at Los Alamos, three complete filter pa-
pers (obtained from the environmental
air sampler) were placed in the center
chamber of the electrodialysis cell. The
samples were electrodialyzed for a pe-
riod of 48 hours. The distance between
electrodes was 2 cm. The voltage was
maintained at 100 v. After the dialysis,
the extract obtained was analyzed for
Sr®® by the ion-exchange method (3).
The filter papers were allowed to dry.
They were then placed in a large porce-
lain crucible and heated slowly to 450°C
and held at this temperature until they
were ashed. The samples were allowed
to cool to room temperature, then 10 ml
of 72-percent perchloric acid was added
to complete the digestion. The amount
of Sr®® obtained by ashing the papers
was determined by the ion-exchange
method (3).

To study the effect of electrodialysis
on the stability of the fallout collected
by aircraft, approximately 2 cm? of the
collector filter paper was placed in the
dialysis cell and dialyzed for 48 hours.
The conditions of dialysis were the same
as those described above. The Sr? of
the dialysis extract and the portion re-
maining in the filter paper after dialysis
were analyzed as described above. The
results of the weathering studies of fall-
out are presented in Tables 1 and 2.

The results of this study show that
the glassy pellets which fall in the area
around the test site are resistant to
weathering. They are so resistant that it
is unlikely that more than 1 percent of
their activity would enter into the bio-
logical cycle in any given year.

The samples collected at Los Alamos
contained Sr?0 in dialyzable and nondia-
lyzable forms. This does not seem un-
reasonable since some of the glassy pel-
lets are small enough to be transported
by wind from the test site to Los Alamos.

The results of the study on the sam-
ples collected by aircraft flying through
the cloud caused by the nuclear detona-
tion suggest that electrodialysis could be
used to evaluate the hazard associated
with each type of detonation and that
valuable information regarding the rate
of entry into the biosphere could be ob-
tained.

Eruis R. GraraM™®
Los Alamos Scientific Laboratory,
Los Alamos, New Mexico
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Group Effort in
Modern Physics Research

Abstract. In the Physical Review for
the year 1957, as a sample, multiple au-
thorship appears with greatest relative fre-
quency in communications from govern-
ment, academic, and industrial laborato-
ries, in that order. For the three types, it
appears that research is conducted on the
average by groups and not by individuals.
These conclusions are at variance with
premises assumed recently by R. S. Uhr-
brock (1).

For the planning and direction of sci-
entific research, it is important to deter-
mine the elusive factors that enter into
research productivity. The elements af-
fecting the productivity of the individual
have been studied recently by Shockley
(2). However, current scientific period-
icals show that articles with N authors,
where N not infrequently is large rela-
tive to unity, are prevalent, whereas such
papers were the glaring exception a dec-
ade or so ago. It is interesting to examine
quantitatively the relative frequency of
group and individual efforts in the phys-
ical sciences and to determine whether
any correlations exist. This report sum-
marizes initial conclusions for one sci-
ence, physics, based on a sample consist-
ing of all contributions that appeared in
the Physical Review during the calendar
year 1957 (volumes 105-108). This par-
ticular journal was selected because of
its timeliness in the coverage of active
areas of research in modern physics.

In the sample chosen, the names of
laboratories of three general types (aca-
demic, government, and industrial) ap-
pear in the respective by-lines of the
contributions (3). For each separate
category the histogram given in Fig. 1
shows the total number (on a logarith-
mic scale) of papers and letters to the
editor with N authors (4) as a func-
tion of N. The most striking feature re-
vealed by Fig. 1 is that the number of
communications with N greater than
unity is relatively, as well as absolutely,
greater for government and academic
laboratories than for their industrial
counterparts. This number is 64, 62, and
48 percent, respectively, of the total
number of communications in the three
categories, listed in the order given
above. Thus, only for industrial labora-
tories are contributions from single au-
thors not outnumbered by those of joint
authorship. ‘

An individual rank in its category was
assigned to each laboratory, correspond-
ing to the total number of communica-
tions from' that laboratory in the sample.
In the academic category, the Univer-
sity of California,: Berkeley, ranks first,
with 112 works; Bell Telephone Labora-
tories is.the corresponding giant (47
works) ‘in the industrial class. The his-
togram given in Fig. 2 shows the aver-

age number of authors per contribution
from a laboratory as a function of rank
for academic and industrial laboratories,
up to rank 50 (three works) for the for-
mer. One sees immediately that for the
laboratories under consideration, research
is conducted, in general, by groups or
teams and not by individuals. In fact,
the mean number of authors per publi-
cation over the entire sample considered
is 2.1, 2.1, and 1.7 for academic, govern-
ment, and industrial laboratories, respec-
tively. Comments by Temperley (5) in-
dicate that a trend toward a similar situ-
ation exists in the United Kingdom.

The conclusions given above are not
at all what widely held preconceptions
might suggest. It is true that the choice
of a different journal of physics would
alter conclusions with respect to details
(the papers of Fig. 1 with an extremely
large multiplicity of authors are all on
nuclear physics). Clearly, however, the
ubiquity of group effort is the ineluctable
concomitant of the explosive growth of
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Fig. 1. Number of research communica-
tions with N authors in the sample, as a
function of the number, N, of authors (the
vertical scale is logarithmic).
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science in recent times, with its conse-
quent dependence on the services of spe-
cialists and the functioning of large
(sometimes vast) complexes of equip-
ment. An interesting question which has
not been explored is the secular depend-
ence of multiple authorship on time; are
the papers today with 20 or so authors,
as indicated in Fig. 1, merely the pre-
cursors of papers with 50 or 100 authors
that will appear some decades hence?

A guest editorial by Uhrbrock (1) in
Science is germane to the results of this
study. Uhrbrock’s conclusions are based
on the following premises: (i) Research
- in industrial laboratories is conducted
mainly by teams of investigators, and
(ii) investigation by teams is in some
sense inimical to the proper ends of sci-
ence and to the best interests of the in-
dividual investigator. At least for the
sample.studied in this report,-it is clear
that premise (i) is not restricted to in-
dustrial laboratories but is valid a for-
tiori for academic and government labo-
ratories, on the logical assumption that
any number of authors in excess of one
constitutes a team (the dictionary defi-
nition). In view of the stature of the
Physical Review in its field, it would ap-
pear, further, that premise (ii) is not
valid in general. Uhrbrock’s conclusion
is that the prospective investigator in an
industrial laboratory should protect him-
self against the danger of the team by
means of a written statement obtained
before employment. However, the cor-
relation with joint effort of rank of in-
stitution in research productivity, as im-
plied in Fig. 2, suggests the possibility
that in many laboratories such a step
might defeat its own end. Without ex-
amining the numbers involved, Shock-
ley (6) has taken issue on essentially the
same grounds with views of Miessner
(6) similar to those of Uhrbrock.

Contrary to a possible implication in
Uhrbrock’s discussion, 172 communica-
tions in the sample studied attest to a
basic willingness on the part of indus-
trial laboratories to publish research re-
sults. At least in the laboratory with
which we are affiliated, approval of the
patent department (approval which has
never been denied) is the only require-
ment for submission of a finished piece
of work for publication (as against the
time-consuming and uncertain security
clearance required in many government
laboratories and research enterprises con-
ducted by universities and institutes) (7).

J. J. GiLvarry
H. K. Iaric
Research Laboratories,
Allis-Chalmers Manufacturing Company,
Milwaukee, Wisconsin
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I have no desire to prolong the discus-
sion of the effects of team membership
on the scientific careers of individuals
employed in industrial laboratories. Gil-
varry and Ihrig have presented data
showing that multiple authorship is in-
creasing in the field of physics. Smith
[Am. Psychologist 13, 596 (1958)] re-
ported a similar trend in psychology.
These studies show that (i) team re-
search is being conducted on an increas-
ingly large scale in governmental, aca-
demic, and industrial laboratories, and
(ii) some teams are reporting their re-
sults, listing two to 20 persons as col-
laborators.

We have no evidence about the num-
ber of teams in - existence at any one
time or any indication of the proportion
of completed projects reported. Young
scientists should be aware of the trend
toward team research and should con-
sider its possible effect upon their indi-
vidual careers. The time to ask questions
is before accepting employment. That,
as simply as I can state it, is the point
I wish to emphasize.

Ricuarp S. UHRBROCK
College of Arts and Sciences,
Ohio University, Athens
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Enchytracus fragmentosus,
a New Species of Naturally
Fragmenting Oligochacte Worm

Abstract. A new species of enchytraeid
(Oligochaeta) worm has no sex organs,
but reproduces solely by fragmentation.

In April 1956 I received from R. A.
Didriksen of Iowa State College some
fresh enchytraeid worms, believed to be
Enchytraeus albidus. Careful investiga-
tion, whole-mount and serial section
studies, revealed that the culture was a
mixture of two species, the one being
Enchytraeus fonteinensis Michaelsen
(1927), the other of uncertain classifica-
tion. The separate cultures have been
going for over 2 years, the E. fonteinensis
reproducing from cocoon to cocoon about
every 10 days, the other species repro-
ducing by fragmentation in about the
same length of time,

The amazing thing about the second

species is the phenomenon of fragmen-
tation. Fully mature worms break into
from 3 to 11 fragments, usually of about
five segments each. Each portion fully re-
generates in a period of about 10 days.
There is every reason to believe that full
regeneration of vital structures results
from changes of undifferentiated tissues
of the body; I have not undertaken such
an investigation, but have noted unusual,
large “formative” cells in the body cav-
ity.

Since the material lends itself to a
great number of investigations—for ex-
ample, regeneration processes; gradients,
polarity and reversal of polarity; radia-
tion experiments; possible mutations;
pharmacological investigations—I offer
to supply living material at postage cost
to any applicants.

Enchytraeus fragmentosus n. sp. Be-

. cause these worms have no sex organs, the

usual criteria for determination of spe-
cies, other characteristics will have to be
adduced for diagnosis. Before I was aware
of the unusual reproductive method in
this worm (to my knowledge it is ex-
ceptional for all oligochaete worms), I
regarded the worm as an immature spec-
imen of E. albidus. The peptonephridia
come from a dorsal pouch in segment
IIT and divide into two sac-like masses
passing caudad and ventrad in segment
IV as in E. albidus. There are, however,
a number of twigs off the main sacs in
segment IV. There is one outstanding
difference in the new species—namely,
the possession of four pairs of septal
glands instead of the usual three pairs.
The type specimen is in my collection.

Diagnosis: Color white; length 10 to
16 mm in crawling; segments about 50
when fully developed; diameter 0.25
mm; setae straight, two only per fascicle;
no special glands; no clitellum; prosto-
mium rounded; head pore at 0/I. Brain
nearly round, concave anteriorly and in-
dented posteriorly, 65 u wide and long.
Pharynx in segment III with typical high
palisade cells in roof; oesophagus widens
gradually, no oesophageal pouches; pep-
tonephridia arise in segment III from a
dorsal pouch and branch into two elon-
gated sacs in segment IV, with a num-
ber of terminal twigs. Chloragog cells
large without granules. Septal glands
(pharyngeal glands) lie on-septa IV/V,
V/VI, VI/VII, and VII/VIII. Dorsal
vessel arises in segment XIII. Coelomo-
cytes (lymphocytes) with clear, loose
cytoplasm and large nucleus; circular;
15 to 20 p in diameter; appear to be
amoeboid in the living. Nephridia with
small preseptal (20 w long, 10 u wide);
postseptal larger (50 w long, 20 p wide)
with terminal duct. No sex organs: re-
production solely by fragmentation.

A. 'W. BeLL

Life Sciences Department, Los Angeles
City College, Los Angeles, California
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