
jacent to the unconformities give no 
indication of shoaling depths. These re- 

lations suggest that sedimentation was 
absent over a long period of geologic 
time or that pre-existing pelagic de- 

posits were eroded by bottom currents. 
The area of missing post-Oligocene 
strata underlies the present Gulf 
Stream. Soundings and seismic reflec- 
tion profiles reveal maximum erosion 
of Tertiary units along the base of the 

slope parallel to the Gulf Stream axis. 
Furthermore, underwater photographs 
show that bottom currents are actively 
moving sediment on the inner part of 
the Blake Plateau (31). 

The picture which emerges shows 
the continental margin as a wedge- 
shaped constructional feature, thinning 
seaward. What has been the role of 

contemporaneous deformation in modi- 

fying this wedge? Drill holes and seis- 
mic evidence (6, 12) show a gentle 
warping of Tertiary strata (Fig. 3) on 
the inner part of the continental shelf. 
The strata also appear to be warped 
downward beneath the Florida-Hatteras 
Slope, but in fact they were deposited 
at about their present depth when the 
shelf and slope were prograded during 
the Tertiary. No evidence was found 
for a major rift under the Florida- 
Hatteras Slope, as had been postulated 
(7). The continuity of seismic reflec- 
tors beneath the slope, as shown on 
the seismic profile, precludes major 
faulting between the continental shelf 
and the Blake Plateau during the Terti- 
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ary; hence, if a fault is present, it is 
Cretaceous or earlier. Some minor off- 
sets may have occurred in connection 
with warping of Tertiary strata on the 
shelf, but the close similarity between 
Tertiary and modern depositional en- 
vironments suggests that the continental 
margin has slowly subsided. 
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total number of scientists in these lab- 
oratories has doubled (1). 

The number of males who graduate 
from college with degrees in science 
and engineering has been increasing at 
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graduates generally and only 2 percent 
for people of age 22 in the total 
U.S. population (2). All in all, there 
has been a remarkable and dispropor- 
tionate increase in the flow of young 
people into the science professions, 
matching the equally remarkable flow 
of money into research and develop- 
ment activities. 

As a consequence, most scientists in 
professional research laboratories have 
thought of themselves as young people, 
in young organizations and with un- 
limited growth opportunities. Yet now, 
looking around, they are intuitive- 
ly aware that, on the whole, they are 

working with older people. What exact- 
ly has been happening in these lab- 
oratories? 

Data were available to us on seven 
Dr. Cook is manager of project analysis at the 

General Electric Research Laboratory, Schenec- 
tady, N.Y. Dr. Hazzard is associate provost of 
Washington University, St. Louis, Mo. 

SCIENCE, VOL. 150 

graduates generally and only 2 percent 
for people of age 22 in the total 
U.S. population (2). All in all, there 
has been a remarkable and dispropor- 
tionate increase in the flow of young 
people into the science professions, 
matching the equally remarkable flow 
of money into research and develop- 
ment activities. 

As a consequence, most scientists in 
professional research laboratories have 
thought of themselves as young people, 
in young organizations and with un- 
limited growth opportunities. Yet now, 
looking around, they are intuitive- 
ly aware that, on the whole, they are 

working with older people. What exact- 
ly has been happening in these lab- 
oratories? 

Data were available to us on seven 
Dr. Cook is manager of project analysis at the 

General Electric Research Laboratory, Schenec- 
tady, N.Y. Dr. Hazzard is associate provost of 
Washington University, St. Louis, Mo. 

SCIENCE, VOL. 150 

Mature Research Institutions and 
the Older Scientist 

The dominance of youth in professional research is 

disappearing in favor of experience and maturity. 

Leslie G. Cook and George W. Hazzard 

Mature Research Institutions and 
the Older Scientist 

The dominance of youth in professional research is 

disappearing in favor of experience and maturity. 

Leslie G. Cook and George W. Hazzard 



(D 

I 

E 
JZ Z 

Fig. 1 (top left). Age histogram for a 10-year-old laboratory 
employing 150 Ph.D.'s. 

Fig. 2 (top right). Age histogram for a 25-year-old laboratiory 
employing 300 Ph.D.'s. 

Fig. 3 (bottom). Age histogram for a 40-year-old laboratory 
employing 300 Ph.D.'s. 

long-established laboratories, six indus- 
trial and one governmental. While there 
are some variations in detail, all seven 
show the same essential trends in ages 
of the Ph.D. research staff. The age 
distributions have been consolidated in 
Figs. 1, 2, and 3. These distributions 
are normalized to an initial laboratory 
size of 150 scientists, and to 300 scien- 
tists 15 years later. 

A few years after its inauguration, 
the typical laboratory would have a 
Ph.D. staff of 150 with an age distribu- 
tion as in Fig. 1. Usually, 20 percent 
or less of the staff is over age 38, with 
the majority of the members in the 27- 
to-35 age group. 

During the next 15 years the labora- 
tory typically doubles in size, and the 
age distribution becomes much like that 
in Fig. 2. Perhaps 50 percent of the 
staff is over age 38, with a fairly 
uniform distribution in the 27-to-50 
age group. Such is the approximate age 
distribution in the early 1960's for all 
the laboratories studied. 

Extrapolating this trend another 15 
years, one gets the age distribution of 
Fig. 3. We have assumed that the lab- 
oratory has ceased to grow, having 
reached the maximum size its parent 
organization will support. Because of 
this, new employment has been confined 
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to replacements. Partly because of re- 
stricted additions of young staff mem- 
bers, some 80 percent of the staff will be 
over age 38 and distributed fairly even- 
ly over the 32-to-65 age group. This 
trend is more than hypothetical. The 
General Electric Research Laboratory, 
founded in 1900, had come to just this 
kind of age distribution by 1939 on 
about the time scale mentioned. 

Two peripheral points are worth not- 
ing. Over a 15-year period, attrition of 
newly hired younger people may be 
close to 60 percent. However, there is 
usually sufficient hiring at distributed 
ages to reduce the net attrition in the 
young group to about 25 percent. Ac- 
tually, the chances are about one in six 
that a man hired under age 33 will 
remain until retirement, whereas they 
are one in two for a man hired over 
age 38. There also appear to be regular 
periods of higher employment rates, 
and the age waves thus created appear 
to progress through the age histograms. 
They seem to be 6 to 7 years apart, 
with a 3- to 4-year half-width. Some 
relationship to a business cycle or to 
an assimilation period for new staff 
members may exist. 

This growth in the proportion of old- 
er scientists is characteristic not only 
of these seven laboratories, but to some 

extent of the whole scientific communi- 
ty; it is, however, not indicative of 
what is happening in the U.S. popula- 
tion as a whole. Data (3) on the U.S. 
population from 1930 to 1980 (esti- 
mated) do not show an aging popula- 
tion. In fact, the ratio of U.S. popula- 
tion in the 50-to-60 age group to those 
in the 20-to-30 age group is predicted 
to decrease substantially. 

Data on the scientific community are 
complicated by the problem of deciding 
whom to include. However, Fig. 4 sum- 
marizes one collection of data (4) on 
professionally active scientists general- 
ly, and on physicists in particular, in- 
cluding-in both instances-holders of 
B.A., B.S., and higher degrees. 

Below age 32 there will be many po- 
tential scientists who are still students, 
but by age 32 this complication can 
certainly be neglected. These curves in- 
dicate that the rapid increase in the 
number of those who entered the sci- 
ence professions in the past, which 
shows up in the 37-to-50 age group, 
is tapering off. This, perhaps, was in- 
evitable, and will tend to bring the sci- 
ence community more into age balance 
with the population as a whole as 
time goes on. It seems as if the whole 
science profession will more and more 
face the same preponderance of older 
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30" mitted to a continuing career as an in- 
dividual contributor to research. 

This in turn raises other questions. 
25 -The maturing scientist who is becom- 

ing committed to a life career as an 
I US. SCIENTISTS 1962 (TOTAL 215,000) individual contributor must pay special 

20 t a U.S. PHYSICISTS 1962 (TOTAL 25,700) attention to the problem of his own 
technical obsolescence. Too much con- 

,I~~~ | ~-, S \ ^centration on problems special to his 

j 15 |\ : parent organization may result, after a 
few years, in a scientist's finding him- 

PERIOD I self hopelessly outside the mainstream 
10 -- --EDUCATIN of science. A compromise must be de- 10 ---EDUCATION X 1 

iA ND | \ t veloped by each individual scientist, 
ENTRY TO i who consequently becomes anxious for 

THE ! *reassurance that the compromise he is 
5 PROFESSION PROFESSION ' ,developing is appreciated by the labora- 

>, tory and is contributing to his parent 
organization. This may create a need 

20 25 30 35 40 45 50 55 60 65 for some kind of organizational recog- 
AGE nition of his special role, a need which 

Fig. 4. Age distribution of U.S. scientists (1962). as a young man he did not feel, and 
which ;the maturing laboratory may 
find it singularly difficult to fill. 

ientists as is now developing in the scientific insight and selectivity, or From now on, the annual number of 
search laboratories examined. breadth of technical contact, can in- experienced and capable scientists cross- 
This increasing preponderance of crease greatly with age. Perhaps the ing a decision threshold around age 40 
der scientists in professional research best measure for the research director is will increase steadily. This growing 
boratories will render some questions how well these abilities are utilized for number of individual decisions by sci- 
id problems of increasing significance, the attainment of common goals. Thus, entists should be regarded as an op- 
)th for the individual scientist and for in a maturing research laboratory, portunity for a research laboratory and 
.e research manager or director. the question of relations and shared its parent organization rather than as 
One of these problems is the mun- responsibilities with its parent organiza- a problem. It would seem as if the sci- 

ine but essential one of cost. A labo- tion becomes of increasing importance. entist is to mid-20th-century society 

.tory of the sort considered, which has There are other and more personal what the lawyer was to 19th-century 
abilized at about the maximum size problems, too, which are scarcely ap- society. The knowledge and skills of a 
at its parent organization will sup- parent in a young laboratory, but which scientist in a technically based society 
)rt, must expect its overall real per- become increasingly pressing in the ma- can well be used in decision-making by 
)nnel costs to increase by about 1 per- turing laboratory. For example, the mo- all kinds of modern organizations. Once 
nt a year because of the increasing bility of personnel drops substantially a scientist sees a second career in ad- 

aturity of its staff. Although this easily after age 40, which means that the in- ministration, management, or public af- 

:ts lost in much larger increases dividual implicitly makes a new type of fairs as a logical extension of his previ- 

rought about by present inflationary long-term commitment to the labora- ous experience, he becomes part of a 

ressures, nevertheless, over a period of tory, and the laboratory to him, at valuable supply of talent for business, 
0 to 20 years it makes its cumulative about this age. Both are naturally education, or government. The attrac- 
)ntribution to financial headaches. anxious to know exactly what this tion and use of this increasing supply 
This leads directly to the question of commitment is or what it is likely to of talent is both a challenge and a 

roductivity, demonstration and mea- become. responsibility for research manage- 
irement of which become more and Such commitments in a maturing lab- ment. 
lore important to the laboratory and to oratory are different from those in a If management does not meet this 
e individual as costs increase. The ma- young laboratory. Whereas, for ex- challenge and responsibility-and per- 
iring scientist wants to feel sure that ample, the successful research scientist haps even if it does-there is likely to 
is increasing cost is being justified by in a young laboratory may be reason- be an increasing spillover of the talent 
n increasing contribution to the parent ably certain of an opportunity to as- of mature and successful scientists into 

rganization. The research director sume substantial research-management administrative and management careers 
ants to feel sure, too, to say nothing responsibilities should he wish to de- in business, government, and education. 
f the parent organization itself. velop his career in that direction, in We draw the following conclusions: 

Despite many studies and hypo- the maturing laboratory he will be 1) From now on research scientists 

leses, simple and quantifiable indica- much less certain of such an op- reaching maturity and the age of 40 
)rs of research productivity are not portunity. There will be an increasing will be well advised to examine care- 
liable. Physical energy and published number of qualified candidates for fully their career plans for the next 

utput seem to be fairly constant for every opening in research management. phase of their working life, for the 
lose who remain practicing scientists In the maturing laboratory, the older competitive situation they will face will 
,r their whole working careers. Yet scientist becomes more and more com- be quite different from that which their 
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predecessor faced during the last two 

decades. 
2) Research-laboratory managements 

and their supporting organizations 
face a new challenge and opportunity, 
that of making full and proper use 
of the increasing flow of mature and 
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capable scientists of age 40 and over. 

3) Business, education, and govern- 
ment should be alerted that this flow 
of mature talent is at hand and that 

tremendous advantages could come 

from attracting some of it into their 

activities. 
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The Commission of Editors of Bio- 

chemical Journals, appointed by the 

International Union of Biochemistry 

(IUB), wishes to draw attention to 
the recently published Enzyme Nomen- 
clature (1), which is the report of the 

IUB Standing Committee on Enzymes. 
The draft of this report was con- 

sidered by a joint meeting of the Stand- 

ing Committee and the IUB Commis- 
sion of Editors of Biochemical Jour- 
nals in Rome in February 1964. The 

version agreed to by that joint meet- 

ing was adopted by the Council of the 

IUB at its meeting in New York on 
27 July 1964, and designated Rec- 

ommendations (1964) of the IUB on 

the Nomenclature and Classification of 
Enzymes. 

The report of ithe Standing Commit- 
tee of Enzymes is based on the report 
of the IUB Commission on En- 

zymes (2), adopted by the General As- 

sembly of the IUB in Moscow on 
16 August 1961. The changes made 

by the Standing Committee in the re- 

port of the Commission on Enzymes 
are of four types: (i) additions of new 

enzymes, and, where necessary, new 

subgroups to accommodate them; (ii) 
correction of definite errors in the 
first edition; (iii) changes in the nomen- 
clature itself to meet criticisms which 
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first edition; (iii) changes in the nomen- 
clature itself to meet criticisms which 

had been put forward; and (iv) addi- 
tion of systematic names in some 
cases where the original Commission 

put forward only trivial names. 
The chapter on the nomenclature of 

the cytochromes was revised by a spe- 
cial committee set up for this purpose. 
The chapter in the new report in- 
cludes proposals for the nomenclature 
of heme compounds and hemoproteins 
in general. 

Since the publication of the Report 
of the Commission on Enzymes in 

1961, many of its recommendations 
have been widely used in scientific 

journals and textbooks. Most biochem- 
ical journals urge authors to follow 
most of the recommendations even if 

they do not insist on all. Some jour- 
nals already require the procedure sug- 
gested in chapter 6, page 29, that, when 
an enzyme is the main subject of a 

paper or abstract, its code number 

(preceded by the letters EC), system- 
atic name, and source should be 

given at its first mention; thereafter 
the trivial name may be used. En- 

zymes that are not the main subject of 
the paper or abstract should be identi- 
fied at their first mention by their 
code numbers. When the paper deals 
with an enzyme that is not yet in the 

Enzyme Commission's list, the authors 

may introduce a new systematic name 
or a new trivial name, or both, each 
formed only according to the recom- 
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assigned only by the IUB. 
An addition to the new report that 

will be very welcome to editors and 
authors is the inclusion in the index of 
names which have been in frequent 
use but which are no longer recom- 
mended. It was often difficult to find 
in the old report the new name of an 
enzyme known to the reader only by 
its old name. Many enzymologists may 
note with regret that the name by 
which they have long known a favor- 
ite enzyme is printed in italics in the 
index, indicating that it is not recom- 
mended. For example, fumarase (EC 
4.2.1.2) is replaced by fumarate hy- 
dratase as trivial name (systematic 
name, L-malate hydro-lyase). Those 
who are irritated by this change should 

perhaps pause to think how many stu- 
dents first coming across the name 
fumarase might legitimately think that 
it catalyzes the hydrolytic splitting of 
fumaric acid. Those who shed muram- 

idase-containing tears on reading the 
first report may now rejoice that the 
old name lysozyme has been restored, 
whereas muramidase is now relegated 
to the list of disapproved names. 

The chapter on enzyme units has re- 
ceived only one alteration. In the first 
report a standard temperature of 25?C 
was suggested, but this is now changed 
to 30?C because of the prevailing labo- 

ratory temperatures in many countries. 
No biochemical journal insists on the 
use of the Enzyme Commission's unit 
(U) of enzyme activity (the amount 
which will catalyze the transformation 
of 1 ,mole of the substrate per min- 
ute under standard conditions). How- 
ever, this unit is to be strongly recom- 
mended, and some journals suggest 
conversion of data in terms of the new 
unit when the paper has to be returned 
to the author for other revisions. The 
derived unit specific activity (U/mg) 
and molecular activity (U/pmole en- 

zyme) are also recommended. Where in- 
convenient numbers would otherwise 
be involved, iterms such as milliunit 

(mU), kilounit (kU), or, for those 
who specialize in small activities, nano- 
unit (nU) or picounit (pU) may be used. 
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