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THE BRITISH ASSOCIATION FOR THE
 ADVANCEMENT OF SCIENCE

OLD AND NEW AIMS AND METHODS OF
MORPHOLOGY *

‘¢ ADDRESS your audience about what you
yourself happen to be most interested in,
speak from the fullness of your heart and
make a clean breast of your troubles.”’
That seemed good advice, and I shall en-
deavor to follow it, taking for my text old
and new aims and methods of morphology,
with special reference to resemblances in
function and structure on the part of
organs and their owners in the animal
kingdom. First, however, allow me to tell
you what has brought me to such a well-
worn theme. Amongst the many impres-
sions which it has been my good luck to
gather during my travels in that enchant-
ing country Mexico are the two following:

First, the poisonous coral snakes, Elaps,
in their beautiful black, red and yellow
garb; it varies in detail in the various spe-
cies of Elaps, and this garb with most of
the variations too, occurs also in an aston-
ishing number of genera and families of
semi-poisonous and quite harmless Mexican
snakes, some of which inhabit the same dis-
tricts. A somewhat exhaustive study of
these beauties has shown incontestably that
these often astoundingly close resemblances
are not cases of mimiery, but due to some
other cooperations.

Secondly, in the wilds of the state of
Michoacan, at two places, about 20 and 70
miles from the Pacific coast, I myself col-
lected specimens of Typhlops which Dr.

1 Address of the president to the Zoological Sec-

tion of the British Association for the Advance-
ment of Secience, Birmingham, 1913.
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Boulenger without hesitation has deter-
mined as Typhlops braminus. Now, whilst
this genus of wormlike, blind little snakes
has a wide circumtropical distribution, 7.
braminus had hitherto been known only
from the islands and countries of the In-
dian Ocean basin, never from America, nor
from any of the Pacific Islands which pos-
sess other kinds of Typhlops. Accidental
introduction is out of the question. Al-
though the genus is, to judge from its
characters, an especially old one, we can
not possibly assume that the species bram-
inus, if the little thing had made its way
from Asia to Mexico by a natural mode of
spreading, has remained unaltered even to
the slightest detail since that geological
epoch during which such a journey could
have taken place. There remains the as-
sumption that amongst the of course count-
less generations of Typhlops in Mexico
some have hit off exactly the same kind of
permutation and combination of those
characters which we have hitherto consid-
ered as specific of braminus, just as a pack
of cards may in a long series of deals be
dealt out more than once in the same
sequence.

The two cases are impressive. They re-
minded me vividly that many examples
of very discontinuous distribution—which
any one who has worked at zoogeography
will call to mind—are exhibited by genera,
families, and even orders, without our
knowing whether the groups in which we
class them are natural or artificial. The
ultimate appeal lies with anatomy.

Introduced to zoology when Haeckel and
Gegenbaur were both at their zenith, I
have been long enough a worker and
teacher to feel elated by its progress and
depressed by its shortcomings and failures.
Perhaps we have gone too fast, carried
along by methods which have yielded so
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much and therefore have made us expect
too much from them.

Gegenbaur founded the modern com-
parative anatomy by basing it upon the
theory of descent. The leading idea in all
his great works is to show that transforma-
tion, ‘‘continuous adjustment’’ (Spencer),
has taken place; he stated the problem of
comparative anatomy as the reduction of
the differences in the organization of the
various animals to a common condition;
and as homologous organs he defined those
which are of such a common, single origin.
His first work in this new line is his elass-
ical treatise on the carpus and tarsus
(1864).

It followed from this point of view that
the degree of resemblance in structure be-
tween homologous organs and the number
of such kindred organs present is a meas-
ure for the affinity of their owners. So
was ushered in the era of pedigrees of
organs, of functions, of the animals them-
selves. The tracing of the divergence of
homogenous parts became all-important,
whilst those organs or features which re-
vealed themselves as of different origin,
and therefore as analogous only, were dis-
carded as misleading in the all-important
search for pedigrees. Functional corre-
spondence was dismissed as ‘‘mere anal-
ogy,”’ and even the systematist has learned
to scorn these so-called physiological or
adaptive characters as good enough only
for artificial keys. A curious view of
things, just as if it was not one and the
same process which has produced and abol-
ished both sets of characters, the so-called
fundamental or ‘‘reliable’’ as well as the
analogous.

As A. Willey has put it happily, there
was more rejoicing over the discovery of
the homology of some unimportant little
organ than over the finding of the most
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appalling unrelated resemblance. Morph-
ology had become somewhat intolerant in
the application of its canons, especially
since it was aided by the phenomenal
growth of embryology. You must not com-
pare ectodermal with endodermal products.
You must not make a likeness out of an-
other germinal layer or anything that ap-
pertains to it, because if you do that would
be a horror, a heresy, a homoplasy.
Haeckel went so far as to distinguish
between a true homology, or homophyly,
which depends upon the same origin, and
a false homology, which applies to all those
organic resemblances which derive from an
equivalent adaptation to similar develop-
mental conditions. And he stated that the
whole art of the morphologist consists in
the sucecessful distinetion between these
two categories. If we were able to draw
thig distinction in every case, possibly some
day the grand tree of each great phylum,
may be of the whole kingdom, might be
reconstructed. That would indeed be a
tree of knowledge, and, paradoxically
enough, it would be the deathblow to classi-
fication, sinece in this, the one and only
true natural system, every degree of con-
sanguinity and relationship throughout all
animated nature, past and present, would
be accounted for; and to that system no
classification would be applicable, since
each horizon would require its own group-
ing. There could be definable neither
classes, orders, families nor species, since
each of these conceptions would be bound-
less in an upward or downward direction.
Never mind the ensuing chaos; we should
at least have the pedigree of all our fellow
creatures, and of ourselves among them.
Not absolute proof, but the nearest possible
demonstration that transformation has
taken place. Empirically we know this
already, since, wherever sufficient material
has been studied, be it organs, species or
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larger groups, we find first that these units
had ancestors and, secondly, that the an-
cestors were at least a little different.
Evolution is a fact of experience proved by
circumstantial evidence. Nevertheless we
are not satisfied with the conviction that
life is subject to an unceasing change, not
even with the knowledge of the particular
adjustments. We now want to understand
the motive cause. First What, then How
and now Why?

It is the active search for an answer to
this question (Why?) which is charaeter-
istic of our time. More and more the or-
ganisms and their organs are considered as
living, functional things. The mainspring
of our science, perhaps of all seience, is not
its utility, not the desire to do good, but, as
an eminently matter-of-fact man, the father
of Frederick the Great, told his Royal
Academicians (who, of course, were asking
for monetary help) in the following shock-
ingly homely words: ‘‘Der Grund ist derer
Leute ihre verfluchte Curieusiteit.’”” This
blamed curiosity, the beginnings of which
can be traced very far back in the lower
animals, is most acutely centered in our
desire to find out who we are, whence we
have come, and whither we shall go. And
even if zoology, considering the first and -
last of these three questions as settled,
should some day solve the problem:
‘Whence have we come? there would re-
main outside zoology the greater Why?

Generalizations, conclusions, can be ar-
rived at only through comparison. Com-
parison leads no further where the objects
are alike. If, for instance, we restrict our-
selves to the search for .true homologies,
dealing with homogenes only, all we find is
that once upon a time some organism has
produced, invented, a certain arrangement
of Anlage out of which that organ arose,
the various features of which we have com-
pared in the descendants. Result: we
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have arrived at an accomplished fact.
These things, in spite of all their variety in
structure and function, being homogenes,
tell us nothing, because according to our
mode of procedure we can not compare
that monophyletic Anlage with anything
else, since we have reduced all the homo-
genous modifications to one. Logically it
is true that there can have been only one,
but in the living world of nature there are
no such ironbound categories and absolute
distinetions. For instance, if we compare
the organs of one and the same individual,
we at once observe repetition, e. g., that of
serial homology, which implies many diffi-
culties, with very different interpretations.
Even in such an apparently simple case as
the relation between shoulder girdle and
pelvis we are at a loss, since the decision
depends upon our view as to the origin of
the paired limbs, whether both are modified
visceral arches, and in this case serially re-
peated homogenes, or whether they are the
derivatives from one lateral fin, which is
itself a serial compound, from which, how-
ever, the proximal elements, the girdles, are
supposed to have arisen independently.
‘What is metamerism? Is it the outcome
of a process of successive repetitions so
that the units are homogenes, or did the
division take place at one time all along
the line, or is it due to a combination of
the two procedures?

The same vagueness finds its parallel
when dealing with the corresponding or-
gans of different animals, since these afford
the absolute chance that organs of the same
structure and function may not be re-
ducible to one germ, but may be shown to
have arisen independently in time as well as
with reference to the space they occupy in
their owners. As heterogenes they can be
compared as to their causes. In the study
of the evolution of homogenes the problem
is to account for their divergencies, whilst
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the likeness, the agreements, so to speak
their greatest common measure, is eo tpso
taken to be due to inheritance. When, on
the contrary, dealing with heterogenes we
are attracted by their resemblances, which
since they can not be due to inheritance
must have a common cause outside them-
selves. Now, since a leading feature of the
evolution of homogenes is divergence,
whilst that of heterogenes implies converg-
ence from different starting-points, it fol-
lows that the more distant are these re-
spective starting-points (either in time or
in the material) the better is our chance of
extracting the greatest common measure
out of the unknown number of causes
which combine in the production of even
the apparently simplest organ.

These resemblances are a very promising
field and the balance of importance will
more and more incline towards the investi-
gation of funection, a study which, however,
does not mean mere physiology with its
present-day aims in the now tacitly ae-
cepted sense, but that broad study of life
and death which is to yield the answer to
the question Why ?

Meantime, comparative anatomy will not
be shelved; it will always retain the cast-
ing-vote as to the degree of affinity among
resemblances, but emphatically its whole
work is not to be restricted to this occupa-
tion. It will increasingly have to reckon
with the funections, indeed never without
them. The animal refuses to yield its
secrets unless it be considered as a living
individual. It is true that Gegenbaur
himself was most emphatic in asserting
that an organ is the result of its function.
Often he held up to scorn the embryog-
rapher’s method of muddling cause and
effect, or he mercilessly showed that in the
reconstruction of the evolution of an organ
certain features can not have been phases
unless they imply physiological continuity.
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And yet how moderately is function dealt
with in his monumental text-book and how
little is there in others, even in text-books
of zoology:

Habt alle die Theile in der Hand,
Fehlt leider nur das geistige Band—Life!

‘We have become accustomed to the fact
that like begets like with small differences,
and from the accepted standpoint of evolu-
tion versus creation we no longer wonder
that descendants slowly change and di-
verge, But we are rightly impressed when
unlike comes to produce like, since this
phenomenon seems to indicate a tendency,
a set purpose, a beaw idéal, which line of
thought or rather imperfect way of expres-
sion leads dangerously near to the crassest
teleology.

But, teleology apart, we can postulate a
perfect agreement in function and strue-
ture between creatures which have no com-
munity of descent. The notion that such
agreement must be due to blood-relation-
ship involved, among other difficulties, the
dangerous conclusion that the hypothetical
ancestor of a given genuine group possessed
in potentiality the Anlagen of all the char-

acters exhibited by one or other of the-

component members of the said group.

The same line of thought explained the
majority of human abnormalities as ata-
vistie, a procedure which would turn the
revered ancestor of our species into a per-
fect museum of antiquities, stocked with
tools for every possible emergency.

The more elaborate certain resemblances
are the more they seem to bear the hall-
mark of near affinity of their owners.
‘When occurring in far-related groups they
are taken at least as indications of the
homology of the organs. There is, for in-
stance, a remarkable resemblance between
the bulla of the whale’s ear and that of the
Pythonomorph plioplatycarpus. If you
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homologize the mammalian tympanic with
the quadrate the resemblance loses much of
its perplexity, and certain Chelonians make
it easier to understand how the modifica-
tion may have been brought about. But,
although we can arrange the Chelonian,
Pythonomorph and Cetacean conditions in
a progressive line, this need not repre-
sent the pedigree of this dulla. Nor is it
necessarily referable to the same Anlage.
Lastly if, as many anatomists believe, the
reptilian quadrate appears in the mammals
as the incus, then all homology and homog-
eny of these bulle is excluded. In either
case we stand before the problem of the
formation of a dulle as such. The signifi-
cant point is this, that although we dismiss
the bulle of whale and reptile as obvious
homoplasy, such resemblances, if they oc-
cur in two orders of reptiles, we take as
indicative of relationship until positive evi-
dence to the contrary is produced. That
this is an unsound method is brought home
to us by an ever-inereasing number of
cases which tend to throw suspicion on
many of our reconstructions. Not a few
zoologists look upon such cases as a nuis-
ance and the underlying principle as a
bugbear. So far from that being the case
such study promises much beyond the pru-
ning of our standard trees—by relieving
them of what reveal themselves as grafts
instead of genuine growth—namely, the
revelation of one or other of the many
agencies in their growth and structure.

Since there are all sorts and conditions
of resemblances we require technical terms.
Of these there is abundance, and it is with
reluctance that I propose adding to them.
I do so because unfortunately some terms
are undefined, perhaps not definable;
others have not ‘‘caught on,’’ or they suffer
from that mischievous law of priority in
nomenclature.

The terms concerning morphological
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homologies date from Owen; Gegenbaur
and Haeckel rearranged them slightly.
Lankester, in 1870, introduced the terms
homogenous, meaning alike born, and
homoplastic or alike molded. Mivart
rightly found fault with the detailed defi-
nition and the subdivisions of homoplasy,
and very logically invented dozens of new
terms, few of which, if any, have survived.
It is not necessary to survey the ensuing
literature. For expressing the same phe-
nomenon we have now the choice between
homoplasy, homomorphy, isomorphy, het-
erophyletic convergence, parallelism, ete.
After various papers by Osborn, who has
gone very fully into these questions, and
Willey’s ‘‘Parallelism,”” Abel, in his fas-
cinating ‘‘Grundziige der Palzobiologie,’’
has striven to show by numerous examples
that the resemblances or ‘‘adaptive forma-
tions’’ are cases of parallelism if they de-
pend upon the same function of homologous
organs, and convergences if brought about
by the same function of non-homologous
organs.

I suggest an elastic terminology for the
various resemblances indicative of the de-
gree of homology of the respective organs,
the degree of affinity of their owners, and
lastly the degree of the structural likeness
attained.

Homogeny.—The structural feature is
invented once and is transmitted, without
a break, to the descendants, in which it
remains unaltered, or it changes by muta-
tion or by divergence, neither of which
changes can bring the ultimate results
nearer to each other. Nor can their owners
become more like each other since the re-
spective character made its first appearance
either in one individual, or, more probably,
in many of one and the same homogeneous
community.

Homoplasy.—The feature or character is
invented more than once, and indepen-
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dently. This phenomenon excludes abso-
lute identity; it implies some unlikeness
due to some difference in the material, and
there is further the chance of the two or
more inventions, and therefore also of their
owners, becoming more like each other than
they were before.

CATEGORIES OF HOMOPLASY

Isotely—If the character, feature or
organ has been evolved out of homologous
parts or material, as is most likely the case
in closely related groups, and if the sub-
sequent modifications proceed by similar
stages and means, there is a fair probability
or chance of very close resemblance. Iso-
tely : the same mark has been hit.

Homaeotely—Although the feature has
been evolved from homologous parts or
material, the subsequent modifications may
proceed by different stages and means, and
the ultimate resemblance will be less close,
and deficient in detail. Such cases are most
likely to happen hetween groups of less
close affinity, whether separated by dis-
tance or by time. Homamo-tely: the same
end has been fairly well attained. The
target has been hit, but not the mark.

Parately.—The feature has been evolved
from parts and material so different that
there is scarcely any or no relationship.
The resulting resemblance will at best be
more or less superficial ; sometimes a sham,
although appealing to our fancy. Para-
tely: the neighboring target has been hit.

EXAMPLES
Isotely:

Bill of the Ardeide baleniceps (Africa) and
Cancroma (tropical America).

Zygodactyle foot of Cuckoos, Parrots, Wood-
peckers (2.3/1.4).

Patterns and coloration of ZElaps and other
snakes.

Parachute of Petaurus (marsupial); Pteromys
(rodent) and Galeopithecus.

Perissodactylism of Litopterna and Hippoids.
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Bulla auris of Plioplatecarpus (Pythonomorphe)
and certain whales; if tympanic = quadrate.

Grasping instruments or nippers in Arthropods:
pedipalps of Phryne; chel® of squill; first
pair of mantis’s legs.

General appearance of moles and Notoryctes, if
both considered as mammals; of gulls and
petrels, if considered as birds.

Homaeeotely :

Heterodactyle foot of trogons, (3.-4/2.1).

Jumping foot of Macropus, Dipus, Tarsius.

Intertarsal and eruro-tarsal joint.

Fusion and elongation of the three middle
metatarsals of Dipus and Rhea.

Paddles of ichthyosaurs. Turtles, whales, pen-
guins.

¢“Wings’’ of pterosaurs and bats.

Long flexible bill of Apteryx and snipes.

Proteroglyph dentition of cobras and soleno-
glyph dentition of vipers.

Loss of the shell of Limax and Aplysia.

Complex molar pattern of horse and cow.

Parately: .

Bivalve shell of brachiopods and lamellibranchs.

Stretcher-sesamoid bone of pterodactyls (radial
carpal) ; of flying squirrels (on pisiform); of
Anomalurus (on olecranon).

Bulla auris of pythonomorph (quadrate) and
whale (tympanic); is ¢ncus = quadrate.

¢¢Wings’’ of pterosaurs, or bats, and birds.

The distinetion between these three cate-
gories must be vague because that between
homology and analogy is also arbitrary,
depending upon the standpoint of compari-
son. As lateral outgrowths of vertebre all
ribs are homogenes, but if there are at least
hemal and pleural ribs then those organs
are not homologous even within the class
of fishes. If we trace a common origin far
enough back we arrive near bedrock with
the germinal layers. So there are specific,
generie, ordinal, ete., homoplasies. The po-
tentiality of resemblance increases with the
kinship of the material.

Bateson, in his study of homceosis, has
rightly made the solemn quotation: ¢‘ There
is the flesh of fishes . . . birds . . . beasts,
ete.”’” Their flesh will not and can not react
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in exactly the same way under otherwise
precisely the same conditions, since each
kind of flesh is already biased, encumbered
by inheritances. If a certain resemblance
hetween a reptile and mammal dates from
Permian times, it may be homogenous, like
the pentadactyle limb which as such has
persisted ; but if that resemblance has first
appeared in the Cretaceous period it is
homoplastie, because it was brought about
long after the eclass division. To cases
within the same order we give the benefit
of the doubt more readily than if the re-
semblance concerned members of two or-
ders, and between the phyla we rightly
seek no connection. However, so strongly
is our mode of thinking influenced by the
prineiple of descent that, if the same fea-
ture happen to crop up in more than two
orders, we are biased against homoplasy.
The readiness with which certain homo-
plasies appear in related groups seems to
be responsible for the confounding of the
potentiality of convergent adaptation with
a latent disposition, as if such cases ef
homoplasy were a kind of temporarily de-
ferred repetition, ¢. e., after all due to in-
heritance. This view instances certain re-
curring tooth patterns, which, developing
in the embryonic teeth, are said not to be
due to active adaptation or acquisition but
to selection of accomplished variations, be-
cause it is held inconeceivable that use, food,
ete., should act upon a finished tooth. It is
not so very difficult to approach the solu-
tion of this apparently contradictory prob-
lem. Teeth, like feathers, can be influenced
long before they are ready by the life ex-
periences of their predecessors. A very
potent factor in the evolution of homo-
plasies is correlation, which is sympathy,
just ag inheritance is reminiscence. The
introduction of a single new feature may
affect the whole organism profoundly, and
one serious case of isotely may arouse un-
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suspected correlations and thus bring ever
80 many more homoplasies in its wake.

Funection is always present in living
matter; it is life. It is function which not
only shapes, but creates the organ or sup-
presses it, being indeed at bottom a kind of
reaction upon some stimulus, which stimuli
are ultimately all fundamental, elementary
forces, therefore few in number. That is
a reason why nature seems to have but few
resources for meeting given ‘‘require-
ments’’—to use an everyday expression,
which really puts the cart before the horse.
This paucity of resources shows itself in
the repetition of the same organs in the
most different phyla. The eye has been
invented dozens of times. Light, a part of
the environment, has been the first stim-
ulus. The principle remains the same in
the various eyes; where light found a suit-
ably reacting material a particular evolu-
tion was set going, often round about, or
topsy-turvy, implying amendments; still,
the result was an eye—in advanced cases
a scientifically constructed dark chamber
with lens, sereen, shutters and other ad-
justments. The detail may be unimpor-
tant, since in the various eyes different
contrivances are resorted to.

Provided the material is suitable, plastic,
amenable to prevailing environmental or
constitutional forces, it makes no difference
what part of an organism is utilized to
supply the requirements of function. You
can not make a silk purse out of a sow’s
ear, but you can make a purse, and that is
the important point. The first and most
obvious cause is function, which itself may
arise as an incidental action due to the
nature of the material. The oxidizing of
the blood is such a case, and respiratory
organs have been made out of whatever
parts invite osmotic contact of the blood
with air or water. It does not matter
whether respiration is carried on by ecto-
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or by endodermal epithelium. Thus are
developed internal gills, or lungs, both of
which may be considered as referable to
pharyngeal pouches; but where the outer
skin has become suitably osmotie, as in the
naked Amphibia, it may evolve external
gills. Nay, the whole surface of the body
may become so osmotic that both lungs and
gills are suppressed, and the creature
breathes in a most pseudo-primitive fashion.
This arrangement, more or less advanced,
occurs in many Urodeles, both American
and European, belonging to several sub-
families, but not in every species of the
various genera. It is therefore a case of
apparently recent isotely.

There is no prejudice in the making of
a new organ except in so far that every
organism is conservative, clinging to what
it or its ancestors have learned or acquired,
which it therefore seeks to recapitulate.
Thus in the vertebrata the customary place
for respiratory organs is the pharyngeal
region. Every organism, of course, has an
enormous back history ; it may have had to
use every part in every conceivable way,
and it may thereby have been trained to
such an extent as to yield almost at once,
like a bridle-wise horse to some new stim-
ulus, and thus initiate an organ straight to
the point.

Considering that organs put to the same
use are so very often the result of analo-
gous adaptation, homoplasts with or with-
out affinity of descent, are we not justified
in accusing morphology of having made
rather too much of the organs as units, as
if they were concrete instead of inducted
abstract notions? An organ which changes
its function may become a unit so different
as to require a new definition. And two
originally different organs may come to
resemble each other so much in function
and structure that they acquire the same
definition as one new unit. To avoid this
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dilemma the morphologist has, of course,
introduced the differential of descent,
whether homologous or analogous, into his
diagnoses of organs.

The same principles must apply to the
classification of the animals. To group the
various representative owners of cases of
isotely together under one name, simply
because they have lost those characters
which distinguished their ancestors, would
be subversive of phyletic research. It is of
the utmost significance that such ‘‘con-
vergences’’ (rather ‘‘mergers,”’ to use an
administrative term) do take place, but
that is another question. If it could be
shown that elephants in a restricted sense
have been evolved independently from two
stems of family rank, the convergent ter-
minals must not be named Elephantine,
nor can the representatives of successive
stages or horizons of a monophyletic family
be designated and lumped together as sub-
families. And yet something like this
practise has been adopted from Cope by
experienced zoologists with a complete dis-
regard of history, which is an inalienable
and important element in our science.

This procedure is no sounder than would
be the sorting of our Cartwrights, Smiths
and Bakers of sorts into as many natural
families. It would be subversive of classi-
fication, the aim of which is the sorting of
a chaos into order. We must not upset the
well-defined relative meaning of the classifi-
catory terms which have become well-estab-
lished conceptions; but what such an as-
sembly as the terminal elephants should be
called is a new question, the urgency of
which will soon become acute. It applies
at least to assemblies of specific, generic
and family rank, for each of which grades
a new term, implying the principle of con-
vergence, will have to be invented. In
some cases geographical terms may be an
additional criterion. Such terms will be
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not only most convenient, but they will at
once act as a warning not to use the com-
ponent species for certain purposes. There
is, for instance, the case of Typhlops
braminus, mentioned at the beginning of
this address. Another case is the dog spe-
cies, called Canis familiaris, about which
it is now the opinion of the best authori-
ties that the American dogs of sorts are the
descendants of the coyote, while some In-
dian dogs are descendants of a jackal, and
others again are traceable to some wolf.
The ‘‘dog,”” a definable conception, has
been invented many times, and in differ-
ent countries and out of different material.
It is an association of converged hetergene-
ous units. We have but a smile for those
who class whales with fishes, or the blind-
worm with the snakes; not to confound the
amphibian Ceecilians with reptilian Am-
phisbenas requires some training; but

what are we to do with creatures who have

lost or assimilated all those differential char-
acters which we have got used to rely upon?
~In a homogeneous crowd of people we
are attracted by their little differences,
taking their really important agreements
for granted; in a compound crowd we at
once sort the people according to their
really unimportant resemblances. That is
human nature.

The terms ‘‘convergence’’ and ‘‘paral-
lelism’’ are convenient if taken with a
generous pinch of salt. Some authors hold
that these terms are but imperfect similes,
because two originally different organs can
never converge into one identical point,
still less can their owners whose acquired
resemblance depresses the balance of all
their other characters. For instance, no
lizard can become a snake, in spite of ever
so many additional snake-like acquisitions,
each of which finds a parallel, an analogy
in the snakes. Some zoologists therefore
prefer contrasting only parallelism and
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divergence. A few examples may illustrate
the justification of the three terms. If out
of ten very similar black-haired people only
two become white by the usual process, whilst
the others retain their color, then these
two diverge from the rest; but they do not,
by the acquisition of the same new feature,
become more alike each other than they
were before. Only with reference to the
rest do they seem to liken as they pass from
black through gray to white, our mental
process being biased by the more and more
emphasized difference from the majority.

10 A4z Bx Cx D E F
9

Wk O O 3 ®©

2 Az Bx
14 B C DEF

Supposing 4 and B both acquire the
character X and this continues through
the next ten generations, while in the de-
scendants of C the same character is in-
vented in the tenth generation, and whilst
the descendants of D, E, F still remain un-
altered. Then we should be strongly in-
clined, not only to key together C(x/10)
with 4 (2/10) and B(z/10), but take this
case for one of convergence, although it is
really one of parallelism. If it did not
sound so contradictory it might be called
parallel divergence. The inventors diverge
from the majority in the same direction:
Isotely.

Third case: Ten people, contemporaries,
are alike but for the black or red hair.
Black A turns white and Red E turns
white, not through exactly identical stages,
since F will pass through a reddish gray
tinge. But the result is that A and E be-
come actually more like each other than
they were before. They converge, although
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they have gone in for exactly the same di-
vergence with reference to the majority.

In all three cases the variations begin by
divergence from the majority, but we can
well imagine that all the members of a
homogeneous lot change orthogenetically
(this term has been translated into the far
less expressive ‘‘rectigrade’’) in one di-
rection, and if there be no lagging behind,
they all reach precisely the same end. This
would be a case of transmutation (true
mutations in Waagen’s and Secott’s sense),
producing new species without thereby in-
creasing their number, whilst divergence
always implies, at least potentially, increase
of species, genera, families, ete.

If for argument’s sake the mutations pass
through the colors of the spectrum and if
each color be deemed sufficient to designate
a species, then, if all the tenth generations
have changed from green to yellow and
those of the twentieth generation from yel-
low to red, the final number of species
would be the same. And even if some
lagged behind, or remained stationary,
these epistatic species (Eimer) are pro-
duced by a process which is not the same as
that of divergence or variation in the usual
sense.

The two primary factors of evolution are
environment and heredity. Environment
is absolutely inseparable from any existing
organism, which therefore must react
(adaptation) and at least some of these re-
sults gain enough momentum to be carried
into the next generation (heredity).

The life of an organism, with all its ex-
periments and doings, is its ontogeny,
which may therefore be called the subject
of evolution, but not a factor. Nor is se-
lection a primary and necessary factor,
since, being destructive, it invents nothing.
It accounts, for instance, for the composi-
tion of the present fauna, but has not made
its components. A subtle scholastic insinu-
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ation lurks in the plain statement that by
ruthless elimination & black flock of pig-
eons can be produced, even that thereby the
individuals have been made black. (But of
course the breeder has thereby not invented
the black pigment.)

There can be no evolution, progress,
without response to stimulus, be this en-
vironmental or constitutional, <. e., depend-
ing upon the composition and the corre-
lated working of the various parts within
the organism, Natural selection has but to
favor this plasticity, by eutting out the
“non-yielding material, and through in-
heritance the adaptive material will be
brought to such a state of plasticity that it
is ready to yield to the spur of the moment,
and the foundation of the same new organs
will thereby be laid, whenever the same
necessity calls for them. Here is a di-
lemma. On the one hand the organism
benefits from the ancestral experience, on
the other there applies to it de Rosa’s law
of the reduction of variability, which nar-
rows the chances of change into fewer di-
rections. But in these few the changes will
proceed all the quicker and farther. Thus
progress is assured, even hypertely, which
may be rendered by ‘‘overdoing a good
thing.”’

Progress really proceeds by mutations,
spoken of before, orthogenesis, and it would
take place without selection and without
necessarily benefiting the organism. It
would be mere presumption that the seven-
gilled shark is worse off than its six- or
five-gilled relations; or to imagine that the
newt with double trunk-veins suffers from
this arrangement, which morphologically is
undoubtedly inferior to the unpaired,
azygous, ete., modifications. The fact that
newts exist is proof that they are efficient
in their way. Such orthogenetic changes
are as predictable in their results as the
river which tends to shorten its course to
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the direct line from its head waters to the
sea. That is, the river’s entelechy is ne
more due to purpose or design than is the
series of improvements from the many gill-
bearing partitions of a shark to the fewer,
and more highly finished comb-shaped gills
of a Teleostean fish.

The success of adaptation, as measured
by the morphological grade of perfection
reached by an organ, seems to depend tupon
the phyletic age of the animal when it was
first subjected to these ‘temptations.’’
The younger the group, the higher is likely
to be the perfectionn of an organic system,
organ or detail. This is not a platitude.
The perfection attained does not depend
merely upon the length of time available
for the evolution of an organ. A recent
Teleostean has had an infinitely longer time
as a fish than a reptile, and this had a
longer time than a mammal, and yet the
same problem is solved in a neater, we
might say in a more scientifically correct
way by a mammal than by a reptile, and
the reptile in turn shows an advance in
every detail in comparison with an am-
phibian, and so forth.

A few examples will suffice:

The claws of reptiles and those of mam-
mals; there are none in the amphibians, al-
though some seem to want them badly, like
the African frog Qampsosteonyz, but its
cat-like claws, instead of being horny
sheaths, are made out of the sharpened
phalangeal bones which perforate the skin.

The simple contrivance of the rhinocero-

tic horn, introduced in Oligocene times,

compared with the antlers of Miocene Cer-
vicornsa and these with the response made
by the latest of Ruminants, the hollow-
horned antelopes and eattle. The heel-
joint; unless still generalized, it tends to
become intertarsal (attempted in some liz-
ards, pronounced in some dinosaurs and in
the birds) by fusion of the bones of the
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tarsus with those above and below, so that
the tarsals act like epiphysial pads. Only
in mammals epiphyses are universal. Tibia
and fibula having their own, the pro-
nounced joint is eruro-tarsal and all the
tarsals could be used for a very compact,
yet non-rigid arrangement. The advan-
tage of a cap, not merely the introduction
of a separate pad, is well recognized in
engineering.

‘Why is it that mammalian material can
produce what is denied to the lower classes?
In other words, why are there still lower
and middle classes? Why have they not all
by this time reached the same grade of per-
fection? Why not indeed, unless because
every new group is less hampered by tradi-
tion, much of which must be discarded with
the new departure; and some of its energy
is set free to follow up this new course,
straight, with ever-growing results, until in
its turn this becomes an old rut out of
which a new jolt leads once more into fresh
fields. H. F. Gapow

THE NEW RELATIVITY IN PHYSICS

Ever since Newton’s corpuscular theory of
light was supplanted, early in the nineteenth
century, by the theory that light travels in
waves through ether as sound through air,
physicists have been endeavoring to obtain
direct experimental evidence about this in-
visible, imponderable ether.

The earth sweeps through space with a
velocity of about 2,000 miles a minute; if
ether fills all space, it should be possible with
the delicate instruments now in our posses-
sion to detect an ether drift, an optical effect
caused by the motion of the earth through the
ether.

Among others, Professors Michelson and
Morley* tried to detect this ether drift experi-
mentally, but obtained purely negative results.
Although they failed to get evidence of an
ether, they did obtain new physical facts of

1 Silliman’s Journal, 34: 337, 1887.
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an even greater importance, which have caused
us to readjust our concepts of space and time.

Let us assume that the sun and earth are
at rest in space; it then takes a beam of light
about eight minutes to travel through space
from the sun to the earth.

If we assume that both sun and earth are
in uniform translation through space, that is,
that both are in motion along the same
straight line, we would expect, since the
velocity of light can not be increased or dim-
inished by motion of its source, that a light
beam would be longer on its way from sun to
earth when it travels in the direction of the
motion, and that the light beam would be a
shorter time on its way when it travels counter
to the motion; in traveling with the motion
the light beam would overtake the earth; when
the direction of the motion is reversed, earth
and light flash would meet.

These deductions, according to the principle
of relativity, are not valid, for the facts pre-
sented by Michelson’s experiments show us
that the number of seconds that a light flash
is on its way can neither be increased nor
diminished when the interstellar space through
which the light has to travel is arbitrarily in-
creased or diminished by giving source and
observer the same uniform translation.

Newton based his mechanics upon absolute
space and time,’ “not that which the vulgar
associate with sensible objects.” Clerk Max-
well® said: “All our knowledge, both of time
and place, is essentially relative.” Yet he
could not free himself from the Newtonian
mechanics, and it was not until 1905 that
Albert Einstein* repudiated the word absolute,
and out of the “vulgar” ideas of space and
time developed the modern theory of rela-
tivity. Einstein was then an employee in the
patent office at Bern, and it is but fitting that
in Switzerland, which has furnished the world
with so many timepieces, new thoughts with

2 Newton, ¢‘Principia,’’ 1: 8, 1822,

3 Maxwell, ‘‘Matter and Motion,”’ p. 30 (Van
Nostrand ed., 1892).

* Annalen der Physik, 17: 905, 1905; Jahrbuch
der Radioaktivitaet und Electronik, 4: 411, 1907.



