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AS REVEALED BY VERTEBRATE

PALZONTOLOGY *

By Dr. HENrY FAIRFIELD OSBORN,

Senior Geologist, U.S. Geological Survey; Hon.
Curator Vertebrate Palzontology, American Museum
of Natural History ; Research Professor of Zoology,
Columbia University.

 Discussiohs of evolution came to an end primarily
because it was obvious that no progress was being made,
. . . We became geneticists in the conviction that there
at least must evolutionary wisdom be found. . .. The
discontinuity of variation was recognised in abundance.
Plenty of the Mendelian combinations wounld in nature
pass the scrutiny of even an exacting systematist and be
given ' spscific rank.” In the light of such facts the origin
of species was no doubt a similar phenomenon. . . . We
cannot see how the differentiation into species came about,
Variations of many kinds, often considerable, we daily
witness, but no origin of species. . . . That particular and
essential bit of the theory of evolution which is concerned
with the origin and nature of species remains utterly
mysterious.” (William Bateson : Evolutionary Faith and
Modern Doubts. Address in Toronto, December 28, 1921.)

geologists Hutton and Lyell, the masters of
arwin, overthrew the cataclysmic hypothesis of
earth formation by the new uniformitarian doctrine
in geology, ** We inust interpret the past by the
present,”  Now is the time in biology to reverse this
doctrine and demonstrate that we must inferpret the
present by the past. This we owe to the discovery of
continuous genetic phyla of both invertebrate and
vertebrate animals, in which the.evolution of the
germ-plasm can be continuously traced.

As distinguished from all observations in zoology,
we deal in palmontology with secular evolution,
which we observe the adaptive action and veaction of the
hevedity gevmn ovev lomg periods of time. We also ob-
sexrve the secular action of natural selection (Darwin's
selection factor), the secular direct reaction to environ-
ment (Buffon’s factor), the secular adaptive action of
habit (Lamarck’s factor), the secular adaptive reaction

1 Address delivered before the National Academy of Sciénces, ‘Washington,
on April 28, ' ) .
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to the living environment (Darwin’s factor). As
developed between 1893 and 1915 by Osborn, we must
sharply separate Darwin’s factor of selection, which
has no energy content, and the above four energetic
forces of evolution, namely, heredity, physical en-
vironment, living environment, and individual develop-
ment or ontogeny.

Every organism develops through the normal inter-
action of these four forces ; if either force is not normal
the organism is not normal ; if either force is progres-
sive the organism will tend to be progressive ; if either
force is retrogressive the organism will tend to be
retrogressive in the same manner. Whereas in the
transmutation of chemical elements and evolution of
form in all the inorganic universe we have to do only
with the action, reaction, and interaction 2 of internal
forces and external forces, in the transmutations of
life we have to do with these four complexes of energy :
first, the internal potential energy of heredity as
observed in phylogeny; secondly, the internal energy
of the developing organism as observed in ontogeny ;
thirdly, the external emergy of the physical universe
known as environment; fourthly, the rapidly multi-
plying energy of surrounding plant and animal
organisms, known as the biota, From the beginning
of life every typical organism is invariably developed
under this quadruple principle, which is termed
tetrakinesis in application to function, tetraplasy in
application to form., Thus, whereas inorganic trans-
mutation may be twofold in its elaborate complexes
of energy, organic transmutation is invariably four-
fold in its elaborate complexes of energy.

Herein lies the first distinction between inorganic
and organic evolution. The second distinction is that
before life appeared, the inorganic physico-chemico-
mechanical content of our planet was exactly the same,
Not a single combination of energy and matter in the
entire planet was capable of Tesisting shock, of
repairing waste, of combating disintegration, of co-
ordinated resistance; consequently, the structyral
history of the inorganic planet was one of alternate
construction and destruction. The third distinction

1 From E. B. Wilson's ¢ The Physical Basis ¢f Life " we quote a few Jines
embodying our idea of reaction : * No conception of modern biology offers
greater promise for the af}hysim-nhemical analysis of vital phenomena than
that the cell is a colloidal syetem ; and that what we call lifé is, in the words
of Czapek, a complex of innumerable chemisal reactions in the substance
of this system,” ~Also of imteraction: It has been proved that the in-

dividual unit often affects the production not merely of one character, but

of many. The converse probability is shaping itsélf that the production
of any single character requires the co-operation of several or many units,
possibly of all. . . . Every unit may affect the whole organism and all
the uniis may affect each character. . , . The whaole system may be involved
in the production of every character.” L .
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is that while the evolution of life advances by physical,
chemical, and mechanical methods which we may
more or less definitely measure and observe, this is
only a half-truth, because living mechanisms differ
from lifeless mechanisms, no matter how perfect, in
being more or less self-adapting, self-repairing, self-
perfecting, self - regenerating, self - modifying, self-
resourceful, self-experimental, self-creative, It is
observed that these self-adaptive powers lie solely in
the internal potential energy of heredity, while they
may be evoked as reactions to changing physico-
chemical environment, to ontogenetic experience, to
the changing biota of animal and plant life. Organs,
tissues, and cells that have lost connexion with the
heredity germ-plasm wear out exactly like other
machines. ‘

Consequently, the prefix bio is essential; in living
things we are dealing with bio-physical, bio-chemical,
bio-mechanical phenomena. Life has a bio-physico-
chemico-mechanical basis. '

. The primary relation of these four bio-physical,
bio-chemical, bio-mechanical actions and reactions,
all involving energy, to Darwin’s non-energetic
principle of natural selection may be illustrated in
the annual migration of the golden plover, Charadrius
dominicus, Numbers of this species winter in Hawaii,
where the oceanic climate is singularly uniform the
year around, with no violent changes of season. The
inborn impulse to northern migration is chiefly a
bio-chemical process ; the inborn sense of direction
that guides the bird northward over two thousand
miles of open ocean is chiefly a bio-physical process ;
the flight is bio-mechanical so far as the heart, the
circulation of the blood, the bones, and the muscles
are concerned, but bio-chemical in its energy supply.
Under the severe struggle for existence all atypical
plover probably drop intc the sea, but under bio-
mechanical self-adaptation every plover that com-
pletes the flight to the nesting-place is improved
thersby, and in this process the whole race is annually
standardised. This crucial, dominant bio-physical,
bio-chemical, bio-mechanical period of flight transfers
the bird into the breeding grounds, where new prip-
ciples of natural selection prevail, especially in all the
bio-chemical activities of the plover, .

In this plover story we illustrate two fundamental
principles of biology : first, as the primordial part of
the process, the tetraplastic principle of the animal -
mechanism developed by Osborn between 1803 and
1918, that all typical organisms depend upon the
typical action, reaction, and interaction of the four
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omplexes of energy, physical, chemical, mechanical.
gecondly, (@) Darwin’s selection principle, whereby all
organisms are constantly standardised in their adapt-
ive actions, reactions, and interactions ; (b) subsidiary
to this, the Osborn-Baldwin-Morgan principle (1896—
1808) ‘of * coincident selection,” ~whereby through
heritable potentialities of self-improvement, self-
adaptation, etc., every race of organisms is not only
standardised but also constantly improved; (¢) the
negative of Darwin's principle, the *‘ cessation of
selection’” or panmixia of Weismann, whereby there is
a gradual recession of unused or less used organs from
a dominant to a subsidiary position in the life of the
organism, finally to retention only in the germinal
stage; (4) theinternal bio-mechanism of selection, the
‘“ intra~selection ' of Roux, whereby every element
in the developing organism alsc has to contribute its
guota or decline. ‘

While intensive observation by paleontology of
successive genetic phyla of organisms demonstrates
that the chief selection principle of Darwin is con-
gtantly operating in the rise and decline of all adaptive
bio-mechanical organs, the subsidiary fortuitous
selection hypothesis as originally conceived by Darwin
leaves the greater part of the bio-mechanical evolution
process entirely unaccounted for., While we palse-
ontologists observe great currents of continuous bio-
mechanical adaptation which are actually going on in
the heredity germ-plasm, we find no evidence either
of chance or of discontinuity in the whole domain
of bio-mechanical evolution. The surface ripples of
fortuity as observed in De Vriesian mutation and the
occasional waves of heritage variation observed. in

botany,zoology, experimental embryclogy, and genetics

do not -blind us to the continuous adaptive bic-
mechanical evolution of each organism, even to the
minutest bio-mechanical detail in each organ.
. This -statement is borne out in a recapitulation
of the chief bic-mechanical principles of adaptation
formulated from the time of Aristotle and of Em-
pedocles to the present time, five of which were first
observéd in zoology and confirmed in palmontology,
the remaining four principles having been observed
only in palzontology. B
I. Just as in the inorganic world energy directs
matter, not matter energy, so motion or function
invariably precedes form ; change of motion or func-
_tion precedes change of form.® A static condition

8 See D’Arcy W. Thompson,  Growth and Form *' (Cambridge, 1917),
Chapterz, See Osborn, ¢ Origin and Evolution of Life”’ (New York, 1916),
Introduction, ’ . -
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of form, in either the trunk, the limbs, the vertebre,
or the teeth, implies a static condition of habit, of
habitat, or of function; consequently, a new habit
(ontogeny), in. either the unchanged or changing
environment, gives rise to a new movement or function
and results in change of form in the organ most
directly affected, Each particular organ and each
part of an organ may manifest a dependent or in-
dependent change of function and consequent change
of form ; thus a series of organs or of closely related
or similar parts of the same organ may manifest either
harmonic or disharmonic change. This principle,
first observed by Aristotle, more or less developed by
Lamarck, and more specifically by Cope, has been
confirmed by such observations as those of Arbuthnot
Lane.

- II. The principle of compensation on cconomy of
growth, first formulated by Aristotle and later more
clearly by Geoffrey St. Hilaire (lof de balancement des
organes), whereby the increased motion or function of
one organ is compensated for by diminished motion
or function ¢of another organ, is a bio-mechanical
principle -thoroughly established in vertebrate palee-
ontology; not cnly adjacent or related organs, but
organs widely separated functionally and anatomically
rigidly obey this economic law, which receives its
mostsubstantial demonstration in paleontologic series.
Its corollary is development and perfection through
use and degeneration through disuse.

AXY. The principle of continwity, in which evolution
is like growth, is one which could be discovered and
observed only in paleontology, where large numbers
of successive lines of descent of organisms can be
observed. To our knowledge, this principle was first
‘observed by the invertebrate paleontologist Waagen
in 1869, who observed continuous change whereby a
minute and inconspicuous organ gradually in geologic
succession becomes so conspicuous as to constitute a
stage; he named this stage a * mutation,” a term now
used in paleontology in a sense directly opposite to
its borrowed use:in botany and zoology. .Following
the establishment of the principle of continuity by
many invertebrate palseontologists came the vertebrate
studies of Déperet and especially of Osborn, who in
his monograph of researches on the evolution of the
titanotheres? has firmly established this principle.
Every bio-mechanical organ in evety part invatiably
arises and evolves through a continuous process, and

. 4 H, F. Oshora, *The Titanctheres of Anclent Wyoming, Dakota, and
Nebraska,” United.States Geological Survey Monograph, No. 53. .Now
dn press, A sequel to the monographs of O, C, Marsh,
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in this respect evolution is a forecast of ontogeny or
individual development, Fach new adaptive organ
rises gradually and confinuously out of the germ-
plasm, passes into a stage of mechanical perfection,
and then subsides into the germ-plasm and disappears.

IV. The principle of germinal or evolutionary lrend in
a definite divection. So far as I know, this was first
expressed by the Austrian palmontologist Neumayr,
who applied to this trend the term ‘ Mutations richt-
ung,” equivalent to * trend of evolution.” He applied
-itto justsuch charactorsof ornament, shell marking, and
shell proportion as those observed by his predecessor
‘Waagen in his ““ mutations.” This cumulative ortho-
genetic trend in evolution of organs in certain definite
directions is also firmly established in both invertebrate
and vertebrate palmontology. It may be quite ante-
cedent to ontogenetic habit or function and, conse-
quently, by its independence of origin is purely
gorminal ; it is a process resident in the heredity
germ itself, )

V. The principle of accelevation and retavdation.

Observed by Von Baer in embryology, this principle.

was formulated and elaborated in palaeontology by
Alpheus Hyatf, a member of this Academy. It is
one of the most important principles in bio-mechanical
evolution, as hurrying forward or holding back the
development of organs to the exact moment when they
are first needed and most needed by the organism.
For example, in all hoofed animals of the plains, where
the young may be required to run with the mother
immediately after birth, the adult limb proportions
are pressed back into the prenatal stage so that the
young at birth may be able to keep pace with the
mother, for a few moments at least. This bio-
mechanical principle can only be explained by Darwin’s
selection principle operating on heritable variations.
VI, The principle of allometry, or change of pro-
portion as studied by Osborn in the Titanothere
Monograph.* Adaptation through change of propor-
tion is the most universal principle in vertebrate
evolution. Ttisduetothreecauses: (@) the elongated
neck of the giraffe, alternately cited by Lamarck and
Darwin as due fo inheritance or selection, may be
experimentally shown to be due to the deferred
inheritance of an acquired adaptation through the
coincident selection of all fluctuations in the adaptive
direction. (&) All changes of proportion which are
not caused by either habit or selection fall under
the principle of * Mutations richtung ”” or evolutionary
trend, whether observed in the shells of invertebrates
or in the head form of the mammals, including man,

- a—
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{¢) All changes of proportion which are influenced by
habit are due to this dual mode of accumulation ; by
experimental adaptation in a single lifetime, e.g. the
hind limbs of a dog with proportions of the running

.type are changed into hind limbs with proportions of

the leaping type by the process brought about by the
principles of compensation and self-adaptation.

VII. The principle of vectigradation ® in adapiive
organs arising from the germ-plasm passing continu-
ously from the most rudimentary into the most
efficient and highly developed stages. First observed
in the Primates in 1889 by Osborn, this principle has
since been confirmed in the other four great orders
of mammals, the horses, rhinoceroses, titanotheres,
and the proboscideans (Osborn, 188g-1911), Conse-
quent on this principle is the ** potential homology *
of organs {Osborn, rgoz—1911), in contrast with the
true homology of Aristotle, or * genetic homogeny.”
For example, all the bony elements of the limb of the
Tetrapoda are homologous in Aristotle's sense; all
except one of the elements in the grinding teeth of the
mammals are instances of potential homology rather
than of genetic.

VIIL, The principle of experimental adapiation.
This principle is fundamental ; the * trial and error **
or experimental impulse as obsefved in the freely
moving Protozoa prevails throughout the animal king-
dom and is one of the chief ontogenetic phenomena.
Thus many of the higher mammals, especially the
equines and the proboscideans, guide their own evolu-
tion through initiative and resourcefulness just as
man is able to guide his own eveolution in adaptation
to new conditions of environment and biota. This
principle in part accounts for the extraordinary
diversity of the mammalian kingdom, which since the
close of the Cretaceous has radiated from small rat-
like forms into the marvellous diversity of the existing
mammalian life, while the Crocodilia and Testudinata
remain as they were at the close of the Age of Reptiles.

IX., The principle of adaptive radiation, continental,
local, oceanic. While all sessile organisms like plants
and sessile invertebrates develop superb bio-mechan-
isms simply in direct reaction to stresses and strains,
and while static organisms like the Crocodilia and
Testudinata remain in the condition of arrested
development through conservation of habit, the freely
mobile organisms like the Lacertilia and Ophidia

* Eimer sets forth a graduated evolution as comparable to organic growth,
The conception of rectigradation as defined by Oshorn is net found in
Eimer’s volume, nor is the word * orthogenesis '’ attributed to Eimer of the

same import as rectigradation, (Eimer-Cunningham, * Organic Evolition
as the Result of Acquired Characters,” 18g0.)



[8]

among reptiles, the birds, and all divisions of the
mammals” enter mew ontogenetic and phylogenetic
phases through the principle of adaptive radiation
(Osborn), which is an elaboration of Tamarck's
Ebranchement and Darwin's ““ divergence.” Repeatedly
in all four classes of vertebrates we observe the cycle
of terrestrial, fossorial, aquatic, often ending in marine
adaptation of the body and limbs. Also terrestrial,
arboreal, glissant, and volant forms arise. Meanwhile
insectivorous diet may branch into carnivorous or omni-
vorous on cne hand, or into herbivorous or frugivorous,
leaf - eating, browsing, grazing adaptations of the
general mechanism on the other. Under this principle
.asdeveloped by Osborn fall the bio-mechanical processes
of convergence, the homoplasy of Lankester, and the
alternative habitat discussed and elaborated by Dollo.
In every instance where we can observe transition
from one habitat or from one {feeding to another; the
adaptive response of the organism to the new condi-
tions is immediate. The response of heredity to new
conditions is very gradual. For example, heredity
may conserve °‘ paleeotelic ’ adaptations in a ' cceno-
telic’’ exterior. In Gregory’s language, * heritage” is
long concealed by “ habitus,”” but after the passage of
very long periods of time ceenotely replaces paleotely
and habitus gives rise to new heritage,

It should be said that, of these nine bio-mechanical
principles, five were first observed in zoology and
were afterwards confirmed and greatly clarified in
palzontology, namely, the principle of function pre-
ceding form, the compensation principle of Aristotle
and St. Hilaire, the acceleration and retardation
principle, the experimental adaptation principle, and
-the adaptiveradiation principle. Fourmay beobserved
only in’ palzontology, namely, the mutation principle
of Waagen and the “ Mutationsrichtung "’ of Neumayr,
the rectigradation principle of Osborn, the continuity
principle of Waagen, Neumayr, and Osborn.

. These nine principles are well-substantiated facts ;
they are not hypotheses or theotiés, = They include
the observed modes by which new mutations, new
species, new genera, new families, new orders of
vertebrates arise in their bio-mechanical evolution,
Every particulate organ of the skull, limbs, and teeth
develops and evolves continuously in perfect bio-
mechanical response or reaction to fixed or changing
life environment and habit. The germ-plasm condi-
tioning this bio-mechanical adaptation also evolves
continuonsly, butlags far behind ontogenic adaptation,
whether it be to produce the static mechanism of
Sequoia gigantea or the mobile mechanism of the sperm
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whale, Physeter macvocephahis, or the no less marvellous
mammoth, Elephas primigenius. Slowly following in
secular time, adaptive reactions to new living environ-
ment, to new forms of self-adaptation, there is the
onward germinal impulse, The rise of new rectigrada-
tions and allometrons in the germ-plasm is not in the
nature of vitalism or preformation, but of more or less
defefred adaptive reaction to secular experience.

Passing from the boundaries of actual observation,
we may point out the bearing of the above nine
principles upon some of the current hypotheses and
opinions as to the causes of evolution, :

It is, for example, frequently stated that enviren-
ment ig the cause of evolution ; this is only a quarter
truth, as may be seen by consideration of the following
eleven observations made in-palzontology :

1. Bio-mechawical evolution may be as rapid in a
fixed physical environment like the ocean as in a
changing environmeht like a continental surface,
because bio-mechanical evolution depends as much on
living environment ébiota), on - self-adaptation, on
plastic heredity as it does upon physical environment.

2. As to static hevedify, during the whole changing
period of the Age of Mammals, mechanical evolution
of two orders of reptiles, the Crocodilia and the
Chelonia, was practically arrested, while mechanical
evolution of the mammals was extremely rapid. This
principle shows that certain animals had a fixed
heredity while others had a plastic heredity.

3. As againsi Lamarchism and the Lamarckian
hypothesis of the influence of animal intelligence on
evolution, mechanical adaptation of the small-brained,
cold-blooded .reptiles was as great, or greater, during
the Age of Reptiles as that of the warm-blooded,
large-brained mammals during the Age of Mammals,

4. As against Lamarvckism which involves the efforts,
desires, and movements of animals in mechanical
evolution, it may be said that mechanical adaptations
in nerveless plants which have no movements or
nervous systems are quite as remarkable as are those
in the nervous and sensitive and mobile vertebrates.
This proves that mechanical adaptation may be quite
independent of the nervous system of animals or of
the inherited effects of reaction to motion, Never-
theless, as Lamarck believed, all mobile vertebrates,
like all human beings, are able to alter the trend of
their evolution through the search of new food (biota},
through meeting new competitors (biota), through
entering new environment by geologic change or by
migration (environment), through self-adaptation by
new habits (ontogeny).
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5. As against Lamarckism, in the horse family it
is ‘observed that mechanical evolution of the limbs
and feet, which are rapidly improved and adapted by
habit (ontogeny), is less rapid and less remarkable
than the mechanical evolution. of the teeth, organs
which are entirely preformed by heredity and are
degtroyed by use and habit in ontogeny. The same
ig true of the marvellous mechanical evolution of the
grinding teeth of the Proboscidea.

6. As against Davwin’s principle of bio-mechanical
evolution through selection and the survival of
favourable variations, we obsetrve that the mechanical
evolution of the most rapidly breeding animals, such
as the rodents, was much less exireme during the
FPleistocene time than the mechanical evolution of the
slowest breeding animals, the elephants, During the
500,000 years of the Pleistocene period there was an

intensely rapid evolution of the dental mechanism of -

the slow-breeding elephant and litile or no evolution
in the dental evolution of the fast-breeding rodents.

7. As against both Lamarck and Darwin, the prin-
ciple of rectigradation -(Osborn) shows that new
mechanical adaptation organs arise out of the germ-
plasm without the antecedent action of seli-adaptation.
{@) While in all parts of the skeleton the principle of
mechanical self-adaptation prevails and new propor-
tions, new characters, new adaptations, new functions,
new modes of locomotion may be created in the life-
time of a single individual, all that is transmissible in
heredity is the germinal wvariation to plasticity or
adaptability in the desited direction, which may be
accumulated through coincident selection as applied
by Osborn, Baldwin, and Morgan, (&) Even more
perfect mechanical adaptations arise in the grinding
teeth which are not perfected during lifetime.

8. As against mutational ov saliatory hypotheses of
evolution hitherto held by Bateson and his school, the
principle of bio-mechanical continuity is so firmly
established that we may attribute all discontinuity
in bio-mechanical evolution to abnormal, unnatural,
pathogenic causes or, through recent discovery, to
endocrinal disturbance, Whatever may be true in
bio-chemical evolution, in colour, in immunity, in
metabolism and phenomena of that order, we may
be certain that the bio-mechanical evolution of the
skeleton and teeth as observed in palzontology
assumes and follows its firm and undeviating order.

9. Bio-mechanical evolution as observed in full pale-
ontological series, whether vertebrate or invertebrate,
gives the death-blow to the chance hypothesis of
Democritus and Empedocles raised into a scientific
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system in the subsidiary fortuitous selection hypo-
thesis of Darwin. Natureisobservedtotakenochances,
either in the transformation of existing mechanical
organs ot in the origin of new mechanical characters
and -inventions. New parts of the organic machine
arise in rudimentary condition but perfect order out of
the germ-plasm when the demand for them arises:
they do not arise automatically without an antecedent
bio-mechanical stimulus.. They play their continu-
ously adaptive service ; when no longer useful they
subside and sink back into the germ-plasm, where
the power of reproduction is ultimately lost.

Every single one of hundreds of bic-mechanical
characters of which the evolution has been observed
follows the nine principles enunciated above.

10. The loss of bio-mechanical ovgans in the verte-
brates is never sudden, as if due to the presence and
absence principle of Mendelism. Organs evolved
through a long process of continuity show remarkable
heritable stability, like longheadedness in man or in
the hoofed mammals when crossed with broadheaded
types. In the horse-ass hybrid, for example, most of
the bio-mechanical skeletal characters transmitted are
those of the horse, all of which have evolved over a
very long period of time-—hundreds of thousands of
years. Certain of the bio-mechanical characters and
most of the psychic characters are those of the ass,
Thus a continuity in bio-mechanical evolution may
give rise to Mendelian discontinuity in hybridising,
exactly as it ‘does in the matter of bio-chemical
evolution.

- I1. Every vace will move or less vapidly lose its typical
form in any one of four ways consistent with the
tetraplastic and tetrakinetic principle of Osborn : {a)
by alteration of its intérnal energies of heredity
(phylogeny) ; (B} by alteration of the external energies
of environment; (¢) by alteration of the external
energies of the biota of plant and animal environment;
(d) by alteration of the internal energies of habit or
ontogeny. Any one of these four energetic changes
will immediately precipitate a new action of selection,
and as a secular process will alter the germ-plasm,

It appears from these eleven observations that

. paleontology is a two-edged sword which is equally

ruthless in the Darwin-Weismann and the Lamarckian
fields of speculation. ' g

In conclusion, what really happens in the natural -
origin of species in bio-mechanical characters is this ;
Whenever all the four enevgetic conditions of hevedity,
of envivonment, of biota, of habit ov omtogeny, and the
nov-energetic -condition “of the struggle fov existence
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(selection) ave the same, theve will avise similay ascending
mulalions, species, gemora, families. New similar or
parallel species of hoofed animals actually arise at
approximately, if not at precisely, the same rate,
whether we observe them in France, Mongolia, or the
Rocky Mountain region.

My rejoinder to Bateson’s statement® that *“the
origin and nature of species remaing utterly mysterions”
is that thirty-six years of intensive palaontologic
exploration and research have so clearly and repeatedly
revealed how new bio-mechanical species arise that
we can safely predict not only what the species is, but
also where it is most likely to be found and in what
stage of evolution it will be found. Such prediction
has recently been fulfilled in a most brilliant manner
in our discoveries of the Titanotheres in central
Mongolia, Whatever may prove true as regards
species founded on bio-physical or bio-chemical char-
acters, the research is neatly closed on the modes of
origin of bio-mechanical species, because we have little
more to learn. _

The causes of these origins is quite another matter;
Some day we may be able to work out the separate
contribution of each of the four energetic factors,
heredity, environment, ontogeny, biota to germinal
evolution. We paleontologists observe exactly how
the process of germinal évolution of bio-mechanieal
characters goes on, adaptive in every stage, just as the
embryologists observe how the process of adaptive
development goes on wherely the invisible germ turns
gradually into the adult and perfected skeleton and
teeth. There iy no accident in either mode of trans-
formation, evolutionary or developmental, nor is
there anything that we can comprehend. On the
whole, the order of evolution imitates the order of
development ; both processes, to our mind, are equally
inexplicable, and will probably remain so,

¢ William Bateson's observations on discontinuity in the origin of species
first appeared in his **Materials for the Study of Variation,” 1894. More

recent are his British Association- address in Australia and his address at
the Toronto meeting of the American Agsociation quoted from above, .




