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. . solved with 

National C02 Incubators 
-A, Most microorganisms grow at tem- 

peratures around 37.5? Centigrade. 
However, the various optimums 
range from 18 to 80? C. And, Na- 
tional CO2 incubators provide clos- 
est possible control throughout this 
range with uniformity as close as 
0.20 and a safety control which pre- 
cludes loss of cultures and time. 
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; For accurate measurement of 
growth of microorganisms, control 
of moisture content is essential. 
Humidities close to 98% RH with- 
out excessive condensation are pos- 
sible in National CO2 incubators. 
Cultures can be incubated without 
fear of medium drying or extreme 
weight fluctuation. 

( An increasing number of microor- 
ganisms show accelerated growth 
under higher than normal concen- 
trations of carbon dioxide. While 
five to 10% CO2 is the most widely 
accepted concentration, varying per- 
centages to 20% are often neces- 
sary. National CO2 incubators offer 
close, metered control of CO2 from 
0-20 percent. 
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now given, do for mathematics courses. 
If what has been said about the 

need for such a course seems reason- 
able, then we should proceed to make 
such a unified presentation. There re- 
mains a problem as to just what to call 
such a course. I submit that an appre- 
ciable part of such teaching has been 
given for some years at various schools 
under the name of "dielectrics" courses. 
It therefore seems reasonable, although 
perhaps not entirely unobjectionable, 
to suggest that the name "electromag- 
netics of matter" be used for the 
broader unified discipline which in- 
cludes the study of the interaction of 
matter with electric and magnetic 
fields. This would release the restric- 
tions upon the study of dielectrics 
which previously held-restrictions 
which precluded study of the effects 
of other than "adiabatic" electrical po- 
larization and dipolar influences. This 
release of the restrictions would be an 
advantage, for we now know that 
electronic processes such as conduc- 
tion, incipient corona, avalanching, 
and ionization play major roles in real 
materials, roles that cannot be incorpo- 
rated in the older, classical considera- 
tions. 

The phenomena of polarization, ex- 
citation, conduction, and magnetization 
would be the essence of the newer, 
unified diseipline. 

HERBERT A. POHL 
School of Engineering, Princeton 
University, Princeton, New Jersey 

On Cause and Effect in Biology 

In the thoughtful article on cause and 
effect in biology [Science 134, 1501 
(1961)], Ernst Mayr mentions some dif- 
ficulties presented by the classical con- 
cept of final cause. He acknowledges 
that this concept was introduced by 
Aristotle in order to explain the goal- 
directed activities of organisms and to 
account for the over-all harmony of the 
world. However, the definition of final 
cause which Mayr quotes and seems to 
accept-namely, "the cause responsible 
for the orderly reaching of a precon- 
ceived ultimate goal"-is not easily 
harmonized with the letter of Aristotle 
or with his natural realism. 

Aristotle frequently refers to the final 
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Liquid Helium Liquid Helium Liquid Helium 

Solid state researchers in the nation's 
scientific centers rely on Hofman Labor- 
atories for liquid helium dewars and 
related low-temperature equipment. Hof- 
man stainless steel dewars are used in 
microwave spectrometry, superconduc- 
tivity studies, nuclear research, low 
temperature chemistry, solid state 
physics, free radical research, etc. Hof- 
man dewars have retained small quan- 
tities of liquid helium for longer than 
280 hours in tests conducted at a lead- 
ing government laboratory. Remember 
. . . Hofman stands for high standards 
at low temperatures. 

SEND FOR 
NEW 

CATALOG 
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Also: Containers for Liquid Oxygen, Nitro- 
gen, Hydrogen and Helium. Accessory 
Low Temperature Equipment. 

LABORATORIES, INC. 
5 Evans Terminal, Hillside, N. J. 

Representatives in principal inuustrial and military centers. 
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attained by either natural or purposive 
agents and is something worth acting 
for-that is, something better than what 
was before the action took place. Ac- 
cording to Aristotle, the cause at work 
for the orderly reaching of a goal is the 
efficient cause, not the final cause. In 
order to attain a goal regularly, not by 
accident, the efficient cause must be 
oriented toward the goal and act for 
it, but it need not have any knowledge 
of the goal. Man is the only natural 
being capable of acting for a precon- 
ceived goal which he understands as 
such and freely chooses to pursue. The 
activities most characteristic of man are 
purposive in this sense, but man per- 
forms many other activities which are 
naturally determined, not freely chosen, 
some of which require sense knowledge 
for direction to the goal, as in maintain- 
ing balance, while others, such as diges- 
tion, do not require knowledge of the 
goal. 

Goal-directed action is more manifest 
and more marvelous in living organisms 
than in the chemical elements and com- 
pounds, but even these tend to preserve 
and protect themselves and to promote 
the general harmony of the world. Or- 
ganisms are composed of elements and 
compounds united in a very complex 
and orderly system, and many of their 
goal-directed activities, as Mayr points 
out, have an analyzable physicochem- 
ical basis. However, it is by no means 
clear that physicochemical activity is 
purely mechanistic, and much less clear 
that the behavior of an organism is 
mechanistic. We understand machines 
better than organisms, and we know 
that a machine is not a natural unit but 
an artifact made from suitable but not 
specifically determined materials joined 
together by the maker working from 
without and aimed or directed to his 
goal. On the other hand, an organism 
is a natural and primary whole, not a 
mere aggregate, with complex but high- 
ly specific composition of parts joined 
and unified from within, and possessing 
an active nature by which it preserves 
and perfects itself and reproduces its 
kind. Mayr uses the word individual in 
such a broad sense that he includes 
both an organism and a machine, as if 
there were no essential differences, and 
then concludes that the purposiveness 
of the organism is purely mechanistic. 

How organisms came to be as they 
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How organisms came to be as they 
are is a very interesting question. Mayr 
notes that the Aristotelians and their 
successors asked themselves what goal- 
directed process could have produced 
such a well-ordered design in nature. 
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SHHH! METALLURGY IS "BORROWING" THE MASS SPEC FROM PHYS CHEM SHHH! METALLURGY IS "BORROWING" THE MASS SPEC FROM PHYS CHEM 

This could happen at your laboratory. Bendix makes the time-of-flight mass 
spectrometer to do a multitude of research and analytical jobs. It's compact, 
easy to move, a breeze to maintain, and about as versatile as the user's 
imagination. Five basic inlet systems help to make this versatility possible: 
the molecular leak inlet, the fast reaction inlet, the hot filament inlet, the 
Knudsen cell, and the vapor phase chromatograph. To be more specific, the 
Bendix? mass spec will do almost any routine analytical problem, plus all of 
the following: 
* Monitoring chromatograph output * Photoionization studies 
* Determination of vapor pressures * Molecular structure studies 
* Determination of heats of vaporization * Photochemical reaction studies 
* Free radical studies * Negative ion analysis 
* Solids analysis * Pilot plant studies 
* Thermal decomposition * Combustion analysis 
* Shock tube research * Plasma jet analysis 
* Appearance potential measurements * Rocket jet analysis a Fast reaction studies * Ion-molecule reactions 

Here's versatility that makes a mass spec really pay off. Isn't this what you 
want in your lab? Write Dept. C-3 at 3130 Wasson Road, Cincinnati 8, Ohio. 

Cincinnati Division 
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METABOLISM CAGE 
For Carbon-14 tracer studies in rats and mice. 
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For Carbon-14 tracer studies in rats and mice. 

The only available high pre- 
cision apparatus for quantita- 
tive metabolism studies. It offers 
total control of input and col- 
lection for metabolic processes. 
The design features a unique 
method for separating feces and 
urine, and for virtually total 
absorption of expired CO2. A 
feeding system prevents animals 
from bringing food into the 
system. The Delmar Metabo- 
lism Cage simplifies collection of 
precise data. It is especially 
convenient to use and easy to 
clean. Comes complete in 3 
cage sizes: 31/2" cage for mice, 
DS-7000; 6" cage for rats, DS- 
7005; 8" cage for guinea pigs, 
DS-7010. 

For complete data, ask for 
Biological Glassware Bulletin S. 
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See this equipment in Booth 51 at the FASEB meeting April 16 thru 19th. 

A Iv / Pll/]/ FIT For full details 
on Delmar's new 
MITE-0-WARE line 

SCIENTIFIC LABORATORIES a O- R Cit 61MS . 317 MADISON ST., MAYWOOD, ILL. ask for Catalog 61-MS. 
A SUBSIDIARY OF COLEMAN INSTRUMENTS, INC. 
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Write for Bulleti up-stream ot sample ano there are no moving parts, 
on Thermal Conductivity high reliability is assured ... no coking, coating, contami. 

Detectors, Hot Wire Filaments nation or corrosion. For complete data, request Bulletin 
and Power Supplies , GADE 461. 
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It is no secret that they interpreted the 
evidence as pointing ultimately to divine 
wisdom. Human art does not suffice to 
produce a natural thing, nor does any 
man know exactly how natural things 
are produced now, or how new species 
were produced in the past. We are grad- 
ually learning more about natural proc- 
esses, as Mayr's article shows, but he 
does not enlighten us very much by 
appealing to natural selection and ex- 
cluding "Nature" or "God," who cre- 
ated a superior design or plan. Evolu- 
tionary adaptation may not require a 
special divine intervention, but it does 
seem to require more than chance var- 
iation and fortuitous preservation of 
the fittest. 

WILLIAM H. KANE 
Albertus Magnus Lyceum, 
River Forest, Illinois 

Ernst Mayr emphasizes that the phe- 
nomena of development and evolution, 
which were always the domain of tele- 
ologic concepts, are actually "teleo- 
nomic." This term is supposed to cover 
purposiveness programmed by a pre- 
formed code of information contained 
in DNA. Since it seems that this code 
was formed simply by a long historic 
process of an interplay between chance 
events (in the form of mutations) and 
natural selection, the "purposiveness" 
programmed by this code and appear- 
ing on the level of an individual is 
purely mechanistic. In conformity with 
the opinion now prevailing among biol- 
ogists that there is no evidence for 
"plan and design" in nature, Mayr re- 
jects any form of Aristotelian teleology 
as it appeared in the nonscientific ideol- 
ogies of vitalism and finalism of 
Driesch, Bergson, and Lecomte du 
Notiy. 

Without entering into a discussion of 
the philosophical implications of this 
view, I would like to point out, from 
the sense of historical justice, that vital- 
ism and finalism were not so unscien- 
tific as one is led to believe. When 
Driesch, Bergson, or Lecomte du Noiiy 
spoke about entelechy, elan vital, or 
telefinalism, they wanted to designate 
by one word an unknown x that pre- 
sides over biological processes, unable 
as they were to convince themselves 
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that mechanistic physics is a sufficient 
basis for a biological theory. It was not 
realized at that time how well suited 
the language of information theory is 
to formulation of the problems of biol- 
ogy. Had, for instance, Driesch real- 
ized that, from the viewpoint of the 
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second law of thermodynamics, biolog- 
ical phenomena are distinguished by a 
high degree of improbability, and had 
he known that thermodynamics was to 
be made the backbone of information 
theory of virtue of Szilard's recognition 
of the correlation between information 
and entropy, he could then have spoken 
about "negative entropy" instead of "en- 
telechy" and would thus have avoided 
being accused of autonomizing biol- 
ogy. Of course, even then Driesch 
would probably have spoken about en- 
telechy, Bergson, about elan vital, and 
Lecomte du Nouiy, about telefinalism 
simply to emphasize that the manner 
by which biological open systems in- 
crease their information content is 
largely unknown. These men would 
probably have pointed out that there 
must be some unknown factor involved 
in the processes of development and 
evolution, of the type postulated, for 
example, by Prigogine and Wiame [Ex- 
perientia 2, 451 (1946)], which would 
come close to what they meant by those 
specific terms they chose for the un- 
known x. In any case, it was mainly 
because Driesch, Bergson, and Lecomte 
du Noiiy were not dogmatists, because 
they looked upon the phenomena of life 
as something which can be gradually 
revealed in a never-ending inquiry rath- 
er than by a simple reduction to the 
physics of the day, that they subscribed 
to vitalism and finalism. This, to me, 
seems to be the crucial point. 

The word teleonomy, suggested by 
Pittendrigh and used by Mayr, was 
coined on the opposite grounds-those 
of a dogma, which, moreover, rests 
upon a mere hypothesis. It is an estab- 
lished fact that development is pro- 
grammed by an inherited code. But the 
assumption that this code is only a re- 
sult of the interaction between the 
chance events of mutation and natural 
selection is an unproved hypothesis. It 
is dangerous to accept this hypothesis 
as a dogma only because, at the present 
time, we have no idea about the real 
mechanism. It means closing the door 
where it should have been left open. It 
is true that, at the present time, the 
only safe abode for theories of evolution 
is in Darwinism, but one should not 
assign to this abode more territory than 
it can cover. With all due recognition 
of the greatness of Darwin's achieve- 
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means only the elimination of an error 
in information, or mutation (in the 
most favorable case, only a modifica- 
tion of information), not an increase 
in the quantity of information. Correct- 
ing a misspelled word or substituting 
one word for another one is, after all, 
something quite different from writing 
down a sentence, an article, a whole 
book. 

For these reasons it seems to me that 
a teleonomic concept of biological end- 
directed processes in development and 
evolution is not any more "scientific" 
than a teleologic concept. It is only 
more dogmatic. The use of mechanical 
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models for the representation of biolog- 
ical problems had in the past a rather 
comical effect on the thinking of a cer- 
tain segment of scientific circles. When 
the great successes of mechanistic phys- 
ics became obvious, concepts of free 
will and purpose disappeared from the 
writing and the theoretical (but not the 
practical) thinking of biologists. It was 
only when engineers constructed devices 
with prefabricated purposeful behavior 
in the form of computing machines, 
electronic brains, and so on, that the 
same scientific public felt that it may 
be, after all, legitimate to speak again 
about purposeful behavior, provided 
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that we are machines with the informa- 
tion code built in by shuffling and re- 
shuffling and by natural selection. 

Of course, a man-made machine can 
be of excellent pedagogical value for 
demonstrating a point in physiology, 
but to expect that one can derive the 
principles of biological causality from 
these man-made models rather than 
from the study of biological systems 
themselves may seem rather far-fetched 
to those who are not dogmatically set 
upon mechanical models. The following 
proposal may illustrate the situation: 
When the biologist borrowed from the 
engineer the intellectual capital for the 
construction of his (the biologist's) 
theory, he might as well have repaid 
the engineer by suggesting that the 
latter construct the machines by a sim- 
ple process invented by the biologist- 
namely, by shuffling and reshuffling and 
by selection-and then await the engi- 
neer's answer. 

SILVIO FIALA 
Department of Pathology, Columbia 
University, and Francis Delafield 
Hospital, New York, New York 

The very interesting article by Mayr 
(1) seems to call for some comment. 
Mayr distinguishes between an unac- 
ceptable and an acceptable form of 
finalistic explanation; the former is tele- 
ological or vitalistic, the latter "tele- 
onomic," or, in the phrase I have used, 
"quasi-finalistic." But having made this 
distinction between types of hypothesis, 
Mayr proceeds to assert that there is a 
corresponding cleavage between types 
of phenomena. "The development or 
behavior of an individual," he writes, 
"is purposive" [that is, in the acceptable 
sense], natural selection is definitely 
not"; and by "is not" he seems to mean 
"cannot be," since in another place he 
writes, "Historical processes, however, 
can not act purposefully." I have for 
some years been urging that quasi- 
finalistic types of explanation are called 
for in the theory of evolution as well 
as in that of development (2). 

If any process is set going (for ex- 
ample, if two chemical substances are 
allowed to start reacting with one an- 
other) it will eventually reach some 
end. The question of "finalism" arises 
when there is something interesting 
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about the end-in particular, when it 
is both complex and definite in char- 
acter. We then have three main types 
of explanation available: (i) that the 
end itself acts as a cause, directing the 
process so that it terminates at the pre- 
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determined end state; this is Aristote- 
lian finalism, which we reject because 
it involves a concept of causation quite 
outside our accepted range of ideas; 
(ii) that some nonmaterial agency di- 
rects the process to the predetermined 
end; this is "vitalism," which we also 
reject; (iii) that the end state of the 
process is determined by its properties 
at the beginning; this is "mechanism," 
and our recent experience of such me- 
chanical systems as computers has led 
us to realize that it is a more powerful 
type of hypothesis than it had previous- 
ly appeared to be. We can set up a 
process in such a way that it will reach 
an assigned end state by building into 
the initial situation a set of conditions 
which act as a "programme," and by 
providing suitable negative-feedback re- 
lations to bring the process back onto 
the right course if it should diverge 
from it. Conversely, if we find any 
process to be characterized by a pro- 
gramme and feedbacks, we can deduce 
that it will proceed towards some end 
which should in principle be ascertain- 
able from the nature of the programme 
and the feedbacks (the degree of preci- 
sion with which the end is dextermined 
will depend, of course, on the particular 
characteristics of the programme and 
feedbacks). 

Mayr accepts the theory (3) that 
ontogenetic development depends on a 
quasi-finalistic mechanism of this type, 
the programme and feedback relations 
both being incorporated in the genotype 
which has been moulded by natural 
selection. But there is nothing in the 
nature of such quasi-finalistic mecha- 
nisms which makes it impossible to 
suppose that the evolutionary process 
itself is also of this kind. It is obviously 
characterized by a programme, that in- 
volved in the theorem of natural selec- 
tion. This in itself suffices to determine, 
to a certain degree, the nature of the 
end towards which evolution will pro- 
ceed; it must result in an increase in the 
efficiency of the biosystem as a whole 
in finding ways of reproducing itself. 
And there are, surely, many feedback 
relations which will serve to determine 
ends in a more precise fashion. The two 
to which I have previously directed at- 
tention are (i) that involved in the fact 
that an organism's behavior influences 
the nature of selection pressures which 
will operate on it (loosely, an animal 
selects its environment before its envi- 
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phenotypic effect likely to be produced 
by new mutation. There are certainly 
many others. For instance, increasing 
phenotypic diversification of a popula- 
tion to fit it to deal with different 
habitats will eventually be counterbal- 
anced by the development of barriers to 
interbreeding of the different varieties. 

It seems to me that it is becoming in- 
adequate to point out, as Mayr does, 
that natural selection is not purposive. 
In itself it is of course no more purpos- 
ive than is the process of formation of 
interatomic chemical bonds. But just 
as the latter process is the basic mecha- 
nism underlying the protein syntheses 
which are integrated into the quasi- 
finalistic mechanism of embryonic de- 
velopment, so natural selection is the 
basic mechanism of another type of 
quasi-finalistic mechanism, that of evo- 
lution. The need at the present time is 
to use our newly won insights into the 
nature of quasi-finalistic mechanisms to 
deepen our understanding of evolution- 
ary processes. 

C. H. WADDINGTON 
Institute of Animal Genetics, 
University of Edinburgh, Scotland 
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Father Kane would have a valid 
point if he were right in his belief that 
the "preservation of the fittest" was 
purely "fortuitous." The evidence is, 
of course, all opposed to this assump- 
tion. Natural selection is merely an- 
other word for differential reproduction, 
and the probability of successful repro- 
duction is not strictly a matter of luck 
but is correlated with properties of the 
genotype. Both the observational and 
the experimental evidence for this is 
quite overwhelming. Naturally, repro- 
ductive superiority is true only in a 
statistical sense, and this is what makes 
the understanding of natural selection 
so difficult for one who is used to typo- 
logical thinking. This is why the term 
survival of the fittest is so inappropriate 
and not used by modern evolutionists. 

Evolution is a two-stage phenome- 
non. The first stage is the production of 
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by new mutation. There are certainly 
many others. For instance, increasing 
phenotypic diversification of a popula- 
tion to fit it to deal with different 
habitats will eventually be counterbal- 
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C. H. WADDINGTON 
Institute of Animal Genetics, 
University of Edinburgh, Scotland 
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to the next generation, is to a large 
extent controlled by the quality of these 
genotypes. Genetic recombination puts 
together in each generation unique 
novel gene combinations which in turn 
are exposed to natural selection in the 
next generation. This is why geneticists 
like Muller and Fisher have emphasized 
the remarkable capacity of natural se- 
lection to make the highly improbable 
in the course of time a certainty, and 
this is why evolutionists like Simpson 
and Dobzhansky have quite rightly used 
the epithet "creative" for natural selec- 
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tion. Nothing is known, in the living 
universe, the evolutionary interpreta- 
tion of which is inconsistent with the 
theory of natural selection. As a matter 
of fact, natural selection is not even a 
theory but, as differential reproduction, 
an easily demonstrable universal phe- 
nomenon. 

I plead guilty to a less than precise 
definition of Aristotle's "final cause." 
But then Aristotle's own ambivalence 
makes such a definition a tough task. 
Aristotle used final cause both for the 
completed result of a process (obvious- 
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ly not a cause in the modern sense nor 
even strictly an aition in Aristotle's 
sense) and for the goal which was in- 
cipient in the process from its begin- 
ning. The latter meaning dominated 
medieval philosophy, as I see it, and 
has dominated finalistic ideologies ever 
since. It was the object of my discus- 
sion to show that there is a fundamental 
difference between those seemingly 
goal-directed processes that are based 
on a built-in program (teleonomic) and 
those that are not (teleological). 

Fiala, by stating that I had labeled 
the phenomena of development and 
evolution teleonomic, by saying that 
"not a single step in the evolutionary 
mechanism has been clarified," and by 
implying that the biologist has derived 
his ideas on causation from a study of 
machines rather than of biological sys- 
tems, reveals a mode of thinking so far 
removed from my own that we cannot, 
in the Letters column of Science, 
achieve a common basis for discussion. 
It is true that Driesch and other vitalists 
of his day had been provoked by ex- 
ceedingly naive attempts to describe 
biological processes in grossly mecha- 
nistic terms. Modern vitalists cannot 
make this accusation against modern 
biologists. Indeed, one of the conclu- 
sions of my recent article was that the 
simplifications of classical mechanics 
were not applicable to biology. 

In the case of the points raised by 
Waddington, it is evident that there is 
no disagreement as to facts, nor even a 
disagreement as to emphasis, but mere- 
ly one of classification. Ultimately, the 
difference of opinion between Wadding- 
ton and myself boils down to the ques- 
tion of what is deterministic. Wadding- 
ton stresses the unquestioned fact that 
the complete interdependence of the 
gene-physiological and developmental 
processes sets severe limits to the evo- 
lutionary potential. No evolutionist 
would expect a line of tetrapods to 
develop suddenly a six-legged side line. 
A line of terrestrial animals that has 
become aquatic or has acquired the 
power of flight will go its merry way 
until it has either reached near-perfec- 
tion in the adaptation to this new adap- 
tive zone, or invaded a new zone, or 
become extinct. No good biologist 
would deny the pseudofinalistic nature 
of such processes. It was precisely ob- 
servations such as these which led earl- 
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orthogenesis. And yet any detailed 
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any truly finalistic aspect to these 
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changes, no matter how regular they 
appear to be. But evolution is usually 
very capricious. Evolutionary lines may 
become stagnant, the trends may change 
their direction, the rates may accelerate 
for one organ and slow down for an- 
other, and one is forever impressed by 
the evident opportunism of evolution. 
When lines split it is quite impossible 
to predict how similar or different the 
independent lines will become in due 
time. In other words, one can often 
specify for an evolutionary line what 
it will not do (I would not expect any 
evolutionary line of cats to develop 
horns), but one cannot specify for a 
line what it will do. 

Waddington states that if any proc- 
ess is set going, it will eventually reach 
some end. As far as evolution is con- 
cerned, he claims, only three ends are 
possible. Here I disagree with him. In 
addition to the three possibilities ad- 
mitted by Waddington, there is a fourth 
one-namely, that the end state of the 
process is determined neither by the 
end itself nor by a supernatural agency 
nor by the properties at the beginning 
but by a general principle (natural se- 
lection) interacting successively with 
materials ever new in every generation. 

Perhaps the difference between Wad- 
dington and myself is that we define 
process differently. He says "that the 
end state of the process is determined 
by its properties at the beginning; this 
is 'mechanism'." Where is the begin- 
ning and the end in a concrete case? Is 
the development of man from a primi- 
tive protozoan such a process? Does 
the development of man from marine 
prechordates qualify, or the develop- 
ment of man from primitive anthro- 
poids? As soon as we list such illustra- 
tions, it becomes apparent how 
dangerous it is to say that "the end 
state of the process is determined by its 
properties at the beginning." The de- 
velopment of an adult organism from a 
fertilized or unfertilized egg cell can be 
considered a single process. For this, 
all that Waddington says about the 
quasi-finalistic nature of this process is 
correct. On the other hand, it seems 
inescapable to me that the change in an 
evolutionary line is not such a process 
-its end is not determined by its be- 
ginning and it is not finalistic, nor even 
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-its end is not determined by its be- 
ginning and it is not finalistic, nor even 
quasi-finalistic. To my mind, the simi- 
larities between the changes in an evo- 
lutionary line and those of a developing 
individual are pure analogies. Surely 
there are evolutionary feedbacks, surely 
the biosystem tends to increase in ef- 
ficiency (but there are countless ways 
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of doing so), surely behavior plays a 
great role in evolution, but it seems to 
me that nothing is gained and much is 
lost by trying to imply that the changes 
in an evolving evolutionary line are of 
the same nature as those in a develop- 
ing individual. I am sorry that some- 
how I cannot see how one can designate 
as "quasi-finalistic" a phenomenon as 
unpredictable as evolution. 
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ative. Could it be that such resistance 
is a proper and desirable function of 
the scientist? To distinguish between 
fact and fallacy can be difficult. A sci- 
entist's bias toward acceptance or re- 
jection can be influenced by some or 
all of the factors noted by Barber. It 
is possible for a correct new develop- 
ment to be introduced with insufficient 
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