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INTRODUCTION.

All flesh is not the same flesh : but there is one kind of flesh of men, another
Jlesh of beasts, another of fishes, and another of birds.

SECTION 1.

THE STUDY OF VARIATION.

To solve the problem of the forms of living things is the aim
with which the naturalist of to-day comes to his work. How
have living things become what they are, and what are the laws
which govern their forms? These are the questions which the
naturalist has set himself to answer.

It is more than thirty years since the Origin of Specres was
written, but for many these questions are in no sense answered
yet. In owning that it is so, we shall not honour Darwin’s
memory the less; for whatever may be the part which shall be
finally assigned to Natural Selection, it will always be remem-
bered that it was through Darwin’s work that men saw for the
first time that the problem is one which man may reasonably
hope to solve. If Darwin did not solve the problem himself, he
first gave us the hope of a solution, perhaps a greater thing.
How great a feat this was, we who have heard it all from child-
hood can scarcely know.

In the present work an attempt is made to find a way of
attacking parts of the problem afresh, and it will be profitable
first to state formally the conditions of the problem and to examine
the methods by which the solution has been attempted before.
This consideration shall be as brief as it can be made.

The forms of living things have many characters: to solve the
problem completely account must be taken of all. Perhaps no
character of form is common to all living things; on the
contrary their forms are almost infinitely diverse. Now in those
attempts to solve the problem which have been the best, it is this
diversity of form which is taken as the chief attribute, and the
attempt to solve the general problem is begun by trying to trace
the modes by which the diversity has been produced. In the
shape in which it has been most studied, the problem is thus the

B. 1
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2 THE PROBLEM OF SPECIES. [INTROD.

problem of Species. Obscurity has been brought into the treat-
ment of the question through want of recognition of the fact that
this is really only a part of the general problem, which would still
remain if there were only one species. Nevertheless the problem
of Species is so tangible a part of the whole that it is perhaps the
best point of departure. For our present purpose we cannot
begin better than by stating it concisely.

The forms of living things are diverse. They may neverthe-
less be separated into Specific Groups or Species, the members of
each such group being nearly alike, while they are less like the
members of any other Specific Group. [The Specific Groups may
by their degrees of resemblance be arranged in Generic Groups
and so on. ]

The individuals of each Specific Group, though alike, are not
identical in form, but exhibit differences, and in these differences
they may even more or less nearly approach the form characteristic
of another Specific Group. It is true, besides, that in the case of
many Specific Groups which have been separated from each other,
intermediate forms are found which form a continuons series of
gradations, passing insensibly from the form characteristic of one
Species to that characteristic of another. In such cases the
distinction between the two groups for purposes of classification 1s
not retained.

The fact that in certain cases there are forms transitional
between groups which are sufficiently different to have been
thought to be distinct, is a very important fact which must not
be lost sight of; but though now a good many such cases are
known, it rewains none the less true that at a given point of
time, the forms of living things may be arranged in Specific
Groups, and that between the immense majority of these there
are no transitional forms. There are therefore between these
Specific Groups differences which are Specific.

No definition of a Specific Difference has been found, perhaps
because these Differences are indefinite and hence not capable of
definition. But the forms of living things, taken at a given
moment, do nevertheless most certainly form a discontinuous
series and not a continuous series. This is true of the world as
we see it now, and there is no good reason for thinking that it has
ever been otherwise. So much is being said of the mutability of
species that this, which is the central fact of Natural History, is
almost lost sight of, but if ever the problem is to be solved this
fact must be boldly faced. There is nothing to be gained by
shirking or trying to forget it.

The existence, then, of Specific Differences is one of the
characteristics of the forms of living things. This is no merely
subjective conception, but an objective, tangible fact. This is the
first part of the problem.
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SECT. 1.] INTRODUCTION. 3

In the next place, not only do Specific forms exist in Nature,
but they exist in such a way as to fit the place in Nature in
which they are placed; that is to say, the Specific form which an
organism has, is adapted to the position which it fills. This again
is a relative truth, for the adaptation is not absolute.

These two facts constitute the problem :

I. The forms of living things are various and, on the whole,
ure Discontinuous or Specific.

I1. The Specific forms, on the whole, fit the places they
have to live in.

How have these Discontinuous forms been brought into exist-
ence, and how is it they are thus adapted ? This is the question
the naturalist is to answer. To answer it completely he must find
(1) The modes and (2) The causes by which these things have
come to pass.

Before considering the ways in which naturalists have tried to
answer these questions, it is necessary to look at some other
phenomena characteristic of Life. We have said that at a given
moment, or point of time, the specific forms of living things com-
pose a discontinuous series. The element of time thus intro-
duced is of consequence, and leads to important considerations.
For the condition of the organized world is not a fixed condition,
but changes from moment to moment, and that which can be pre-
dicated of its condition at one moment -may not at any other point
of time be true. This process of change is brought about partly by
progressive changes in the bodies of the individuals themselves,
but chiefly by the constant succession of individuals, the parents
dying, their offspring succeeding them. It is then a matter of
observation that the offspring born of parents belonging to any
one Specific Group do as a rule conform to that Specific Group
themselves, and that the form of the body, the mechanisms and
the instincts of the offspring, are on the whole similar to those
which their parents had. But like most general assertions about
living things this is true not absolutely but relatively only. For
though on the whole the offspring is like the parent or parents, its
form is perhaps never identical with theirs, but generally differs
from it perceptibly and sometimes materially. To this pheno-
menon, namely, the occurrence of ditferences between the structure,
the instincts, or other elements which compose the mechanism of
the offspring, and those which were proper to the parent, the name
Variation has been given.

We have seen above that the two leading facts respecting the
forms of living things are first that they shew specific differen-
tiation, and secondly that they are adapted. To these we may
now add a third, that in the succession from parent to offspring
there is, or may be, Variation. It is upon the fact of the exist-
ence of this phenomenon of Variation that all inductive theories
of Evolution have been based.

1—2
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4 A POSTULATE. [INTROD.

The suggestion which thus forms the common ground of these
theories is this :—May not the Specific Ditferences between Species
and Species have come about through and be compounded of the
individual differences between parent and offspring? May not
Specific Differentiation have resulted from Individual Variation ?
This suggestion has been spoken of as the Doctrine of Common
Descent, for it asserts that there is between living things a
community of descent.

In what follows it will be assumed that this Doctrine of
Descent is true. It should be admitted from the first that the
truth of the doctrine has never been proved. There is never-
theless a great balance of evidence in its favour, but it finds its
support not so much in direct observation as in the difficulty of
forming any alternative hypothesis. The Theory of Descent in-
volves and asserts that all living things are genetically connected,
and this principle is at least not contrary to observation; while
any alternative hypothesis involves the idea of Separate Creation
which by common consent is now recognized as absurd. In favour
of . the Doctrine of Common Desecent there is a balance of evidence;
it is besides accepted by most naturalists; lastly if it is not true
we can get no further with the problem: but inasmuch as it is
unproven, it 1s right that we should explicitly recognize that it is
inlpart an assumption, and that we have adopted it as a pos-
tulate.

The Doctrine of Descent being assumed, two chief solutions of
the problem have been offered, both starting alike from this
common ground. Let us now briefly consider each of them.

A.  Lamarck’s Solution. So many ambiguities and pitfalls are
in the way of any who may try to re-state, in a few words, the
theory propounded in the Philosophie Zoologique, that it is with
great diffidence that the following account of it is given.

Lamarck points out that living things can in some measure
adapt themselves both structurally and physiologically to new
circumstances, and that in certain cases the adaptability is present
in a high degree. He suggests that by inheritance and perfection
of such adaptations they may have become what they are, and that
thus specific forms and mechanisms have been produced, as it were,
by sheer force of circumstances. On this view it is assumed that
to the demands made on it by the environment the organism
makes an appropriate structural and physiological response; in
other words, that there is in living things a certain tension, by
which they respond to environmental pressure and fit the place
they are in, somewhat as a fluid fits a vessel.

This 1s not, I think, a misrepresentation of Lamarck’s theory.
It amounts, in other words, to a proposal to regard organisms as
machines which have the power of Adaptation as one of their
fundamental and inherent qualities or attributes.
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SECT. L] INTRODUCTION. 5

Without discussing this solution, we may note that it aims at
being a complete solution of both
(1) The existence and persistence of differing forms,
(2) The fact that the differing forms are adapted to
different conditions ;
and (3) The causes of the Variation by which the diversity has
occurred.

B. Darwin’s Solution. Darwin, without suggesting causes of
Variation, points out that since (1) Variations occur—which they
are known to do—and since (2) some of the variations are in the
direction of adaptation and others are not—which is a necessity—
it will result from the conditions of the Struggle for Existence
that those better adapted will on the whole persist and the less
adapted will on the whole be lost. In the result, therefore, there
will be a diversity of forms, more or less adapted to the states
in which they are placed, and this is very much the observed
condition of living things.

We may note that this solution does not aim at being a com-
plete solution like Lamarck’s, for as to the causes of Variation it
makes no suggestion.

The arguments by which these several solutions are supported,
and the difficulties which are in the way of each, are so familiar
that it would be unprofitable to detail them. On our present
knowledge the matter is talked out. Those who are satisfied with
either solution are likely to remain so.

It may be remarked however that the observed cases of adap-
tation occurring in the way demanded on Lamarck’s theory are
very few, and as time goes on this deficiency of facts begins to be
significant. Natural Selection on the other hand is obviously a
‘true cause,” at the least.

In the way of both solutions there is one cardinal difficulty
which in its most general form may be thus expressed. According
to both theories, specific diversity of form 1s consequent upon
diversity of environment, and diversity of environment is thus
the ultimate measure of diversity of specific form. Here then we
meet the difficulty that diverse environments often shade into
each other insensibly and form a continuous series, whereas the
Specific Forms of life which are subject to them on the whole
form a Discontinuous Series. The immense significance of this
difficulty will be made more apparent in the course of this work.
The difficulty is here put generally. Particular instances have
been repeatedly set forth. Temperature, altitude, depth of water,
salinity, in fact most of the elements which make up the physical
environment are continuous in their gradations, while, as a rule,
the forms of life are discontinuousl. Besides this, forms which

1 It may be objected that to any organism the other organisms coexisting with
it are as serious a factor of the environment as the strictly physical components;
and that inasmuch as these coexisting organisms are discontinuous species, the
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6 METHODS OF ATTACKING THE PROBLEM. [INTROD.

are apparently identical live under conditions which are apparently
very different, while species which though closely allied are con-
stantly distinct are found under conditions which are apparently
the same. If we would make these facts accord with the view
that it 1s diversity of environment which is the measure of
diversity of specific form, it is necessary to suppose either (1)
that our estimate of similarity of forms, or of environment, is
wholly untrustworthy, or else (2) that there is a wide area of
environmental or structural divergence within which no sensible
result is produced: that is to say, that the relation between en-
vironment and structure is not finely adjusted. But either of these
admissions is serious; for if we grant the former we abrogate the
right of judgment, and are granting that our proposed solutions
are mere hypotheses which we have no power to test, while if we
admit the latter, we admit that environment cannot so far be either
the directing cause or the limiting cause of Specific Differences,
though the first is essential to Lamarck’s Theory, and the second is
demanded by the doctrine of Natural Selection.

Such then, put very briefly, are the two great theories, and this
is one of the chief difficulties which beset them. We must now
pass to our proper work.

We have to consider whether it is not possible to get beyond
the present position and to penetrate further into this mystery
of Specific Forms. The main obstacle being our own ignorance,
the first question to be settled is what kind of knowledge would
be of the most value, and which of the many unknowns may
be determined with the greatest profit. To decide this we must
return once more to the ground which is common to all the induc-
tive theories of Evolution alike. Now all these different theories
start from the hypothesis that the different forms of life are re-
lated to each other, and that their diversity is due to Variation.
On this hypothesis, therefore, Variation, whatever may be its cause,
and however it may be limited, is the essential phenomenon of
Evolution. Variation, in fact, is Evolution. The readiest way,
then, of solving the problem of Evolution is to study the facts of
Variation,

SECTION II.

ALTERNATIVE METHODS.

The Study of Variation is therefore suggested as the method
which is on the whole more likely than any other to give us the
kind of knowledge we are wanting. It should be tried not so
much in the hope that it will give any great insight into those

element of discontinuity may thus be introduced. This is true, but it does not
help in the attempt to find the cause of the original discontinuity of the coexisting
organisms.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108053129
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-05312-9 - Materials for the Study of Variation: Treated with Especial Regard
to Discontinuity in the Origin of Species

William Bateson

Excerpt

More information

SECT. IL] INTRODUCTION. 7

relations of cause and effect of which Evolution is the expression,
but merely as an empirical means of getting at the outward and
visible phenomena which constitute Evolution. On the hypothesis
of Common Descent, the forms of living things are succeeding each
other, passing across the stage of the earth in a constant proces-
sion. To find the laws of the succession it will be best for us to
stand as 1t were aside and to watch the procession as it passes by.
No amount of knowledge of individual forms will tell us the laws or
even the manner of the succession, nor shall we be much helped by
comparison of forms of whose descent we know nothing save by
speculation. To study Variation it must be seen at the moment
of its beginning. For comparison we require the parent and the
varying offspring together. To tind out the nature of the progres-
sion we require, simultancously, at least two consecutive terms of
the progression. Evidence of this kind can be obtained in no other
way than by the study of actual and contemporary cases of Varia-
tion. To the solution of this question collateral methods of re-
search will not contribute much.

Since Darwin wrote, several of these collateral methods have
been tried, and though a great deal has thus been done and a vast
number of facts have been established, yet the advance towards a
knowledge of the steps by which Evolution proceeds has been
almost nothing. It will not perhaps be wandering unduly if we
consider very shortly the reason of this, for the need for the Study
of Variation will thereby be made more plain.

Before the publication of the Origin of Species the work of
naturalists was chiefly devoted to the indiscriminate accumulation
of facts. By most the work was done for its own sake in the strict-
est sense. In the minds of some there was of course a hope that
the gathering of knowledge would at last lead on to something
more, but this hope was for the most part formless and vague.
With the promulgation of the Doctrine of Descent the whole course
of the study was changed. The enthusiasm of naturalists ran
altogether into new channels; a new class of facts was sought and
the value of Zoological discovery was judged by a new criterion.
The change was thus a change of aim, and consequently a change
of method. From a large field of possibilities the choice fell
chiefly upon two methods, each having a definite relation to the
main problem. The first of these is the Embryological Method,
and the second may be spoken of as the Study of Adaptation.
The pursuit of these two methods was the direct outcome of
Darwin’s work, and such great hopes have been set on them that
before starting on a new line we shall do well to examine carefully
their proper scope and see whither each of them may reasonably
be expected to lead.

It is besides in the examination of these methods and in ob-
serving the exact point at which they have failed, that the need
for the Study of Variation will become most evident.
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8 THE EMBRYOLOGICAL METHOD. [INTROD.

When the Theory of Evolution first gained a hearing it became
of the highest importance that it should be put to some test which
should shew whether it was true or not. In comparison with this
all other questions sank into insignificance.

Now, the principle which has been called the Law of von Baer,
provided the means for such a test. By this principle it is affirmed
that the history of the individual represents the history of the
Species. If then it should be found that organisms in their de-
velopment pass through stages in which they resemble other forms,
this would be prima facie a reason for believing them to be geneti-
cally connected. The general truth of the Theory of Descent
might thus be tested by the facts of development. For this reason
the Study of Embryology superseded all others. It isnow, of course,
generally admitted that the Theory has stood this test, and that
the facts of Embryology do support the Doctrine of Community of
Descent.

But the claims of Embryology did not stop here. In addition
to the application of the method to the general Theory of Descent,
1t has been sought to apply the facts of Embryology to solve
particular questions of the descent of particular forms. It has
been maintained that if it is true that the history of the individual
repeats the history of the Species, we may in the study of De-
velopment see not only that the various forms are related, but
also the exact lines of Descent of particular forms. In this way
Embryology was to provide us with the history of Evolution.

The survey of the development of animals from this point of
view is now complete for most forms of life, and in all essential
points; we are now therefore in a position to estimate its value.
It will, I think, before long be admitted that in this attempt to
extend the general proposition to particular questions of Descent
the embryological method has failed. The reason for this is
obvious. The principle of von Baer was never more than a
rough approximation to the truth and was never suited to the
solution of particular problems. It is curious to notice upon how
very slight a basis of evidence this widely received principle really
rests. It has been established almost entirely by inference and
it has been demonstrated by actual observation in scarcely a single
instance.

For the stages through which a particular organism passes
in the course of its development are admissible as evidence of
its pedigree only when it shall have been proved as a general
truth that the development of individuals does follow the lines
on which the species developed. The proof, however, of this
general proposition does not rest on direct observation but on
the indirect evidence that particular organisms at certain stages
in their development resemble other organisms, and hence it
is assumed that they are descended from those forms. Thus the
truth of the general proposition is established by assuming it
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SECT. II.] INTRODUCTION. 9

true 1n special cases, while its applicability to special cases rests
on its having been accepted as a general truth.

Probably however the apologists of this method would main-
tain that the principle of von Baer, though its truth has not
been demonstrated directly, yet belongs to the class of “True
Hypotheses.” To establish the trnth of a hypothesis in a case
like the present in which the number of possible hypotheses is
not limited, it should at least be shewn that its application in all
known instances is so precise, so simple, and in such striking
accordance with ascertained facts, that its truth is felt to be
irresistible.

Nothing like this can be said of the principle of von Baer.
Even if it be generally true that the development of a form is
a record of its descent, 1t has never been suggested that the record
1s complete.

Allowance must constantly be made for the omission of stages,
for the intercalation of stages, for degeneration, for the presence
of organs specially connected with larval or embryonic life, for
the interference of yolk and so forth. But what this allowauce
should be and in what cases it should be made has never been
determined.

More than this: closely allied forms often develop on totally
different plans; for example, Balanoglossus Kowalevskii has an
opaque larva which creeps in the sand, while the other species of
the family have a transparent larva which swims at the surface of
the sea; the germinal layers of the Guinea-pig when compared with
those of the Rabbit are completely inverted, and so on. These are
not isolated cases, for examples of the same kind occur in almost
every group and in the development of nearly all the systems of
organs. When these things are so, who shall determine which de-
velopmental process is ancestral and which is due to secondary
change ? By what rules may secondary changes be recognized as
such? Do transparent larvee swimming at the surface of the sea
reproduce the ancestral type or does the opaque larva creeping in
the mud shew wus the primitive form? Each investigator has
answered these questions in the manner which seemed best to
himself.

There is no rule to guide us in these things and there is no
canon by which we may judge the worth of the evidence. It is
perhaps not too much to say that the main features of the de-
velopment of nearly every type of animal are now ascertained,
and on this knowledge elaborate and various tables of phylogeny
have been constructed, each differing from the rest and all plau-
sible; but 1t would be difficult to name a single case in which
the immediate pedigree of a species is actually known.

The Embryological Method then has failed not for want of
knowledge of the visible facts of development but through ignor-
ance of the principles of Evolution. The principle of von Baer,
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10 THE STUDY OF ADAPTATION, [INTROD.

taken by itself, is clearly incapable of interpreting the phenomena
of development. We are endeavouring by means of a mass of
conflicting evidence to reconstruct the series of Descent, but of the
laws which govern such a series we are ignorant. In the inter-
pretation of Embryological evidence it is constantly necessary to
make certain hypotheses as to the course of Variation in the
past, but before this can be done it is surely necessary that we
should have some knowledge of the modes of Variation in the
present. When we shall know something of the nature of the
variations which are now occurring in animals and the steps by
which they are now progressing before our eyes, we shall be in
a position to surmise what their past has been; for we shall then
know what changes are possible to them and what are not. In
the absence of such knowledge, any person is at liberty to pos-
tulate the occurrence of variations on any lines which may suggest
themselves to him, a liberty which has of late been freely used.
Embryology has provided us with a magnificent body of facts,
but the interpretation of the facts is still to seek.

The other method which, since Darwin’s work, has attracted
most attention is the study of the mechanisms by which organisms
are adapted to the conditions in which they live. This study of
Adaptation and of the utility of structures exercises an extra-
ordinary fascination over the minds of some and it is most
important that its proper use and scope should be understood.

We have seen that the Embryological Method owed its import-
ance to its value as a mode of testing the truth of the Theory
of Evolution: in the same way the Study of Adaptation was
undertaken as a test of the Theory of Natural Selection,

Amongst many classes of animals, complex structures are pre-
sent which do not seem to contribute directly to the well-being of
their possessors. By many it has been felt that the persistent
occurrence of organs of this class is a difficulty, on the hypothesis
that there is a tendency for useful structures to be retained and
for useless parts to be lost. In consequence it has been antici-
pated that sufficient research would reveal the manner in which
these parts are directly useful. The amount of evidence collected
with this object is now enormous, and most astonishing ingenuity
has been evoked in the interpretation of it. A discussion of the
truth of the conclusions thus put forward is of course apart from
our present purpose, which is to examine the logical value of this
method of research as a means of attacking the problem of Evo-
lution. With regard to the results it has attained it must suffice
to notice the fact that while the functions of many problematical
organs have been conjectured, in some cases perhaps rightly, there
remain whole groups of common phenomena of this kind, which
are still almost untouched even by speculation, and structures and
instincts are found in the best known forms, as to the “utility ” of
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