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Explanation and Prediction 
in Evolutionary Theory 

Satisfactory explanation of the past is possible 
even when prediction of the future is impossible. 

Michael Scriven 

The most important lesson to be 
learned from evolutionary theory today 
is a negative one: the theory shows us 
what scientific explanations need not 
ao. In particular it shows us that one 
cannot regard explanations as unsatis- 
factory when they do not contain laws, 
or when they are not such as to enable 
the event in question to have been pre- 
dicted. This conclusion, which is con- 
trary to the usual view of scientific ex- 
planation (1; 2, pp. 319-352), has im- 
portant consequences for research in 
those subjects in which serious errors 
are known to arise in the application 
of the available regularities to individ- 
ual cases. These subjects include a great 
part of biology, psychology, anthropol- 
ogy, history, cosmogony, engineering, 
economics, and quantum physics. I shall 
refer to such studies as "irregular sub- 
jects"; and the thesis of this article is 
that scientific explanation is perfectly 
possible in the irregular subjects even 
when prediction is precluded. One con- 
sequence of this view is that the impos- 
sibility of a Newtonian revolution in the 
social sciences, a position which I would 
maintain on other grounds, is not fatal 
to their status as sciences (3). Another 
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consequence is the reassessment of Dar- 
win's own place in the history of science 
relative to Newton's. 

Darwin's Importance 

We often confuse three criteria in esti- 
mating the importance of the great fig- 
ures in the history of thought. The first 
is the indispensability of what they wrote 
or said, regardless of its effect, judged 
as a stage in the development of our 
present beliefs. From this point of view, 
to earn a place in history, a man need 
only be the first to discover the material 
or express the idea in question. The sec- 
ond criterion is their effect on other 
thinkers, and nonthinkers, which, unlike 
the first, requires publication and recog- 
nition (or misinterpretation). The third 
criterion is the extent of their personal 
indispensability. To judge this, we must 
make some estimate of the time that 
would have elapsed before the same 
contribution would have been made by 
others, had the individual under assess- 
ment never existed. If we introduce an 
index of "lucky fame" as the ratio of a 
man's importance on the second cri- 
terion to his importance on the third, it 
seems very likely that Darwin has the 
highest index of lucky fame in history. 
In fact, what is often regarded as his key 

contribution was formulated by Wallace 
before Darwin published it. Admittedly, 
almost the same calamity befell New- 
ton, but only with respect to his gravi- 
tational work; his optics, dynamics, and 
mathematics are each enough to place 
him in the front rank. Moreover, Dar- 
win's formulations were seriously faulty, 
and he appears to have believed in what 
many of his disciples regard as super- 
stition, the inheritance of acquired char- 
acteristics and the benevolence of Nat- 
ural Selection. Of course, Newton be- 
lieved that some orbital irregularities he 
could not explain were due to the inter- 
ference of angels, but he did achieve a 
large number of mathematically precise 
and scientifically illuminating deductions 
from his theory, which is more than can 
be said of Darwin. Somehow, we feel 
that Darwin didn't quite have the class 
that Newton had. But I want to suggest 
that Darwin was operating in a field of 
a wholly different kind and that he pos- 
sessed to a very high degree exactly 
those merits which can benefit such a 
field. In place of the social scientists' 
favorite Myth of the Second Coming 
(of Newton), we should recognize the 
Reality of the Already-Arrived (Dar- 
win); the paradigm of the explanatory 
but nonpredictive scientist. 

Let us proceed by examining briefly 
the attempts by Darwin and others to 
encapsulate the principles of evolution 
in the form of universal laws and base 
predictions on them; and let us contrast 
their lack of success in these endeavors 
with the tremendous efficacy of the ex- 
planations they produced. During this 
comparison we shall try to extract the 
formal properties of the two key types 
of proposition that are associated with 
explanations in the irregular subjects: 
one type of proposition is a weaker 
relative of predictions, and the other 
type is a weaker relative of laws. 

Hypothetical Probability "Predictions" 

The suggestion that in evolution we 
see the "survival of the fittest" has some 
well-known difficulties. In the first place, 
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the definition of "the fittest" is difficult 
even when made relative to a particular 
environment. It is fairly obvious that no 
characteristics can be identified as con- 
tributing to "fitness" in all environments. 
Thus, strength may increase the chance 
of fighting so much that it decreases the 
chance of survival, and intelligence may 
be antiadaptive in anti-intellectual socie- 
ties. Furthermore, maximum specializa- 
tion for a particular environment is in 
general incompatible, morphologically 
and genetically, with maximum flexi- 
bility to withstand sudden environmen- 
tal changes (4). We are inclined to say 
that the organisms adopting the former 
line of development tend to be "fitter" 
until the change occurs, and the latter 
fitter when it occurs. Whatever we say, 
it is quite clear that we cannot predict 
which organisms will survive except in 
so far as we can predict the environ- 
mental changes. But we are very poorly 
equipped to do this with much pre- 
cision since variations in the sun's out- 
put and even interstellar influences have 
substantial effects, quite apart from the 
local irregularities of geology and cli- 
mate. However, these difficulties of pre- 
diction do not mean that the idea of 
fitness as a factor in survival loses all 
its explanatory power. It is not only true 
but obvious that animals which happen 
to be able to swim are better fitted for 
surviving a sudden and unprecedented 
inundation of their arid habitat, and in 
some such cases it is just this factor 
which explains their survival. Naturally 
we could have said in advance that if a 
flood occurred, they would be likely to 
survive; let us call this a hypothetical 
probability prediction. But hypothetical 
predictions do not have any value for 
actual prediction except in so far as the 
conditions mentioned in the hypothesis 
are predictable or experimentally pro- 
ducible: hence there will be cases where 
we can explain why certain animals and 
plants survived even when we could not 
have predicted that they would. And it 
is a feature of the irregular subjects that, 
unlike classical atomic physics, the ir- 
regularity-producing factors lie outside 
their range of observation and are not 
predictable by reference to any factors 
within this range (5). 

It should be noted that these "pre- 
dictions" are not easily falsified by ob- 
servation, since they only assert the like- 
lihood of a certain outcome. Their cash 
value is thus very much like that of a 
promissory note which says, "If I ever 
have enough money, I will probably pay 

you $100," whereas an ordinary predic- 
tion is like a check for the sum. 

A second kind of difficulty with the 
"survival of the fittest" principle is that 
many organisms are killed by factors 
wholly unconnected with any character- 
istics they possess-for example, they 
happen to be sitting where a tree or a 
bomb falls. Of course, this is sometimes 
due to a habit or property they possess; 
but that is not always true, since even 
identical twins with identical habits do 
not always die together. This really 
shows that (i) even at the limits of 
stretching, "the fittest" refers to charac- 
teristics of an organism, and spatiotem- 
poral location is not such a characteristic 
(in physics, the study of the "properties 
of matter" covers elasticity and molecu- 
lar structure but not location), and (ii), 
location sometimes determines survival. 
So it is simply false to suppose that "fit- 
ness" universally determines survival. 
Of course, one could go a step further 
and define "the fittest" as "those which 
survive"; this is not stretching but break- 
ing the concept, and this step would be 
fatal to all the scientific claims of the 
theory. We can get by with a tendency- 
statement instead of an exact law, be- 
cause it justifies hypothetical and hence 
occasionally testable predictions and also 
explanations, but not with a tautology. 

H. Graham Cannon is thus entirely 
mistaken when he says: "So Darwin 
pointed out that in the struggle for ex- 
istence it will be those most fitted to sur- 
vive who do in fact survive. . . . What 
are the fittest? Simply those that sur- 
vive" (6). Darwin's discovery was that in 
the world the way it is (and has been), 
the fitness of the organism, in a perfectly 
recognizable but complex sense of "fit- 
ness" was very often the explanation of 
its survival. In a world where accidents 
were extremely frequent and mobility 
was very low, Darwin could never have 
supported this claim: there would not 
be enough correlation between the pos- 
session of observably useful character- 
istics and survival to make it plausible. 
It was partly because the opposing the- 
ory of the time was supernatural that 
insufficient attention was paid to the dif- 
ference between Darwin's account and 
other possible naturalistic accounts of 
the history of life. If good luck in the 
avoidance of accidents, rather than fit- 
ness, was the dominant theme of that 
history, Darwinism would have been un- 
important. And in it there was still the 
unexplained existence of variations. But 
Darwinism, like cosmological theories of 

continual creation, had the added ad- 
vantage that it spread the inexplicable 
element thin, thus making it scientifi- 
cally more palatable than a large lump 
at the beginning, whether the lump be 
matter or numbers of species. Darwin's 
success lay in his empirical, case by case 
by case, demonstration that recognizable 
fitness was very often associated with 
survival, and that the small random vari- 
ations could lead to the development of 
species. He did not discover an exact 
universal law but the utility of a par- 
ticular indicator in looking for explana- 
tions. 

Survival of a Species 

In this Darwin was greatly assisted by 
a feature of the data which constitutes 
a third difficulty in the attempt to sum 
up his account under the formula "sur- 
vival of the fittest," no matter how fittest 
is defined. This is, of course, the fact 
that our concern is with survival for 
thousands of generations, not with sur- 
vival to adulthood for one; and certain 
factors enter into, or are absent from, 
an explanation of the form of the ulti- 
mate descendants of a certain popula- 
tion, by comparison with an explanation 
of the form of the adults in the original 
population. In particular, we must add 
the variations in reproductive efficiency 
(including mating efficiency, where sex- 
ual reproduction is involved) and in 
parental rearing efficiency, as well as ge- 
netic variability, and subtract some con- 
siderations that affect postclimacteric 
survival (7). However, this transition 
to what Simpson calls the "differential 
reproduction of the best-adapted" does 
not eliminate the effect of the first and 
second points above; they apply with un- 
diminished force. The theory in this 
form can deal with a different and more 
appropriate task; but it is still not capa- 
ble of generating more than hypotheti- 
cal probability predictions since both ex- 
tensive and local catastrophes will play 
a large part in determining the surviv- 
ors, regardless of their characteristics. 
And in the same way as with the simpler 
version of the principle, though more 
efficiently, we shall in retrospect still be 
able to explain many features of the rec- 
ord by reference to the characteristics of 
the surviving animals and the nature of 
the environmental changes. But we shall 
not be able to do this always; for there 
will still be the cases where a whole 
population, or that subset of it carrying 
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certain characteristics, will be annihi- 
lated in a way that requires and justifies 
no reference to its adaptiveness, yet 
makes a substantial difference in the rec- 
ord of life on earth. 

At this point one may wish to say that 
these explanations, too, are part of evo- 
lutionary biology. They are certainly 
part of the history of life on earth, and 
they are certainly naturalistic explana- 
tions. The problem is like that resolved 
by the great philosopher of history, Col- 
lingwood, when he laid it down that the 
history of man is the history of ideas; 
we feel that floods and earthquakes have 
some importance for history, but one can 
of course discuss their effects on man 
within Collingwood's definition. In our 
case, we can include such explanations 
as part of evolutionary biology if we 
wish, and admit that Darwin's theory 
and Mendel's additions are not involved 
or relevant. Or we may omit it and con- 
cede that evolutionary theory cannot 
alone explain the morphology and pale- 
ontology that is its field. Which decision 
we make is not important; but a recog- 
nition of the point, however described, 
is. For we cannot assess Darwin's con- 
tribution except by comparing the ex- 
tent of the domain of his explanations 
with the domain in which we can and 
need appeal only to explanations of a 
kind that Linnaeus (or anyone else who 
thought the species separately created 
and by their nature unchanging) would 
have found perfectly acceptable (8). 

Considerations Novel to Darwin 

When, today, we reach the point 
where we are discussing a sequence of 
generations in terms of natural selection, 
we find ourselves faced with a fourth 
difficulty in any attempt to state exact 
laws of evolution. It is the first of those 
we have discussed which involves a con- 
sideration wholly novel to Darwin-the 
idea of random mutations (9). Essen- 
tially, this is a feature of the theory with 
a logical character which is the oppo- 
site of the catastrophes because the mu- 
tations, more or less unpredictably, add 
a new element while the natural acci- 
dents unpredictably subtract an old one. 
Again, we can sometimes be sure that 
the new element is a mutation after it 
appears-for example, -nonalbinism in 
an albino population. That is, we can 
explain (in a weak sense here, though 
with some mutations we can go into de- 
tails) the phenotypic appearance of an 

organism by identifying it as a mutation, 
although we could not have predicted it. 
Or to be more precise, we might have 
predicted it, because it does sometimes 
happen and we might have just had a 
hunch it was about to crop up. But we 
cannot give any rational grounds for 
supposing it to be more than a remote 
possibility that a particular litter from 
an albino strain will contain a nonal- 
bino, whereas we can be perfectly con- 
fident that, when it occurs, it is a mu- 
tant, and we can sometimes be confident 
of the focus of the mutated gene on the 
chromosome and even of the cause and 
modus operandi of the mutation. 

As a fifth and final point, one which 
does directly contradict one of Darwin's 
conclusions in the first edition of The 
Origin of Species, we must mention an- 
other side of the. second point, about 
"accidental deaths." Just as some organ- 
isms and species are exterminated re- 
gardless of their characteristics, so some 
survive despite the handicap of mal- 
adaptive (that is, the handicap of anti- 
adaptive and of nonadaptive) charac- 
teristics. The "pressure of the environ- 
ment" is a statistical pressure, and 
Fisher's proofs of the efficiency of this 
pressure even on small differences in 
adaptiveness, being statistical proofs, 
implicitly allow the possibility that some- 
times the unlikely will occur. It is evi- 
dent from the fossil record that it must 
have occurred many times, and dynas- 
ties have stood when an all-or-none law 
of selection would have felled them- 
have stood and have founded a geneal- 
ogy that would not otherwise have ex- 
isted. The notion of "random preadap- 
tation," an important explanatory device 
in neo-Darwinism, relies on just this 
point. What is true of organisms is true 
of characteristics, and we have to aban- 
don Darwin's original belief that "every 
detail of structure in every living crea- 
ture" has either current or ancestral 
utility. Not only the mainly nonadap- 
tive form of some antelope horns but 
some antiadaptive characteristics-either 
linked genetically with more useful 
properties, or providing a component 
for a highly adaptive heterozygote, or 
by chance alone-will survive for a 
greater or lesser time, with small and 
large effects on the course of organic de- 
velopment. The best we can do in the 
face of such difficulties is to talk of "dif- 
ferential reproduction of the fittest and 
the fortunate." Yet, here again, as in the 
case of mutations, we have explanations 
at hand which have no counterpart in 

the realm of predictions. We can explain 
the unlikely outcomes of partially ran- 
dom processes, though we cannot pre- 
dict them. We are not hard put to ex- 
plain that a man's death was due to his 
being struck by an automobile, even 
when we could not have predicted the 
event. Now this kind of case does admit 
of hypothetical probability prediction, 
but as we shall see, there are cases where 
not even this sickly relative of ordinary 
predictions is possible. 

The Logic of Predictions 
and Explanations 

It is natural enough that the logic of 
explanation should appear to parallel 
that of prediction. Sometimes, in fact, 
it does. There are specific occasions, par- 
ticularly in classical physics, when we 
explain and predict by reference to the 
same laws. But this is an accident, not a 
necessity, as it turns out. Put the matter 
in general logical terms and the similar- 
ity still appears to hold: to predict, we 
need a correlation between present 
events and future ones-to explain, be- 
tween present ones and past ones. And 
who would wish to insist that a differ- 
ence of tense has any logical signifi- 
cance? As Hempel and Oppenheim say 
(2, pp. 322, 323), "The difference be- 
tween the two is of a pragmatic char- 
acter . . . whatever will be said . . . 
concerning the logical characteristics of 
explanation or prediction will be appli- 
cable to either. . . ." They suggest, 
plausibly enough, that if we cannot de- 
rive the event to be explained from 
known general laws which connect it 
with antecedent conditions, we are 
likely to be deceiving ourselves if, in 
retrospect, we regard it as explained by 
reference to those antecedent conditions. 
And if we can so derive it, then we are 
in a position to predict it. 

Naturally, previous writers on this sub- 
ject have not overlooked such examples 
as unpredictable catastrophes being used 
as the explanation of their consequences. 
But they have taken the existence of hy- 
pothetical probability predictions, which 
are of course possible in such cases (10), 
to show that the event explained could 
in principle have been predicted. That 
is, a prediction of the event being ex- 
plained was possible if we had known, 
or -after we did know, the catastrophe 
was going to occur, but before the event. 
This is a somewhat unhelpful sense of 
"in principle," since until that day when 
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everything is predictable, there remains 
the fact that we can often explain what 
we could not predict, and surely this 
feature should be mirrored in any analy- 
sis of these notions. Furthermore, there 
are good grounds for saying we cannot 
even in principle predict everything u(ni -, 
certainty principle, classical unpredict- 
ability of a computer's state); hence, 
good grounds for saying that even in prin- 
ciple explanation and prediction do not 
have the same form. Finally, it is not in 
general possible to list all the exceptions 
to a claim about, for example, the fatal 
effects of a lava flow, so we have to leave 
it in probability form; this has the re- 
sult of eliminating the very degree of 
certainty from the prediction that the 
explanation has, when we find the fos- 
sils in the lava. But we can go further; 
we can show, quite independently, a 
gross logical difference between the two. 
(There is a large area of noncausal ex- 
planation in the sciences in' which the 
two are completely unrelated, but I con- 
fine my remarks to causal explanation.) 

For when we get down to some exact 
cases, we do discover something asym- 
metrical about the two situations, pre- 
diction and explanation. What we are 
trying to provide when making a predic- 
tion is simply a claim that, at a certain 
time, an event or state of affairs will oc- 
cur. In explanation we are looking for 
a cause, an event that not only occurred 
earlier but stands in a special relation to 
the other event. Roughly speaking, the 
prediction requires only a correlation, 
the explanation more. This difference 
has as one consequence the possibility 
of making predictions from indicators 
other than causes-for example, pre- 
dicting a storm from a sudden drop in 
the barometric pressure. Clearly we 
could not say that the drop in pressure 
in our house caused the storm: it merely 
presaged it. So we can sometimes pre- 
dict what we cannot explain. But can 
we ever explain what we could not have 
predicted, even if we had had the infor- 
mation about the antecedent conditions? 
That is, can we explain when even hypo- 
thetical probability prediction is impos- 
sible? This seems less likely, roughly 
because finding causes is harder than 
finding correlations. Yet it is possible, 
and, in some areas of knowledge, com- 
mon. For sometimes the kind of correla- 
tion we need for prediction is absent, 
but a causal relationship can be iden- 
tified. Although the point is the same, it 
may be helpful to take' an exaple from 
a different field. " 

Retrospective Causal Analyses 

If we discover that certain industrial 
chemicals, frequent abrasion, and a high 
level of radiation exposure sometimes 
cause skin cancer, we are in no way com- 
mitted to the view tha-t cancer frequently 
follows exposure to these irritants. 
Among the vocations which involve such 
exposure, cancer may be very rare (al- 
though substantially more frequent than 
in other vocations). It is presumed that 
some unknown conditions such as he- 
reditary predisposition, low perspiration 
production, or accidental environment 
factors are responsible for the difference 
between those who develop cancer and 
those who do not. Nevertheless, when a 
middle-aged fisherman comes in to a 
clinic, his face and hands black from 
years of ultraviolet exposure, and a 
growth on the back of one hand is diag- 
nosed as a small carcinoma, the physi- 
cian who can discover no evidence for 
the relevance of other known causal fac- 
tors is in a very good position to assert 
that the cause was excessive exposure to 
the sun. 

The form of this argument, which is 
so often used by the evolutionary biolo- 
gist, the engineer, and the historian 
among others in the non-Newtonian 
fields, is quite complicated and is best 
approached by taking a very simple ex- 
ample first. (This corresponds to the 
example of the barometer which enables 
one to predict but not explain a storm.) 
Here, we can explain but not predict, 
whenever we have a proposition of the 
form "The only cause of X is A" (I)- 
for example, "The only cause of paresis 
is syphilis." Notice that this is perfectly 
compatible with the statement that A is 
often not followed by X-in fact, very 
few syphilitics develop paresis (11). 
Hence, when A is observed, we can pre- 
dict that X is more likely to occur than 
without A, but still extremely unlikely. 
So we must, on the evidence, still 
predict that it will not occur. But 
if it does, we can appeal to (I) to 
provide and guarantee our explanation. 
Naturally there are further questions we 
would like answered if we are research 
scientists, such as what the particular 
conditions are that, in this case, com- 
bined with A to bring about X. But the 
giving of causes, and of scientific expla- 
nations and descriptions in general, is not 
the giving of "complete" accounts; it is 
the giving of useful and enlightening 
partial accounts. In fa-ct, even the "com- 
plete" account merely includes some 

extra relevant factors-it simply gen- 
erates even more puzzling questions as 
to why the whole set of factors is suffi- 
cient. The search for a really complete 
account is never-ending, but the search 
for causes is often entirely successful, 
and someone who saw a man killed by an 
automobile but refused to accept the 
coroner's statement that this was the 
cause of death on the grounds that some 
people survive being hit by a car, does 
not understand the term cause. The 
cor,oner is perfectly correct, even though 
other factors are involved. 

Turning to the more general form of 
the argument, where several causes of 
X are known, we see that it has the fol- 
lowing form: 

1) Conditions or events A, A', A", . . . 
sometimes cause X (for example, pro- 
longed sunburn or skin abrasion or some 
other factor sometimes causes skin can- 
cer). 

2) There are some unknown causes 
of X, but the majority of those cases of 
X which are preceded by A or A' or ... 
are caused by that A. 

3) The incidence of X in the popu- 
lation of A's is very small (for example, 
only a few people in groups receiving 
the same amount of sun develop skin 
cancer). 

4) A particular individual i is known 
to have met the condition A, but not 
the conditions A', A"' . . . (for example, 
i has had as much sun as is needed to 
produce cancer in some people). 

From these premises, the only predic- 
tion we can make about i is that he will 
not develop X. Suppose now that: 

5) i develops X. 
We may now deduce that the cause 

of this was probably (and sometimes cer- 
tainly) A. Hence an event which cannot 
be predicted from a certain set of well- 
confirmed propositions can, if it occurs, 
be explained by appeal to them, and 
there is no "in principle" possibility of 
predicting 5 from 1 to 4. It is of course 
true, and trivial, that other data might 
enable one to predict 5. But I have only 
wished to argue that the kind of knowl- 
edge we do have about evolution en- 
ables us to provide well-justified and 
informative explanations, without pre- 
dictions. 

To go one step further, it is probably 
not possible to list all the known causes 
for an evolutionary event such as the 
extinction of a species; but we do not 
need to, as long as we can recognize 
them with some reliability. When they 
are present, we can still identify the 

480 SCIENCE, VOL. 130 



causes of events after they happen, with- 
out committing the fallacy of post hoc 
ergo propter hoc, which the requirement 
of predictability-in-principle was de- 
signed to avoid. 

Careless use of such arguments does 
produce ad hoc explanations; but it is 
an error to conclude that in general such 
arguments are vacuous, as do those who 
think the theory of evolution wholly 
empty, and thus capable of "explaining" 
anything. Cannon says, "forty years ago, 
it appeared to me that orthodox Men- 
delism . . . was capable of explaining 
any genetical result" (6, p. 83); and he 
regards neo-Mendelism as even more 
"omnipotent." But he mistakes the ex- 
planatory fertility of a theory for ex- 
planatory omnipotence-that is, vacuity. 
If we find a markedly nonbinomial dis- 
tribution of characteristics in each gen- 
eration of descendants from a genotypi- 
cally well-identified pair, we cannot 
explain this by merely mentioning some 
possible cause. We have to show, as in 
the cancer case, that (i) this cause was 
in fact present, (ii) independent evi- 
dence supports the claim that it can 
produce this effect, and (iii) no other 
such causes were present. That this can 
be done is the mark, and a well-earned 
mark, of success: in this case, of Men- 
delism, and in more general cases, of 
evolutionary theory. 

Notice thait we do not have to be 
able to give a law of the usual form of 
classical physics, a universal functional 
relationship, let alone a mathematical 
one. Indeed I prefer to avoid using the 
term "law" of propositions like 1; they 
are, logically speaking, particular and 
not universal hypotheses. However, they 
can usually be established only by study 
of a range of cases and hence in some 
sense might be said to "reflect" a regu- 
larity or set of regularities. The logical 
key to the whole affair is that one can 
identify a cause without knowing what 
the conditions are which are necessary 
for its causal efficacy. When someone 
says that the explanation of the Irish 
elk's extinction was the swamping of its 
habitat, he means that in the circum- 
stances this event was sufficient to ensure 
its extinction, and had this event not oc- 
curred, it would have survived. But he 
would immediately agree that (i) he 
could not exhaustively specify the cir- 
cumstances which are essential, although 
we have in mind the terrain and climate 
and the animal's weight, hoof size, pred- 
ators, reproductive habits, and so on; 
and (ii) there are other possible causes 

(for example, an invasion of Arctic 
wolves) which, had they been present, 
would have led to the same effect in cir- 
cumstances which were in every respect 
the same except for their presence and 
the absence of flooding. A more complex 
but basically similar anialysis is required 
for other cases-for example, the ex- 
planation of man's uniqueness, among 
the bipedal mammals, in running rather 
than leaping like the kangaroo, in terms 
of his arboreal ancestors (12). These 
cases illustrate the weakness of talking 
about "applying a universal law" in 
order to explain; if you have one, it may 
be helpful, but if you do not, you may 
still know a good deal about the possible 
and actual causes of the events you are 
studying. Without the universal law, it 
is not possible to make predictioris. The 
elks might have survived that degree of 
flooding for all we could produce in the 
way of laws to the contrary; but if they 
did not, and nothing else changed, we 
can reasonably conclude that the ex- 
planation is the flooding. 

It is not surprising, therefore, that 
when we turn to the attempts of Darwin 
and the Mendelians to formulate some 
laws of the traditional kind, or to make 
predictions, we find the results to be very 
unsatisfactory. As Waddington says, even 
the modern attempt to develop a mathe- 
matical approach to evolution has- not 
"led to any noteworthy quantitative 
statements about evolution. The for- 
mulae involve parameters . . . most of 
which are still too inaccurately known to 
enable quantitative predictions to be 
made or verified" (13). And if this is 
the case for the mathematical theory, 
the case is much worse for exact state- 
ments which do not involve the flexibil- 
ity of mathematical relationships. What 
can be said is well expressed by Dar- 
win in his autobiography, where he says 
that when there is a struggle for exist- 
ence, "favorable variations would tend 
to be preserved, and unfavorable ones to 
be destroyed." Tendency statements like 
this are explanation-indicators; they jus- 
tify no more than very weak hypothetical 
predictions with unspecified conditions 
("if everything else was the same, 
then . . ."), for they tell us nothing 
about the likelihood of conditions of 
struggle or the strength of the tendency. 
Perhaps the best way to express their 
empirical content~ is to say that they sug- 
gest that certain future states of affairs 
are very unlikely-namely, equilibrium 
of a mixed population when there is 
competition for survival. Indeed Darwin 

too readily concludes from Malthus' ar- 
gument that "a struggle for existence in- 
evitably follows," or again, "there must 
in every case be a struggle for existence, 
either one individual with another of 
the same species, or with the individ- 
uals of distinct species, or with the phys- 
ical conditions of life" (14).'The legit- 
imate conclusion must contain the 
qualifying terms "eventually" and "ce- 
teris paribus," and a less. definite basis 
for purposes of prediction-.:would be hard 
to find. 

But when we have only such state- 
ments, we have a great deal, though we 
lack much. Often it.will:be beyond the 
capacity of a particular snibject, such as 
evolutionary biology or. molar psychol- 
ogy, to provide more- than this, especially 
when dealing with past events. Darwin's 
greatness lay in the use to which he put 
such statements in explanation, and as 
he says in the last chapter of The Origin 
of Species, "It can hardj "be supposed 
that a false theory would explain, in so 
satisfactory a manner as does the theory 
of natural selection, the several large 
classes of facts above specified." His 
work indeed showed that the theory was 
not false. I hope that this study may 
make clearer why it is not trivial, al- 
though its principles cannot be precisely 
formulated, and although it is not com- 
mitted to any predictions about the fu- 
ture course of evolution,1.<despite Dar- 
win's hopeful voice on the last page of 
his great work: "We may feel certain 
that the ordinary succession by genera- 
tion has never once-been broken, and 
that no cataclysm has desolated the 
whole world. Hence we may look with 
some confidence. to a serene future of 
great length." I wish that the great 
strength of his theory did indeed justify 
such a prediction. But I fear it is only 
committed to the view that if the strug- 
gle for existence continues, the forms of 
life will probably 'change. Its great com- 
mitment and its profound illumination 
are to be found in its application to the 
lengthening past, not the distant future: 
in the tasks of explanation, not in those 
of prediction. 
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Russian-English Transliteration 

An exchange of views on this problem shows that a 
universally accepted solution is not yet at hand. 

Comment by Hamp 

Thle article by Gregory Razran [Sci- 
ence 129, 1111 (1959)] on the translit- 
eration of Russian draws welcome at- 
tention to our inconsistent practice in a 
matter where we could readily do better. 
I can only applaud Razran's sensible at- 
titude and second his call for improve- 
ment. I think, however, that we can 
clarify the problem further, and under- 
stand in some mteasure the present con- 
fusion, by raising a point of - principle 
which Razran does not touch. - - 

It has taken a fair part of the last half 
century for workers in linguistics to ap- 
preciate clearly the fundamental dis- 
tinction that must be drawn between 
speech and writing. A glance at any of 
the modern textbooks on linguistics will 
amply illustrate this. Linguists are still 
all too conscious of the fact that the 
purport of this finding has in many re- 
spects not yet been brought home to the 
literate public.{ at large, which includes 
their fellow scientists. 

For our present purpose, this distinc- 
tion means that the graphic system used 
in a particular culture area (a specific 
subtype of Cyrillic, in this case) is not 
identical with the phonemic system of a 
particular language (Russian in this in- 
stance). Indeed, the two can be ana- 
lyzed quite independently. Only in rare 
instances are the two systems nearly 
congruent (Finnish is such a case), so 
that the distinction may be ignored al- 
together. In addition, we must remem- 
ber that there are, too, the graphs of 
the target culture (a subtype of West 
European Roman, in our own case) and 
the phonemes of the target language 
(American English for us). There are, 
then, four separate systems in play, 
whose useful combinations we must now 
consider. 

No one, presumably, is interested in 
matching Cyrillic graphs directly with 
English phonemes-that is, devising an 
arbitrary way for reading off a line of 
printed Russian with a thoroughly Eng- 
lish accent. We get that result without 

Further Reading 

The outstanding work on the logical problems of 
biology, and, in my view, an extremely impor- 
tant book, is Morton Beckner's The Biological 
Way of Thought (Columbia Univ. Press, New 
York, 1959). 

strain from the less apt students in a 
Russian class. (The question is not idle, 
however, in principle; Egyptologists must 
decide how to cite forms intelligibly to 
one another aloud, even though they 
can scarcely guess at all what a large 
portion of the language sounded like.) 
Similarly, we have no immediate use 
for Roman letters with a Russian ac- 
cent, unless perhaps we are training ac- 
tors. There is very great use for com- 
parison of Russian phonemes with Eng- 
lish phonemes; that is what a linguist 
must consider in designing adequate 
and efficient teaching materials-both 
for Russians and for Americans. Finally, 
there is the problem of matching Cyril- 
lic graphs with our Roman graphs; we 
will call this task "transliteration," sensu 
stricto. 

At one point (page 1111), Razran 
says: "The rationale of the practice is 
presumably that of facilitating library 
cataloging and filing by indicating that 
the English combinations of letters cor- 
respond to single Russian letters. But, 
plainly, this limited and doubtful advan- 
tage must be pitted against the fact that 
ligatures and extra capitals are both ex- 
pensive and unesthetic, add nothing from 
the standpoint of approximate pronun- 
ciation, and, indeed, have hardly ever 
been maintained consistently." Consist- 
ency is something which, like Razran, we 
all hope for, but which the linguistic 
engineer cannot enforce. Expense and 
esthetics are problems apart, and we 
must consider them judiciously in turn. 
But the "limited and doubtful advan- 
tage" of unambiguous transliteration is 
a matter of considerable concern to a 
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