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" 8 Z 1977 RULES 

1) The aim of this competition is to encourage and recog- 

nize outstanding writing on the sciences and their engineer- ing and technological application in newspapers and gen- 
~~~~~ ~~~eral circulation magazines. The followting categories are iiot 

eligible: articles on the field of medicine, articles published 
aiaaa\lr: \^ T lr ^ I n n originally in AAAS publications, articles by employees of 

StJlLl5ILJL VVt W RIT11 INGJ IAvv/iu FOR 1 Ul I the AAAS or Westinghouse Electric Corporation. 

2) Each entrant in a newspaper award competition and each 
NE SP P RS AN RAGAZINEI~ entrant in the magazine award competition may submit 

three entries. 

+ \\\\\\\\\\ 3) An entry for a newspaper competition may be any of l 
the following: a single story; a series of articles; or a group 

I,\ ,i ,Rs -- &^ , ,3N Ss-0 A of three unrelated stories, articles, editorials, or columns 
' "'8N\\\\\$ published during the contest year. A magazine entry may 

be a single story or series published during the contest year. 

4) A completed entry blank must be submitted together 
with five copies of each entry in the form of tear sheets, 
clippings, reprints, or syndicate copy (not over 81/2" x 11"), 
showing name and date of the publication. ENTRIES MUST 
NOT BE ELABORATE. 

5) Each entry must have been published in a newspaper or 
_>A7NN ^85\\\G]Z- L general circulation magazine within the United States dur- 

ing the contest year - 1 November 1976 through 31 October 
1977. (In the case of a series, more than half of the 
articles comprising it must have been published during 
the contest year.) Date on the issue in which an article 
appeared will be considered as the date of ptublication. 

220s - ffi// / B 1 1 \ \ \ All entries must be postmarked on or before midnight,- 15- 
November 1977. 

6) Persons other than the author may submit entries in 
accordance with these rules. Entries will not be returned. 

7) Winners of the 1976 awards are not eligible for the 
1977 awards. Persons winning three times are no longer 
eligible. 

8) Tihe Judging Committee, whose decisions are final, will 
choose the winners. There are three awards of $1000: for 

| __ __0 { i the winning entry in the over-100,000 daily circulcation 
newspapers competition, for the winning entry in the under- 
100,000 circulation newspapers competition; and for the 
winning entry in the general circulation magazine competi- 
tion. For award purposes, new.,paper circulation will be 
sworn ABC daily circulation as of 30 September 1977. 
The Judging Committee may cite other entries for honorabie 
mention. 

9) The awards will be presented at the dinner meeting of 
the Notional Association of Science Writers, during the 1978 
meeting of the American Association for the Advancement 
of Science in Washington, D.C. Travel and hotel expenses of 
the award winners will be paid. Entrants agree that, if they 
win, they will be present to receive their awards, unless 
prevented by circumstances beyond their control. 

Grayc, A. Finger 

AMERICAN ASSOCIATION FOR THE ADVANCEMtENT OF SCIENC:E 

1515 Massachusetts Avonue, N.W. Washington, D.C. 20005 



Unqualified praise has greeted every edition of this great Encyclopedia which 
distills the knowledge and experience of today's most distinguished scientists, and 
engineers who are top authorities from research and industry, many writing about 

A ~~~~~~~~~~~~their own activities in their respective fields. American Scientist called it "A major mi i i . ~~~~~~~~~~breakthrough 
in scientific publication." American Notes and Queries described it 

as an "important link between science and technology and the rest of society's 
understanding of scientific advance." 

Now, in the new Fourth Edition, the Encyclopedia remains the most complete 
and authoritative engineering and science reference ever published-an indispens- 
able working tool that will save you hours of work and research, not only in your 
own field but in all related disciplines. Whatever the question that may arise on 
the job, you'll get a clear, reliable answer in this handsome 15-volume work. 

An inexhaustible source of ideas 

a a a a * a * ~~~You will find the Encyclopedia invaluable in reviewing fundamental principles 
and procedures before starting a new assignment-and as a lightning-fast way of 
acquiring basic concepts whenever an assignment leads you outside your own area 

a ~~~~of specialization. Encompassing all of the engineering, physical, life, and earth 
sciences, the Encyclopedia not only covers all traditional fields, but explores such 
eminently newsworthy topics as Pollution Control, Space and Undersea Explora- 

I I U ~~~~~~tion, Solar Power, Continent Formation, Drug Addiction, Nuclear Fusion, and 
many more. 

More than 1,000 new illustrations 

You'll find more than 13,100 illustrations (including 354 in full color) making it a 
unique visual reference library. Prepared by the finest specialists in technical illus- 
tration-photographers, medical illustrators, engineering and electrical experts- 
the drawings, charts, maps, diagrams, and photographs represent the best in fine 

The McGraw-Hill 

Fourth Edition 
Revised, updated, Daniel N. Lapedes, 
and expanded by Editor-in-Chief 
some 500,000 words is volumes *7,800 articles * 13,100 illustrations with 354 in full 

and 7 0pgscolor * 140,,000-entry Analytical Index * 100-entry Topical Index 
790 pages .~~~ Reader's Guide * Scientific Notation Section with S1 Conversion 

Tables * the work of 2,,500 contributors. 

McGraw-Hill Book CompanyII 
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of selected symposium volumes 

Since January 1934, AAAS has published symposium volumes based on materials presented by renowned scientists 
at its annual meetings. The AAAS Publications Committee has selected for publication symposia that are compre- 
hensive, timely, and well-documented. In addition, the Association has published books based on material presented 
at special conferences and meetings. Now, the Association is offering ten of these volumes at a special, reduced, price. 

Research in the Antarctic. Edited by 
Louis 0. Quam. A report of the ex- 
tensive research conducted in the 
Antarctic since the International Geo- 
physical Year and the global signifi- 
cance of those efforts. Topics such as 
glaciology, cold poles and heat bal- 
ances, ocean dynamics and ecosystems 
are covered. 784 pages (411/2'" x 56" 
map included), 1971. 
List Price: I4-/.oo 

Air Conservation. The Report of the 
AAAS Air Conservation Commission. 
Authorities in conservation, pollution 
control, pollutants and their effects, 
law economics, meteorology, public 
health and government present a 
wealth of information. 348 pages, 1965; 
third printing 1970. 
List Price: casebound $.e iSO 

paperbound $ 3.00 

- 
Separation and Depression. Edited by 
John Paul Scott and Edward C. Senay. 
Contributions were gathered from 
behavior biology, animal behavior 
studies, clinical pharmacology, psycho- 
analysis and social systems, bridging 
the gap between animal behavior 
models and the human clinical condi- 
tion. 256 pages, 1974. 
List Price: $ 7S 14-o0 

E The Maturing of American Science. 
Edited by Robert H. Kargon. This 
unique volume traces the development 
of science in America during the past 
50 years by drawing together a selec- 
tion of AAAS presidential addresses. 
250 pages, 1974. 
List Price: $i8 . 0( 

E Folk Song Style and Culture. Edited by 
Alan Lomax. Working with a sample 
of recorded songs and filmed dances 
from all world cultures, the Canto- 
metrics Project discovered ways in 
which song and dance style vary by 
culture. 384 pages, 1968; second print- 
ing 1971. 
List Price: $.W. /0I oo 

Ground Level Climatology. Edited by 
Robert H. Shaw. Investigators from a 
variety of scientific fields concerned 
with ground level climatological prob- 
lems meet in this volume and explore 
the effects of climate on particular 
plants and animals; the effect of ground 
level climate on forest fires; the rela- 
tionship between climate and animal 
husbandry; and the reaction of plants 
and animals to various environments. 
408 pages, 1967; second printing 1970. 
List Price: $yi? . 57O 

FI Agriculture and the Quality of Our 
Environment. Edited by Nyle C. Brady. 
This volume brings together the perti- 
nent and essential facts about how 
agriculture affects and is affected by 
the quality of our environment. 
476 pages, 1967; second printing 1970. 
List Price: $s i 8, s6T 

Man, Culture, and Animals. Edited by 
Anthony Leeds and Andrew P. Vayda. 
The papers gathered in this volume 
represent the research that anthro- 
pologists and geographers conducted 
on the uses people make of particular 
animals and their products, the char- 
acteristics of these animals, and the 
effects that using or having to use the 
animals has upon cultural patterns and 
social organizations. 304 pages, 1965; 
third printing 1970. 
List Price: $ - S-. s; o 

aI Arid Lands in Transition. Edited by 
Harold E. Dregne. Contains papers 
presented at the 1969 international 
conference on "Arid Lands in a Chang- 
ing World." The papers explore the 
use of arid lands in different parts of 
the world. 538 pages, 1965; third print- 
ing 1970. 
ListPrice:$< i9 &D? 

E Oceanography. Edited by Mary Sears. 
Presented at the International Oceano- 
graphic Conference (1959), papers col- 
lected in this volume emphasize the 
interrelationships between the scien- 
tific disciplines underlying ocean- 
ography. 654 pages, 1961; fifth printing 
1969. 
List Price: E. 5O 

ORDER FORM 

Please send the following at the reduced 
prices: 

- Research in the Antarctic-$14.00 
- Air Conservation (CB)-$5.00 
- Air Conservation (PB)-$3.00 

Separation and Depression-$14.00 
- The Maturing of American Science- 

$8.00 
- Folk Song Style and Culture-$10.00 
- Ground Level Climatology-$6.50 

Agriculture and the Quality of 
Our Environment-$8.50 

Man, Culture, and Animals-$5.50 
Arid Lands in Transition-$9.50 

- Oceanography-$8.50 

TOTAL AMOUNT ENCLOSED 

Check or Purchase Order must accom- 
pany all orders. DO NOT SEND CASH 

Name 

Address 

City, State, Zip 

Mail to: 

AAAS, Dept. Ji 
1515 Massachusetts Ave., N.W. 
Washington, D.C. 20005 

(Please allow 6-8 weeks for delivery) 

5 AUGUST 1977 515 



Agitate an air-fuel mixture -make it tur- 
bulent -and it will bum faster. Every combus- 
tion expert knows this qualitative relationship. 
And every automobile engine relies on it for 
efficient operation. 

Would more turbulence improve engine 
operation? Perhaps, up to a point. But where 
is that point? Until now, no one has been able 
to quantify how turbulence affects combustion W C 
in an engine. 

In attempt- puttng numbers 
ing to do so, en- 
gineers at the 
General Motors on combustion.. 
Research Lab- 
oratories in- 
stalled a triaxial 
hot-wire ane- 
mometer in the X 
c om b u s t i on K 
chamber of a * 
single - cylinder 
engine. While the engine was being driven by 
a dynamometer, a computer scanned and an- 
alyzed the deluge of data generated. 

Next the researchers ran the engine in a 
firing mode to get instantaneous chamber pres- 
sures. Then they cranked these pressure read- 
ings into a combustion heat-release model that 
calculated turbulent flame speed and its ratio 
to laminar flame speed. 

What did 
theylearn? First, 6?- 

the relationship 5 - - - - 

between flame 0 -4 
-- 

speed ratio and M 
turbulence inten- < l - 

sity is linear. 2 2 - - - - 

Second, turbu- a: 

lence intensity de- F 1 

pends linearly on 5 6 General Motors 
volumetric flow ? T 2 3 4 D 6 

rate through the TURBULENCE INTENSITY 
(mis) Research Laboratories 

intake valve. Warren, Michigan 48090 

And the payoff? Powerful insight for 
assessing the effects of new engine designs 
on fuel economy and exhaust emissions. In 
fact, Lab engineers are currently using this 
insight to pursue optimum combustion chamber 
configurations.| 

Lord Kelvin was so right. ". . .when you 
cannot express it in numbers, your knowledge 
is of a meager and unsatisfactory kind" 

516 SCIENCE, VOL. 197 



5 August 1977, Volume 197, Number 4303 SCI ENCE 

AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 

Science serves its readers as a forum for the pre- 
sentation and discussion of important issues related to 
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reached. Accordingly, all articles published in Science- 
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Control of Automobile Emissions 
After a decade of efforts and the expenditure of more than a hundred 

billion dollars to protect and clean its environment, this country has 
achieved only little. Air pollution continues, most of the rivers are still dirty. 

Legislation was enacted at a time when the nature or toxicity of the 
crucial pollutants was unknown, and no great effort was mandated to dis- 
cover them. The laws placed the major burden of abatement on industry. 
But everyone pollutes; industry could perform perfectly and pollution would 
still abound. Mainly as a result of partial abatement by industry, some rivers 
are cleaner. However, many municipalities have been slow to meet their 
responsibilities. Pollution from distributed sources (agriculture) continues. 

An example of weaknesses in our pollution abatement efforts is in the 
handling of automobile emissions. Laws have been enacted and regulations 
have been issued in the absence of a solid scientific basis. The burden of 
attaining and maintaining low emissions has been placed on the automobile 
industry. In most states, the owner of a high-polluting jalopy is untouchable. 

Automobiles are an important contributor to urban air pollution. Pho- 
tochemical reactions occur among the hydrocarbons (HC's) and the nitro- 
gen oxides (NOJ) and other constituents of the air. Reaction products that 
are damaging include nitrogen dioxide, oxidants whose major component is 
ozone, nitric acid, and nitrates, However, the mechanisms and crucial fac- 
tors are not well established. A recent National Research Council report* 
states, "To formulate cost-effective oxidant and NO, abatement strategies, 
some understanding is required of the processes and factors that influence 
the conversion and transport processes and the interaction of NO, with at- 
mospheric oxidant/HC. The present state of knowledge is very incomplete 
and urgently needs improvement.... 

One hypothesis is that in urban situations the rate-limiting factor in pro- 
duction of oxidants is hydrocarbons. Were this to be proved true, it would 
simplify the abatement problem. However, in 1977, 7 years after the Clean 
Air Act, we still do not know with certainty the circumstances in which 
HC's or NOX are rate-limiting. Even so, in 1970 a law was enacted calling for 
an arbitrary 90 percent reduction from the 1970 levels of emissions of hydro- 
carbons and carbon monoxide and the 1971 levels of nitrogen oxides. To 
meet the 90 percent reduction will require a complex and costly system. The 
current California experience indicates that fuel economy will suffer. 

The present reluctance of Detroit to meet the exacting requirements is 
based not so much on cost as on an inability to guarantee that their output 
will meet the standards. After all, costs of installing pollution-abating equip- 
ment are passed on to the customers. Guaranteeing reliability is another 
matter. Once the customer obtains the car, the situation is out of control. 
New Jersey, one of the few states that has an emissions inspection program, 
has found that in 10 percent of the automobiles seen, the emissions control 
system had been tampered with. 

It is important that Detroit produce low-polluting cars, but that is only a 
small fraction of the problem. What matters is the performance of automo- 
biles on the road. This will vary with age, wear, and maintenance. A rela- 
tively small percentage of high-polluting vehicles can negate the low pollu- 
tion of a fleet of cars whose characteristics were obtained through the ex- 
penditure of tens of billions of dollars. Until a nationwide inspection system 
is in being and fines are levied on large polluters, there will be limited prog- 
ress toward clean urban air. 

During the next decade we will spend hundreds of billions of dollars on 
pollution abatement, but most of it will be wasted unless there is better 
scientific understanding of the problems, a better analysis of costs and bene- 
fits, and an enforcement system applicable to all polluters. 

-PHILIP H. ABELSON 

*Implications of Environmental Regulations for Energy Production and Consumption (National 
Academy of Sciences, Washington, D.C., 1977), vol. 6, p. 100. 



Volume 11 in the annual AAAS series 

This series is sponsored by the AAAS and its Committee on Science and Public Policy and 
prepared under the direction of Willis H. Shapley, former budget official and Associate 
Deputy Administrator of NASA, who has had extensive experience in research and develop- 
ment, national defense, and space programs. 

RESEARCH & DEVELOPMENT IN THE and analytical report on R&D in the federal budget. 
FEDERAL BUDGET: FY 1978, by Willis H. Tlhey identify issues of major importance to scientists, 
Shapley, Don I. Phillips and Herbert Roback, engineers, research institutions, administrators, and 
offers a timelv analytic summary and interpretive students of public policy. 
report on R&D in this vear's annual budget and a 
stimulating discussion of significant, current, and Essential reading in this changing climate of govern- 
basic issues: ment support of R&D. 

* FY 1977 budget outcome Order your copies now. 
* FY 1978 budget analysis 
* Future R&D budget outlook -------- - --- --------------------------------------- 

* Congressional role in R&D budgeting ORDER FORM 

* How R&D budget decisions should be made Please send me the item(s) checked below: 

RESEARCH & DEVELOPMENT IN THE LJ R&D in the Federal Budget: FY 1978 
FEDERAL BUDGET: FY 1977, by Willis H. Retail: $5.50 AAAS member price: $4.95 
Shaplev, lays the foundation for FY 1978 and suc- 
ceeding volumes. It gives an in-depth analysis of how Retai $55 AAAS meme pc $4.9 
the federal budget is prepared and surveys the broad 
range of continuing issues affecting research and C Both publications at the special rate 
development budgets. An incisive analysis of lasting Retail: $9.00 AAAS member price: $8.10 
significance. 

All orders $5 or less must be prepaid. 

These two volumes unravel the mysteries and corn- (Please allow 6 to 8 weeks for delivery) 
plexities of the budgeting process and give a clear __________________________ 

rr.Send orders to Department L 
~ American Association for the Advancement of Science 

a 1515 Massachusetts Avenue, NW. Washington, DC 20005 

518X SCIENCE. VOL. 197 



Deadline for Nominations: 15 September 1977 
AAAS-Newcomb Cleveland Prize: Contest Year Is Nearly Over 

The deadline for nominations of papers for the AAAS-New- Prize, AAAS, 1515 Massachusetts Avenue, NW, Washington, 
comb Cleveland Prize is fast approaching. Readers are invited to D.C. 20005. Final selection will rest with a panel of distinguished 
nominate papers published in the Reports section of Science from scientists appointed by the Board of Directors. 
3 September 1976 to 26 August 1977. The prize of $5000 and a The award will be presented at a session of the annual meeting at 
bronze medal is now given annually to the author of an outstanding which the winner will be invited to present a scientific paper re- 
paper that is a first-time publication of the author's own research. viewing the field related to the prizewinning research. The review 

Nominations must be typed and the following information pro- paper will subsequently be published in Science. In cases of 
vided: the title of the paper, issue in which it was published, au- multiple authorship, the prize will be divided equally between or 
thor's name, and a brief statement of justification for nomination. among the authors; the senior author will be invited to speak at the 
Nominations should be submitted to AAAS-Newcomb Cleveland annual meeting. 

Reports 

Calcium Carbonate Production of the Mare Incognitum, 

the Upper Windward Reef Slope, at Enewetak Atoll 

Abstract. Corals and algal pavement produce calcium carbonate more slowly on 
the windward reef slope of Enewetak Atoll than on the reef flat despite the high 
standing crop of reef-building organisms on the slope. The capacity of reefs to re- 
main at or near sea level is therefore not determined primarily by growth on the 
seaward slope. 

The windward reef slope of coral atolls 
abounds with reef-building organisms 
(Fig. 1, a and b). Ladd considered the 
windward margin as "the most vital part 
of a reef' (1, p. 705). He suggested that 
the slope to depths of 15 m may be bio- 
logically the richest region of a coral 
reef, and he pointed out that on coral 
atolls of the Marshall Islands this region 
"is so inaccessible that it has been 
dubbed the 'mare incognitum' " (1, p. 
706). Recent studies of the growth poten- 
tial of coral reefs in terms of CaCO3 pro- 
duction [summarized in (2)] have only 
hinted at the activity of reef slopes. It is 
our purpose in this report to consider the 
role played by the mare incognitum in 
reef growth. 

The reduction in the alkalinity of 
seawater can be used to determine 
CaCO3 production rates (2). Seaward 
reef flats and slightly submerged coral 
pinnacles produce about 4 kg of CaCO3 
per square meter per year, whereas more 

protected lagoonal environments pro- 
duce about 0.8 kg m-2 year-1. In order to 
measure CaCO3 production by alkalinity 
reduction on the seaward slope, we have 
used transparent Plexiglas domes similar 
to those described by Wells (3) as in situ 
respirometry chambers (Fig. lb). We 
have developed techniques for dome em- 
placement in packed sediment or irregu- 
lar limestone terrain (4). During October 
1976 we used these techniques to isolate 
water and measure alkalinity reduction 
rates by selected components on the 
windward reef slope of Enewetak (also 
called Eniwetok) Atoll, Marshall Is- 
lands. The primary study site was imme- 
diately offshore of Jinimi (Chinimi) Is- 
land, near the seaward extension of reef 
flat transects which have been the sub- 
ject of earlier studies of community me- 
tabolism (5, 6). Incubations were also 
conducted at selected control sites in 
shallow water. 

Two prominent ecological compo- 

nents of the slope were examined: cor- 
al heads and algal pavement. Vasiform 
colonies of Acropora (probably A. hya- 
cinthus) are the most conspicuous coral 
on the windward slope (Fig. 1). Wells (7) 
did not consider this species to be com- 
mon in the Marshall Islands, but his in- 
ability to sample the environment so ob- 
viously favored by this coral led to the 
term mare incognitum rather than a zon- 
al name denoting the dominant coral 
there. Coral cover increases from near 0 
percent on the reef crest to about 30 per- 
cent at depths of 25 m (the local base 
near Jinimi of the so-called "ten-fath- 
om" terrace marking the base of this 
zone) and then decreases to near 0 per- 
cent at 50 m. The reef crest is dominated 
by a pavement of crustose coralline algae 
(particularly Porolithon), and some algal 
pavement persists to the base of the 25-m 
terrace. Poorly sorted sand and rubble 
comprise a third major (but unsampled) 
component of the slope. Table 1 includes 
estimates of the vertical distribution of 
the coral and pavement components near 
Jinimi. The same general distribution 
pattern characterizes other areas we 
have examined on the windward slope of 
the atoll, although the local distributions 
differ in detail. 

Coral incubations were carried out at 
depths of 7, 11, 15, and 21 m on the 
slope. Control incubations were con- 
ducted in an abandoned limestone quar- 
ry on the reef flat near Enewetak; this 
quarry supports a rich biota in a pro- 
tected setting. Corals used for the in- 
cubations were vasiform Acropora colo- 
nies which covered 30 to 80 percent of 
the bottom area under the domes and 
displaced 10 to 30 percent of the water 
volume therein (Fig. lb). Pavement in- 
cubations were carried out on relatively 
flat areas of 100 percent hard bottom at 
all but the deepest of the above sites and 
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