago, Ill., 
1%5). 
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1 Olympus introduces the universal system 
for automatic exposure photomicrography: 

Olympus PM-1OAD. 

Photomicragraphy takes a quantum leap 
forward, with the introduction of PM-1OAI' 
a fully automded camera system 
incorporating a built-in microcomputer, for 
photomicrography and cinemicrography. 

iltilizing the latest advances in micro- 
electronics, the PM-1OAD offers a 
ilniversal, fully integrated multi-format 
system with automatic controls for 
precision expcmures with read-ou1 
reciprocity failure correction, film and 
specimen characteristics and color 
temperature. And only from Olympus 
time lapss unit for buth 35mm phoio- 
micragraphy and 16mm cinemicrograph) 

For a fascinating dmnqtration of thiq 
state-of-the-art system, contact the 
Olympus Microscgps Dealer listed in your 
bllomr Pages, or Olyrnpvs Corporation of 
America, 4 Nevada Drive. New Hvde Park. 
NY 1104? 

- - 
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NlKON HIGH PERFORMANCE 
CF OPTICS. POSSIBLY THE FINEST 
EVER AVAILABLE. 

INSTRUMENTATION 
Nikon Optiphot microscope 
with CF objectives. 
SIGNIFICANCE 
Nikon's revolutionary CF 
optics virtually eliminate chro- 
matic aberration. Within this 
series, several high perform- 
ance objectives s~gnificantly 
extend observation powers. 

SPECIFICS 
While all Nikon CF objectives 
provide a dramatic improve- 
ment in resolution, color ren- 
dition and contrast over the 
old compensation system, the 
followin lenses are excep- 
tional. Tfe unique CF Zx plan 
apochromat has excellent 
image flatness for low power 
photography. The CF 40x plan 
apochromat, N.A. 0.95, dry, 

roduces exceptionally bright, 
/igh contrast images. Nikon's 
CF 100x NCG plan apochro- 
mat is designed to work with- 
out a ~ove;~lass. Its sharpness 
must be seen to be believed. I 

These remarkable optics 
are matched to a microscope 
body and illumination system 
eaual to their ~erformance- I 
thk Nikon opiiphot. This to- 
tallv new desien is extremelv - ~- 

stable. A standard 50 watt hi l -  
ogen Koehler illumination sys- 
tem covers all magnifications 
without need for adjustment 
and the full range of Nikon 
accessories is available to 
match any assignment. 

Extend your vision. Write: 
Nikon Visions, Nikon Inc. 
Instrument Division 
623 Stewart Avenue 
Garden City, N.Y. 11530 
(516) 222-0200 

Extending Man's Vision 



@ KELVINATOR 
CHROMATOGRAPHY 

Kelvinator has three ways to meet your cold room chro- 
matography needs: One, two and three door refrigeration 
units, packed with features designed especially for chro- 
matography applications. 

Every Kelvinator refrigeration unit is constructed with an 
extra-thick layer of Urethane foam insulation for energy sav- 
ing operation. Large tempered thermopane glass doors offer 
excellent visibility, close quietly and have superior insulating 
qualities. 

Each cabinet comes equipped with a vapor proof duplex 
receptacle mounted inside, access portholes for attaching 
optional recorders and other equipment, heavy duty adjust- 
able shelves and brilliant fluorescent lighting. A wide selec- 

ssories is also available. 

In addition to offering the finest convenience features, 
every chromatob~aphy cabinet shares in Kelvinator's long 
tradition of dependable service. An exclusive Five Year 
Compressor Warranty Pro& and world wide factory rec- ~ ~ i / r a f ~ c  
ommended service network assures customers of first rate 
service when and where it's needed. Kelvinator Commercial Products 

621 Quay Street, 
When your needs call for cold room chromatography Manitowoc, Wisconsin 54220 

equipment, remember . . . Kelvinator means refrigeration. TWX-910-260-3507, Ph 1-800-558-7627 

*Details of the Kelvinator Five Year Compressor Warranty Program are available 
by contacting Kelvlnator Commercial Products, Man~towoc, Wisconsm. A Division of White Consohdated Industries, Inc. 

QUALITY REFRIGERATION FCR THE LABORATORY 
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Taking Science out of Social Science 
The new Administration's goals of stabilizing the economy and revitaliz- 

ing U.S. productivity are worthy of support. William D. Carey* has pointed 
out that when national budgets are heavily cut,  science and technology must 
expect to  share in the reduction. Presumably the reasons arise more from 
equity than logic, since other developed countries that now surpass us in 
gains in productivity and compete with us for marketsseem to be increasing 
their portion of the budget spent for R & D. At the same time. the 
Administration clearly does appreciate the value of research and has 
retained the overall National Science Foundation (NSF) budget at a 
substantial level. 

Given that cuts are to  be made at  the NSF,  great care should be given to 
the allocation of research funds. Philip Handler's description+ of the cuts 
raises doubts about this care. Let me take up in detail one small but 
important division of NSF,  Social and Economic Sciences (SES). Under the 
Administration's plan, S E S  funds in millions will drop from $31 to $24 to $10 
from fiscal year 1980 to 1981 to 1982. Without even allowing for inflation, 
this gives a reduction of 68 percent in 2 years. Similar deep cuts have been 
planned for the smaller Behavioral Sciences program. Large cuts in social 
science research funds announced elsewhere, as  at the National Institutes 
of Health and the Department of Defense, would add to the damage. 

Much of social science research supported by N S F  produces the methods 
of measurement and analysis and the concepts that make measurements 
possible in social, economic, and health problems. When society's leaders 
plan to change the economy, they need also to know the effects of their 
changes. We know that innovations, social. medical, and technological, 
often fail and that they therefore need evaluation. Social science research 
provides both the tools and the data for such evaluations. More construc- 
tively, it often also provides the research to improve the success rates of 
future innovations. This research frequently finds that the conventional 
wisdom has been mistaken. indeed that is a common characteristic of social 
science research which may not endear it to us. For example, Project 
Sappho$ found that variables often mentioned in business lore such as  size 
of firm, being first to market, and structure of research did not explain why 
some companies succeeded and others failed in introducing the same 
technological innovation. For  innovation to flourish. we need more research 
on innovation, in both science and technology. 

Among the better known contributions of social science have been the 
research leading to the national accounts and gross national product 
estimates, the systematic development of scientific ~ampl ing  for objects. 
people, institutions, and records. and methods of measuring unemploy- 
ment, agricultural production, and the effectiveness of medical therapies. 

Probably not many of us  appreciate how extensively the work of social 
scientists finds uses in business and industry. Of the 285.000 science and 
engineering doctorates employed in 1977 in the United States, social 
scientists comprise 27 percent. About one-third of these social scientists 
have employment outside academia. Of all the scientists in business and 
industry, social scientists comprise I I percent. 

If we fail to invest in social science research. we can anticipate a drying 
up of that research among our younger scholars. Worse yet. the best will 
leave the field altogether o r  not take it up. With the opening of China to the 
world, we have seen what an interruption of research can d o  to a society. It 
produces a long and sorry period of playing catch-up. The research that we 
fail to  d o  now will penalize our own generation with a lack of ideas in a 
decade o r  so. The N S F  has responsibility for enhancing the scientific 
resources and capabilities of the nation. By withdrawing NSF and other 
support, we will gradually delete the science from research endeavors in 
social s c i e n c e . - F ~ ~ ~ E ~ ~ c ~  MOSTELLER 

*W. D. Carey, Science 211. 879 (1981). t P ,  Handler, ibid.. p. 1261. $Science Policy 
Research Unit. University of Sussex, Success and Frrilure it? It~drrsrrialIt~t~oi~citiot~ (Centre for the 
Study of Industrial Innovation, London. 1972). 






