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Letters

Protein Behavior

In a recent article [Science 128, 815
(1958)], I. M. Klotz admirably points
up the fact that electrostatic interactions
involving proteins and small ions have
generally had to be treated in an over-
simplified way, and he calls attention to
the many observations which would sug-
gest that the properties of the water in
the immediate vicinity of the protein
molecule may be rather different from
those of the water in the bulk solvent.
His proposal regarding the effect of
an ice structure would explain the
greater difficulty of protonation of an
—N(CH,), group but, it appears,
would still not solve the problem of re-
duced reactivity of the —SH group with
Ag+, with which he initiated the discus-
sion. In this case, of course, there would
be no change in the charge to modify the
structure of the ice lattice.

The proposal seems even more trouble-
some when one considers the —COOH
groups in the protein. In this case a
charge appears on the group when the
hydrogen ion is lost. Consequently, the
loss of the proton would be hindered,
and the apparent pK should be increased
as compared with the expected intrinsic
pK. There seems to be little evidence
for any considerable number of —COOH
groups with unexpectedly high pK’s in
proteins.

The lack of any evidence for electro-
static effects on the titration curve of the
azomercurial would still be disturbing,
however—unless one assumes that the
reaction with hydrogen ion is leading to
displacement of the azomercurial. If this
were true, there would be no change in
the charge, and one would not antici-
pate an electrostatic effect. Such a dis-
placement of methylmercury would have
been anticipated on the basis of the re-
sults of Hughes [Cold Spring Harbor
Symposia Quant. Biol. 14, 79 (1949)].

Joun W. MEHL
University of Southern California,
Los Angeles

Each of the three paragraphs of Mehl’s
letter raises essentially one question. The
responses may be grouped, therefore, into
the same arrangement.

1) “Maskedness” in the behavior of
—SH groups, as Mehl would undoubt-
edly agree, is a problem of rates rather
than equilibria. For example, Ag* is
usually taken up even by masked —SH
groups of proteins if we wait long
enough, In terms of my model, the ex-
planation (clearly implied if not explic-
itly stated in the article) is that Ag*
would diffuse through “ice” much more
slowly than through liquid water. While
no actual data are available for diffusion

of Ag* in ice, measurements with a simi-
lar monovalent ion, Li* [M. Eigen and
L. DeMaeyer, Proc. Roy. Soc. (London)
247A, 505 (1958)], certainly bear this
point out.

2) The most careful theorctical anal-
yses of the titration curves of a protein
with, for example, 100 carboxyl groups
have limited themselves to a single in-
trinsic dissociation constant. The spread
of the titration curves has been accounted
for by the assumption that there is a
variable electrostatic factor, plus neces-
sary additional assumptions in specific
cases. Clearly, if deviations from ideal-
ity are attributed to these additional fac-
tors, and if we permit the possibility
of only a single intrinsic constant, we
cannot possibly find more than one
intrinsic constant. As I have emphasized,
however, the titration curves can also be
accounted for by the assumption that
there is a broad spectrum of pK’s for
the carboxyl groups.

3) The explanation suggested by Mehl
is not really tenable. We have not studied
the titration curve by some general
method which follows gross H+ ion up-
take but rather by a special spectropho-
tometric method which reveals specifi-
cally the uptake of H* by the (CH,,),N—
group of the dye, not by the mercaptide
group of the protein. It is the unusual
pK and the unexpected shape of the
curve for the optical titration of this par-
ticular (CH;),N— group which must
be interpreted; a displacement mecha-
nism postulates changes in state of a dif-
ferent group at the opposite end of the
molecule. Furthermore, one should also
recall that if the dye had been displaced
from the mercaptide linkage, no optical
titration could have been obtained in the
first place, for as we have mentioned pre-
viously [Arch. Biochem. Biophys. 63, 77
(1956)], the dye is essentially insoluble
in water alone.

I. M. Krotz
Northwestern University,
Evanston, Illinois

On Eschewing Teleology

A. J. Bernatowicz’ stern admonitions
[Science 128, 1402 (1958)] to his bio-
logical colleagues and to all other scien-
tists to eschew anthropomorphism and
avoid even the appearance of teleolog-
ical thinking (lest their students be not
saved from corruption) confuses me. He
wants mechanism, and thus also surely
determinism, recognized as the language
of science, and he wants the teacher of
science not to depart from it. Does he
mean never? Not with the student at the
luncheon table? Not with his wife at the
breakfast table? How rigorously must
righteousness be applied? And must all
scientists observe the canon? I think
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Bernatowicz does believe just this, and
I suspect that he also thinks that the
scientific view of the world is the true
view and that he who departs from
proper deterministic language is dealing
lightly with truth.

Well, the language of science is de-
scriptive and not purposive. I am wholly
in accord with Bernatowicz on that point.
But, if we are talking science, I go far-
ther where he stops short, for I note—
remaining descriptive because I am be-
ing scientific—that we have here a case
of one organism attacking others because
these others behave differently from the
one. Scientifically, all we have is a case
description of an idiosyncratic organism,
Bernatowicz, which does not, on the
showing of his paper, represent the spe-
cies but a departure from it. Is this or-
ganism quieted by this description of his
behavior, or do his words suddenly seem
to carry an anthropomorphic meaning?
Do they say that his purpose was to con-
vince others of his own rightness, thus
ruling him out of the class of scientific
organisms because he speaks in terms of
purpose? If Bernatowicz wants rigor and
the scientific attitude all the time, let
him, a biologist, include his own con-
duct under the scientific rules. Was he
or was he not being purposive? I think
he was.

For myself, I take the use of the sci-
entific language more lightly, less rigor-
ously, and I am glad that most of my
colleagues do too. J. J. Thomson said
that a scientific activity is a policy, and
he might have made his comment
broader to say that all scientific activity
is a policy to be accepted when it works
and changed when it does not. I do not
pretend to be a scientist in all my speech,
nor do I want students to be. I want
them to have values and purposes, to
know when to escape the scientific strait
jacket and also when to get a new strait
jacket. There should be nothing so in-
flexible about science or scientific con-
duct or scientific language. What we
want for scientists is wisdom, good judg-
ment, the ability to speak and write Eng-
lish delicately and significantly, enough
wisdom to break any rule when a good
purpose will be supported thereby.

Urbanity never hurt a scientist yet.
Using English with skill, relying on the
connotations to work as they should, is
less secure than the rigor of mathematics
but an art capable of much greater re-
finement. I find in none of Bernatowicz’
examples the sort of thing that should
be changed if it is given in a proper sci-
entific context. A strict adherence to his
rule would eliminate entirely from sci-
entific speech the phrase in order that,
and that seems to me to be a preposter-
ous suggestion. The Darwinian theory
was a way of changing purposive events
into descriptive, and for me (and I
should hope for most students) the con-

text of most of these disapproved sen-
tences would be the nonpurposive, de-
scriptive concept of natural selection.

In any event—say I, anthropomorph-
ically purposive, and purposively anthro-
pomorphic—let us not warp our young
scientists by rigid rules. Always remem-
bering that we do not wish for all to be
alike, let us cultivate urbanity, wisdom,
and flexibility. Let us help them to learn
to speak and write well, clearly, freely,
attractively, and differently from one an-
other. Let us hope they can learn to
think of science as a happy way of life,
not as a harsh taskmaster with a code
of morals dangling at his belt.

EpwiNn G. BoriNg

Harvard University,
Cambridge, Massachusetts

In the interests of clear thinking one
should certainly be wary of any state-
ments that are unjustifiably teleological,
as A. J. Bernatowicz has pointed out.
Judging from his conclusions, however,
I suspect that he would prefer to leave
out the word unjustifiably in my first
sentence, as would many other scientists,
although not all. [See L. K. Frank, G. E.
Hutchinson, W. K. Livingston, W. S.
McCulloch, N. Weiner, Ann. N.Y. Acad.
Sci. 50, 187 (1948)].

Let me make plain at the beginning
that I would agree that in many circum-
stances teleological language is inappro-
priate, implying the existence of agencies
beyond our ability to observe directly.
The examples quoted by Bernatowicz, I
would judge, all demonstrate misappli-
cation of teleological concepts. However.
not all of them are inherently unsuited
to such treatment.

What do we mean when we say that a
statement is “teleological”’? Do we not
mean that it implies some directing or
governing factor which by its nature
“causes” events to follow certain observed
courses? Certainly in this sense the idea
of “force” or “gravitation” or “field” is,
or can easily be seen as, teleological, in-
voking the presence of an agency which
we can observe only by inference. But if
we are careful to note that, for example,
a “field” is a map of what we might ex-
pect to observe, then we can still use the
concept of “field” at one level of expla-
nation, without implying the existence
of any incompletely defined agency.

There is a more important area of
teleological thinking, however, in which
the above “way out” is of no use. This
is the area of biology, physiology, psy-
chology, and other sciences of life. Let
me emphasize that when one approaches
these disciplines in an attempt to imitate
the (in principle) rigorous methods of
physics, then any use of teleological
thinking is bound to go astray. But if one
approaches living entities from the sys-

(Continued on page 671)
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tems standpoint, particularly employing
even the simpler concepts of feed-back
theory, he finds himself tending toward
teleological expressions, because they are
far more accurate and conservative of
words than “mere” statement of rela-
tionship among “fundamental” variables.
Feed-back systems are best discussed
with transitive verbs.

In any case, where a closed chain of
cause-effect relationships is known to ex-
ist, feed-back exists, by definition, and
in living systems this feed-back is often
both significant and of the correct sign
to qualify as negative feed-back. All
negative feed-back systems can properly
be thought of as control systems, and all
control systems operate to maintain their
input signals at some “reference level.”
The reference level might be set where
it is as a result of physical properties of
the control-system components, or it
might be determined by a signal entering
the control system from outside it. This
reference level is in all respects a goal
for the system. The system will (within
its limits of complexity) produce what-
ever outputs are required by the mo-
mentary environment to bring its input
to this reference level.

In other words, one can say with clear
meaning that the purpose of the sys-
tem’s behavior is to make its inputs ap-
proach some goal state. Many modern
psychologists have unfortunately rejected
this language for discussing behavior be-
cause it is teleological or “anthropo-
morphic,” but one is here properly ac-
cused of speaking anthropomorphically
only when he tries to describe the goal
of a control system in terms appropriate
to himself rather than to the control sys-
tem. To make this clear, let us look at
one of Bernatowicz’ examples.

“There has to be some sort of mecha-
nism for raising sap [in trees], and energy
is lavishly expended in the process.” The
word lavishly aside, this is clearly a hy-
pothesis that a control system exists. But
the “goal” of the system has been ex-
pressed in the observer’s, not the sys-
tem’s, terms: ‘“‘raising sap” is one event
that a human observer might notice, to
be sure, but the plant can hardly be sus-
pected of being directly sensitive to the
height of the sap column. Rather, we
might guess that the presence or absence
of sap in critical portions of the tree af-
fects biochemical processes, and some of
the products of these processes may well
be controlled variables for which specific
“reference levels” are determined by the
plant’s physical properties.

The control system which maintains
this kind of variable at a particular level
does so by controlling the transfer of
energy from storage into work or chem-
ical synthesis; thus, it is quite appropri-
ate to use the transitive verb expend.

Teleology and anthropomorphism were
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properly rejected when scientists realized
that they were projecting their own goals
into the systems they were studying. In-
deed, lacking the basic concept of feed-
back system, they could only study scien-
tifically those systems in which “straight-
through” space-time relationships were
predominant. But when at last scientific
thought began to develop in studies of
living systems, the lesson had been
learned too well, and what proved a cru-
cial advance in the development of
physics and chemistry may now turn out
to have been in some ways a backward
step in the life sciences. The rejection
of teleology ultimately enabled students
of behavior to develop reliable means
for accumulating data, but it may have
been that very step which so far has pre-
vented the organization of those moun-
tains of data into comprehensive the-
ories, not only in psychology but in biol-
ogy, biochemistry, medicine, sociology,
and so forth.

If I have succeeded in communicating
anything, I hope it is this: teleological
concepts can be misused, but the ideas
of purpose, goal, or directivity that they
denote are both appropriate and proper
when one speaks of control systems; I
believe at the moment, along with many
others, that feed-back control is a per-
vasive and fundamental feature of living
systems. Perhaps it is time that at least
the students of living creatures recon-
sider their goal of rejecting teleological
concepts in toto. Perhaps in this way we
might at last arrive at an “anthropo-
morphic” theory of human behavior.

WiLLiam T. PowErs
Veterans Administration Hospital,
Chicago, Illinois

A. J. Bernatowicz says (page 1404),
“To the beginner, the idea of natural law
presupposes a lawgiver. . . .” Why only
to a beginner? Beginner in what? I
would say that to any clear thinker the
idea of natural law presupposes a law-
giver.

And I fully intend the implication that
anyone who succeeds in not drawing this
conclusion is not a clear thinker.

ANTHONY STANDEN
Interscience Publishers, New York

Bernatowicz’ rogues’ gallery of teleol-
ogists may be augmented by one far
more important than any he quotes:
“What can be more curious than that
the hand of man, formed for grasping,
that of a mole for digging, the leg of a
horse, the paddle of the porpoise, and
the wing of the bat, should all be con-
structed on the same pattern . . .” (I).

Not all of Bernatowicz’ teleologists,
animists, and anthropomorphists are vil-
lains. Some are ignorant and some
merely careless. The author of my quo-
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tation cannot be judged ignorant, even
now that we have a century’s advantage
of him. He polished with a lapidary’s
care and can hardly have let this and
other similar passages stand through six
editions from simple oversight. As for
being a villain, he is the very archhero
of antiteleology. Can it be that Berna-
towicz has overlooked one of “the usual
excuses,” or that he has in certain in-
stances mistaken something else for tele-
ology?

Among the things most characteristic
of organisms—most distinctive of living
as opposed to inorganic systems—is a
sort of directedness. Their structures and
activities have an adaptedness, an evi-
dent and vital usefulness to the organ-
ism. With sterile rigor one may say that
“the hand of man grasps,” that “sap
rises in trees,” or that “sea turtles go
ashore and lay their eggs.” How coinci-
dental it is that such activities just hap-
pen to serve the necessities of the organ-
ism and of its species! How downright
providential! How, in short, inescapably
teleological! The “rigorous” statement
lands us again squarely in the pre-Dar-
winian dilemma.

Darwin’s answer and ours is to accept
the common-sense view that “the hand
of man [is] formed for grasping” (1),
that “there has to be some sort of mecha-
nism for raising sap” (2), and that “tur-
tles go ashore to lay their eggs” (2) to
the end (teleos) that the individual and
the species may survive. But this end is
(usually) unconscious and impersonal.
Naive teleology is controverted not by
ignoring the obvious existence of such
ends but by providing a naturalistic, ma-
terialistic explanation of the adaptive
characteristics serving them. Surely that
is clear enough in the large, omitted con-
text (for example, in 2) of some of Ber-
natowicz’ brief excerpts. It has recently
been quite fully and, I think, lucidly dis-
cussed by one of the authors condemned
by Bernatowicz (3). Because teleology
has indeed become a dirty word, Pitten-
drigh has suggested that this undeniable
end-directedness of evolution and of or-
ganisms be called “teleonomy.”

With Bernatowicz, “we stand against
the evil” of man- or god-oriented teleol-
ogy, of animistic personification, and of
illegitimate  anthropomorphism. We
stand equally against the “evil” of vital-
ism. (By the way, is such emotional lan-
guage “rigorous”?) But when teleon-
omy, sensu Pittendrigh, is mistaken
for teleology, “rigor” becomes eva-
sion. It is stark reductionism that denies
to life its most essential characteristics.
It is a blind alley leading only to a biol-
ogy without bios.

GEORGE GAYLORD SIMPSON
American Museum of Natural History
and Columbia University,
New York
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From a microcosmic listening post the
following ditty was picked up and re-
corded. There is uncertainy as to the
author.

The Man and the Electron

Said A. J. B. to the electron,

“It’s getting damned hot under here!”
“Jump my boy,” said the electron,
“Your pants are beginning to sear.”

Said A. J. B. to the electron,

“I didn’t mean to run into the man!”
“Take a hint from me,” said the electron,
“Keep out of crowds whenever you can.”

Said A. J. B. to the electron,

“Oh boy, look at the fem over there!”

“The attraction is mutual,” said the
electron,

“Run meet her, then please disappear!”

Perry R. StouT
Kearney Foundation of Soil Science,
University of California, Berkeley

E. G. Boring asks whether I want the
teacher of science never to depart from
the language of science. Now, never is
an absolute, and it is difficult indeed to
subscribe to an absolute. I would prefer
to say that, so long as he purports to
communicate the scientists’ way of look-
ing at the universe, the teacher of science
would do well to avoid expressions in-
consonant with that aim. Personally, I
find it difficult to change as I move from
classroom to luncheon table, and it seems
dangerous to assume that the reverse
change, between lunch and class, would
be easier. It does not follow that avoid-
ing teleology betrays a belief “that the
scientific view of the world is the true
view” (whatever “true view” may
mean). Teachers of other disciplines pre-
sent their views of the world and the
“truth”; each contributes to a liberal
education, and I would not dilute the
contribution of the science teacher by
conceding that his approach need not be
thoroughly disciplined. This does not im-
ply the superiority of one intellectual
discipline over another.

We are agreed that language should be
used with wisdom, good judgment, deli-
cacy, and urbanity, but I do not see that
precision and rigor are incompatible with
these requirements. Unlike Boring, I am
not confident that “scientific context”
will develop proper attitudes irrespective
of the choice of words. The modes of
thought instilled in the student are, I
maintain, due to the words. Schrédinger
[(What Is Life? and Other Scientific Es-
says (Doubleday, Garden City, N.Y.,
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Pharmaceuticals, Liquid Sugars and Syrups, In-
dustrial Chemicals, Industrial or Potable Waters.

To measure filter efficiencies; Bacterial
growth rates; contaminants in water.

To determine Calcium, Magnesium,
Sulfates and Chlorides as well as similar
ions—in trace amounts—without filtering, wash-
ing, drying or weighing of precipitates.

The Coleman Nephelos System is based on a set
of permanent, numerically related Nephelos Standards and
a photoelectric instrument which is strictly linear in its
response to scattered light, even at intensities far below the
visible level. Two instruments
are available: The Model 7
Photo-Nephelometer for nephe-
lometry only, and the Model 9
Nepho-Colorimeter which incor-
porates an excellent filter-pho-
tometer system. 4

NEW! Write for Bul-
letin B-246, describ-
ing Coleman Certified
Nephelos Standards
and Coleman preci-
sion nephelometers.

COLEMAN NEPHELOMETERS
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RADIOACTIVITY AT WORK..1

Our business is radioactivity—applying it, measuring it, protecting against it

Since our business might have bearing on
yours, this is the first in a series of reports
on work we’re doing for a variety of clients,
not only in the nuclear industry but in such
diverse fields as chemicals, petroleum, phar-
maceuticals, medicine, steel and coal.

Nuclear reactor developers and operators
call on us for such services as analysis of
reactor fuels, decontamination studies, and
the development of data relating to the pro-
duction of atomic power.

Research people and industrialists in all
fields draw upon our specialized skills and
equipment for applying the phenomena of
radioactivity to improving processes and for
highly complex studies which were not
possible with ‘“‘yesterday’s” techniques.

So many people these days are curious about
the possibilities of applied radioactivity, we
thought you might be interested in reading
about some of our current projects.

ENVIRONMENTAL RADIOACTIVITY
SURVEYS

Since we started in business, one of our
important activities has been conducting
site surveys for operators of nuclear reac-
tors. These studies are undertaken prior to
start-up to determine the level of “back-
ground” radioactivity in the area surround-
ing the reactor.

This then provides a basis for measuring any
increase in radioactivity after the reactor is
in operation. Environmental radioactivity
studies are required. Such studies should
also be made on a continuing basis not only
for safety’s sake but to provide “third
party” legal protection against lawsuits and
insurance claims.

In conducting a site survey, NSEC takes
samples from the surrounding area. These
may be soil, ground water, plants, animals,
fish, rainwater, dust, sewage or other mate-
rials. We consider carefully the nature of
the facility, the terrain, direction of air
movement, and surface and ground water
flow. The samples are processed and an-
alyzed in our labs. We are then able to
establish the radioactivity level, the kinds
of isotopes producing it, and the possible
sources of these isotopes.

NSEC has conducted more site surveys of
nuclear facilities than any other company
in the United States. For information on
environmental radioactivity surveys of your
nuclear site, phone us at HOmestead 2-4000
in Pittsburgh. We can either conduct the
survey for you, or train your personnel on
proper procedures.

PREVENTING BEACH POLLUTION
Recently, in the largest radioactive tracer
study ever conducted in the United States,

NSEC successfully traced the dispersion of
sewage effluent flowing into ocean waters.
Our study helped the City of Los Angeles
in planning expansion of its sewage system.
First we injected the isotope scandium-46
into sewage about to be released into Santa
Monica Bay. This enabled us to measure
the pattern of sewage diffusion and its dilu-
tion in sea water to one part in ten thousand.

Write for a copy of ‘“‘Radioactive Tracer
Study of Sewage Field in Santa Monica
Bay” by Dr. Ralph L. Ely, Jr. (He’s our
Vice President and Technical Director.) Or
ask about our forthcoming study for the Re-
public of Venezuela, in which we will investi-
gate littoral drift, using radioactive sand, to
determine the feasibility of a certain harbor
location.

RADIATION SICKNESS

It’s common knowledge that excessive radia-
tion produces harmful effects in human
beings, ranging from mild nausea or skin
burns to cancer and death. Recent experi-
ments under the direction of Dr. A. Edel-
mann, Manager of our Department of
Biology and Medicine, have indicated that
radiation can also produce a toxic factor
which appears in the blood. Analysis of the
blood of rats subjected to X-rays under
varying conditions not only indicates that a
toxic element is produced but that it may
be transferred by injection from one animal
to another.

When and if this toxic substance is identi-
fied, it may be possible to devise an anti-
toxin to alleviate some of the effects of
atomic radiation. Medical and pharmaceuti-
cal applications of controlled radioactivity
open up entirely new means of studying ex-
isting problems. Contact Dr. Edelmann about
your problem.

DETERMINATION OF BORON

IN SILICON

A major problem plaguing the electronics
industry is achieving ultra-pure silicon for
transistors. Current methods are slow and
costly, but effective. Nevertheless, boron
still remains as a damaging impurity even
in minute quantities of only a few parts per
billion. Ordinary chemical methods cannot
detect the presence of boron in such small
concentrations.

However, NSEC scientists are now perfect-
ing a process by which the boron is trans-
muted into radioactive carbon-11 and sub-
sequently measured by its radioactivity.

This new method of analysis will be helpful
in the quality control of silicon during pro-
duction. Once a routine method is established
it will be offered on a commercial basis.
Interested? Drop us a letter.

We’ll be glad to furnish detailed information on any of these studies. And if you’d
like to keep abreast of new developments in the field, just ask us to put you on the
mailing list for our monthly publication “Radioactivity at Work.”

Our expanding business requires additional qualified technical personnel. Interested?

Submit resume to Personnel Manager.
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676

1956), p. 146] puts its very well: “In
the inseparable union of speech and
thought the primacy, rather paradoxi-
cally, rests with speech. When we hear
the same words again and again pro-
nounced with authority, we are apt to
forget that they were originally meant as
an abbreviation; we are induced to be-
lieve that they describe a reality.”

Between Powers and myself there
seems to be no disagreement—we will
not teach teleological thinking in those
areas where we insist that teleology is
to be avoided. If teleological thinking
becomes fruitful in certain areas, we
hope that teaching in those areas will be-
come appropriately oriented. I suspect,
however, that such teleology as he de-
scribes will need to be presented at a
considerably more sophisticated level
than the examples I cited.

As for natural laws and the presup-
position of a lawgiver, I can do no more
than expose my thinking. Briefly, and
therefore with oversimplification, I con-
sider a natural law as a generalization
of our observations. As such, each pre-
supposes a “law-stater,” hence Hooke’s
law, Boyle’s law, and so on. The idea of
a lawgiver has always seemed to me to
derive from a mistaken analogy with
juridical law. If, from the viewpoint of
science, it is meaningful to presuppose a
lawgiver of natural laws, I shall be grate-
ful to hear the argument.

There seems to be no essential dis-
agreement between my article and Simp-
son’s letter. Simpson feels that ‘“tele-
onomy” is a valid orientation to biology
and would defend such expressions; I
offered no argument against any philoso-
phy, be it teleology or teleonomy, that
one may deliberately include in his
teaching. But even if one’s convictions in
favor of teleonomy lead to language such
as I quoted, which way will the student
bend-—toward vitalism, naive teleology,
and animism or toward teleonomy?
Simpson thinks that the context from
which some of my excerpts came would
serve to controvert naive teleology and
to inculcate teleonomy. Perhaps, but the
naive, even primitive, attitudes I dis-
cover in students do not leave me op-
timistic.

Said Stout to the interphase nucleus,
“I’m tired, I’ve been going all day.”
And the nucleus wearily answered,
“Me too; I'm for hitting the hay!”

Perry Stout’s discovery of poetry (?)
showing anthropomorphic wording at its
ludicrous extreme is a device not unlike
the idea I received from Julius Roth of
the University of Chicago. Roth suggests
cartoons, with quotations from texts as
the captions. The possibilities are end-
less—at least until they reach an editor!

ALBERT J. BERNATOWIGZ
Department of Botany,
University of Hawaii, Honolulu
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