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THEsIs

1. Secular climatic change has been an important factor in the evolu--
tion of land vertebrates and the principal known cause of their present
distribution. :

2. The principal lines of migration in later g;gological epochs have
been radial from Holarctic centers of dispersal.

3. The geographic changes required to explain the present distribution
of land vertebrates are not extensive and for the most part do not affect
the permanence of the oceans as defined by the continental shelf.

4. The theories of alternations of moist and uniform with arid an.l
zonal climates, as elaborated by Chamberlin, are in exact accord with
the course of evolution of land vertebrates, when interpreted with due
allowance for the probable gaps in the record.
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5. The numerous hypothetical land bridges in temperate tropical and
gouthern regions, connecting continents now separated by deep oceans,
which have been advocated by various authors, are improbable and un-
necessary to explain geographic distribution. On the contrary, the
known facts point distinctly to e general permanency of continental out-
lines during the later epochs of geologic time, provided that due allow-
ance be made for the known or probable gaps in our knowledge.

INTRODUCTION

ALTERNATIONS OF ELEVATION AND CLIMATE DURING GEOLOGICAL TTME

Several years ago,? I had the honor to give a talk upon “Climate and
Evolution” before the Linnzan Society. The subject was then new to
me—it was an application to vertebrate paleontology of theories in
regard to geological history which had been brought forward by Cham-
berlin a year or two previously.® I have had these concepts more or less
in mind ever since, and though T must admit that T am far from having
the evidence in shape for final presentation, T desire to submit for gen-
era] consideration the conclusions thus far reached.

Chamberlin’s theories are to-day well known and are vear by vear
gaining a wider acceptance. So far as they pertain to the present sub-
ject, they differ from the older prevailing concept of geological climatic
conditions chiefly in that they involve an alternation of climates through
the course of geologic time from extremes of warm, moist tropical and
uniform, to extremes of cold, arid zonal climates. The former are the
results of prolonged base-level erosion and the overflow of large conti-
nental areas by shallow seas. The latter are the results of the re-adjust-
ments needed to bring the continents once more into isostatic balance,
involving the general lifting of the continents, especially of their borders.
the expansion of the continental areas to their utmost limits and the
renewal of rapid erosion.

These alternations of conditions are marked by alternations of the
prevalent type of formation in the geological series. The uniform base-
leveling corresponds to widespread deposits of lmestones and in its
waning stages with coal formations. The periods of uplift are marked
by thick barren formations, often red in color, by indications of arid
conditions in salt and gypsum beds and they finally culminate in great
extension of glaciers from boreal and high mountain areas.

2 Jan. 14, 1902,
3T, C. CHAMBERLIN : Jour Geol vols v viil  18v¥7 Lpol
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Chamberlin’s text book of geology may be consulted, for the more exact
and extended exposition of these theories. The present purpose is to in-
dicate their application to the evolution of land vertebrates.

PERMANENCY OF THE OCEAN BASINS

In the first place, we may note that they depend as a fundamental
basis on the general permanency of the great ocean basins. The conti-

F16. 1.~-Zodlogical reginns on north polar profection

The areas within the continental shelf (100-fathom Iine) are left unshaded. This map
represents the true relatlons of land and water in the northern hemfsphere far more
correctly than does the usval Mercator projection. The unity of Arctogea and the direct
relatlon {s obvious between the varlous degrees of isolatfon of the southern continents
and of pecullarity of their faunm.

nelnts have been alternately partly overflowed, separated and insular, or
raised to their greatest extent and united largely into a single mass. The
great occan basins have in the main been permanent. This principle is
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dependent upon the known facts in regard to isostesy. "The rocks under-
lying the oceans are heavier than those underlying the continents, as is
proved by the deficiency of gravity measurements in the continents as
compared with those in oceanic areas, the deficiency being most marked
in certain, mostly high-lying parts of the continents. The conclusion
appears unavoidable that in & broad way the present distribution of land
and shallow water on the one hand, of deep water on the other, has been
substantially unchanged.* Changes in past geography have been of two
kinds:

1) The continents have been alternately partly overflowed and then have
emerged to the limits of the continental shelf.

2) Certain llnes of unstable conditions have been subject to folding and
crumpling, accompanied with great changes of level.

DISTRIBUTION OF LAND AND WATER, PRESENT AND PAST

The present distribution of land and water shows the great land masses
located mostly in the northern hemisphere.® The land areas, extended
to the borders of the continental shelf, form a single great irregular mags
with three great projections, South America, Africa and Australasia,
radiating out from it into the southern hemisphere. A rise of 600 feet
would unite all the land into a single mass.® Only New Zealand, Mada-
gascar, the Antilles and numerous small oceanie islands would remain
separate. The East Indian islands would be part of the main land. A
lowering of 600 feet would isolate North America, South America, Asia,
Africa and Australia as separate insular continents. Europe would
form a complex of islands and peninsulas much like the East Indies of
to-day.

According to the present theory, we have recently passed through an
epoch of maximum continental extension and zonal climate culminating
in the Glacial age, marked by great aridity in the equatorial zones, by
cold and glaciation towards the poles and in high mountain regions. A
much earlier extreme of aridity and glaciation is seen in the Permian,’
and‘less marked extremes at the end of the Trias and at the beginning
and end of the Cretaceous. The alternate extremes of warm moist and

‘In thls connection, however, the suggestion of Balley Willls that the present lsostatle
compensation may be unusually complete must be horme In mlind.

8 It should be observed that the Antarctic continent, accordlng to the latest data avalil-
nble, equals or exceeds any of the other continents In bulk of emerged land . but it ls sur-
rounded by deep oceans of vast extent.

S Australla forms a doubtful exceptlon. The soundings In the Indo-Anstralasian
reglon are insufficlent to determine with certainty whether or not there s any continu-
ous bridge within the 100-fothom lne. .

"The earlier Paleozolc extremes of aridity —Cambrian and Devonlan—do not come

within the scope of this discussion.
-
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uniform climates are seen in the early Carboniferous, in the Jurassic,
mid-Cretaceous and Eocene, Now the base-leveling and overflow con-
ditions are obviously favorable to the expansion and growth of marine
life, especially of the littoral and shallow seas. The conditions of com-
plete emergence of the continents and restriction of the littoral life to
the steep and narrow border of the continental shelf will be unfavorable
and will tend to what Chamberlin calls restrictive evolution of faunas.
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¥, 2.—The gouthern continents, sonth polar projection

Ocean depths of 100-1000, 1000-2000, and over 2000 fathoms Indicated by progressive
shading. Less than 100 fathoms unshaded. The steep margins of the continental shelf
are indicated by hachures. The Isolation of the southern contlnents Is In contrast to
the unity of the northern land areas.

Conversely on land, the great emergence of the continents will tend to
expansional evolution and cosmopolitan faunas, while their partial over-

flow and isolation will tend to the restriction of land migration and the
development of provincial faune.

EFFECTS OF ALTENNATIONS OF ELEVATION AND CLIMATE UPON EVOLUTION
OF TERRESTRIAL FAUNAS

Associated with the isolated continents, we have moist tropical uni-
form conditions of climate, and to this the provincial land faunz of
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these periods will be especially adapted. The periods of continental
emergence were periods of arid and markedly zonal climate, and the
faune must adapt themselves to these conditions. Such conditions,
while favoring the spread and wide dis-
tribution of races, would be unfavora-
ble to abundance of life and the ease
with which animals could obtain a liv-
ing. The animals subjected to them
must maintain themselvés against the
inclemency of nature, the scarcity of
food, the variations of temperature, as
well as against the competition of rivals
and the attacks of enemics. In the
moist tropical climatic phase, animals
would find food abundant and tempera-
ture relatively constant; but the larger
percentage of carbonic acid and prob-
ably smaller percentage of oxygen in
the atmosphere during thosc phases
would tend to sluggishness.

We should expect, therefore, to find
in the land life adapted to the arid cli-
matic phase a greater activity and
higher development of life, special
adaptations to resist violent changes in
temperature and specializations fitting
them to the open grassy plains and des-
ert life. In the moist tropical phase of
land life, we should expect to find
adaptations to abundant food, to rela-
tively sluggish life and to the great ex-
panse of swamp and forest vegetation
that should characterize such a phase
of climate.

The oncoming cold and arid condi
tions should appear first at the poles
and spread towards the temperate and
tropical regions. Owing to the distri-
bution of the great land masses, this
would involve a general tendency for
the great migrations resulting from the

IS

Cenlral Asie

Vertical scale greatly exaggerated.

F1a. 3.—Oross-aection of continental platforms and ocean basina at 45° north latitude
K'1G6. 4.—O0ross-section of continental platforms and ocean basins at the equator
Vertical scale exaggerated about 170 times
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emergence of the continents to be outward from the two great northerly
masses, and especially from Asia. The tropical and southern continents
would be the refuge of the less adaptable and progressive types.

This phase of climate should, theretore, favor a higher development
and greater activity of land life, while the geographic conditions favor
cosmopolitan faune. When the climatic pendulum began to reverse its
swing, the continents became isolated and their fauna developed inde-
pendently ; but the dominant animals of these faunz when first isolated
would be those previously developed during the arid phase, and these
would readapt themselves to the new conditions of moist and uniform
climate, of prevalent forest and swamp and of abundant food’

COMPARISON WITH THE PALEONTOLOGICAL RECORD

How far do these a priort deductions correspond with the facts, as
obtained from the geological record? In the first place, we should keep
in mind that our record of the land life of the emergence phases is very
defective. The sediments of this phase, where deposited along the con-
tinental margins, are limited in area, thick and very barren, the condi-
tions of their deposition being generally unfavorable to the preservation
of fossils. The sediments of the interior of the coutinents, river and
floodplain deposits of the Cenozoic era are more widespread and furnish
an extensive record of Tertiary and Quaternary land life; but those of
the preceding periods of aridity have been re-eroded and carried down
to the marginal and littoral arcas during the period that has elapsed
since they were first deposited. Of the pre-Tertiary epicontinental de-
posits, only the coast margin, littoral and marine deposits are extensively
preserved. That means that the record of Mesozoic and Paleozoic land
life as preserved to us is chiefly the record of the coast-swamp and low-
land regions and that we know nothing of the life of the upland, except
by a rare accidental preservation. In considering the evidences of cli-
matic adaptation during the Mesozoic, this must be kept clearly in mind.

The great mass of evidence in favor of adaptation to progressively
arid climate and of dispersal from the northern land regions is derived
from the recorded history of the Mammalia during the Tertiary and
Quaternary and from comparison of their former and present geographi-
cal distribution. Tt has long been recognized that the present distribu-
tion of mammals is due chiefly to migration from the great northern
land mass, and the connection of this southward march with progressive
refrigeration in the polar regions was made more than a century ago
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(1778) by Buffon.* With a clearer perspective of geolugic time and far
more esact records, it is clear that most of this deployment and dispersal
of the mammalian races has taken place since the Eocene epoch of the
Tertiary, although remunants of an older dispersal on the same lines are
probably traceable in the present habitat of monotremes, marsupials and
primitive insectivores.

INTERPRETATION OF SUPPOSED EXCEPTIONS

There has been a disposition in recent vears among students of geo-
graphical distribution to lay weight upon certain apparent exceptions to
this general rule, where the gevlogical record has not vet afforded evi-
dence to support the northerly origin of certain groups now limited to
the southern continents or to the tropies and to infer various equatorial
or southern continental connections during or previous to the Tertiary.
in order to account for these exceptions.”  To these hypotheses, there are
several objections:

1) The evidence for the general permanence of the great ocean basins and
their maintenance formerly. as now, by isostatic balance Is very strong and
direct, and before allowing any exceptions, we xhould be very sure that no
other explanation will serve.

2) The instances adduced in favor of former equatorinl or southern con-
nections are distinctly exceptional c¢ases in the faunie, which may, in all the
caves [ have examined, be accounted for by appenling to the imperfection of
the geologic record, by parallelism or by the rare aceldents of over-sea trans-
portation.

3) The existence of such lund bridges would present the opportunity for
migration of other parts or ot the whole of certain faunse, which has evidently
not occurred. [ can see no good reason why the only animals which availed
themselves of such continental bridges shotuld he the ones which might be
accounted for in other ways. while those which would furnish conclusive proof

are invariably absent.
¥ See K. v. Zittel, Hlst.ory of Geology and VUnlrontoloxy. p 43 for a brief summary of
Buffon's vlews on thls subject. The theory has been more fully presented by muny sub-
sequent writers. In recent vears, {t has heen very ably =et forth In ft4 relations to
Tertlary mammalla by Dr. 1. L. Wortman {Amer. Jour. Scl. 1903). A very readable
little pamphlet by G. Hilton Scribner. entitled “Where DIid Life Begin”, 1884, while
totally deflelent In geological perspective. sets forth very clearly the dlverse effect upon
migration of the general trend of the great mountaln system, oorth and south in the
New World, east and west In the DId.  Alfred Russell Wallace is. 1 belleve. usnally
regnrded as the foremost exponent of this theory on the distributional slde: but {t is
scarcely mecessary to catalogue the principal exponents of a vlew so loug and xo pen
erally held.

®The distinguished Argentine paleontolozist. Florentlne Ameghlno. has for twenty
vears past advocated a theory the direct opposite to that currently held and he wonld
derive practieally all groups of maminuita frami n Seuth Amerlean center of dlspersal
The evidence for and abfectlons to thix theory wiil be discussed Tn the sequel
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1) Many students of geographic distribution proceed on what appear to me
to be wholly false premises. They assume that the habitat of the most primi-
tive living member of a race is the original habitat of the race, the most ad-
vunced forms inhabiting the limit of its migration. It seems to me that we
«hould assume directly the reverse of this.

PRINCIPLES OF DISPERSAL

Whatever agencies may be assigned as the cause of evolution of a race,
it should be at first most progressive at its point of original dispersal,
and it will continue this progress at that point in response to whatever
stimulus originally caused it and spread out in successive waves of
migration, each wave a stage higher than the previous one. At any one
time, therefore, the most advanced stages should be nearest the center
of dispersal, the most conservative stages farthest from it. It is not in
Australia that we should look for the ancestry of man, but in Asia.

In the same way, in considering the evidence from extinet species as
to the center of dispersal of a race, it has frequently been assumed that
the region where the most primitive member of a race has been found
should be regarded as the source of the race, although in some instances
more advanced species of the same race were living at the same time in
other regions. The discovery of very primitive sirenians in Tigypt while
at the same time much more advanced siremans were living in Europe
has been regarded as evidence that Africa was the center of dispersal of
this order. Tt is to my mind good evidence that it was not. It is very
common to see references to the African facies of the Miocene or Pliocene
mammals of Europe; but it is much more correct to say that the modern
African fauna i~ of Tertiary aspect and is in large part the late Tertiary
fauna of the northern world, driven southward by climatic change and
the competition of higher tvpes.

The chief arguments advanced in support of the method here criticized
appear to be that the modification of a racc is due to the changes in ‘its
environment and that the primitive species are altered more and more
as they spread out or migrate into a new environment; but, assuming
that a species is the product of its environment, the conclusions drawn
would only holil true if the environment remained eonstant. This ix
assuredly not the case. and if it were there would be no cause left for
the species to change its range. In fact, it is the environment itself.
biotic as well ax physical, that migrates, and the primitive gpecies are
those which have followed it, while those which remained have had to
adapt themselves 10 a new environment and become altered thereby.
Probably, it is never the case that the environment of the mar,r:in;xl
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species is an absolute replica of the older environment of the race. In
many cases, it must be profoundly modified by its invasion of new regions.
and there are many features in the evolution of a race which appear to
be only partly, if at all, dependent on environmental change. But to
assume that the present habitat of the most generalized members of a
group, or the region where it is now most abundant, is the center from
which its migrations took place in former times appears to me wholly
illogical and, if applied to the higher animals as it has been to fishes
and invertebrates, it would lead to results absolutely at variance with
the known facts of the geologic record.

REVIEW OF THE EVOLUTION OF JERTEBRATE LIFE

To my mind, this hypothesis of the evolution of land life in adaptation
to recurrent periods of aridity supplies a satisfactorv background of
cause for the whole evolution of the higher vertebrates.

We may set aside earlier periods of aridity and continental extension
signalized by the development of invertebrate land types, whose early
terrestrial adaptation is wholly hypothetical, since the known portion of
their history is so small and so remote from their origin that we cannot
project it backwards with any sort of exactness. As Barrell has pointed
out, the arid period of the late Devonian coincides with the probable time
of the first adaptation of vertebrates to terrestrial life. In the arid period
of the Permian, we see the conditions more clearly prevalent which
favored a much more extensive development of land life, and this period
marks the rise and early differcntiation of the Reptilia. That reptiles
first differentiated from amphibia as a dry-land adaptation seems to he
obvious; that the period of their rise corresponded with the greatest ex-
treme of aridity, continental emergence and glaciation between (‘ambrian
and Quaternary would, I think, be also generally admitted. The domi-
nant order of land reptiles up to the close of the Mesozoic was the dino-
saurs, preéminently a dry-land adaptation in their inception, since their
most marked characteristic lies in their long limbs, bipedal progression
and general parallelism in proportions and structure to the large ground-
birds of modern times, which are to-day peculiarly inhabitants of arid
regions. The relationship and origin of the more specialized, mostly
gigantic, dinosaurs of the later Mesozoic can be best explained by regard-
ing them as a succession of derivatives from smaller and more lightly
constructed upland dinosaurs, mostly unknown to us, the larger and more
specialized types being re-adapted to a swamp life and inhabiting the
coast marshes whose sediments are still preserved, while the more direct
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line ol dinvsaurian evolution inhabited the uplands, where the sediments,
if such were deposited, have long sinee been removed by erosion, and the
{auna is consequently unknown to us, except by inference. It is quite
impossible to trace the evolution of the dinosaurian phyla through the
same nearly direct series of known forms as can be done in the phyla of
Tertiary mammals. But 1 may observe that if our knowledge of the Ter-
tiary sediments were limited to the coastal swamp deposits,—if in this
country, for instance, we knew only the Tertiary of the Atlantic and
(ulf coasts,—we would be equally at a loss for any direct ancestral series
illustrating the evolution of the Mammalia.

The same explanation, namely, that the geological record in the Meso-
zoie ix defective where its evidence would be most direct as to the evolu-
tion of land vertebrates, applies both to birds and to mammals, but espe-
cially to the former. The exceeding scantiness of fossil birds and mam-
mals during the Mesozoie and their apparently sudden appearance in the
record, already well deployed, is often explained by supposing them to
have cvolved mainly in some continent not yet investigated. It appears
to me that a simpler and more probable explanation lies in the fact that
the formations of the interior of the Mesozoic continents have in genersl
not been preserved and that this facies of the Mesozoic faune is conse-
quently unknown to us. '

It may he objected that remains of dry-land animals would be brought
down by rivers and deposited in their deltas and thus preserved to our
day. This may, of course, occur in exceptional cases. How rare is the
exception, we may judge from the exceeding rarity of remains of land
animals in true marine deposits, where the chances for their preservation
should he almost equally great.

In marked contrast with the evolutionary record among dinosaurs,
stands the record of development of the non-marine crocodiles and che-
lonians, whose normal habitat was the swamp regions and whose more
direct evolution is in consequence recorded since the Mesozoic. Remain-
ing in a constant environment, they evolved but little, though their abun-
dance and geographical distribution varied.

Throughout all the evolutionary history of the vertebrates, we see
numerous examples of races which, having hecome adapted to a higher
plane of life, have re-invaded a lower plane. In each instance, the higher
organization and greater activity acquired in the higher plane have caused
them to become dominant, increase rapidly in size and spread widely in
rlee absence of efficient competition. Thus we find various groups of ma-
rme reptiles appearing with apparent sudidenness in the Mesozoic, becom-
my very abundant and of gigantic size, spreading very widely and then
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being replaced by new invasions from the land instead of evolving further
in their new habitat. The ichthyosaurs, plesiosaurs, mosasaurs, sca-
crocodiles, sea-turtles, are examples of this sort among reptiles; the ceta-
ceans and seals among mammals. These invasions from a higher to a
lower plane of active life have been very frequent, so that their recogni-
tion i8 necessary in tracing evolutionary series. The converse movement
from a lower to a higher plane, as from aquatic to amphibious, from
amphibious to terrestrial, from terrestrial to arboreal or aérial, have been
slow, difficult and for the most part have occurred but once or twice in
the geological history of vertebrate life. The higher fleld once occupied,
the lower adaptation was handicapped in its attempts to rise.

IMPERFECTION OF THE GEOLOuICAL REcorn

Everyone is familiar with Darwin’s classic illastration of the imper-
fection of the geological record:!® but I doubt whether the majority of
paleontologists realize how very imperfect our record is, even to-day. We
know more about fossil mammals in proportion to their modern numbers
than about any other of the larger groups of land animals; yet the num-
her of species of which we have any adequate knowledge is but a minute
fraction of the number which must have lived since the elass first came
into existence. Were it not so, the fossil species would vastly outnumber
the living forms; as it is, they form a small minority. Moreover, the
greater number of recorded fossil specics are hardly more than noming
nuda, each known from a single fragmentary jaw, a tooth, a scale, a
broken bone, indicating indeed that an animal otherwise unknown lived
at & certain time in a certain locality but giving very little information
as to its entire structure, its habits, its geographical and geological range.
The relationships of these imperfectly known species, provisionally stated
by the describers and adopted without the query hy subsequent writers,
are one of the most fertile sources of error in paleontological theories.

Mammals undoubtedly existed during the ¢ntire Mesozoic, an era gbout
three times as long as the Cenozoic. Two thirds of their evolution must
have taken place during that time; and by the end of it, the principal
modern orders were already defined. But we have not a skeleton. or even
a skull of a single Mesozoic mammal."* Two jaws and a few teeth from
the Triassic, a number of more or less fragmentary jaws from the upper
Jurassic and various teeth and fragments of jaws from the uppermost
('retaceous represent the sum total of our real knowledge of the first two

“In the Origin of Species, at the end of Chapter N\
" Setting aslde Tritylodon as of doubtful affinitiex
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thirds of the evolutionary history of the Mammalia. The rest is theory
and hypothesis.

Assuredly, we have no right to assume that the few species which have
been founded upon these fossil remains represent at all adequately the
number and variety of mammals that lived during the Mesozoic; nor can
we even suppose that they fairly represent them. Onmly two'? of the
numerous phyla of early Tertiary mammals can be at all directly derived
from known Mesozoic ancestors. The rest are descended from unknown
forms. We may suppose, from the evidence at hand, that the known
Jurassic and Cretaceous mammals were arboreal swamp-dwellers and that
the chief reason whv we know so little of the Mesozoic mammals is that
the deposits of the upland regions where they chiefly lived have not been
conserved to our day, or at all events have not been recognized and suffi-
ciently explored for fossils.

In the "Tertiary, mammals suddenly spring into (apparent) promi-
nence, mainly, it may be assumed, because the fluviatile and eolian forma-
tions of the Cenozoic still exist in many localities, although they are being
rapidly eroded and carried down to the coastal swamp and sea margin
areas of deposition. Epicontinental deposits of Eocene age are rare and
scattered, and our knowledge of Eocene mammals is obtained from only
a few localities and largely from fragmentary specimens. Through the
following Tertiary epochs, these deposits become progressively more ex-
tensive and abundant, and our knowledge of fossil mammals is corre-
spondingly greater. Finally, in the Quaternary, they form a mantle over
most of the earth’s surface, and the fossil mammals are so well known
and so many specimens from so many localities have been found that we
can get a fairly accurate idea as to the range of many species, not merely
as discovered in one or another continent, but as to what parts of that
continent they inhabited.

If our knowledge of fossil mammals is incomplete, that of fossil birds
is very much more fragmentary. They probably came into existence at
about the same time as mammals, hut the early stages of their evolution
are even more obscure, and comparison of the living members of the class
affords less evidence than with mammals as to their source and course of
progress, They are even rarer than mammals in the Mesozoic. Two
skeletons and a feather from the Jurassic of Bavaria, a number of skele-
tons and fragments from the late Cretaceous of Kansas and a few frag-
ments of the skeleton from Cretaceous formations in New Jersey and
Europe,~—these are ail we know of a class which was probably very large

2 Plaglaulactde and Didelphyide.
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and varied during the Mesozoic. Our knowledge of Tertiary and Quater-
nary birds is much more extensive, but it bears no comparison to our ac-
quaintance with Tertiary mammals, and the materials on which it is
based are for the most part very fragmentary, their identification often
questionable. We may say, however, that Mesozoic birds are more com-
pletely known than Mesozoic mammals; that is to say, we know the entire
skeleton of two or three, and in consequence can estimate their affinities
more certainly and exactly. On the contrary, the fragmentary remains
of Cenozoic birds make our estimates of their affinities proportionately
uncertain and inexact.

The Reptilia are a more ancient class than either birds or mammals
and include the ancestral types of both. Our knowledge of fossil reptiles,
in comparison with their probable numbers and variety, past and present,
is much less than with mammals, more than with birds. We cannot, as
with Tertiary mammals, reconstruct approximate evolutionary phyla of
the several races from known fossil forms; yet the evidence is sufficient to
wive a reasonable basis for inferential phyla of some degree of exactitude
among many of the Mesozoic and Tertiary reptiles. But the origin of
the Reptilia, like that of the Mammalia, is wrapped in obscurity, and the
interrelationship of the more ancient groups i3 a puzzle not yet solved.
We have a fairly extensive acquaintance with the Reptilia of certain
habitats at certain epochs; but there were evidently long intervening
periods and important faunal facies of which we know nothing or next
to nothing.

The Amphibia are not a very important group at present and are al-
most unknown as fossils, except for the so-called armored amphibians or
Stegocephalia, whose relations to the modern frogs, toads and salamanders
are still far from clear. This ancient group was abundant and varied in
('arboniferous, Permian and Triassic times and is supposed to have given
rise to the Reptilia; but the relationship has not been satisfactorily dem-
onstrated by fossils, nor is there direct evidence of the interrelationship
of the several groups of stegocephalians. :

A wide gap separates the oldest four-footed vertebrates from any known
li<hes, living or extinet.

A
7001001cAL Biotone, Past vswn sk

The zodlogical divisions of the lanl surtace ol the carth aee ghen by
Lydekker'® as follows:

18 R)CHARD LYDEKKER: A (ieogruphical Hiatory of Mauuuuts 1236 This ts a modifl-
catlon of the teglons proposed by Sclater In [RaXy Jour, P'ro¢ tdun. Soc. vol. i, pp. 130-
148) and adopted by Wallace In 1876 (Geographleal Distribution of Anlmals).
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1. Australian 1-eglon)

Polynesinu " { Notogwele Realm
Hawaiinn “ o

2, Austro-malayan J

3. Neotropical * b Neogeie w

4. Malagasy “

5. Ethiopian o

6. Qriental “ Arctogeie ¢

7. Holaretie “

8. Sonoran

The Polynesian and Ilawaiian regions have played no material part in
the evolution of mammalian faunas and do not call for any special con-
sideration here. The limits of the remaining regions are shown on the
accompanying map. The eight principal “regions” are by no means
equally distinet, and their combination into three “realms™ does not re-
move this defect. Of the five included in Arctogea, the Sonoran is
closest, the Malagasy and Ethiopian farthest removed from the central
Holaretic region, if we take into account both the recent and extinct
faunz. The true relations of the several regions might perhaps be better
represented thus:

Boreal Subregion

Nearctic Palearctic
-
Sonoran Holaretic Region Oriental Region
Subregion I ;
. !
| Mediterranean Austro-malayan
Syhregion Subregion
|
Neotropical Ethiopian
Region Region )
Malagasy Australian
Subregion Region

The Holarctic segion 1t broader sense, ineluding the Sonoran anid
Mediterranean suhregions, is hounded by the tropic of Cancer, except
where (as in Asia) the dispersal of the fauna from a northern center has
been hindered by east and west mountain systems, or (as in America)
facilitated by north and south mountain svstems.  The Sonoran sub-
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region includes most of the United States and northern Mexico; the
corresponding subregion in the western half of the Old World is the
Mediterranean, including Europe south of the Alps and Pyrenees, part
of southwestern Asia and Africa north of the Sahara desert.

The Oriental region corresponds in the eastern part of the Old World
to the Mediterranean and Sonoran subregions, but, partly becanse it in-
cludes the great East Indian islands and partly because of the barrier
interposed by the Himalayan ranges, it is more clearly differentiated

from the Holarctic and may best be regarded as a region of itself.
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16, 5.—Characteristic features of the mammal faune in different zodlogival reyions at
auccessive epochs of the Cenozoic

Austromalaya is the debatable ground between the Oriental and the
very distinet Australian region; but the consensus of opinion classes it
by preference with the Australian. [t includes Uelebes, the Moluceas,
Timor and smaller islands anil is separated from the Oriental region by
“Wallace's Line.”

The Australian region includes Australla, New (tulnes and Tasmania
and is the most remote and archaic of all the great {continental) regions
of the globe. New Zealand is included in the Polynesian (island) region.

The Ethiopian region is connected with the Holarctic by the Mediter-
ranean subregion. It is perhaps more distinet than the Oriental, cer-
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tainly less so than the Neotropical region. The Malagasy subregion is
related not to the modern but to the Tertiary Ethiopian region; its sup-
posed Oriental affinities will be considered later.

The Neotropical region is connected with the typical Holaretic through
the Sonoran, as the Ethiopian is through the Mediterranean interme-
diates; but the relationship is more remote. During the Tertiary, the
region was much more distinet than it is now.

In considering the records of past fauna of one or another of these
regions as a guide to the dispersal of different groups, it is very necessary
to remember that our records are often chiefly or whelly from a small
part of the region, often far from typical

Our knowledge of Palearctic faune in the early Tertiary is wholly
from western Europe, an outlyving, marginal part, more or less submerged
and archipelagic. Tts relations to the main hody of Palxarctic land life
were probably much like those of the East Indian archipelago to the
continental portion of the Oriental region. In the later Tertiary and
Quaternary, we obtain a broader outlook on the Palearctic fauna, but
even then it is incomplete.

In the Oriental region, we know nothing of the land life of the early

Tertiary, and in the later Tertiary we know only the life of its northern
borders, close to the Palearctic region and doubtless more nearly approxi-
mating the Palearctic fauna then than now, as the Himalavan barrier
was less complete.
* The result of these two facts will apparently be that the carly Tertiary
Palearctic fauna will appear by the record to be less progressive than it
really was and that the Tertiarv Oriental fauna will appear to be more
progressive than it really was. In the Nearctic Tertiary, the record is
chiefly confined to the Western plains; we know little of the Canadian
Nearctic—presumably more progressive. In the forested regions of the
East and South, where we might expect to find primitive survivals, or on
the Pacific coast, where we might expect to see stronger Palgarctic influ-
ence, our knowledge is very imperfect, althongh the few available data
are in conformity with e priori deductions.

In the Neotropical region, our chief dependence is upon the Argentinc
faunwe which should be both the most progressive and least influenced by
Northern immigration.

In the Ethiopian region, we have but a single glimpse of the Tertiary
land fauna, and that is derived from Bgvpt. where we might expect to
find a transitional fauna, combining true Ethiopian autochthones with
mmigrants from Palearctic or northwestern Oriental faunw. But, since
the water barriers to the north of Egypt were more extensive and the
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desert barrier to the south less developed in the early Tertiary than they
are to-day, we should expect that the autochthonic element would be
dominant and that Tertiary Egypt belonged to the Ethiopian zotlogical
region, although modern Egypt does not.

These may serve as instances of the caution with which the geological
record must be used in attempting to estimate the position and source of’
regional faunz.

The regions here adopted are based primarily upon the present and
past distribution of mammals. Birds, reptiles, amphibians, fresh-water
fishes and the various groups of terrestrial invertebrates are not wholly
in accord with this arrangement so far as their present distribution is
concerned. This is partly because the means and limitatious of their
dispersal differ, chiefly, as I shall attempt to shuw, because so little is
known of their former distribution.

ForMER Barritrs AND Bripoks

The general principle ol dispersal on the lines of the present continents
is open to an obvious objection. The outlines and conneetions of the
continents were different in former times. The relations of land and
water were not the same. In fact, if one depends upon a text-book knowl-
edge of geology he may find authority for an assured helief that they
were fundamentally and altogether different in different geologic periods.
It is necessary therefore to point out that the stratigraphic no less than
the life record is a defective one, and that the really proven changes in
the distribution of land and water are limited to these summarized on
page 175. The geotectonic hvpotheses so ably and brilliantly elaborated
by Suess,’* Haug'® and other writers, are not facts but theories, and I
must confess to a decidedly skeptical attitude towards some of their con-
clusions. There are too many gaps in the chain of their arvuments; too
many known facts with which their conclusions appear to be inconsistent.

The permanency of the continental platforms is indicated by the ab-
sence of abyssal deposits in their sedimentary succession wherever this
has been adequately studied. The platforms have heen extenstvely over-
flowed by shallow seas, but such submergenees were temporary, and inter-
vening periods of uplift are indicated by gaps in the marine succession.
Where the geologic records are fragmentary, widely scattered and imper-
fectly correlated, there often is a tendency to exaggerate the extent and
permanency of such overflows, as also to assume extensive unknown con-
tinents to account for the existence of clastic sediments which were more

“E. Suess: Antlitz der Erde. 1385 1901
5 E. Hava: Tralté de Geologle 1912
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probably derived from unsubmerged adjoining portions of the existing
continents. We are apt to assume that great displacements of strata in-
volve correspondingly great changes of level. They do not necessarily;
more probably, in most instances, the erosion has kept pace more or less
closely with the displacement. Even where great changes of level have
"occurred, they often have been, and more often may have been, of re-
stricted extent and compensated by opposite changes in regions imme-
diately adjoining, and most of them have had but little extensive or
permanent effect on the general configurations and relations of the conti-
nental platforms.

The relative permanency of the North American continent is very
clearly brought forward in Schuchert’s maps.'® Yet even here, if one
may venture a criticism on so thorough and conservative a study, there is a
certain loss of conservatism where the outlines run into territory where
the evidence is inadequate, as in the Antilles and the Arctic seas. The
imperfect data available for the South American continent appear to in-
dicate general conditions very similar to those of its northern neighbor;
nor does it appear that Africa and Australia were any less permanent
land platforms. Northern Eurasia appears to have been similarly perma-
nent, but across Central Europe and extending southeastwardly to the
East Indies lies a broad strip of disturbance where great changes have
occurred during later geologic time. But the extent and permanency of
the great central sea which is so frequently depicted as interposing a
broad ocean between the Holarctic and the Ethiopian and Oriental land
masses i8 by no means certain, especially as regards its eastward exten-
sion. I cannot find in the recorded facts proof that it afforded any more
continuously effective bar to dispersal along the lines of the present con-
tinental relations than did the middle Cretaceous overflow in North
America or the early Tertiary one in South America.

Perhaps the most widely accepted departure from the permanency of
the ocean basins is the supposed Gondwana Land, invented to account
for certain similarities in southern Paleozoic floras, and sinee used to
account for almost all cases of similarity among southern floree and faunw
which were not demonstrably due to dispersal from the northern conti-
nent. This theory has in its original form gone so long uncontested that
?t is very generally regarded as incontestable. New discoveries have been
interpreted in terms of it, the weakness of the original evidence, the pos-
sibility that it might be otherwise interpreted, has been forgotten, and
like the Nebular Hypothesis, it has become almost impossible to dislodge
it from its place in the affections of the average geologist.

" CHareks Neneenert . Bull, Geol, Soe. Amer., vol. 20, pp. 427-606, pll. xivl-cl. 1810,
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1f the distribution of animals be interpreted along the lines here adve-
cated, there is no occasion for a Gondwana Land even in the Paleozoic. -
But it is chiefly as affecting Mesozoic or Cenozoic dispersal that we are
here concerned with it. One may summarize the arguments for it by
saying that & considerable number of groups of animals and plants which
are abgent in the northern world, either living or fossil, are found in the
southern continents and some of them in certair oceanic islands as well.
Most of the groyps are unknown or almost unknown as fossils; those
which have any considerable fossil record are steadily being eliminated
from the list by the progress of discovery, showing that they or their an-
cestors did formerly inhabit the northern world. The remaining groups
agree with those southern faunal groups which have admittedly come
from the north, in being of primitive and archaic type and in that their
representatives in the different southern regions are but distantly related,
the remoteness being in & very direct proportion to the present isolation
of the region.

There are a few instances of exclusively southern types closely related
(e. g., Galaxias) ; but, although they have been cited in corroboration of
the evidence from the groups above mentioned, they are in fact, if thus
interpreted, directly contradictory. For the distant relations of the one
series i interpreted to mean a very ancient connection, but isolation
since ; while the other series would indicate a very recent connection and
earlier isolation. The explenation here lies not in a northern ancestry,
but that the ocean does not form an impassable barrier to their dispersal.
This has been proven in the case of Galazias; it is probably the explana-
tion of all similar distributions.

The relations of the Glossopterss flora are a different and far more com-
plex problem of distribution. The clue to its interpretation lies perhaps
in its association with Permian glaciation; but it is outside the limits of
the present essay and will not be discussed here.

ReGionaL CORRELATION

The geological correlation of widely distant formativns 13 sv intimately
bound up with problems of geographical dispersal and migration that the
two series of problems must needs be studied and solved together. e
cannot arrive at a correct understanding of the history and causes of the
geographical distribution of animals, present and past, without correct
correlation of the geological succession in different regions. Nor have
we, up to the present time, any reliable methods of exact correlation in
widely distant regions except the comparison of fauna and a considera-
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" tion of their source and the history of their migration and dispersal.

. Absolute standards, as of world-wide changes in physical or climatic con-
ditions, may serve in the future to give us b;'oad lines of correlation inde-
pendent of paleontology ; but at present their universality is hypothetical,
the exact train of physical phenomena-which they entail and the indices
by which they may be recognized in the stratigraphic succession are im-
perfectly known. Paleontology is for the present our sole recourse in
correlation. Probably it will always be our chief dependence, at least in
exact and detailed comparison.

SYNCHRONISM AND HOMOTAXIS

The ordinary methods of paleontologic correlation can be applied with
accuracy and certainty only over limited areas of the earth’s surface.
When applied to far-distant regions, we meet first with the difficulty that
there is little identity of faun®, only an equivalence more or less exact.
Nor can we be sure that equivalent or even identical forms were contem-
poraneous in all parts of the earth. They certainly are not so to-day.
The modern land fauna of Australia, as Huzxley long ago insisted,’? is in
its broad lines a Mesozoic fauna. Examined in detail, it shows indeed
the marks of a long period of independent evolution and specialization.
Yet the degree and amount of specialization is far less than that which
the fauna of the northern continents have uundergone during the Ceno-
zoic. The madern fauna of the East Tndies or of Central Africa has a
great deal in common with the later Tertiary faunze of Europe and north-
ern Asia.  Central America and tropical South America bear similar
relations to North America. While Huxley’s dictum that an older fauna
in one region may be homotaxial with a later fauna in another does not
apply to the extent of involving identity of all or most of the species, yet
it very clearly dues apply in a broad way to the land faunz and probably
to 2 less extent to the marine faun® as well. The rate at which evolution
and differentiation progress varies as between the faunz of different Te-
gions. [t varies as between the different constituents of 4 fauna. Neither
the partial identity nor the general equivalence of two fauns is sufficient
to prave them synchronous. except under certain conditions to be con-
sidered later.

Another method very generally used in correlation of faunz which
contain little or nothing in common consists in an estimate of their rela-
tive antiquity as indicated by the proportion of extinet to surviving spe-
cies or genera.  This also involves the assumption that the rate of pr(;gress

MT.H. Hrxuey: Q. 1 G, S, vol. xvill, pp. xl-1lv. 1882,
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t evolutionary change is constant in all parts of the earth, at least for
iembers of the same group. But if the rate varies in different regions
yr the fauna as a whole, we have no reason to believe that it would be
»nstant for common or similar groups.

The practical application of this method is very unsatisfactory. In
lustration of this, I may instance the widely divergent views entertained
y different authorities as to the age of the later geological formations of
rgentina in comparison with European standards. Able and authori-
itive discussions of this problem have appeared within the last few years
y Ameghino,’® Roth,’® Gaudry,*® Scott,” Hatcher,?* Qrtmann,® Stan-
»n, von Thering, Wilckens, Cossmann, Wiman and others, dealing with
1e vertebrate and invertebrate fossils and stratigraphic relations of the
srmations. The field work has been extensive, the collections large, the
wune are large and varied and in large part well known ; but the regults
re widely discordant. The amount of discordance is indicated by the
orrelation of the four principal terrestrial formations, as given by
meghino, Roth, Gaudry and Schlosser.

The correlation of widely distant formations is so intimately bound up
rith problems of geographic distribution and migration that the two
aries of problems must be studied and solved together. The methods
elied upon by Roth and Ameghino are substantially the same as those
enerally used by northern authors. Why then do they lead to such dis-
ordant results? It is because the data on which they rest prove not con-
amporaneity but homotaxis. Granting that two faune in widely remote
egions contain the same proportion of extinet species, granting that
hey represent equivalent stages of evolutionary progress, they are not
hereby shown to be contemporaneous, unless they are at the same dis-
ance {measured not in niles but in difficalty of advance) from the main
enter of dispersal ol the fauna which they contain. Very obviously, if

B FrL. AMEGHINO: "L'Age des Formations Sedimentaires de Patagonie,” Apal. Boc.
‘lent. Argent., tom. L, LIV pp. 1-281 of separata, 1903. “Formations Sedimentaires
u Cretacs Superienr et du Tertlaire de Patagonle,” Anal. Mus. Nac. Buenos Alres, tom.
v, pp. 1-588. 1907.

1 SANTIAGO ROTH : “Beitrag zur (illederung der Sedimentablagerungen in I'atazonlen
nd der Pampasregion.” Neues Jahrb.,, Bell.-I3d. xxvi, §. 92-150, taf, xi-xvil. 1008,

2 A. GAuDRy : “Fossiles de Patagonle, etc.” Apn, de Paléont. I. 1008.

AW, B. Scorr: Mammalia of the Santa Cruz Beds in Rep. Princ. Univ. Exp. Pata-
onla, vol. v. 1903. Int. Cong. Zool., Berne, C.-R., pp. 241-247. 1905, A History of
he Land Mammals of the Western Hewisphere. 1818
2 J. B. HATCHER : “On the Geology of Southern Patagonla.” Awmer. Jour. Scl, vol. tv,
p. 827-354. 1897. “Sedimentary Rocks of Southern Patagonia,” ibid., vol. ix, pp.
9-108. Ibid., vol. xv, pp. 483-486. 1003,

3 A. ORTMANN : Tertfary Invertebrates in Report Princ. Univ. Exp. Patagonia, vol. 1v,
p. 45-332, pll. xl-xxxix. 1002,

See for further references the bibllography in Ameghino, 1907, suprs, pp. 3-18.
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TasLe |.—Correlation of the Four Principal Terrestrial Formations
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the principal center of dispersal of Mammalia was in the Holarctic re-
gion, the fossil mammals in southern regions invaded by that northern
fauna will appear in their homotaxial relations to be more ancient than
they really are. 'The modern fauna of South America, of Africa, of the
Oriental regions, will be in the same stage of evolution as the late Ter-
tiary and Quaternary fauna of Holarctica. Tts species will be more
nearly related or equivalent to Pliocene and Pleistocene species of Europe
and North America than to their modern fauna. The late Tertiary
mammals of the southern continents will approximate in homotaxis the
middle or early Tertiary mammals of Holarctica; and the middle Ter-
tiary southern faune will approximate the early Tertiarv or late Cre-
taceous faune of the north.

On the other hand, if we believe, as does Dr. Ameghino, that the prin-
cipal theater of evolution of the mammals lay in the temperate regions
of South America, and that the mammal population of the North was
derived by migration from that center (by way of Africa across a tropical
land bridge not now existing). it will be equally obvioug that the southern
formations will he more ancient than their homotaxis, ¥ \
sidered, would lead us to believe. The result will be to sign to the
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Cretaceous period those southern faun® which are homotaxial with the
early Eocene of the North; to the Eocene those faunz which are homo-
taxial with the Middle Tertiary of the North, and so on.

To a certain extent, the intercalation of marine formations may pro-
vide & check on this relationship, but it must be remembered that the
same theories of dispersal may also apply to marine faune, wholly or in
part. Homotaxial marine faun® may be far from contemporaneous.
The chief center of dispersal of marine faun® may be assumed to be
either the equatorial oceans and coasts, the northern, or the southern
seas, or both north and south equally. Only when the movements of dis-
persal are in opposite directions on land and in the seas will the marine
faune furnish an adequate check on the homotaxis of land faune; and
in that case the true synchronism must be arrived at by balancing con-
flicting evidence derived from terrestrial and marine faunal comparisons.

It is true that if we eliminate the idea of faunal dispersal altogether
and regard each race of animals as evolving and dispersing independ-
ently, governed by its own conditions and causes of change, we may in
the present imperfect state of our knowledge lay out various and inde-
pendent centers of dispersal for different races, whose successive appear-
ance in one or another continent will furnish data for a true correlation.
There has been a strong tendency in the last half century to work on this
theory, but in the present writer’s opinion at least, the supposed evidence
in favor of this view is due chiefly to the imperfection of the geologic
record, and its very wile acceptance to a lack of appreciation of the
underlying causes of evolutionary progress and dispersal.

T do not understand how anvone can reconcile the theory that each
race of animals evolves and disperses independently and that the common
hiotic and physical environment is not a controlling factor, with the plain
fact that regional faun® do exist to-day. The conditions that control the
dispersal of one race are largely identical or correlated with those that
control the dispersal of others, and every change in these conditions will
affect not one race only, but a large part or the whole of a fauna, in a
manner and to a degree largely identical. causing similar changes in the

range of the fauna.

TERTIARY CORRELATION 1IN SoUTH AMERICA

Before setting forth the evidence as to the dispersal of the mammals,
it is necessary to attack a problem which has caused mueh aerid contro-
vergy, namely, the age of the later formations of the Argentine Republic.
The difference of opinion among authorities has already heen indicated,
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as also the fact that the true correlation is so intimately related to the
direction of migration that the two problems must be settled together.
In view of the great and well merited reputation of Dr. Ameghino and
the immense array of data which he has marshalled in support of his
theories of correlation and phylogeny, it is not surprising that they should
find a very considerable acceptance, not in South America alone but else-
where. Few scientists indeed are disposed to accept his derivation of the
horse family from carly South American ancestors or of the various
families of Carnivora from the same source, for in these and other cases
the evidence for northern ancestry is almost universally accepted as con-
vincing; but many writers are willing to accept Ameghine’s determina-
tion of the age of the Argentine formations, although more critical as to
his phylogenetic views.

The two, however, must stand or fall together; and 1t is precisely be-
cause the Equide, Procyonide, etc., if their generally accepted phylog-
enies be admitted, afford incontrovertible evidence against the validity
of Ameghino's correlations of the formations of the Argentine, that he
has been compelled to devise different phylogenies for these cases. Few
scientists will be willing to believe Ameghino’s assertion that Merychippus
and its successors in the equine phylum have nothing to do with the
Anchitheriinze which they so closely resemble in teeth, in skull, in feet,
in all details of the skeleton, but must be derived from the South Amer-
ican Notohippidze on the strength of a much more distant resemblance in
the second upper molar, unsupported by any near resemblance whatsoever
in the remaining teeth or in any points of construction of skull or of
skeleton. It is not my intention to present here any detailed refutation of
Dr. Ameghino’s argument, but to point out that if the northern origin
of the Equide be accepted, the age of the Pampean and related forma-
tions must be far later than that he has assigned to them. The first ap-
pearance of true equines in South America is in the Pampean. The
three best-known genera are Equus, Ilippidion and Onohippidion. The
first might be regarded as of Palearctic origin ; the second and third have
no Old World predecessors, but may be directly derived from the North
American Pliokippus. They are, however, much larger and more pro-
wressive than Pliokippus, and in size, reduction of the lateral digits, etc.,
are equivalent to Equus. We can hardly doubt that they came to South
America from North Ameries, nor can I see any practical alternative to
helieving that Equus arrived by the same route. Now, the first appear-
ance of Equus in North America is at the base of the Pleistocene. In
Argentina, it first appears in the middle Pampean. The middle Pam-
pean cannot therefore be older and is presumably vounger than Lower
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Pleistocene. Hippidion and Onohippidion are found (fide Roth) in
somewhat older levels; but as they are much advanced over anything in
our Middle Pliocene (Blaneo), it would seem that their first occurrence
in the Pampean must be placed at the top of the Pliocene or preferably
in the lower Pleistocene. I conclude that the Pampean formation ap-
proximately represents the Pleistocene epach.

Beneath the Pampean of Ameghino, but included in it by Roth, are
fossiliferous beds in which certain Procyonide and Urside are found.
If we admit the North American source of these carnivora, they would
indicate Pliocene age for the beds containing them. Dr. Ameghino, who
regards them as Oligocene and Miocene, is compelled, therefore, to set
aside the North American ancestors of the Procyonide and to regard
them as of South American origin and the Urside as either autoch-
thonous or arriving in South America from the Old World via Africa.
As with the Equidz, the only shadow of plausibility for such phylogenies
lies in the incompleteness and careful limitation of the evidence that is
adduced in their behalf. Phlaocyon of the North American Miocene,
which is intermediate between Cynodictis and the Procyonidae in almost
every detail of the perfectly preserved dentition, skull and skeleton is
merely?* “un vrai Canide sans relations avec les Procyonidés,” while the
South American genera are derived through hypothetical ancestors from
the carnivorous marsupials of the Santa Cruz. Here again, Dr. Ameghino
i compelled, in defense of his theories of correlation, to addpt these im-
possible phylogenies, because if the Procyonide are of North American
origin the Argentine formations are demonstrably of later date than
those which he assigns to them. Phlaocyon is a far wmore primitive
procyonid than any of the South American genera. leplarctus of the
Upper Miocene may be their equivalent, but it is very imperfectly
known.®® 1If these Argentine genera are derived from the Oligocene
Cynodictis and related genera of Holarctica, Phlaocyon being about half
way between the two groups, then their age is indicated as Pliocene, not
a8 Oligocene or Miocene. Also with the Ursidee ; to admit them as arriv-

% FL. AMEGHINO : Ann. Mus. Nac. Buenos Afres, tom. xv, p. 306. 1906. Dr. von Ihering
has since attempted to prove what Ameghino merely asserted. HIis argumeat rests upon
an untenable Interpretation of a single feature [n the dentition, Ignoring all other char-
acters of teeth, skull and skeleton, and, if true, would Involve not only that Bassariscns
has nothing to do with the Procyonldme (which he asserts), but also that the Procyonide
have nothing to do with the carnivora but are of wholly dlverse ancestry.

See H. v, IHERING, Systematlk, Verbreltung und Geschichte der sudamerikanischen
Rallbthlere. Archiv f. Naturg, 768 Jabrg. 1. Bd, s. 113-179. 1910.

% The type of Lepterctus 1s an upper premolar of doubtful affinities.
terred to it In 1894 a lower jaw from the Upper Mioceme, which Is unquestlonably
procyoutd and hardly distinguishable from Procyon. Ameghino and von Ihering Ignore

this record.

Wortman re-
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ing via North America would compel Ameghino to conclude that their
first occurrence in South America in these same sub-Pampean beds must
be materially later than the evolution of the phylum in the Palearctic
region (Miocene) and that the genus Arctotherium of the true Pampean
in South America, unknown in North America until the Pleistocene,
indicates, like Equus, that the Pampean is a Pleistocene formation.

The distribution of Smiledon in North and South America is in exact
accord with that of Arctotherium. The relations of the South American
Proboscidea to those of North America correspond to those of the Equidz.
The Camelide, Cervide, Canidz, etc., also support the Pleistocene age
of the true Pampean. The Edentata, whose migration appears to have
been in the reverse direction, will be discussed later.

In the Santa Cruz fauna, we have not the direct evidence that the
Pampean faune afford for correlation by means of groups of admittedly
northern origin. The evidence has been very fully discussed by Hatcher,
Ortmann, Scott and others, and so far as it is based upon the relations
and age of associated marine formations, I am not competent to criticize
it. The eriterion used by Ameghino and Roth, of proportions of extinct
to living genera, I regard as untrustworthy, partly for the general reasons
already given (p. 192) and partly because of the personal equation that
must always affect the number of genera and species deseribed as new,
as compared with those referred to known genera and species. Unless
the standards of diversity for genera and species were approximately the
same, and in this instance they are certainly very wide apart,®® the com-
parison of the proportions of extinet to surviving genera and species in
Argentine formations with those of Europe or North America would be
misleading.

Perhaps the most important correlation is that of the Notostylops
fauna, Lower Cretaceous according to Ameghino, Upper Cretaceous ac-
cording to Roth, Paleocene according to Gaudry, Upper Eocene in Schlos-
ser's view. Here there is an apparently strong point for Cretaceous
age in the presence of dinosaurs in association with the fossil mam-
mals. Dinosaurs disappeared from the Northern world at the end of
the Cretaceous.*” They are entirely unknown in any Tertiary formation.
Nevertheless, the possibility of their survival into the early Tertiary in
South America must be considered.”® The mammalian fauna with which

™ The European fossil rodents are, for the most part, referred In accordance with the
old conservative standards of genera and specles, while Ameghino is much Inclined to
hatrsplitting {n generie and specific distinctions. Scott in bis revislon [s more conrerva-
tive, but not go as to equalize the standards in question.

7 The latest dinosaur formations of North America are, however, regarded as Paleo-
cene hy Knowiton, [ee, Peale and other authorities,

_”The same arguments apply to the occurrence of a Mesozolc type of Crocodile,
Yatosuehus, in the Notoatylops fauna.
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they are associated is in part closely related to the Paleocene fauna of
Europe and North America and for this reason has been regarded as
equivalent. But these genera of Northern affinities are associated with
a large number of larger and more progressive genera, structurally de-
rivable, according to the canons of evolutionary development universally
accepted by paleontologists, from the more primitive types which are
common to the Notostylops beds and the Paleocene of the North, and
leading apparently into the various specialized groups peculiar to the
later South American Tertiaries. These more progressive types are un-
known to any northern Tertiary fauna; they appear to be derived from
the more primitive group whose affinities are so close to the Puerco,
Torrejon and Cernaysian mammals; and they point to the conclusion
that the Notostylops fauna is in reality decidedly later than the Paleo-
cene, the more primitive group of its fauna being little altered survivals,*
corresponding to the primitive survivals (Condylarthra, etc.) which are
found in the Wasatch and Wind River faune of North America. Taking
the Notostylops fauna as a whole, it appears to me to represent an Eocene
stage of development, conditioned by an isolation which began in the
Paleocene and hence prevented the incoming of any Perissodactyla,
Artiodactyla or (arnivora from North America.®® This same isolation
will satisfactorily account for a later survival of the dinosaurs, of Meso-
zoic Crocodilia and some other primitive elements, if they were in fact
contemporary with the Notostylops fauna.

The age of the Pyrotherium beds is much less definitely determinable.
Dr. Roth, indeed, doubts the existence of this fauna as distinct. If
accepted, it would presumably be intermediate between the Nolostylops
and Santa Cruz faune and provisionally referable to the Oligocene.

The sequence of the Argentine faunz will then be

Pampean (s.s.) <= Pleistocene
Monte Hermoso ete. — Pliocene
Santa Cruz _= Miocene
Pyrotherium = ? Oligocene
Notostyiops - Focene.
So far as the correlation of the Pampean and Santa Ceoua 1o concerned,

their fossils agree wholly in preservation and degree of petiifaction with
those preserved in similar Pleistocene and late Miocene formations, re-

# Little altered, that is to say. so far as the parts Koown fo wx are cotcerned [ their
adaptation, whatever 1t was, not involving radicnl changes In dentition from the primary

type.
™ Schlosser (In Zittel's Grundziige d. Pal. Rev. Ed. 1912) regards the Notostylops

tauna a3 I'pper Focene. Scatt (History of Mammals of West. Hem.) places 1t as Eocene.
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spectively, in the western Plains, and the degree of consolidation of the
matrix is the same. We have in the West two fossiliferous formations,
the Bridger (Eocene) and John Day (Oligocene), which are, like the
Santa Cruz, composed of an andesitic volcanic ash, and similar ash strata
are found in different levels of our Western Miocene formations. Now,
the Santa Cruz matrix and fossils are very much less consolidated or
thoroughly petrified than the Bridger and decidedly less so than the
John Day, while they agree very well with the volcanic ash beds in the
middle and upper Miocene. As there is no reason to suppose that the
rock-making processes work at a different rate in different continents,
this evidence is entitled to some consideration. On similar grounds, the
Pampean fossils would be referred to middle Pleistocene, and the few
fossils that 1 have seen from Monte Hermoso agree best with Pliocene
fossil mammals from North America. I should place no weight on this
kind of evidence except when, as in the present instance, the climatic
conditions and the origin and method of deposition of the formations are
substantially similar,

The foregoing digression is somewhat outside the limits of this dis-
cussion. It appears, however, to be necessary to show briefly the reasons
on which the age assigned to the South American mammalian faune are
based. Tt might, indeed, be logically objected that these correlations
are based on the northern origin and migration of certain phyla and
cannot, therefore, be used in support of the theories here advocated. But
the phyla on which the demonstration rests are so universally admitted
to have arisen in the north, and the evidence that thev did so is so com-
plete and conclusive, that there is no reasonable alternate to accepting
them as such. And if so, the correlations of South American faune
must be approximately as here stated, a conclusion supported by the
wholly independent evidence of the degree of consolidation of the forma-
tion and of petrifaction of the fossils contained.

CEXTERS OF DISPERSAL

Whether the evolution of a race be regarded as conditioned wholly by
the external environment or as partly or chiefly dependent upon (un-
known) intrinsic factors, it is admitted by everyone that it did not
appear and progress simultaneously and @quo pede over the whole sur-
face of the earth, or even over the whole area of a great continent. 'The
successive steps in the progress must appear first in some comparatively
limited region, and from that region the new forms must spread out,
displacing the old and driving them before them into more distant
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regions. Whatever be the causes of evolution, we nust expect them to
act with maximum force in some one region ; and so long as the evolution
is progressing steadily in one direction, we should expect them to con-
tinue to act with maximum force in that region. This point then will
be the center of dispersal of the race. At any given period, the most
advanced and progressive species of the race will be those inhabiting
that region; the most primitive and unprogressive species will be those
remote from this center, The remoteness is, of course, not a matter of
geographic distance but of inaccessibility to invasion, conditioned by the
habitat and facilities for migration and dispersal.

[f the environmental conditions in the center of dispersal pass the
point of maximum advantage for the race-type that is being developed
and become unfavorable to its progress, we should find its highest types
arranged in a circle around a central region, which was the former point
of dispersal, and the more primitive types arranged in concentric ex-
ternal eircles. The central region will be unoccupied, ov inhabited by
specialized but not higher adaptations. ‘

It would appear obvious that the present geographic distribution of a
race must be interpreted in some such way as this by anyone who accepts
the modern doctrine of cvolution. Yet there are many high authorities
on geographic distribution who proceed apparently upon a precisely op-
posite theory. According to these authors, the distribution center of a
race is determined by the habitat of its most primitive species, and the
highest and most specialized members of the race are most remote from
its center of dispersal. This principle may be true enough so far as
concerns the first appearance of a given race, i e., provided the most
primitive species are also the oldest geologically; but it appears to me
to be the direct reverse of fact as regards the present distribution, or the
distribution at any one epoch of the past. The only ground on which it
could be defended would be that the progress of the race is due to its
migration, and those members which did not migrate did not progress.
But this involves the view that its progressiveness up to the time that
its geographical envirnnment changed was due to staying at home, and
the same progress after its cnvironment changed was due to not staying
at home. It seems to me that the prevalence of this view must be due
to some fallacious notions about migration, nnconscivusly retained, in-
volving a concept of it as analogous to trasel in the individual, The
snceessful buginess man, no doubt, may pack up his baggage and take to
traveling, leaving home and going elsewhere and profiting much thereby.
Nations have done the same thing, likewise to their advantage. But
there is very little analogy here to the zodgeographic migration of spe-
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cies—which is a question of expansion or contraction of range, not di-
rectly of transference of habitat, although this may be the final resuit.

It seems obvious that the conditions which brought about the early
progressiveness of the race in a particular locality would, so far as they
were external, cause the continued progressiveness of those individuals
which remained in that region; so far as they were intrinsie, they would
affect the main bulk of the race, the center of its range, more than any
outlying parts of it. The present writer is very thoroughly convinced
that the whole of evolutionary progress may be interpreted as a response
to external stimuli; and intends here to point out what he regards as the
most important of these stimuli, It is therefore necessary to point out
that these postulates regarding centers of dispersal and migration are
not dependent upon the theories to be proved—we are not reasoning in

a cirele.
Ocraxtc axy CoNTINENTAL ISLANDS

FAUNAL DIFFERENCES BETWEEN OCEANIC AND CONTINENTAL ISLANDS

One of the strongest arguments for the relative permanency of the
deep oceans, expecially during Cenozoie time, is afforded by the marked
and striking contrast between the faunw of those large islands which are,
and those which are not, included within the continental shelf. The
continental islands have the fauna of the continents to which they belong.
large as well as small, differing only in the absence of types of recent
evolution or of unsuitable adaptation and in the survival of primitive
types which have disappeared from. the mainland. But no question could
be raised as to their former union with the mainland, no other possible
solution would explain their fauna. We are compelled to assume the
former connection of the British Tsles with Euvope, of Ceylon with Tndia,
of Japan with Korea or Siberia, of Sumatra, Java and Borneo with the
Malayan mainland, of the Philippines with Borneo, of New Guinea and
Tasmania with Australia. of Newfoundland and Cape Breton with Lab-
rador and Nova Scotia. Tn each and all of these cases, the evidence is
overwhelming, and, with the exceptions cited, the faunal identity is
complete.

On the other hand. with all those islands which are separated by deep
ocean from the mainland, we find that just that evidence is lacking which
would afford convineing proof of former union with the mainland. Their
faune are widely different from those of the adjoining mainland; they
lnck just these animals which could not possibly have reached there
except by land bridges: they point often to long periods of independent
evolution and expansion, and the primary elements of the faunm of every
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one of them are such as might possibly at least have reached the island
without continental union, whether by accidental transportation, by
swimming or by other means.

Take for example the mammals of Swmnatra, Java and Bornes. We
cannot reasonably suppose that the rhinoceroses, tapirs, deer, wild dogs,
felids and numerous other large animals common to them and the ad-
joining continents reached these islands except by land. They are too
large for transportation on ‘“‘rafts” of vegetation such as occasionally
drift to sea from the mouths of tropical rivers. They are dry-land ani-
mals not given to swimming long distances. And we would not invoke
the agency of man to account for a whole fauna. But most important
is the fact that all the animals that we might fairly expect to find there
in view of a former land connection are really present.

(Contrast with this the fauna of Madagascar®' There are no ungulate
mammals there, except for the bush-pig, possibly introduced by man (in
accord with known customs of the Malays) and a pigmy hippopotamus
(now extinct) which might have reached the island by swimming, as
hippopotami are known to travel considerable distances by sea from one
river mouth to another. The great majority of the unguiculate groups
of the mainJand are also absent. The only representatives are a few
very peculiar carnivores of the family Viverride, a peculiar group of
insectivores {Centetide) and & peculiar group of Cricetine rodents, cach
apparently evolved on the island from a single type introduced long ago,
a species of shrew (Crocidura) of more recent introduction and a variety
of bats. There are numerous lemurs and no monkeys there; and the
lemurs appear to have radiated out from a single group® into a
number of peculiar types, two of which, now cxtinet, paralleled the
ungulates and the higher apes in several significant features. The fauna
of the island does not resemble the present fauna of Africa, nor can it
be derived from any one past fauna, known or inferential, of that conti-
nent. The attempt to derive it from the present or from any known or
inferential past fauna of India involves still greater difficulties. On the
contrary, the Malagasy mammals point to a number of colonizations of
the island by single species of animals at different times and by several
methods. Of these colonizations, the Centetida are the earliest, perhaps
pre-Tertiary ; the lemurs, rodents and viverrines are derivable from one
or more middle Tertiary colonizations: and in both cases the “raft”

A R, Warrace: Island Lite, pp 381412 I8s]
Mammallum and Suppl. Quing. ; Lydekker. Geog. HIt. Mam., pp. 211-228. 1896,
ker's arguments for contlnental wnlon nre mostly invaiidated by more recent discoveries.

2 8ee W. K. Gregory's studies upon the afinities of the Lemurofdea, forthcomiog in
Amer. Mus. Rutletin,

See alao Trouessart Catalogus

Lydek-
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hypothesis may reasonably be invoked.* The hippopotami may have
arrived by swimming and the bush-pig and the shrew may have been
introduced by man, while the bats may readily have arrived by flight.
The extinct ground birds are easily derived from flying birds.

Dr. Arldt,* in his discussion of the Malagasy fauna, points out its
composite character, derived from several successive invasions. This, I
think, is clear enough; but it seems equally clear that these were not
faunal invasions due to land connection but sporadic colonizations by a
few species all at different times. The characters of the mammalian
fauna, both negative and positive, practically exclude the theory of land
connections during the Tertiary.

The West Indian islands afford another marked instance. In spite
of its nearness to Florida, there are no North American mammals in
Cuba, except the manatee,—analogous with the hippopotamus in Mada-
gascar. Nor are the other islands richer in fauna. As also in Mada-
gascar, we have a peculiar and very primitive insectivore Solenodon
(Cuba and Hayti), a number of peculiar extinct ground-sloths, of which
Megalocnus is the best known, and which although Pleistocene in age
are derivable not from the Pliocene or Pleistocene ground-sloths of North
or South America but from the Miocene ground-sloths of Patagonia,
and evidently differentiated through a long-continued period of isolated
evolution, and a couple of chinchillas—the hutias of the larger islands,
the (extinct) Amblyrhiza in Anguilla. The Solenodon may be referred
to a more ancient colonization, the ground-sloths probably arrived during
the Miocene, the chinchillas more recently; and the direction of the
prevalent ocean currents points out the reason why these are of South
American derivation. Those who, like Dr. J. W. Spencer,® believe in
gigantic elevation movements connecting the Antilles with the mainland
in Pliocene and Pleistocene would account for the absence of the conti-
nental fauna by invoking a subsequent subsidence which drowned out
everything else. The improbabilities involved in this hypothesis on strati-
graphic and faunal grounds have been pointed out by W. I1. Dall, . T.
Hill* and others.

™ The molst tropical conditlons of carly Tertlary times would favor the formation of
such rafts, the small size and arboreal habits of the antmnls concerned would inereuse
the chances of thelr being caught on such rafts and the uniform cllmate and conse
quently more placld seas would Increase the distance over which the raft might be tran-
ported before it broke up.
lr):‘.z'l‘m:omm: Antor: Entwlcklung der Kontlnente und threr Lebewelt, pp. 110-142
207,
@ J. W. 8PENCER : “Reconstruction of the Antillean Contigent." Bull. Geol. Soc. Amer
vol. vi, pp. 103-140. 1895,
™ o
w. }!. DALL: “Geologleal Results of the Study of the Tertlary Fauna of Flortda
Trans. Wagn. Tast, vol. Ui, pt. vl. 1903.
n.: T. Hiur : “Geologleal History of the Isthmus of Panama sud Portlons of Coi.
1Uea” Rull. Mn<. Comp. Zobl.. vol. xzelil, pp. 151-285, 1898,
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Cuba, while near in actual distance to the North American continent,
has been comparatively inaccessible to sporadic colonization from that
gource, on account of the direction of the ocean currents; but coloniza-
tions from South (or possibly Central) America have reached it. New
Zealand is more remote and inaccessible, and, during the whole Mesozoic
and Cenozoic eras, we have evidence of but two colonizations by land
vertebrates, neither implying any necessary continental connection. The
rock-lizard (Sphenodon) may, for aught we know to the contrary, be
derived from a marine form; all its early Mesozoic relatives were aquatic,
some apparently marine. The few other reptilia may be best accounted
for by sporadic colonizations of later date. The moas are probably de-
rivatives from flying birds.

When we come to the smaller oceanic islands, their poverty of fauna
is still more conspicuous. If their fauna is due to sporadic colonization,
this should be expected, as the chances are reduced directly in proportion
to the smaller length of coastline on which an immigrant might land, as
well as by their effective distance from the mainland. The colonization
of a group of islands one from another may be due to former land con-
nection and subsequent isolation, or to the same method of accidental
transport, subject to the same laws of chance.

It is quite possible that in certain instances the small size and unfa-
vorable environment of islands formerly connected with the continent
may account for non-survival of the continental fauna. The Falkland
Islands are a case in point; but even here, we find the survivors closely
allied to the continental fauna and including types which afford the con-
clusive proof of continental connection which is uniformly lacking in
oceanic islands.®’

The characteristics of continental and oceanic island fauna have been
very fully and ably elucidated by Wallace (Island Life), and it is in-
tended here merely to assert that the progressive increase of our knowl-
edge of the past life of the world tends only to emphasize the distinctions
in the source of their faunz which he has so clearly demonstrated and,
so far a8 my acquaintance with the subject goes, to reduce still further
the number of continental connections which he regarded as permissible.

To the argument so often advanced that the transportation of a species
across a wide stretch of sea and its survival and success in colonizing a

new country in this way is an exceedingly improbable accident, it may
be answered that, if we multiply the almost infinitesimal chance of this

T Introduction of Canis antarcticus Ly human agency In prehlstoric thues 14, however,
u possible explanation of Its ocearrence. It {s the ouly alternate to a Plelstacene land

connection.
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occurrence during the few centuries of scientific record by the almost
infinite duration of geological epochs and periods, we obtain a finite and
quite probeble chance, which it is perfectly fair to invoke, where the
evidence against land invasion is so strong. Furthermore, the fact that
continents have not in general been peopled in this way one from another
is well accounted for by the fact that species already existed there which
filled the place in the environment and by their competition prevented
the new form from obtaining a foothold, or greatly reduced the chances
thereof. In oceanic islands, however, the favorable environment existed
without the animal to fill it. Very often, on account of this lack, some
other type was evolved to fill its place; birds being widely distributed on
account of their powers of flight have in many oceanic islands developed
large terrestrial adaptations to take the place of the absent or scanty
mammals.

NATURAL RAFTS AND THE PROBABILITIES OF OVER-SEA MIGRATION
THEREBY

The following series of facts and assumptions may serve to give some
ulea of the degree of probability that attaches to the hypothesis of over-
sea transportation to account for the population of oceanic islands.

1) Natural rafts have been several times reported as seen over a hundred
miles off the mouths of the great tropical rivers such as the Ganges, Amazon,
Congo and Orinoco.® For ohe such raft observed, a hundred have probably
drifted out that far unseen or unrecorded before breaking up.

2) The time of such observations covers about three centuries (I set aside
the period of rare and occasional exploring voyages). The duration of Ceno-
zoic time may be assumed at three million years (Walcott’'s estimate).

3) Living mammals have been occasionally observed in such records of nat-
ural rafts. Assume the chance of thelr occurrence (much greater than of their
presence being noticed) at one in a hundred.

4) Three hundred miles drift would readily reach any of the larger oceanic
islands except New Zealand. Assume as one in ten the probability that the
raft drifted in such a direction as to reach dry land within three hundred
miles,

5) In cnse such animals reached the island shores and the environment
afforded them a favorable opening, the propagation of the race would require
either two individuals of different zex or a gravid female. Assume the proba-
bility of any of the passengers surviving the dangers of landing as one in
three (by leing drawn in at the mouth of some tidal river or protected inlet),
of landing ut a point where the environment wns sufticlently favorable as
one in ten. the chances of two individuals of different sexes belng together

® A recent number of the Popular Science Monthly (Sept., 1911, vol. Ixxix, pp. 303-307)
gives the recorded observations of the drift of a natural raft of this sort, covering over
8 thonsand miles of travel.
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might be assumed as one in ten, the alternate of a gravid female as one In
five. The chance of one of the two happening would be 1/10 4 1/5 = 3/10.
The chance of the specles obtaining a foothold would then be 3/10 X 1/3 X
1/10 — one in & hundred.

If then we allow that ten such cases of natural rafts far out at sea have
been reported, we may concede that 1000 have probably oceurred in three
centuries and 30,000,000 during the Cenozoic. Of these rafts, only
3,000,000 will have had living mammals®® upon them, of these only 30,000
will have reached land, and jn only 300 of these cases will the species have
established a foothold. This s quite sufficient to cover the dozen or two
cases of Mammalia on the larger oceanic islands.

Few of these assumptions can be statistically verified. Yet I think
that, on the whole, they do not overstate the probabilities in each case.
They are intended only as a rough index of the degree of probability that
attaches to the method, and to show that the populating of the oceanic
islands through over-sea transportation, especially upon natural rafts, is
not an explanation to he set aside as too unlikely for consideration.

I have considered the case only in relation to small mammal:. With
reptiles and invertebrates, the probabilities in the case vary widely in
different groups, but in almost every instance they would be consider-
ably greater than with mammals. The chance of transportation and sur-
vival would be larger and the geologic time limit in many instances much
longer. Wind, birds, small floating drift and other methods of acci-
dental transportation may have played a more important part with in-
vertebrates, although they cannot be invoked to account for the distribu-
tion of vertebrates. The much larger variety and wider distribution of
infra-mammalian life in oceanic islands is thus quite to he expected. And
the extent and limits of such distribution are in obviously direct accord
with the opportunities for over-sea transportation in different groups.

On the other hand, the transportation of very large animals in this way
may fairly be regarded as a physical impossibility, which could not be
multiplied into a probability by any duration of time. The only methods
of accounting for such animals would he by evolution in loco from small
ancestors, by swimming, by introduction through the agency of man and
by actual continental union.

The first hypothesis would involve evolution in an isolated and more
or less altered environment and would result in wide structural differ-
ences from any continental relatives. The second applies with greater
probability to large than to small animals, but, except for animals of

® Small reptiles and Invertebrates would only rarely be observed 1f pre<ent
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more or less aquatic habits and within certain limits of distance, it is an
apparent physical impossibility. The third may be either intentional or
accidental and should be considered in connection with the known custom
among Malays and other races, of taming various captured animals and
taking them along on sea-voyages. Its application is, of course, limited
to distributional anomalies of late Pleistocene or modern origin. The
last hypothesis, where it traverses the doctrine of the permanence of ocean
basins, appears to me unnecessary, as I have failed to find a single in-
stance of distribution which cannot reasonably be otherwise explained.

CONSIDERATIONS AFFECTING PROBABILITIES OF OVER-SEA MIGRATION IN
SPECIAL CASES

The probabilities of over-sea transportation to an oceanic island will
obviously be much greater if the island is large, and correspondingly re-
duced if it be of small size. The distance from the mainland will greatly
reduce the chances of such rafts making a landing, for two reasons: first,
the chances of survival of the animals are reduced proportionately to the
length of their journey (or rather, in a varying relation, which for con-
ventience we may consider as a direct proportion} ; sccond, most rafts will
he carried out from one or more points along the coast, but not from all
points equally (that is to say, from the mouths of one or more great
rivers, where the conditions are favorable, seldom from any of the small
rivers). If we disregard prevalent winds and currents and consider the
rafts as drifting out in all directions the probability of their landing on a
given island will he directly proportioned to its length opposite the main-
land, mversely to the distance. The probabilifies of survival of animals,
so far as it depends on the raft hdlding together, will also be inversely as
the number of days exposure to the sea, hence as the distance. Compar-
ing Saint Helena, 1100 miles from Africa and 10 miles diameter, with
Madagascar, 200 miles from Africa and 1000 miles in length, we sce that
the probabilities of effecting a colonization would be 100 X 814 X 514,
or 3023 times greater in the case of Madagascar. New Zealand, 800 miles
tong and 1200 miles from the Australian coast, will receive 8/10 X 1/6
X 1/6, or 1/45 as many colonizations as Madagascar, but 80 X 11/12
X 11/12 or 67 times as many as Saint Helena.

I believe that it is to their small size rather than to unfavorable con-
ditions for survival that the poverty of fauna, especially of higher verte-
hrates, in the smaller oceanic islands is due.

The oceanic currents and prevalent winds do, of course, profoundly
modify the ahove weneralities in each individual instance. They have
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prevented the populating of Cuba from North America, while facilitating
invasions from South and Central America. The present set of currents
reduces the probability of mammals reaching Madagascar from the Afri-
can mainland, while increasing the chances of Oriental animals reaching
it. It reduces materially the opportunities for Australian fauna to reach
New Zealand.

We have no adequate data on which to base theories as to the former
set of oceanic currents. A worldwide uniformity of climate would prob-
ably reduce the north and south movement of the waters; the east and
west element of their motions is conditioned by the rotation of the earth,
and its velocity would be reduced proportionately to the north and south
movements; so that & more uniform climate would bring about a reduc-
tion of velocity rather than change in direetion. The third principal
conditioning element is the conformation of the continents, and doubtless
the flooding of great areas and the opening up of broad though shallow
passageways between seas now separated would profoundly modify the
surface currents in many regions. The opening of a broad passage be-
tween North and South America would allow the Caribbean current to
pass into the Pacific instead of being detlected northward and eastward
along the shores of the Gulf of Mexico to find an outlet between Cuba
and Florida. The absence of this initial part of the Gulf Stream would
obviously be unfavorable to North or Central American animals reaching
western Cuba. The great equatorial current would sweep across from
Africa along the northern coast of South America, and uninterruptedly
into the Pacific; transportation from Africa to South America or from
South or Central America to the Galapagos Islands would thus be facili-
tated.

Dispenrsal or MaMMaLIA

MANKIND

We may with advantage begin our review of the special evidence in
support of our theory with the migration history of man. This is the
most recent great migration ; it has profoundly affected zotgeographie
conditions; it is the one where our data are most complete and accurate;
we can perceive its causes and conditions most clearly, and we have a
great deal of corroborative evidence in history and tradition.

All authorities are to-day agreed in placing the center of dispersal of
the human race in Asia. Its more exact location may be differently in-
terpreted, but the consensus of modern opinion would place it probably
in or about the great plateau of central Asia. In this region, now barren
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and sparsely inhabited, are the remains of civilizations perhaps more
ancient than any of which we have record. Immediately around its bor-
ders lie the regions of the earliest recorded civilizations,—of Chaldea, Asia
Minor and Egypt to the westward, of India to the south, of China fo the
east. From this region came the successive invasions which overflowed
Europe in prehistoric, classical and medizval times, each tribe pressing
on the borders of those beyond it and in its turn being pressed on from

=

Fia. 8.—Dispersal and distribution of the principal races of wman
No attempt is made to indicate anything beyond the broader lines of dispersal.

behind. The whole history of India is similar,—of successive invasions
pouring down from the north. In the Chinese Empire, the invasions
come from the west. In North America, the course of migration was
from Alaska, spreading fan-wise to the south and southeast and continu-
ing down along the flanks of the Cordilleras to the farthest extremity of
South America. Owing to the facilities for southward migration af-
forded by the great Cordilleran ranges, the most remote parts of the New
World are the forests of Brazil and of northeast South America. In the

northern continent, Florida is the most distant from the source of mi-
gration.
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In Africa, the region north of the Sahara has been overrun by succes-
sively higher types from the east. The great desert was a barrier to
southward migration, being pierced only by the narrow strip of the Nile
valley, from whose head spread out the successive populations of central
and southern Africa. The main trend of migration followed the eastern
highlands, the valleys of the Niger and Congo being more remote.

In the East Indies, the succession of great islands to the southeast,
perhaps more connected formerly than now, formed stepping stones of
migration to the distant continent of Australia.

The lowest and most primitive races of men are to be found in Aus-
tralasia, in the remoter districts of southern India and Ceylon, in the
Andaman Islands, in southwest and west central Africa and, as far as the
New World is concerned, in northern Brazil. These are the regions most
remote, so far as practicable travel-routes are concerned, from Central
Asia. A century ago, the present habitat of primitive races was taken tq
be approximately the primeval home of man. With our present under-
standing of the conditions and causes of migration, a theorv more in ac-
cord with tradition and historv is generally accepted, and the dispersal
center of man 1s regarded as situated in central or southern Asia. The
influence of the old opinion is perhaps seen in the tendency to place this
region south of the great Himalayan ridge and in tropical or semi-trop-
ical climate. .

This last assumption—that man is primarily adapted to a tropical eli-
mate—is, I think, only partly true at hest. Its general acceptance is
perhaps due, among other reasons, to the supposed relation between loss
of hair on the body and the wearing of clothes, the first being regarded as
an earlier specialization in an environment of tropical forests, the second
as a secondary adaptation resulting from migration to a cold climate.
But here, it scems to me, we are putting the cart before the horse. We
may more reasonably regard the loss of hair in the human species as a
result of wearing clothes and conditioned hy this habit, rather thau attrib-
ute it to any climatic conditions. This view is supported by several points
in which the loss of hair in man is differentiated from the partial or com-
plete loss of hair common in tropical animals, the following two being
most clearly significant.

1) It 1s accompanied by an exceptivnal aud progressive delicacy of skin,
quite unsuited to travel in tropical forest<. I do not know of any thin-balred
or hairless tropleal animal whose skin ix not more or less thickened for pro-
tection against chafing. the attacks of insects, etc.

2) The loss 18 most complete on the hack and abdomen. The arms and the
legs and, in the male. the chest, retain hair much more persistently. This is
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just what would naturally happen if the loss of hair were due to the weartug
of clothes,—at first and for a long time, a skin thrown over the shoulders and
tied around the waist. But if the loss of hair were conditioned by climate it
should, as it invariably does among animals, disappear first on the under side
of the body and the limbs and be retained longest on the back and shoulders.

It will not be questioned that the higher races of man are adapted to
& cool-temperate climate, and to an environment rather of open grassy
plains than of dense moist forests. In such conditions they reach their
highest physical, mental and social attainments. In the tropical and
especially in the moist tropical environment, the physique is poor, the
death rate is high, it is difficult to work vigorously or continuously, and
especial and unusual precautions are necessary for protection from dis-
eases and encmies against which no natural immunity exists and which
are absent from the colder and drier environment.

This lack of adaptation to tropical climate is also true, although to a
less degree, of the lower races of man. Although from prolonged resi-
dence in tropical climate they have acquired & partial immunity from the
environment so unfavorable to the newcomer, vet it is by no means com-
plete. The most thoroughly acclimatized race—the negro—reaches his
highest physical development not in the great equatorial forests but in the
drier and cooler highlands of eastern Africa; and when transported to
the temperate United States, the West Coast negro yet finds the environ-
ment & more favorable one than that to which his ancestors have been
endeavoring for thousands of vears to accustom themselves. In tropical
South America, the Indians, as Bates long ago remarked, seem very im-
perfectly acclimatized and suffer severely from the hot moist weather;
much more than the negroes, whose adaptation to tropical climate has
been a much longer one.

In view of the data obtainable from historical record, from tradition,
from the present geographical distribution of higher and lower races of
men, from the physical and physiological adaptation of all and especially
of the higher races, it seems fair to conclude that the center of dispersal
of mankind in prehistoric times was central Asia north of the great Hima-
layan ranges, and that when by progressive aridity that region became
desert it was transferred to the regions bordering it to the east, south and
west.  We may further assume that the environment in which man pri-
marily evolved was not a moist or tropical climate, but a temperate and
more or less arid one, progressively eold and dry during the course of his
evolution. In this region and under these conditions, the race first at-
tained a dominance which enabled it to spread out in snecessive waves of
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migration to the most remote parts of the earth. The great mountain
ranges to the south impeded migration in this direction, while to east and
northeast, west and northwest, migration was easy and rapid. Reaching
the New World by way of the Alaskan bridge, the long uninterrupted
chain of the Cordilleras facilitated migration along their flanks to the
farthest limits of South America.

There is little evidence if any, in the New World, of any migrations of
inferior races long preceding those of the Amerind tribes, which would
seern to have branched off at & moderately high stage in the evolution of
menkind. Per contra, we find in South Africa, in Australia, in penin-
sular India and elsewhere, remnants of what must have been an carly
cycle of migrations. Each group of this early eycle, derived primarily
from a different part of the central region of dispersal, has specialized
further in proportion to its isolation and vet retains a predominance of
the common primitive characters representing the stage of development
attained when it left the dispersal center. The populating of Africa by
the negroes may be regarded as the latest phase of this early cycle of dis-
persal, or should perhaps be considered independently.

The later development of the race is conditioned by its splitting in the
region of dispersal into an eastern or Mongolian and a western or Cau-
casian stock. This split was presumably conditioned by the east-west
elongation of the dispersal center caused by the facility of ¢xpansion in
these directions and the mountain barriers to the =outh. Al the east-
ward migratiohs from this time on bear a distinetly Mongolian stamp.
An early phase of this stage is represented by the population of the New
World and the variously mixed Malayan peoples. A later phase appears
in the more typical Mongolian races. All the westward migrations, on
the other hand, are of Caucasian affinities, this stock splitting, as the re-
gion of favorable environment widened out westward, into northeastern
or Nordie, sonthwestern or Mediterrancan groups. The peoples of north-
ern Europe are derived from the successive migration waves of the first.
those of southern Europe and northeast Africa from the second; the in-
termediate Alpine stock of central Europe is considered to represent a
somewhat older migration allied to the Slavic peoples, who are to-day
the prineipal population of eastern Europe, the latest cycle of Caucasian
dispersal.

I have gone into this brief recital of the migration and dispersal his-
tory of mankind, not to present anything novel or authoritative, hut be-
cause we have more evidence, direct and indirect, and more insight into
the conditions and causes which controlled its course, than with any other
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race of mammals. I believe that these controlling causes have been sub-
stantially the same in the lower animals as in man and their methods
and routes of dispersal largely identical.*®

PRIMATES

We have seen that the dispersal center of man is in central Asia; that,
in the present distribution, the survivors of the earliest cycle are found

74
DISTRIBUTION OF PRIMATES —- = 0
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F16. 7.—Dispersal of the Primates

The marginal position of the modern lemurs, the progressive disappearance of the order
from the more central regions which it formerly inhabited are clearly shown,

in Africa, peninsular India, the East Indies and Australia; that the
populating of the New World belongs to a later cycle of distribution,
and we have no good evidence that the earlier cycle ever reached it; that
the dominant migration in the Old World has been east and west, prog-
ress to the south being hindered by the transverse mountain system to
the south of which more primitive types long survived, while in the New
World the dominant line of migration has been to the southward from
Alaska, and eastward migration has been slower.

¢ One notes, too, the same fallacy In Interpreting the data; some authors are disposed
to place the center of dispersal of European races or languages In western Kurope or In
northern Africa because they find there the most primitive surviving races or languages.
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In the living Primates we have survivors of pre-human stages in the
evolution of man, specialized to a varying extent in different directions
from him, so that they have not come into direct rivalry with him, and
have hence survived.

The latest infra-human cycle is represented by the anthropeid apes,
surviving to-day in the forests of West Africa and of the East Indies.
We may suppose that these are remnants of a cycle of dispersal from a
central Asiatic source, but we have no sufficient data to define its extent
or time, except as late Tertiary and probably limited to Arctogwa.
Nearest to man in intelligence and habits, this cyele has been swept out
of existence, except for the few members which were or became adapted,

LIVING AND EXTINCT GROUPS 0OF PRIMATES
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as our own ancestors were not, to tropival forest lite. The arboreal
habitat may be interpreted as a partial reversion. The doubtful and
fragmentary remains of anthropoid apes in the Pliocene of Europe and
of northern India are about all that the geological record has to state in
regard to the former distribution of this cycle.

The next lower cycle is that of the monkeys and baboons of the Old
World, and as a very doubtful early phase, the New Worll monkeys.
The Old World monkeys inhabit most of Africa, India and the East
Indies. To the northeast they extend to southern Japan. Closely re-
lated forms are found in the late Miocene of central and southern Fu-



216 ANNALS NEW YORK ACADEMY OF SCIENCES

rope, in the Pliocene of India, in the so-called Pliocene (which may be
Miocene) of China. These may all be referred to a central Asiatic
source. The dispersal of this cycle must date back at least to the be-
ginning of the Oligocene, for it had reached as far as Egypt at the date
of the Faylim fauna as shown by Schlosser’s recent discoveries.** With
the New World monkeys, the evidence seems rather to point to inde-
pendent evolution in South America from early Tertiary Primates of an
Eocene cycle of dispersal. For no remains of Primates have been dis-
covered in any Oligocene or later formation in the United States, while
the later Tertiary formations of the Argentine have yielded remains of
a number of Primates apparently intermediate between Eocene lemurs
and South American monkeys.

" The oldest cycle of primate dispersal is that represented by the lemurs.
These are now most abundant in Madagascar; a few exist in west and
central Africa, peninsular India and the East Indies. Lemuroid pri-
mates, lacking certain specialized characters of modern lemurs but other-
wise closely related, and equivalent in stage of development, are found
sbundantly in the Eocene of Europe and the United States. They are
very doubtfully represented in the early Tertiary formations of the
Argentine. We know too little of the Tertiary of other parts of the
world to make any inference as to the extent of their distribution at
that time, or the course of its subsequent changes. They disappear in
Europe and North America at the end of the Eocene; in South America,
they may have evolved into New World monkeys, while in the 01d World
they must have given rise to the higher primates. It is reasonably cer-
tain that the theater of their evolution was not Europe, and although
they are not known in the Oligocene Fayim fauna of Egypt, we may
doubtfully suppose that they had reached that continent at some time
during the Eocene. Madagascar most probably received its lemurs from
Africa, but it is reasonable to suppose that only a single type, allied to
the Eocene Adapide, reached the island, and in the favorable environ-
ment radiated out into a number of diverse adaptations taking the place
of various mammal groups not present in the island fauna.

From the fact that the European and North American lemurs are in
aiequivalent stage of development, although not very closely related,
we may fairly infer that they were derived very early in the Tertiary
(;II'HH\ an intermediate center of dispersal, presumably Asia north of the

tmalavas

(1) . - .
MAX SCHLOSSER | Bettitige 2ur Kenntalss der Ofigozitnen Landsfiugethieren aus dem

Favam Aegypten” Bett. zur Pal u. Geol. Oest-Cug.. B'd =xlv, 5 52. 1919,



UATTHEW, CLIMATE AND EVOLUTION 217

CARNIVORA

The modern land Carntvora are spread over all the great continents
except Australia, where a single species of wild dog, probably introduced
by man, is their only representative. They are found equally in all the
continental islands (i e., those included within the continental shelf
border), and a few have reached Madagascar and other large oceanic
islands.‘

Mwocene relalives of

Cyon, /cfz'cyorz, Lycaon &
Dinocy nops====

{Denocynops
(Pleistocene)

/ /Jméaé/y infro
" duced in lale
Pleistocene

Ancestral Canida

Locene lo Keeent -

F1a. 9.—Digtribution of the modern Canlde

The jackals (Ethloplan and Orlental) are slightly more primitive than the true wolves
and foxes; the Neotropleal “Dog-foxes” more distinctly so. Cyon, Irticyon and Lycaon
appear to be dispersed remnants of an aberrant group formerly [oluretic; the ancestry
of the more typical Canldic fs also found In Holarctica,

"The order is unquestionably of Holarctie origine Primitive Caruivora
(Ureodonta) are abundant in all the earlier Terttary formations of Eu-
rope and North America, one group (Miacila) ancestral to the higher
Carnivora (Fissipedia), others which became extinet during the Oligo-
cene. True fissipede Carnivora first appear in the Upper Kocene in
Kurope and North America and differentiate into the diverse modern
types through the remainder of the Tertiary. They did not reach South
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America until the Pliocene, their place being supplied up to that time
by carnivorous marsupials. ln Australia, their place is still taken by
carnivorous marsupials. In Africa, primitive Carnivora (creodonta)
appear in the Oligocene, represented only by the extinet family of hyano-
donts, all of them derivable from Eocene hyznodonts of the Holarctic
region; but the contemporary Holaretic Fissipedia had not yet reached
Africa.

The modern land Carnivora are divided into seven families, each rep-
resenting one or more broad phyla. The various divergent adaptdtions
of the phyla and secondary re-adaptations of subphyla have brought
about an amount of convergence and parallelism which makes it difficult
to disentangle or to state accurately the true genetic relationship in any
terms of classification. Some of the phyla are Holarctic, others Pala-
arctic or Nearctic. In all of them, we find the most primitive modern
survivors in the tropical regions, the most advanced types in the Holarctic.

Canide—The Canide are the most cosmopolitan family of the order.
It is also the most progressive family in its adaptation to the open plains
and arid climate of the great modern continents. The gradual adapta-
tion of the race to these conditions from primitive arboreal forest-living
ancestors can be traced through successive stages in the Tertiary forma-
tions of Kurope and North Ameriea, but most completely in the latter
country. The lengthening of the limbs and their adaptation for swift
running, the reduction of the long balancing tail to a short comparatively
unimportant organ, the perfection of the shearing and crushing teeth
and, especially, the steady increase of brain capacity are the chief lines
of progress. While most of the surviving (‘anide conform pretty closely
to a single type, we find a tendency among their Tertiary ancestors to
branch off on the one hand into more predaccous, on the other into more
omnivorous types. Most of these have disappeared, but in the Oriental
Ethiopian and Neotropical regions we find in the genera Cyon, Icticyon
aml Lycaon survivors of a more predaceous group which is known from
the Oligocene and Miacene of the Holarctic region. This group has
disappeared from Holarctica hy the end of the Tertiary; two or three
representatives are found in the Pleistocene of South America. Among
the more typical modern dogs, the wolves and foxes are the most pro-
gressive types, the jackals slightly less so, the African fennec retains
most nearly the primitive long tail, the South African Ofocyon, while
anomalous in possessing an extra molar tooth, is likewise normally primi-
tive in several characters and the Neotropical “dog-foxes” show a marked
resemblance in many details to the late Tertiary (‘anida of North Amer-
ica. The fact that the Canidie are preéminently adapted to open conntrs
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and more or Jess arid climate is of primary importance in explaining
their present dominance and cosmopolitanism, their close association with
man, their absence from Madagascar and other oceanic islands; and it
makes it most probable that the introduction of the dingo to Australia
was through human agency although undoubtedly as early as the late
Pleistocene. In their adaptation and distribution this family of Car-
nivora largely parallels the Equide among Perissodactyla.

TaBLE II.—Distribution of the Canide

Neotropical | Holarctic | Ethiopian | Oriental | Australian
. Canis - |
Canis . Canis o
. I
Recent Iticyon Canis ()/‘;loc;;otgz Cyon I Canis
—_ —_— — _ !_
Canis R |
Pleistocene | Jcticyon Caniy Canis g;znw | Canis
Dinocynops |
— — e = —
Canis . . |
. . ; Record in- | Canis :
Pliocene  |(?) Amphicyon ‘Dtxcyon, etc. (u(;:g;at e) | Vulpes ' (No record)
|
| — .
| |
i Tephrocyon
Miocene None Ifgyﬂoﬁgﬁ"’m No record | Amphicyon | (No record )
. Cyon, ete. |
‘ _ |
| X
: |
ICeph:lil_oggle Amphi
; m on
Oligocene None lgﬁ;mg, ete. None ¢ Cepmgale (No record)
“ Amphicyon’’ i
. B, - —
I " |O_z/noc§ictia, ete.
Eocene | None Cynoid (No record)
| [Miacidee

4 Pay0m fauna, Egypt. Although this locallty Is not to-day within the Ethloplan
province, 1ts fossil mammals are generally regarded ns representlng the Ethfopian and
not the Mediterranean fauna of the Oligocene. My own impression with regard to it Is
that {t Is transitional, as the Egyptian fauna Is to-day, but dominantly Ethioplan lnstead

of dominantly Mediterranean.
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Procyonide.—The family Procyonide includes 2 member of omnivor-
ous specializations from the central phylum now represented by the
Canide. All of them are arboreal, partly retaining and partly reverting
to the primitive mode of life in this respect. They are mainly Neotrop-

////// I’mryom'nfa'e ’/'55 Procyon .
\\\\\\ Viverridde \ :\\ Gerella erlidrypqnceslor.

of Viverridds

Zerly ry anceslors
of tie Procyonidar

Aelurug

No Procyondde
until Pliocene Proaclurus

Fra. 10.—Distribution of the Procyonide and Viverride, formerly Nearctic and
Pala:arct(c, but now surviving chiefly in the peripheral regions

The geographical position of Aelurus {8 anomalous for a member of the Procyonide, to
which famfly it {s usually referred. Its true affinitfes, however, are doubtful,

ical, but the raccoon, the most dog-like of the family, survives as far
north as the Sonoran region. The panda of the Himalayas is usually
placed with Procyonide, but its true affinity is not very clear.
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TaBLE 1IL.—Distridution of the Procyonide
Holaretic
" Neotropical |
Sonoran i Palearctic
|
[—————
Procyon |
Nasua I Alurus
Recent Cercoleples Procyon ( Affinities question-
Bassaricyon | able)
Bussariscus l
| e
Pleistocene (Not recorded) Procyon ‘
Amphinasua | Parailurus
Pliocene Pachynasua Probassariscus I (Affinities question-
Cyonasua | able)
R e |
|
: Leptarctus |
Miocene None Phlaocyon |
[y Cynodictis
Oligocene None (Probably ancestral in part)
I AR _
Eocene None Miacidee

Mustelide.—Primarily the Mustelide represent a more predaceous
adaptation than the Canide. Their development through the Tertiary
in the Holarctic region can be traced almost as completely as that of
the dogs. Like the Canide (though not as early), they perfected during
the later Tertiary a differentiation of the back teeth into shearing and
crushing types, and they are equally progressive in brain development
but much less so in running powers, retaining to a great extent their
primitive forest-living habitat. They are to-day chiefly holarctic, the
most progressive typical mustelids being the martens, weasels, ferrets
and wolverenes. FEarly in the Tertiary there appear divergent side
branches, specialized descendants of which survive to-day in the badgers,
skunks and otters of the northern world, the intermediate forms being
now extinet or confined to India and Africa.

Urside.—The bears are regarded by many paleontologists as an off-
shoot from the Canide, but, on structural evidence, they appear to be
related rather to the Mustelidw. Their distribution indicates derivation
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from a Palearctic source. The most primitive bears firsi appear in the
Miocene of Europe; in the New World, they first appear in the Pleisto-
cene. They are to-day chiefly Holarctic; the single South American
species is distinctly primitive; the Oriental sun-bear and sloth-bear are
partly aberrant, partly primitive. The Thibetan .Eluropus is aberrant
and specialized ; its relation to the typical Urside is not very close.
Viverride.—The Viverride are now almost exclusively Oriental and
Ethiopian and have conserved the primitive type more than any other
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F1g. 11.—Distribution of the Urside, Pleistocene and Recent

The group appears to have dispersed from a Palmarctle center, 118 Tertlary ancestral
serles being found In Europe and in the Pliocene of India and China.

Carnivora, except some of the Procyonide which have a somewhat corre-
sponding geographic position in the New World. The three most pro-
gessive genera, Ierpestes, Genetla and Viverra, survive to-day along the
southern borders of the Palwarctic region; the remainder are FEthiopian
or Oriental, the most primitive living genera being west African and
East Indian. Herpestes and Viverra occur in the Oligocene and Mio-
cene of Germany and France, and more primitive extinct genera in the
Upper Eocene of Europe.
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The primitive character of the viverrines is especially seen in their
imperfect differentiation of shearing and crushing back teeth, their
rather short limbs, long bodies, long tails and relatively small brain
capacity.

Hyenide.~—The family Hyznidze is generally regarded as a specialized
offshoot from the Viverrida and is apparently connected with the Euro-
pean Miocene viverrids by a series of intermediate forms. 'The latest
development of the race, the genus Hyena, inhabited Europe and Cen-
tral Asia and China in the Pliocene and Pleistocene but is now found
only in India, Africa and southwestern Asia. .

Felide.—The Felide are almost as cosmopolitan as the dogs and are
even more uniform in type, the cheetah being the only marked living
variant. A notably different specialization is shown in the extinct
macherodonts or sabre-tooth tigers, and in the Tertiary sequence in
Europe and America we find approximate genetic series, parallel in the
two countries, by which the true cats and macharodonts converge towards
& common primitive type, in which the upper canines are moderately
elongated. According to this phylogeny, the clouded tiger of Sumatra
and Java is the most primitive living felid, while the double series in
Europe on one hand and North America on the other, would indicate
northern Asia as the center of dispersal of the race. The range of some
of the modern species is very great. The puma extends in the New
World from Alaska to Patagonia, the tiger in the Old World from Man-
churia to Java. We may note, however, that the tiger is regarded by
Blanford as a recent immigrant into southern India; while, on the other
hand, it is known that the northern range of the lion has been pro-
gressively restricted during prehistoric and historic times from northern
Europe to its present limits of southwestern Asia and Africa.

PINNIPEDIA

When dealing with littoral and marine mammals we must expect to
find the conditions of their evolution somewhat different. Tf the hypoth-
esis be valid that the progressive refrigeration of the polar regions was
the dominant canse of evolutionary progress and geographic dispersal,
an exammination of the map will show that the Arctic-North Atlantic basin
affords the most favorable region. The Arctic basin centers around the
pole, and a broad shelf of shallow water encircles it, extending as far
south ag latitude 45°. The North Pacific basin was closed to the north-
ward by the Alaskan land-bridge during a large part if not all of the
Tertiary, and its shores plunge suddenly to great depths, margined by



224 ANNALS NEW YORK AOADEMY OF SCIENCES

high mountains, affording less opportunity for expansional evolution of
the littoral fauna. The Antarctic continent appears equally unfavorable,
and dispersal from that center would also be hindered by the broad
stretches of ocean.

We may expect, therefore, to find the littoral fauna of the North At-
lantic most progressive, that of the North Pacific less so, the tropical
faung containing many relict types of discontinuous distribution, and
the Antarctic faun partly composed of types from the north which had
crossed the barrier of warm water when the climatic zones were less
differentiated than they now are; partly of groups developed in the south.
Whether these groups were closely allied on the different southern con-
tinental shores would depend on their ability to cross the great barriers
of deep ocean that separate them.

The distribution of the pinnipeds accords with these principles. The
most specialized family is the Phocide, originating apparently in the
Atlantic-Arctic basin, where Phoca, the most progressive genus, is found
in the North Atlantic and Arctic seas and has penetrated into the North
Pacific as far as California and Japan. Southward in the Atlantic it is
succeeded by the less progressive Monachus in the Mediterranean and
Antillean region. The Antarctic Phocida are also primitive and archaie,
related more or less nearly to Monachus. In the Pliocene of Belgium
are found extinct genera closely related to Phoca and others more primi-
tive allied to Monachus.

The walruses, also Arctic and North Atlantic, have penetrated into
the North Pacific only as far as Bering Sea; they are likewise recorded
from the Pliocene of Northern Europe and along the North Atlantic in
the Pleistocene as far south as Virginia.

The third family, the Otariide, is decidedly more primitive in struc-
ture, being less specialized for marine life. They are found in all the
southern seas and on the North Pacific coasts. They are unknown to
the North Atlantic and Arctic shores and have never been found fossil
in either Europe or eastern North America. Desmatophoca and Ponto-
leon of the Miocene of Oregon are perhaps ancestral types, but more
evidence is necessary before its North Pacific origin can be regarded as
satisfactorily indicated.

INBECTIVORA

Among the Insectivora we deal with a number of very ancient races,
whose relationship is much more distant than in many other mammalian
orders, They are small, and most of the surv{ving members are scarce
and little known, while they are still less known as fossils. So far as
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we have any satisfactory evidence, the different races or most of them
appear to have originated in the Holarctic region and spread to the
southward. The most primitive division, the zalambdodonts, includes
four families, the Centetide of Madagascar, Chrysochloride of South
Africa, Potamogalide of West Africa and Solenodontide of Cuba. Fossil
zelambdodonts are found in the late Miocene in South America, in the
early Oligocene (and recently in the Basal Eocene) in North America.
These indications are in conformity with the derivation of the group
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F1a. 12.—Distribution of Soricide (right to left shading) and of Talpidm (left to right
ghading)

The less speclalized Soriclde are more widely dispersed, the highly speclalized Talplde
limited to Holarctica. Ancestral types of both are found in the Tertiary of Europe and
North America, but the evidence as to their phylogeny s very scanty.

from very ancient Holarctic ancestors, the modern zalambdodonts being
the last surviving remnants of a dispersal from the north in early Ter-
tiary or possibly pre-Tertiary times. But the evidence is too slight to
be conclusive.

The hedgehogs are more clearly of Palearctic origin, the most primi-
tive survivors being the East Indian Gymnura and Hylomys, while the
most progressive genus, Erinaceus, is Palzarctic and is preceded in the
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Oligocene aud Miocene of Europe by more primitive ancestral forms. A
relatively primitive genus, Proteriz, occurs in the Oligocene of South
Dekota, as & contemporary with more progressive genera in the Oligocene
of Europe. The femily is otherwise unknown in the New World.

The moles and shrews are also evidently of northern origin. Of the
two families, the Soricide are more primitive in structure and have
spread more widely; the more specielized Talpidee are still limited to
Holarctica, and in the extreme north their exclusion from the aress of
permanently frozen subsoil has split their range into two disconnected
areas. The most progressive and abundant shrews are Holarctic, while
the Oriental and African species (Crocidurine) retain some primitive
characters. Fossil moles and shrews in the middle Tertiary of Europe
and America indicate that the divergence between the two families was
not then so great as mow. The modern genera are reported to occur
(but on inadequate evidence) as early as the Miocene in Europe and
America. Jaws of several minute talpoid genera are known from the
Middle and Lower Eocene of North America. They are unknown in the
extra-Holaretic Tertiary, but this negative evidence is of no weight in
view of their minute size and rarity.

The Tupaiide of the East Indies and Macroscelidide of Africa occupy
a somewhat anomalous position, since they are of higher type in brain
development than other Insectivora and in many respects are nearer to
the higher placental mammals.®® Their distribution so remote from the
great northern dispersal center may perhaps best be accounted for by
considering the fact that their specializations, adaptations and habits of
life are of a less unusual kind than i most of the lower insectivores and
would bring them more directly into rivalry with certain groups of
rodents, with which they were unable to contend successfully and were
compelled to retreat southward in consequence. No fossil remains cer-
tainly referable to these familics are known, although quite a number
of early Tertiary genera of Europe and North America have been or
might be provisionally referred to them.**

There are a large number of primitive Tnsectivora in the Eocene of
North America and a few in Europe, which do not seem to be nearly
aneestral to any modern group but rather indicate that the order once

“ This apomaly lu distribution is now removed by the studles of Gregory and Blliott
8mith, which show that the true relations of Tupala and presumably of Macroscelides,
are with the Primates, rather than with the Insectivora. Thelr geographic distribution
i8 quite normal on this view of their afnities.

“ Bntomolestes of the Middle Eocene of North Amerlea 1a regarded by Dr. Gregory as

probably retated to Tupa(a,_and a number of other small mammals from the Bridger and
Wesateh may be related to this group of Ingectivora.
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took a much more important place in the mammalian faunz of the world
than it does now. This should be kept in mind in considering the rela-
tions of the Insectivora.

CHIROPTERA

I am not sufficiently acquainted with modern Chiroptera to venture
an opinion a8 to whether or not their geographical distribution indicates
their place of origin, but I should not expect to find much satisfactory
evidence, as they are known to be of very ancient specialization and to
have greater facilities for wide distribution than terrestrial animals.

Dr. Andersen,’”® in his recent (‘atalogue of the Chiroptera in the
British Museum, remarks: “The evidence afforded by the geographical
distribution of Bats has generally been considered of doubtful value;
hence they have either been entirely excluded from the material worked
out by zodgeographers, or at least treated with pronounced suspicion as
likely to be more or less unreliable documents of evidence. This un-
willingness or hesitation to place Bats on an equal zoigeographic footing
with non-flying Mammalia would seem to be due partly to the precon-
ceived idea that owing to their power of flight Bats must evidently have
been able easily to spread across barriers which in ordinary circumstances
are insuperable for wingless. Mammalia; partly to the fact that hitherto
very often whole series of distinct forms have been concealed under one
technical name. . . .” [the author cites a series of instances of this
kind which] “tend to show that the present distribution of the Mega-
chiroptera has not been influenced to any great, and as a rule not to
any appreciable extent by their power of flight; if it had the Fruit-bat
fauna of islands could not so commonly as is actually the case differ
from that of a neighoring group or continent, and the tendency to dif-
ferentiation of insular species or forms would have been neutralized by
the free intercourse between neighboring faunas.”

The belief that bats are more easily able to cross ocean barriers than
non-flying mammals is probably based, not on the preconceived idea that
they could, but upon the plain fact that they have done so far more
frequently. Birds and bats are found upon numerous oceanic islands
where no non-flying mammals, and very few non-flying animals at all,
exist. That they have wings and occasionally use them for so long a
journey, whether voluntarily or involuntarily, is a natural explanation.
I cannot see any other reasonable interpretation of the fact that they
are present and the terrestrial mammals absent in so many remote oceanic

4 K. ANDERSEN : Catalogue of the Chiroptera In the British Museum, Vol. I, Megachi-
roptera, p. Ixxvl, 1912.
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islands. With bats, as with most birds, the intervening ocean acts as a
hindranee, but their wider distribution shows that it is less of a hindrance

than with terrestrial mammals.
RODENTIA

The abundant and dominant order of Rodentia lends, in general,
strong support to the theories here advocated; but there are certain
gerious difficulties which can be reconciled only by appealing to the im-
perfection of the geological record.

The rabbits and picas form a group apart, the former Nearctic, the
latter Palwarctic since the Oligocene, and hoth Holaretic since the
Pleistocene, the rabbits having extended their range over most of the
Oriental region and a large part of the Ethiopian and Neotropical. A
single specimen is recorded as from the Pleistocene of South America;
their introduction to Australia is known to have been by civilized man.

Of the remaining rodents, the myomorph families are evidently of
Holaretic origin, as they first appear in Europe and North America in
the Oligocene and the highest and most progressive modern types (e. g.,
Arvicoline) are now Holarctic, while in the southern continents they
are unknown until the Pleistocene and various primitive survivals are
found still living in Oriental, Ethiopian and Neotropical regions. We
_may note, however, that the very abundant and typical group of Cricetinge
has its most primitive living representatives in tropical regions, that as
we go south in South America, the genera approximate more toward the
more specialized arvicoline type, in the same way that they do as we go
northward in the northern continents.** Since there is no doubt that
the cricetines are of northern origin, appearing first in South America
in the Pliocene or Pleistocene, while they are common in the Holarctic
regions from the Oligocene to the present day, we must suppose that the
higher development of the Antarctic genera, to which Oldfield Thomas
has called attention, is a case of parallelism with that of the Arctic
genera and that the colder climate of the far south is the stimulus which
reversed the usual conditions of geographical distribution. A review of
the fauna of the Argentine as compared with that of tropical South
America tends to show, I think, that this condition is general throughout,
and that the fauna is more progressive and more nearly equivalent in
development to those of the northern world than is that of the intervening
tropical zone. This is equally true of autochthonic races and of those
which are demonstrably of northern origin. Compare distribution of the

4 OLDFIBLD THOMAS.
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genera of Procyonide, Canide, Cervide, Tatuide and Dasypodide among
mammals.

Among the sciuromorphs, the squirrels are of early appearance (0Oligo-
cene) in the northern world but are now most abundant in the East
Indies. The more specialized and later appearing marmots are chiefly
Holarctic. The highly specialized beavers and pocket-gophers are Hol-
arctic and Nearctic respectively, from their first appearance. A marked
exception to the rule is seen in the survival in the western Sonoran sub-
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Fig. 13.—Distridbution of (Feomyoidea, Anomaluride and Pedetide

The Geomyoldea are of Nearctle origin, but the more primitive lHeteromyide have
spread Into part of South America. The Anomaluride are thought to be the nearest
living relatives of the early Tertlary Therldomyide. The Pedetlde are an aberrant
gpecialization, derived perhaps from the same group.

region of Aplodontia, the most primitive living sciuromorph in several
respects. 1 have no explanation to offer of this anomaly, save that we
have not yet balanced properly the essential qualities of progressiveness
among Rodentia.

Among the hystricomorphs, we find serious difficulties in the distribu-
tion. The most primitive living group is certainly the Anomaluride
of West Africa; but, like the Pedetidze of South Africa, they offer a
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puzzling admixture of characters, which makes it doubtful whether they
ghould be reckoned as pertaining to the same stock as the other hystrico-
morphs. The remaining families, while chiefly South American, are
also partly represented in the Ethiopian, Oriental and Holarctic regions.
It may be possible, in view of the facts that the Furopean Theridomyidee
antedate geologically any specialized hystricomorphs, are apparently di-
rectly intermediate between the primitive rodent type (Paramys and its
allies) and the hystricomorphs and show the early stages of differentia-
tion of several hystricomorph families, that the Hystricomorpha are a
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F16. 14.—Distribution of the true porcupines (Hystricide) and New World porcupines
(Erethizontide)

The Hystricide appear to be of Palmarctic dispersal, the Eretbizontide are apparently
of Neotropical origin.

group of Holarctic origin which has spread into all the southern conti-
nents and specialized independently on parallel lines. But their entire
absence from the recorded North American T'ertiary is then explainable
only by the defective record, and our knowledge of North American Ter-
tiary rodents is so extensive that I should hardly regard this assumption
as justifiable. The fact that the highest and most specialized types are
South American necessarily involves the idea that that continent has
been the most important center of their later development and dispersal,
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and the alliance of the African to the South American genera and of
the New and Old World porcupines must be regarded as more remote
than it appears. Dispersal from South America by help of Antaretic
or transatlantic land-bridges will not solve the problems of their distri-
bution much better. The most specialized porcupines in most respects
are the hystricids of the Old World—late Tertiary in Jiurope, now chiefly
Oriental and African. The Nearctic poreupines (Erethizon) are more
advanced in several features than the Neotropical (Synetheres). Yet
the ancestors of the New World porcupines at least occur in the late
Tertiary of South America and are absent or unrecorded from the Ter-
tiary of North America. The distribution of the Octodontide in Africa
and South America would possibly admit of being interpreted by parallel
development from theridomyid ancestors; but the parallelism must have
been singularly close, and the absence or non-recoguition of Therido-
myide from the North American Tertiaries appears surprising. I have
been uneble to frame any hypothesis which will fit all the facts of distri-
bution in this group,* except by assuming that the South American
Hystricomorpha, which as Scott has shown are all clearly derived from
a single stock, reached South America from Africa in the Oligocene by
over-sea raft transportation. This involves so long a voyage that T hesi-
tate to accept it as a reasonable probability, even though the winds and
currents would obviously favor transportation in this direction.

The Hystricide may fairly be assumed as of Old World origin, and
probably Palmarctic, since they are represented in the later Tertiary of
Europe and are unknown in the New World. The Erethizontide must
apparently be derived from South America, since they are unknown in
the Old World, and unknown in the North American Tertiary, while
Steiromys of the Patagonian Miocepe appears to be ancestral.

The primary type of the simplididentate rodents, as I have elsewhere
shown,*® must be regarded as being represented by the Ischyromyide of
the American and European Eocene, in particular by Pimzmys and Sciu-
ravus. All other rodents may be derived from this group by divergent,
parallel and in some respects convergent evolution. Modern rodents rep-
resent 8 great number of independent derivations from this primary
stock, their association into sections and familics being to a considerable
extent artificial.

41 The hypothesis of migration to or from South America across a land-bridge from
Afriea to Brazil s equally unsatisfactory as an attempt to explain the relations of the
hystricomorph families and i3 entirely at variance with the evolutlon and distribution of
other mammallan orders, besides being highly improbable on {sostatlc grounds. The
supposed evidence In its favor from lower vertebrates and Invertebrates is due, so far as
1 have been able to examine It, to a lack of appreclation of the prinelples of dispersal
of races and of parallelism and of the fmperfection of the geologlcal record.

“ “Osteology and Relationship of Paramys and Affinities of the Ischyromylde,” Bull,
Am. Mus, Nat. Hiat, vol. xxviii, p. 43-71. 1910,
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_ There are no rodents in the Notostylops Beds of South Ameriea (Eo-
* cene) ; presumably therefore none in preceding epochs. There are none
in the Paleocene of Europe and North America; presumably therefore
their sudden appearance in the true Eocene of these regions was due to
migration from some other region, equidistant from either, a8 their de-
velopment is almost equivalent in the two,—therefore probably Asia.
The few Theridomyide of the Oligocene of Africa are rather primitive
forms, certainly not more progressive than their contemporary relatives
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F16. 16.—Distribution of the Neotropical families of Hystricomorphs

The Octodontide are also found In Africa, and the Theridomyld® of the early Tertiary
of Europe are apparently ancestral to these familles of the Hystricomorpha. No hy-
pothesis satisfactorlly explains the accepted relationship and distribution,

in Europe, affording thus a slight indication that they were Palearctic
immigrants. In Australia the evolution of Marsupial analogues of the
more abundant rodent types of Arctogwea affords strong evidence that the
true rodents were absent from Notogea until the end of the Tertiary; &
view confirmed by the limited amount of adaptive radiation which the
invading Murida have undergone in that continent up to the present day.

The Australian Muride can only be accounted for by over-sea transpor-
tation, for the family appeared and evolved during the middle and later
Tertiary, and the peculiarities of the Australian fauna are explained by
all writers as due to isolation extending through the Tertiary period.
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TaBLE 1V.—Distribution of the Rodents
S. America [ N. America Asia Europe Africa | Australia
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@ A hystricomorph, recorded by Ameghino from the Pyrothertum beds.
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PERISSODACTYLA

The order Perissodactyla is represented to-day by three widely sepa-
rated families—the rhinoceroses, Ethiopian and Oriental; the tapirs,
Neotropical and Oriental, and the horses, Asiatic end Ethiopian. The
last group is the most progressive and modernized, but the whole order
must be regarded as having seen its best days and as passing towards ex-
tinction in competition with the better organized and more adaptable
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Fig. 18.—Diapersal and distribution of the Perissodactyla

The tapirs are on the whole the most primitive and thelr present distribution widely
discontinuous, The rhinoceroses are less widely dispersed and the horses the most cen-
tral in their present distribution. All were Inhabitants of Tertlary Holarctica, but their
dlspersal centers appear to have been Palmarctle, as Indleated.

Artiodactyla. The geological record affords abundant evidence of the
Holarctic origin of all the Perissodactyla. The ancestry of each race can
be traced back in the Tertiary faun® of Europe and the United States,
in a series of approximately ancestral stages, sometimes closer in one re-
gion, sometimes in the other, to a group of closely allied primitive peris-
sodactyls in the early Eocene of both countries. Tn South America, the
order is unknown until the late Pliocene and Pleistocene. In other re-
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gions we know too little of the early Tertiary fauna to say when the
perissodactyls first appeared, but they are absent from the Oligocene
fauna of Egypt, from the Pleistocene and modern faune of Australia
and of all oceanic 1slands. This accords with the natural inference from
their size, proportions and habits that they would be strietly limited by
land connection iu their geographic distribution.

Besides the surviving groups, the early perissodactyls gave rise to sev-
eral extinet families, the lophiodonts, paleotheres, titanotheres and chali-
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F16. 17.—Distridution of Equide, living (solid black) and Pleistocene (shaded)

Early Tertiary ancestors are found in Nearctic and Palsarctic regions. The American
serles is more direct than that of Europe uotil the late Tertlary. Thls and otber con-
siderations Indicate the center of dispersal as in northeastern Asla or northwestern

North Amerlca.

cotheres, none of which are hnown o hase Invaded the southern contl-
nents.

Equida.—"The best known phylum of the ovder, that of the horses, 15
certainly not a direct genetic succession. as regards known species, but
approximately so as regards the known genera.  The successive genera
are progressively more specialized in accordance with their geological
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sequence. They are identical or closely allied in the European and North
American sequence. In North America, the series is more complete, the
approximation to a direct genetic sequence is closer and the successive
stages appear earlier in time. This is reasonably interpreted by suppos-
ing that the center of dispersal was intermediate between Europe and the
western United States but nearer to the latter. That is to say, it was
either in boreal North America or in northeastern Asia. The absence of

IJma// 4 'M%rse{.yma[/ 3-Toed l Larger 3-Toed [ Large 7-Toed Horses

TERTIARY PERIOD [QUATERNARY

VALEOCEN} EQCENE  EPOCH IOLIGOCENE[ MIOCENE |PLIOCCENE PLE!STOCU‘d RECENT

Eohqgpusy _ . _- _____ (Eéuapz and 4’0#& Amenrﬁ)
oroﬁt;vplu.. R -&._ J4 - _(Nor[/x ﬂrmn(a) |
Epihkippus f I ._ - (MortH America) |

Mesohippud E ’ '(fVor!/f Amdreca)
Miokppus |- _ _ ) _ . _ . __p -_ _’ (North ALmnra)
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. * __
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&MA},/"“ _____ (Narth Amnlcd)_ —
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P _([uropc)_.{._____qﬂb ! :
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B’aloﬁippas‘___ —r———— (North Amul(a)_|_ - ,,_
Pleokippusie — — o . — — _ (North America) | - Y _"'(—
Hippiddarm \- ~ — 4 — —— . — _ . (South Amknm)ﬂ —— i iy
higpidisr— — \_ _ _ _ _ _ _ (South Ambrica)s . — b = il
Hipparion Warlﬁ 4mmm , Aswa , Europe and Norlh %Q/rtca)_ X |
fquus War//l qnd South Amercca , Asiz , Eam/;(land Africa). I" -
1 { L ST

F16. 18.—Geologic range and phylogenetic relations of fossil Bquide

The overlap in geologle range of the genera, and the sudden appearance of each new
stage, Indlcate that our record s not derlved from the center of dlspersal of the race:
although the American series I8 sufficlently direct to Indicate that it was not very remote.

primitive survivors of the race in the East Indies is natural; as the horses
were very early adapted to open plains, unfitted for mountain or forest
habitat, the great transverse Himalayan chain would form an almost im-
passable barrier and the heavily forested regions of the East Indies would
have no attractions to tempt the ancestral horses to pass around its cast-
ern end.
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TasLe V.—Distridbution of the Equidw
Neotropical Nearctic Palearctic Oriental |Ethiopian
Recent Equus Fquus Equus
Hppiion |
. hppidion quus 1 Fquus .
Pleistocene Onokippi- ¢ Hipparion Equus (Indin) Fquus
dion, ele.
Hipparion Equus ? Equus
Pliohzqrua {Riwalik)
Pliocene _— Protohippus Hipparion Hipparion
gery;/mmuﬂ pp Py
arahippus
Hypohippus Hypohippus
— B
( Hipparion |
Pliohippus I
Protolippus Hipparion | Hipparion
Merychippus \l L'r~iwalik
Hypohippus |
Miocene —_ |
Merychippus |
Hypolippus Anchitherium
Parahippus ' l
Parahippus Anchitherium ) ’
. Miohippus :
Oligocene — ‘,D’ l ‘ _
Mesohippus
S |-
. Anchilophus
Epihippus { Lophiotherium :
Focene Orohippus Pachynolophus |
Eohippus Hyracotherium
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Tapiride.—~The tapirs are the most primitive living perissodactyle,
retaining the primitive number of digits in fore and hind feet and the
primitive short-crowned grinding teeth. They are to-day limited to the
East Indies and tropical America. In the Pleistocene, they inhabited
the Sonoran region and continental India and the marginal parts of the
Palwarctic region. Their Tertiary ancestry has been traced back in Eu-
rope and in North America to the Oligocene Profapirus, which is pre-
ceded by a less direct ancestral series in the Eocene of North America;

Ne Ta/J/'r.iv_m
antil Pleislocene

F1g. 19.—Distribution of the Tapirs Uving (solid black) and Pleiatocene (shaded)

Aacestral types are found In the Tertlary formations of Kurope and North America.
‘The relations of the two serles and the Pleistocene and modern distribution Indicate a
dispersal center in eastern Asia.

but ancestral tapirs have not been identitied in the Eocene of Europe
The data are insufficient to determine the center of dispersal except as
probably in the Palaarctic region. Tapirs are unknown in South Amer-
ica until the Pampean (Pleistocene) ; they do not appear to have reached
Africa at all. The arid climate of the Afro-Asiatic connection and the
heavily forested path of migration to the East Indies would seem to be
the features that determined the dispersal of the harses into Africa, the
tapirs into Malavsia.
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TABLE VI.—Distribution of the Tapiride
Neotropical Nearctic Palwearctic Oriental
Tapirus 8. s. v Tapirus
Recent Tapirella None None ( Rhinocheerus)
. . - ; . Topirus
Pleistocene Tapirus (s.1.)| Tapirus(s.1.}| Tapirus (s. 1.) { Rhinochoerus)
Pliocene None ? Tupirus (8. L)

. oy i | Tapirus (s. 1.) 9
Miocene None Tapiravus Paralapirus ?
Oligocene None FProtapirus Protapirus ?

Tsectolophus
Eocene None Helaletes® Lophivdontida® ?
Systemodon

@ True affinities of these genera require revision.
5t Affinjtles between tapirs and rhinoceroses.

e
y ,/y Terlizre
of Aliaeer ek

ane ;\"S‘Q

Rl versse
1 ngale oA
falerlertar

J

1. 20.—Distribution of the Rhinoceroses, living (9olid black) and Plelstocene (shaded)

Primitive rhinoceroses are found in the Palearctic and Nearctle Tertiaries and late

rertlary of Ihdia and Afrlca.

Comparison of the Palirarctic and Nearctic serles Indi-

cates that the center of dispersal was in west-central or southwestern Asla.
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Rhinocerotide.—The rhinoceroses are intermediate between horses and
tapirs in adaptation. The Tertiary history of the group is much the
same, approximate series being found in Europe and North America as
far back as the Oligocene or Eocene, but the phyla are less direct and
complete, and there is a greater diversity of type among them. The
Pakearctic series appear to be more direct, and this, in connection with
the fact that the race never reached South America, may be taken to indi-
cate that the center of dispersal was Palearctic rather than Nearctic, less
northerly than that of the horses, less easterly than that of the tapirs.
At all events, the relations of the later Tertiary rhinoceroses indicate that
North America was much more remote from the center of dispersal than
Europe, while southwestern Asia was very close to it.

TasLe VI.-—Distribution of Rhinoceroses

Neurctic Puliearetic Oriental ¢ Kthiopian
! Rhi Ceelod,
. - LLILOCeTO8 clodonta
h N ; 0
Recent None , ~yone Ceratorhinus | Opsiceros
|
| | .
© Elasmotherium
! . Ceclodonta Rhinoceros H ,
> | ] . .
Pleistocene ! None | Opsiceros Opsiceros \ Opsiceros
: Ceratorhinus |
| .
! | .
! | Opsiceros Rhinoceros
Pliocene Teleoceras i Ceratorhinus Teleoceras | ?
i | Teleoceras Aceratherium '
|
' Teleoceras Teleoceras )
Miocene Aphelops Aceratherium | Rhinoceroses | Rhinoceroges
” Dicerathertum | Diceratherium
Crenopus . Aceratherium®
Oliocene Trigonias Ceenopus® " Diceratherium | No Perissodac
d Metamymodon | Prohyracodn  Televceras tyla
Hyracodon Cadurcotherium
B
!
I
F lmynodun
| ﬂ'illllﬂl}ll.! ?
Loplioldontide>
“ Includea a winuber of subgenera recently deflued by Abel.

®This family may be regarded as ancestral to both rhinoceroses and taples, but the

more exact derfvation is doubtful.

% Gaj fanna. upper Aqultanlan anct. Pilgrim

Mlocene

It should perhaps be regarded as Lower
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ARTIODACTY LA

The great and diverse order of artiodactyla can fairly be regarded as
of Holaretic origin as a whole. Its distribution can most readily be con-
sidered group by group.

Pigs and Peccaries.—These two groups are characteristic of the Old
and New World respectively. The pigs are now chiefly Ethiopian and
Oriental, the peccaries Neotropical in distribution. The peccaries first
reached South America in the Pleistocene and ranged throughout the

n
L

o

l

il

m

Tlr[z'ary anceslors
of frue PGS g

Terliary ancesfors
k4

b

|

nlrocluced

by man

Mo peccarres wunlil
Plecslocene

Fre. 21.--Distribution of plgs and peccaries

In Old World, Lroken shadlng Sus only: full shading, other genmera. In New World,
tull shading Dicotyles. 'The dlepersal center of Dicotyllde was Nearctle, of Sulde Pale-
arcile. The Iiving South Ameriean geans 18 more pelmitive than the Pleistocene genera
of North America, Platygonus and Mylohpus (the Pleistocene North Amerlean specles
referred to Dicotyles are all Mylohpux).

United States fronn the Oligoeene o as lule as the Plestocene.  Pigs
were common in the Oligocene and later Tertiary in Europe and were
present in India in the Miocene, probably earlier. 'The Tertiary ancestry
of the pigs in Europe can be traced back to a common ancestral group
i1 the Kocene, and the same is true of the peccaries in the western United
States.
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TapLe VIII.—Distribution of the Pigs and Peccaries

\ L
? Helohyus | Cebocharus |
ete. . ete.

Eocene None {No record)

0 !
Neotropical | Nearctic | Palzarctic | Ethiopian ) Oriental
— |
Potamocha:-) Sus
. S Tus I
Recent Dicotyles | us Phacoche- | Babirussa
| l rus !
7 Dicotyles |
Pleistocene | Dicotyles Mylohyus | Sus
‘ Platygonus I
? Platygonus * Sus, Hippohyus
Pliocene ? Prosthen- | Platygonus - Sus | Samitherium
‘ nops | | . Potamocherus
] | _ —
l | " Listriodon
| Prosthen- Sns o 2 Sus, Hippo-
Miocene \ None l nops (No record) Polzcl{;ffochmv
! l Desmathyus | Listriodon | * Hyotherium
| etc. Palgocherus
| | i Paleocherus
Oligocene ' None ! Percheerus | Hyotherium | None® Palwocharus®
] ! efe.
|

Ruminants.—Under this term, we may conveniently include all the
selenodont artiodactyls,—the camels and tragulines, deer, antelopes, sheep
and cattle, besides various extinet groups.

They are admittedly of Northern origin. In South America, they do
not appear until the end of the Tertiary (Microlraquius, Mounte Her-
moso) ; their representatives in the Oligoccne of North Africa are much
more primitive than the contemporary artiodactyls of Europe: the high-
est and most progressive types are found to-day in Asia, and the most
antique and primitive survivals in the East Indies, West Africa and trop-
ical America. The several groups indicate in their present distribution,
and in what is known of their past history, that their centers of dispersal

% Schlosser has shown that Genfohyus is a Hyracold, not an Artlodactyl
80 (3a) fauna, regarded by Pligrim as upper Aquitaniun
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were in different parts of the northern world, as we have seen among the
" Perissodactyl groups.

The camels appear to have been of American origin. An ancestral
series is found in the Tertiary of the western United States, going as far
back as the Upper Eocene.*” In the Old World, they first appear in the
Pliocene; in South America, in the Pleistocene (Pampean); and the

! Terliary Anceslr
of the Camebidae

10 fossil (amelida

No Camelida="
unlil Pleislocene

F1a. 22.--The dispersal center of the Cumelide was n North America

They reached the Old World in the I'ocene, South America in the Pleistocene. They
survive on the margins of thelr range but became extinct in North Amerlca early In the
Plelstocene. North Amerfcan ['lelstocene camels were more advanced than the living
types of the marginal areas.

camels of the Pleistocene in North America were about as specialized on
the whole as the living Hamas of South America or the camels of Africa
and Asia. In North America, the race is now extinet. The center of
dispersal would appear to have been in this continent, how far to the
north we have no means of estimating; but the exceptional directness of
the phylogenetic series as represented by vur western fossils indicates, in
my opinion, that these fossils livel 1 or close to the racial dispersal
center.

87 It forms a singulacly direct and complote photam
and connectlng forms that 1t Is very dificuit 1o c'uasity and arransze the fosslly Into
specles and genera. while cvery gradatlon of atractural evolution 1s apundantly Hlus-
trated.

au mupctcharged il Iteediat,
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TaBLE 1X.—-Distribution of the Camels
: A'eotropicul: Nearctic Pal:earctic | Ethiopian | Oriental
[ b e -
| |
Recent . Auchenia | None Camelus None None
l | R .
? ! Eschatius Camelus
I"lelstocene | Auchenia | Camelops ? Procam- ? Camelus
| ‘ Camelus elug®
[ | - | I ,_._.I_.___,‘,.
R S . Pliauchenia ? Paracam- "
P’liocene l None ete. clug ® | ? Camelus
i . ¥
- = i (No record)|—-——-—
'; \ Procameluy | !
. Protolabi . .
Miocene i None ' Jl’;?}lg;ietztc. | None ‘ None
| Oxydactylus | |
' |
I " Protomeryz ! : |
. ete. . o b
Oligocene None !I’oé"brotherium| None None (No record)
. Eotylopus , l
Eocene . None Protylopus | None ‘ {No record)

The tragulines, recent and extinet, are a heterogeneous assemblage of
primitive Tuminants, whose real affinities have been much disputed. In
the present writer's opinion, the living East Indian chevrotains should
he associated with Ifypertragulus of the North American Oligocene and
perhaps Microtraqulus of the Seuth American Pliocene, and the center
of distribution of this group hypothetically placed along the northeastern
coast region of Asia (cf. tapirs). The living water-chevrotain (I[ym-
moschug) and most of the so-called tragulines of the European Oligocene
aml Upper Focene are to he regarded as primitive stages of true Pecora.
Leptomeryx, Protoceras and [leleromeryr are related forms from the
North American Oligocene.  Among these primitive forms, some (Lep-
tmeryr) display affinities to the deer. others (Profoceras, 1 eteromeryr)
to yiraffes and antelopes.

o atvalennis of the Slanallh beds =+ doabfully cougenerte with the modern specles
and along with the so-called Procameins described Ly Mme. avliow from the Plelstocene
of Russla, appears (o be an Intermedinte stage between Procamelus and Camelns.

A doubtful Camelld. hased on g sigle wpper molar from the Pliocene for Milocene)
of Chinn.
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In the later Oligocene of Europe and the Miocene of the United States
appear more definitely deer-like types (Dremotherium, Blastomeryz),
and in the succeeding formations we find progressively higher types of
deer in Europe and North America, but always appearing earlier in the
0ld World. The deer—-excepting the isolated primitive survival repre-
sented by the “water-chevrotain,” closely related to Dorcatherium, s
Miocene genus in Europe—have not reached the Ethiopian region, but

pr/om.!ryx 24 bg—rca./_ﬁ;;u\m X
‘Ilmd-]}r[lﬂ”y;: Cervig mid-Terlary, Ceryidae™
in laler 7!7&ary tn faler 7ér/zkzry

4N
S

Sty
&
ANFS
PR

=

Cervidae in

/ﬂf(r T(rﬁdry

No Cervida
unlil Plecs tocene

A aem;;&t'ius'
(rjfyﬁortalﬁ ")

I

Rangifer, Alces, Cervus canadenses and allies

\\\\\\\ ()[/"’ Cter‘da‘tlpHﬁH./;rt [}//J(I 11 /}l}/ e /Vd/Jx'cs

F16. 23.—Distribution of Cervidu und pro Cerctd Traguiide
‘Fhe highest and latest appearing types ure still confined to the clrewm-Arctic 1erlons
the genera of the more perlpheral regions are more primitlve, The earliest and most
direct ancestral serles 1s found in Europe and Asla ; the parallel serles In North Americn
i8 less direct and more retarded. A primitive survival 13 found In West Afriea. pro-
tected by the desert from competition of higher Lypes.

were easily able to reach North dmertca tn the Plebslucene 1 taho 1t

therefore, that their center of dispersal was well to the east aud worth n
Asia (cf. horses). Their migration into the Ethiopian region was cheched
after the Miocene by the progressive aridity of the desert region between,
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which served as a barrier to these forest-living ruminants, although not
to the plains-living antelopes.

TaBLE X.—Distribution of Tragullde proper

- ; i

|
| Neotropical ; Nearctic { Palaearctlc< Ethiopian Oriental
| ]
| ! ! -
Recent || None | None None II None ’ Tragulus
| : ) - *‘| -
Pleistocene | None I None ' None I None i Tragulus
: formm oy Z (.
| [ |
Pliocene | ??Milf{‘?:mg | None } None | Tragulus
o ) \ [
" e e —
Miocene None | None ll ? None : | None
_ [ ! !
| | - !
{[Hypertrag-! , . |
Oligocene None ulus) I ? None | None I None
T R R
| !
Zocene | None ![Prlmltlve Artlodactyla] I
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TasLe XI1.—Distribution of Cervide and Pro-Oervid Tragulines

T |
Neotropical {  Nearctic | Paleearctic | thiopian Oriental
t
Cervus, Cervus, Hyemos-
t Odocoileus Alces Alces chusg - Oervus
Recen Mazame | Rangifer | Rangifer, | (W. Afri- (sensu lato)
Odocoileus! Dama ca)®
Cervus, “ﬁg:é
. Odocoileus Alces | - ST .
Pleistocene Mazama Ranm'[cr ﬁz:g:jer, Cervus (x. 1)
Odocoileus Megaceros
_ ) N
! [ Cervus (s. 1)
. . Cervus i Cervus oy | Moschus
Pllocene None (s. 1) ’ (= 1.) ete.: (No l'e“’“”| Dorcathe-
i ; v rium
! )
o | |
1)1'(:1;0« I)f::;(l;(;lihc— d): Dorcathe-
v mery.r ’ No recor ium
Miocene None Blasto- " Dremothe- ) .orm
meryr . rium
; Prodremou- rod e .
) i Lepto- therium | - ! l(.)'dl(mulh(
Oligocene None meryr @ . None | rium
Qelocus CGelocus ete
ete. ielocus ete.
etc. ,
Eocene None Primitive Artiodactyla | No record

The antelopes, on the other hand, while also appearing fairly early in
the European geologic record and abundant and well advanced in south-
west and southern Asia as early as that record is revealed to our cyes, are
imperfectly represented in North America—first appearing in the Plio-
cene and not widely varied even to-day, while they have not reached South
America at all. They are to-day most abundant and varied in Africa.
From these facts, I infer that their center of dispersal was well to the

® Pamily Hypertragullde. but Leptomerps s stiucturally awvcestral Lo Awmerican

Cervide,

& This group is referred genersily lo e toagatldis butl th. comuun chsaacters are
persistent primltive features, and I regard It as a little altered survivor of the ancestors
of the Cervidm. Tragullde as lLere llmited are a distlnct phylum, primitve fo many
features but aberranot in others

© Family Tragullde as usually referred, bul nfiunities are with Myemos hus, Dol with
Tragulua: the gronp may fairly be regarded as apcestral to the Cervidie, while the
tragilioe group certainly I8 not.
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A. Muskozen (Ovibovineg) B. Sheep and goats (Ovine)

C. Other Antelopes (Antelopine etc.) D. Cattle (Bovina)

IF1G. 24, - Distribution of the Bovide, eristing (solid black) and ertinct {shaded)

The sheep and goats are regarded as the highest group; the muskoxen represeut a
speclalized Arctic adaptation (¢f. Eskimo awong mankind). The cattle are a somewhat
southerly type; thelr formerly wide northern distributfon has been greatly restricted.
and for the theory that they are of Oriental origin there does not appear to be any real
evidence, The remalning Bovid subfamilies, usually grouped under the term “antelopes,”
ure to u varylng extent primitive and aberrant. The Holarctle groups are nearer to the
sheep and goats and the more primitive groups are limited to the Ethioplan reglon and
the East Indles.



HATTHEW, CLIMATE AND EVOLUTION 249

west and south i Asia (cf. rhinoceroses). The sheep and goats are a
comparatively recent development of the highest antelopes and must be
assigned a center of dispersal somewhat more to the north,

The cattle are of comparatively recent appearance in Europe, as also
in America. Judging from their present” distribution. one would sav
that their center of dispersal was in southeastern Asin. the southward
slopes of the Himalavas.

F1a. 25.—Distribution of the Uiraffes, esisting (solid black) and crtinct (shaded)

On present evidence thelr dispersal ceuter would appenr to have been in south central
Asia. Bat the aftnlitles of the Tertlary Giraffidiv 1o other contemporary ruminants need
cureful and judiclal reconsideration.

The giraﬂ"es have approximately the same center of dispersal as the
antelopes, This inference from their modern distribution conforms with
the geological record. They appear suddenly in the upper Miocene of
Europe, but an ancestral series is found in Tndia as far back as the upper

Oligocene."

3 Ree . E. PILGRIM . Rec Geol Sue bud ool «lll g gl dods
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TasrLe X1.—Distridution of Bovide and Antilocapride
R T e T e o
Neotropical ©  Nearctic ’ Paleearctic Ethiopian | Oriental
— e — - - ’ —— - - i —_—
Ovis Sheep and
Recent Nune | Oreamnus ' Goats!! ! ‘C\zttg_e Cattle !!
G B Bison ‘ Cattle lopes!'! Antelopes!
‘ Antilocapra | Antelopes i
! Bison i Sheep and ;

_ oo ! . I Goats Cattle Cattle
Pleistocere  Nohe . -h;t;io;a I Cattle! Antelopes | Antelopes
! 14 Antelopes ! \

— | . .
. ' ‘
Cattle !
, oo - [Meryco- | Cattle .
I'liocene None | dus]® . Antelopes!! | Ante- o
) i ! lopes . !
. | | [ (No record )| ——— —
.. | Antelopes!! | Cattle .
Miocene None ! [b{ieruc:) i (late Mlo- | Ante-
: u8) .
! ! cene) | lopes ' !
o e i__ — .,] [T ’_ -
| [ Ancestral
Oligocene None | None . Primitive | None : None
; Ruminants)’

o Merycodus is a dixtant relutive, combining characters of Bovide and Cervide.
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Tasre XUI1.—Distribution of Girefide

251

Nearetic Palwarctic
Recent None None
Pleistocene None None
R None (unless
Pliccene ? None in China)
Helladotherium
Mlocene ? None Samothertum
ete.
i |
[Syndyoceras | Ancestral
Oligocene and Proto- Primitive | None
ceras ® Rumipants |

Oriental

Stvatherium

" Hydaspithe-

rium

Giraffa ete.

? Giraffa
Progiraffa
ete.

Progireffa

(7 ancestral to
the Giraf-
fidee)

® Remote and archale collateral relatives, family Protoceratides.

It is by no means

certaln that Dromomerys and other undescribed genera from the North American
Miocene provisionally referred to the Cervide and Brachyodont Bovide are not related
to the Girafidz; but on present evidence the dispersal center of the family appears to
be Indla, and thelr range confined to Palwogma.
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Besides these surviving groups of ruminants, there are several groups
which have not survived. The anthracotheres are one of the earliest of
these specialized races; I have elsewhere® detailed the data upon which
may be predicated a North Asiatic center of dispersal for this group,
The living hippopotami show a modicum of resemblances to this type,
which may mean that they are derived from some early members of it.
Their present habitat is Ethiopian; but in the Pliocene and Pleistocene
their range was far to the northward—even as far as England on one

—
% — 31
%

\\\\\S Anthracotbheres in tardy and mid- Ttrﬁa’ry :
/
///// Hippopolamd in FPliscene and Flesslocene

-Mot/ern Hppopolami

F16. 26.—Distridbution of the Anthracotheres and IHippopotami

The Anthracotheres were a large and widely dispersed group In the Oligocene and
Mlocene, especially in the Old World, but found also In the Oligocene of North Amerlca.
The Hippopotam! appear to be speclalized survivors from the same stock; they are con-
fined to the Old World and thelr range has been greatly restricted since Pllocene and
Plelstocene.

hand and worthern India on the other. While the present distribution
of the large hippopotamus is Central Africa, smaller and more primitive
precursors have been stranded on the one side in West Africa, on the
other (now extinct) in Madagascar and also found refuge in the Mediter-
rancan islands until the Pleistocene. (The aquatic habits of the hippo-

®Bull. A M. N. H_ vol xxvl pp. 17 19on
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potamus have enabled it to reach these island retreats more easily than
terrestrial competitors.)

TaBLE XIV.—Distribution of Anthracotheres and Hippotami

Nearctic | Palearctic | Ethiopian Oriental \ Malagasy
i ! Hippopota-
Recent None None I mus None None
Cheropsis ‘
H;ﬁ’:‘?om'l ' ! Hippopota-
Pleistocene | None Cherop- | Hippopota- ‘I (;n usr
#s ™ i mus (dwar:
(Cyprus) | species)
- - = —I ¢ PR |
Hippopotamus
Hippopota- Hezaprotodon
Pliocene None mus (No record) Merycopota-
( mus i
- — _ (No record)
Anthraco-
; therium
Mlocene Arretothe- 1 Brachyo- | Anthraco- Hemimeryo
rium dus ' theres Sivamerys
, ete. ‘
| | | ! e
f | " Merycops i
Anthraco- Hyoil/)ooz;ls
Anthraco- therium . “Brachyo-
Oligocene therium | Ancodus | Ancodus | "4 o (No record)
Ancodus I “Brachyo- . Anthraco-
dus” | ' therium '
Eocene ! None Ancodus (No record)

——— e FA - = - -

The remaining groups of ruminants are not of especial interest in this
discussion. 'The entelodonts are Holarctic; the orcodonts Nearctic;
anoplotheres and cenotheres Palearctic; there is no evidence that they
originated elsewhere or that they reached any other zodlogical region.
Entelodon (sensu lato) appears simultaneously in Europe and the United

% H. minutus 18 (fide Bate) congeneric with the Libertan sprcles.  The rules of pri-
ority call for the appllcation of Hyopotamus Kaup to this genus, Instead of Charopsis.
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States in the beginning of the Oligocene, without direct ancestry in either
continent, and is regarded by Peterson®® as probably from an Asiatic

source.
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Fia. 27.—Phylogeny and distridbution of the Artiodactyla

Most of the families appear to have originated 1n (be Nearctic or Palearctic region
and spread thence outwardly to the more peripheral regions. The higher types are of
more recent orlgin and are still dominant in the Holarctica.

PROBOSCIDEA

The later Tertiary and Quaternary history of the mastodons and ele-
phants agrees with the various groups that we have been considering in
indicating Asia as the center of distribution of the race. Elephants are
now limited to the Ethiopian and Oriental regions, but in the Pleisto-
cene their range was over the whole of Europe, Asia and North America,
as well as Africa. The northern species, although of smaller size, are
more progressive than the southern species in the specialization of the
teeth, proportionate length of tusks, shortening of skull with concomitant
elongation of trunk. The more primitive mastodons first appear in India
in the Oligocene, in Europe in the lower Miocene, in North America in
the middle Miocene. The intermediate stages leading to the mammoths
and elephants are best shown in the Pliocene and Pleistocene of India; a
less exact series may be found in North America. The mastodons reached
South America in the Pleistocene; the mammoths and elephants never
reached that continent. The earlier stages in the phylogeny of the Pro-

% 0. A, PETERRON : Mem, tarp. Mus, vol. v, pp. 145-148. 1909,
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boscidea have not, however, been found either in Europe or North Amer-
ica but have been recognized in the Oligocene of Egypt. From this fact,
it has been generally concluded that the Proboscidea first evolved in the
Ethiopian region. But it should be remembered that northern Egypt is
not strictly within the Ethiopian region but belongs with all of northern
Africa to the Mediterranean subregion of Holarctica. Owing to its prox-
imity to the Ethiopian region, it contains Ethiopian elements in its mod-
ern fauna and may have contained more in the past. But it is not clear
that the Oligocene Proboscidea must be numbered among these. There
is no evidence that their center of dispersal was not Asiatic in early as in
later Tertiary;®® but it must have been too far to the south to admit of
their reaching Europe or North America, until after their spread into
northeast Africa. We must therefore conclude, apparently, that the dis-
persal center was transferred to the north and east during the course of
the Tertiary—a quite exceptional feature, beside which the question of
its original location, whether in southern Asia or in Africa, appears much
less important.

TarLe XV,.—Digtribution of the Proboscidea

]‘ Neotropical | Nearctic | Paleearctic | Ethiopian Oriental

Recent ! None | None None | Lozodon | Elephas

Elephas
Elephas Elephas : ) .
Pleistocene | Dibelodon Mastodon | Mastodon rTg)l,:)pho ?
e [ PO R
Elephas
Mastodon v
Pliocene None Dibelodon Tetra- (No record) | Stegodon
lophodon
- TMOP ho- Tetralo
R , phodon
Trilopho- don Dinothe-

Mlocene . None ; A Trilophodon
| don Dinothe- TUm | pinotherium
| rium

) "-— o Paleomas- | Hemimaasto-
; N todon don

Ollgocene | None one Merithe- | Dinotherium

rium f Maritherium

Eocene ‘ None None Noue Mg:::e» (No record)

® Certainly the Proboscidea of the Oligocene ia) faupa of Indla are far more ad-
vanced than the Egyptian Fay0m genera, if Pllgrim’s correlution of the Gaj beds is cor-
rect. This, by our methods of Interpretation, would indicate that Indla was much
nearer than Egypt to the dispersal center.
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SIRENIA

The most primitive sirenians are found in the late Eocene of Egypt.
As these were apparently contemporary with more progressive types in
the Middle and Upper Eocene and Oligocene of Europe, they indicate, if
anything, that the Mediterranean shores held a less progressive fauna
than the North Atlantic. The Oligocene and Miocene types are approxi-
mately ancestral to both the modern groups, manatees and dugongs. Ap-
parently the manatecs became characteristic of the North Atlantic, the
dugongs of the Indian Ocean shores. The progressive cold of the later
Tertiary and Pleistocene has driven the manatees out of the Arctic and
northerly Atlantic shores and their northern limit is now Florida on the
western, and the African coast on the eastern side. They have not been
found fossil north of 40° N. lat. on the American coast,” for the excel-
lent reason that there are practically no Tertiary littoral deposits north
of that latitude.

The occurrence of Manatus in West Africa and in the West Indian and
South American coasts is among the arguments used in support of a
transatlantic bridge; but there is no evidence at all that the ancestors of
Manatus did not inhabit the whole of the North Atlantic and Aretic
basin during the Tertiary. It is certain that they did inhabit parts of
the intervening European and American littoral, and the negative evi-
dence elsewhere is obviously worthless, because there are no formations
known in which they might be found.

CONDYLARTHRA AND SPECIALIZED SUCCESSORS

We may here consider the distribution of a number of extinet groups
of Tertiary ungulates or semi-ungulates, whose rise and culmination took
place at an earlier epoch and under different conditions from those which
we have discussed. The Condylarthra are an extremely primitive group
of hoofed mammals, fulfilling nearly the theoretical requirements for the
common ancestral type of all placental ungulates. The earliest known
artiodactyls and perissodactyls are, however, too much specialized to be
immediately derived from the known Condylarthra. Condylarths first
appear in the Paleocene of North America and Europe and in South
America in the Notostylops fauna, here regarded as Eocene. In North
America, they develop through the Taligrada into the Amblypoda, culmi-

™ For distribution of manatees during Tertlary vide Hay, Bibl, Foss. Vert. N. A., U. 8
G. 8. Bull. 179, p. 5834, 1802; of Old World Sirenfans, Abel, 1904, Abh. Geol, Relch-

sanst,, xix Bd,, s. 214; 1908, Neues Jahrb. Bd. i, 5. 50-60; 1912, Palzontographica,
lix Bd,, s. 282.
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nating in the highly specialized Dinocerata. In South America, they
apparently develop during the Tertiary in absence of Artiodactyla and
Perissodactyla into a great variety of hoofed mammals, the Toxodontia
and Typotheria, Litopterna, Astrapotheria, Pyrotheria. The Arsinoi-
theria of the Oligocene of Africa, perhaps also the Hyracoidea and Probo-
scidea, may also be regarded as evolved from primitive Condylarthra, in
absence of the higher ungulates of the Asiatic center of dispersal. We
have therefore direct or inferential evidence that at the beginning of the
Eocene the Condylarthra inhabited the Palearctic, Nearctie, Neotropical
and Ethiopian regions, There is no reason to suppose that they were
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F16. 28.—Relationship of the Condylarthra to the Notoungulate and Subungulate groups
of hoofed mammals

In indfcating the distribution, Egypt, Syria etc. have been {ncluded with Ethiopla, as
the essential facts In this case could thus best be represented. ‘‘Bunotberia” are the
common ancestral stock (hypothetical) of the Creodonta-Carnivora-Condylarthra-Ambly-

poda group.

absent from the Oriental region, but they evidently did not reach Aus-
tralia or Madagascar.

The worldwide dispersal of the condylarths at the opening of the Ter-
tiary (partly hypothetical and exclusive of Australasia and Madagascar)
may be regarded as due to the epoch of elevation and disturbance which
closed the Cretaceous. The subsequent development of peculiar and
highly specialized ungulates during the Eocene in the several great con-
tinents is attributable partly to the isolation of these continents during
that period due to submergence of the low lying connecting regions,
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partly to the prevalence of more uniform climatic conditions all over
the world and the consequent lack of environmental pressure tending to
force a change in habitat. Towards the end of the Focene began a
period of progressively intensified elevation and disturbance, with re-
frigeration of climate beginning at the poles; this culminated in the
Glacial epoch. The northern fauna successively invaded the tropical
and southern continents and swept before it nearly all their autochthonie
faune.

In Africa, we see this invasion in progress in the Oligocene; the
anthracotheres, forerunners of the great ruminant invasion have already
appeared; to these may yet have to be added Pal@omastodon as a fore-
runner of proboscidean invaders (although on the present record the
Proboscidea may appear an autochthonic group) ; while the hyracoids,
with Meritherium, Arsinoilherium, Barythertum and some less known
types are apparently autochthonic since Paleocene. Unfortunately, our
view stops here; we know little of the progress of this invasion until the
late Pliocene, when these invaders had themselves disappeared before a
succession of later invasions or become modified into new types.

In South America, the isolation lasted much longer, and owing to the
great southward extension of the continent, a highly progressive inde-
pendent center of dispersal was set up in Argentina. Whatever criti-
cisms may be made of the phyletic theories of Dr. Ameghino, so far as
they affect the evolution of the mammalian races of the northern world,
I think that there can be no question that he has brought out a remark-
ably complete series of phyla in the autochthonic races of South America.
The closeness of these series, and the large amount of progressive evolu-
tion which they involve, on lines analogous to those of the northern
mammals, are fair indices that the controlling forces were similar and
that the southern end of the continent was the chief center of dispersal.
The various types of structure which were developed in northern mam-
mals during the Tertiary, in adaptation to the progressive change of
environment, are almost all paralleled, occasionally exceeded in degree
by these southern races; but they are very generally seen in different
combinations, as Professor Gaudry has so clearly shown.™

Had the Condylarthra reached Australia, we should expect to find *
there a group of placental ungulate orders peculiar to the region, like
those of Tertiary South America, persisting to the present day. But we
find, instead, that the marsupials evolved into the herbivorous fauna.
In Madagascar the lemurs may be regarded as filling the place which

™ ALBERT GAUDRY : Annales de Paléont., t. i, pp. 41-80. 1908.
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primitive ungulates would have taken, if they had reached the island;
but the case is not go clear.

EDENTATA

The edentate orders afford among the unguiculates a broad parallel in
their distribution and history to the Condylarthra and their successors
among the ungulates. Their extinction has been somewhat less complete;
o few highly specialized survivors remain in the Neotropical, Ethiopian
and Oriental regions.
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F1a. 29.—Distribution of the Edentate orders

The New World edeatates or Xepartbra may have originated lo Cretaceous North
America, but thelr Tertlary dispersal centers were South American, apparently fn or
near to Patagonia. The dispersal centers of the [I’holldota and Tubulldentata would
appear to have been Palmarctie, but very little is known of thelr fossll record.

The super-order Edentata is au artificlal assemblage including the
three surviving orders Xenarthra, Pholidota and Tubulidenta and the
extinct order Teniodonta (= Genodonta). The Tweniodonta of the Eo-
cene of North America may perhaps be regarded in a broad way as rep-
resenting the primary type of the Xenarthra, but even this is doubtful.



260 ANNALSY NEW YORK ACADEMY OP S8CIENCES

They are far more primitive and nearer to the generalized eutherian
type; but they show certain unique Xenarthran peculiarities in foot-
construction and in the pelvis, and the dentition in the two known phyla
progressivelv evolves on lines leading towards, although not into, the

PHYLOGENY OF THE EDENTATES
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Fia. 30.—Dlatribution and phylogeny of Xenarthra and Taeniodonts

The aberrant North Amerfean groups appear to be relicts Indicating a northern origin of
the Xenarthra, but the evidence is not conclustve,



MATTHEW, OLIMATE AND EVOLUTION 261

v

specialized edentate types. The Twniodonta range from Paleocene to
Upper Eocene in North America and are doubtfully recorded in the
early Eocene of Europe. They may be hypothetically regarded as a
Cretaceous-Kocene ancestral group in the northern world, from whose
early members budded off the ancestral Xenarthra in the Nearctic, pos-
sibly also the Pholidota and Tubulidentata in the Palearetic, the whole
group being driven southward at the beginning of the Tertiary, except
for a few lingering remnants, rare and little known. Of these lingerers,
we may instance in the (Bridger) mid-Eocene of Wyoming Metacheir-
omys, whose affinities are distinctly armadilloid and an unnamed but
more primitive genus in the Lower Eocene of Wyoming approximately
ancestral to it; “Lutra” franconica of the Oligocene of Germany, shown
by Schlosser to be related to the Aardvark, Paleomanis and Orycleropus
of the Miocene of Samos, and more doubtfully Paleworycieropus and
Necrodasypus (in part) of the Oligocene of France.

Whether the rare ground-sloth remains from the (?) Middle Miocene
and Lower Pliocene of the western United States are to be regarded as
surviving Northern edentates or as immigrants from the south is not
certain, but the latter explanation is more probable.

The Old World edentate groups, although still surviving in Ethiopia
(Manis, Orycteropus) and the East Indies (Manis), are not known to
have undergone any considerable expansion during the isolation-period
of the early Tertiary.” The Xenarthra, on the other hand, are first
represented in the early Tertiary of South America by armadilloid forms
and they blossomed out in the isolated continental conditions that pre-

. vailed during the Tertiary in that continent into a wide range and
diversity of type, just as the Condylarthra appear to have done under
the same conditions there and the marsupials in Australia. Of the five
principal groups—tree-sloths, ground-sloths, anteaters, armadillos and
glyptodonts—only the second, fourth and fifth are known as fossils, and
only the first, third and fourth have survived. The fossil groups reached
their maximum of size and specialization in the Pleistocene, and rein-
vaded North America in the Pliocene and Pleistocene {possibly earlier,

"2 There Is some questlon as to the true horizon of the ground-sloth claw found by
Sineclair in the Mascall formatfon (MIddle Mlocene) of Oregon. The specimen may have
washed down from the overlying Rattlesnake Beds, Lower Pllocene [oral communication
from J. C. Merriam].

™But this may be due only to the !mperfection of the geologlc record.
nothing of the early Tertlary faune of the Ethloplan and Oriental reglons, save for the
Oligocene of Egypt. The Eocene fauunm of South Afriea, India and the Bast Indles may
have Included a considerable expansion of pholidate or tubulidentate mammals, corre-
sponding to the xenarthral expansion of the New World, but earller extinguished becanse
of the earller invasion of those regions from the north.

We know
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vide supra), but only the armadillos have maintained any foothold in
the northern world until modern times and these only in the southwest
corner of the Sonoran region. The anteaters and tree-sloths might be
expected to have originated in Pategonia and to have been driven north-
ward to tropical South America in accord with the theory of climate and
evolution here advocated. The geological record, however, has failed to
show any certain evidence of this, and, as the Patagonian record is a com-
paratively full one, this fact should be counted as evidence that climatic
change is not the only causal factor of evolution. We must suppose, if
the record be adequate, that these groups originated and evolved in tropi-
cal South America. The armadillos are an extremely persistent group,
and the record gives no really convineing evidence of a Patagonian dis-
persal center, although it might be so interpreted.

(lyptodonts and ground-sloths appear in the Pliocene and Pleistocene
of North America. The Pleistocene genera except Megalonyzr are closely
allied to the genera of the Pampean formation, in part identical there-
with (Brachyostracon, ? Glyptodon, Chlamydotherium, Megatherium,
Megalonyx, Nothrotherium, Mylodon). These, or allied genera equiva-
lent in specialization, inhabited South America from Ecuador to Pata-
gonia in the late Pliocene and Pleistocene. The only genera found in the
Pliocene of North America are Megalonyz and Glyptotherium, decidedly
more primitive and are best interpreted as earlier forerunners of the main
invasion which appeared at the beginning of the Pleistocene. Mylodon
has been recorded from the Blanco beds of Texas, but this is an error.

MARSCPIALIA

Marsupials are at present almost limited to the Australian and Austro-
malayan region, where, in the absence of placental mammals, they have
diversified into o wide variety of size, habits and adaptation, paralleling
the adaptive radiation of the higher mammals in the northern continents.
A single unspecialized group, the opossums, representing quite nearly the
primitive type from which all marsupials are derivable, survives in the
Neotropical region, one or two of its species ranging northward into the
Sonoran subregion of Holarctica. Another primitive survivor in the Neo-
tropical region is the rare little Canolestes, formerly regarded as a primi.
tive member of the diprotodont marsupials, but now considered to be of
polyprotodont affinities, its diprotodont resemblances being due to paral-
lelism.

What we know of the paleontology of the order is in complete accord
with the theory of their being primarily of northern origin, their dispersal
preceding that of the early placentals.
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The fragmentary and little known mammals from the Mesozoic for-
mations of Europe and North America were in large part marsupials, so
far as we can judge from what is known of them.

The most distinctive group among them were Multituberculata or
Allotheria. Gidley™ has recently (1909) brought forward strong evi-
dence for the view that these animals were an archaic, early specialized
branch of the marsupials paralleling the later diprotodonts.”® They
occur (doubtfully) in the Rhatic of Germany, certainly in the Upper

Opossums probabl,
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FiG, 31.——Distribution of Marsupfals

This Is probably to be regarded as due to a very ancleat dispersal from the north, fol-
lowed by differentlation and dispersal during the Tertlary of specialized adaptations
parallel in the Neotropical (Borhywenids and Cwnolestids) and Austrailan reglons (Thy-
lacine-Dasyures and Diprotodonta). ‘I'ie Phalangers of the Austromalayan islands are
regarded as marginal types from an Australlan dispersal center.

MJ. W. GibLEY : Proc. U. §. Nat. Mus vol azavi pp 6Ll 620
% Recent discoveries, made slnice these Hues were wiitten, indicate that (he ielativushlp
wag not as close as had appeared. Dr. Broom has even mnintained that these animals
were Dearer to monotremes than to mursuplals, but in my judgment he has failed to
adduce any really valld evidence for this yiew. But while they are in the Metatherlan

stage of evolutlon 1 do not think they can be Included in the order Marsuplalia on the
Ree forthcoming artlcte by Walter Granger in Bulletln Am. Mus.

1yuy

data now avallable.
Nat. Hist.
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Jurassic and Lower Cretaceous of England (Plagiaulaz™) and Wy-
oming (Ctenacodon). They again appear in. the uppermost Cretaceous
‘and Paleocene of North America (Lance formation of Wyoming, Fort
Union of Montana, Puerco and Torrejon of New Mexico) and Europe
(Cernaysian) in the genera Ptilodus, Neoplagiaulaz, Polymastodon and
Meniscoéssus. They are questionably recorded in the Eocene Notostylops
beds of Patagonia, in the genera Propolymastodon, Polydolops etc. (which
more probably belong to the same group as Cenolestes). They are not
known elsewhere except for part of a jaw from the middle Cretaceous
(Belly River) of Canada and a jaw (Karroomys) from the Jurassic
(Karroo beds) of South Africa. The front half of a skull long ago found
in the Karroo beds and described as T'ritylodon is probably to be referred
to this group, although its mammalian nature has been questioned.”®

In addition to the Multituberculata, there are in the Jurassic and basal
Cretaceous of England and Wyoming 2 number of mammals with simpler
and more numerous teeth whose affinities are very uncertain. Whether
they are ancestral to marsupials, to placentals, to both or to neither is,
in the writer’s opinion, an unsettled question. Its definite solution must
probably await the discovery of more complete material.

In the uppermost Cretaceous (Lance formation) of Wyoming are found
in addition to teeth and jaw fragments of Multituberculata, a variety of
tritubercular teeth, some associated with fragments of the jaw. These
appear to be more definitely referable to the polyprotodont marsupials;
some of them may be quite near to the opossum. I have seen no evi-
dence among them of placental mammals, although most of them are too
fragmentary to exclude the possibility of the presence of Eutheria.

The Paleocene fauna of New Mexico, Montana and France contains
numerous placentals and a few Multituberculata, but no polyprotodont or
true diprodont marsupials have yet been positively recognized in it. It is
evidently not derived (except for certain of the Multituberculata) from
the fauna of the Lance formation. Yet it is almost, perhaps quite, con-
temporaneous with it and must be supposed to represent a distinet facies
of the fauna, differing in habitat from that of the Lance formation (the
Fort Union is partly intermediate). Polyprotodont marsupials certainly
persisted in North America and Furope, for we find the remains of
species nearly related to the existing opossums in the Lower and Middle

™ Bolodon 13 a synonym of Plagianlar, fide Gldley.

T Broom has recently made n' careful restudy of the affinitles of Tritylodon, and con-
cludes that it 13 o mammal, but not closely related to the marsuplals, and represents an
archale speclalizatlon with many primitive characters inherited from the cynodont
reptiles. R. BrooM: Trans. 8. Af. Phil. Sue., vol. xvl, pp. 73-77. 1905, Proc. Zobl.

]Sgc. Loundon, 1910, pp. 760-768. 19810. Bull. Am. Mus. Nat. Hist., vol. xxxii}, pp. 115-
34, 1914,
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Eocene of Wyoming, in the Oligocene of Coloredo and in the Upper
Eocene to lower Miocene of France and Germany. They are not known
from any later formation in any of the northern continents.

In the Southern continents, they assumed a much more important
position. In South America, in the absence of placental carnivora, the
polyprotodont marsupials developed into a number of large and small
predaceous mammals (Borhyznide), so closely paralleling some of the
predaceous marsupials of Australia that they have been referred to the
same family (Thylacinide). Pseudo-diprotodont marsupials were also
fairly common, taking the place in the fauna held by Insectivora in the
North, this group of placentals (except for a single type) not having
reached South America. The marsupials of South America did not de-
velop into groups taking the place of northern ungulates, rodents or
primates, since primitive placentals of these groups (Condylarthra,
? Hystricomorpha, ? Lemuroidea) had penetrated into South America
before it was separated from the Northern world, and there developed
along lines sub-parallel to the development of the higher placental groups
in the North, but distinet and less progressive.

In Australia, the marsupials assumed a still more important position,
a8 the only mammals of that continent. The placental mammals of the
northern Tertiary did not reach Australia, except for a few strays—bats
and mice and the dingo—which were too few in numbers and of too re-
cent introduction to affect seriously the course of mammalian evolution
on that continent. In the absence of placentals, the marsupials developed
info a wide variety in size, form and habits of life, partially paralleling
the higher mammals.

The near resemblance between the modern Australian Thylacinus and
the Borhyznidze of Tertiary South America has been used as an argu-
ment for an Antarctic connection between the two. Such a hypothesis
will not bear close examination. The resemblance is not closer than
between parallel adaptations in distinct families of true Carnivora, whose
genealogy has been more or less completely traced back through inde-
pendent lines of descent from unspecialized common ancestors. It is
not closer, for instance, than that between the Oligocene Felide and
the modern Cryptoprocte of Madagascar, whose common descent from
an unspecialized placental carnivore (Viverrid or Miacid), analogous to
the marsupial didelphyids, is generally admitted. The common char-
acters distinguishing thylacinids and borhyznids from the didelphyids’
are, without exception, such as would naturally be assumed independently
in adaptation to predaceous terrestrial life and have been so assumed in
numerous independent parallel adaptations of the same sort among
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placental Carnivora. On the other hand, Thylacinus has retained cer-
tain didelphyid characters which are already lost by the most primitive
of the Borhyznide (palatal vacuities, posterior position of the orbits,™
an external lachrymal duct, double perforation of the basisphenoid),
while in other features (brain development, cursorial specialization, etc.)
it is more progressive. The Borhyenide are more progressive in the
reduction of the last molar, in the differentiation of enamel from dentine,
less so in the cursorial adaptation of the limbs and feet.

Descent from a common ancestral typeis undoubtedly shown, but some
at least of the above differences point back to Didelphyide as this commeon
type. The characters which Sinclair uses to separate the thylacines are
the reduced number of incisors, the carnassial specialization of the molars
and especially the loss of the metaconid. Every one of these features,
besides numerous other common chatacters which he does not specify,
may be paralleled in two or more distinet lines of Carnivora whose com-
mon ancestors are not more predaceously specialized than Didelphys.
The loss of the metaconid occurs in Cyon, Ischyrocyon, Simocyon and
Enhydrocyon among the Canide, in all the post-Oligocene Felide, in
Gulo, Megalictis, Mustela, etc., among the Mustelide, in the later Hyz-
nide, in Hyenodon and Pterodon among the Hymnodontidz, in Palrio-
felis among the Oxyaznide, in all the later Mesonychide. Each one of
these genera is independently descended from genera in which the
metaconid is well developed. In every case, it is simply a stage in
predaceous adaptation of the molars, nor can it be assigned any other
significance in the marsupial carnivores, There is, in short, no evidence
for assuming a closer affinity between thylacines and borhyznids than
common descent from didelphyid ancestors, and there is strong evidence
against such an assumption. But if this be true, these animals afford
no evidence for Antarctic connections between the southern continents;
for we have seen that Didelphyid marsupials were certainly present in
the Mesozoic and early Tertiary of Holarctica and of South Americs,
and we have no reason to believe that they would have had greater diffi-
culty in reaching Australia in the Mesozoic or early Tertiary than the
murine rodents found at a later date.

The supposed presence of Diprotodont marsupials in the South Ameri-
can Tertiary and in modern Australia hes also been used in support of
Antarctic connections between the two continents. The recent mor-
phologic studies of Dederer™ and Broom®® have shown that Cenolestes

™ Iunterpreted by Sinclair as a progressive character in Thylacinus, but certalnly the
reverse lb analogous placental adaptations.

™ PAULINE H. Drperer : Amer. Nat., vol. iy, p. 814. 1009,
®R. BrooM : Proc. Linn. Soc. N. 8. W., vol. xxxvi, p. 215. 1911,
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is not a true diprotodont, but in fact helongs to the polyprotodont divi-
sion of the Marsupialia, and with this-genus must be associated all of the
Epanorthids and probably all of the so-called Paucituberculata of the
South American Tertiaries. If then the Diprotodonts, so dominant and
go widely varied in Australia, were wholly absent from South America,
while parallel adaptations were developed there from the Polyprotodonts,
the distribution of these marsupials affords a valid argument against
instead of for any Antarctic connection during the Tertiary.

In view of the great amount of adaptive divergence seen in the various
Pleistocene and modern genera of Australian Diprotodonta, the origin
of the suborder in Australasia or its earliest invasion of that zodlogical
region, must be dated far back in the Tertiary. On our present evidence
it may well be regarded as wholly autochthonic, derived from early Ter-
tiary or possibly from late Mesozoic polyprotodonts. Nevertheless, in
view of the defectiveness of the Mesozoic record, where we should chiefly
expect to find this group, if anywhere in the North, and the presumable
rarity of Tertiary survivors, there is nothing unlikely in the view that
they originated primarily in the North like their polyprotodoent and
allotherian relatives and were driven southward with the former gronp
and somewhat more thoroughly extinguished in the north, while in Aus-
tralia they blossomed out into a great adaptive expansion paralleling the
absent ungulate mammals. '

It is probable that the opossums survived in North America throughout
the Tertiary, although there is no clear record of them in our Miocene
and Pliocene.’ But we know only a small part of our Pliocene fauna
as yet, and the Miocene, although better known, represents chiefly the
animals of the open plains, the forest fauna being very incompletely rep-
resented. On the other hand, it seems probable that the apparent dis-
appearance of marsupials from Western Europe after the Lower Miocene
was real, and it is probable that they had disappeared even earlier from
Asia. They have not been found in the later Tertiaries of Tndia or
China, so that they must have been rare if not absent at that time. The
Eocene Tertiary of Asia, where they might be expected to be common,
is altogether unknown.?2

L A very badly preserved skull from the Colorado Mlocene and a Jaw fragment from

the South Dakota Miocene in the American Museum collections are perhaps marsuplals ;
but I have never been able to see In elther specimen satisfactory proof that they were

80, and have consequently mever recorded them.

% The earliest Aslatic Tertiary fauna is that of the Bugti beds of India, lower Bur-
digallan or upper Aquitanfan according to Pilgrim, Rec. Geol. Sur, Indla, vol, x!ifi, pt. 4,
Pp. 264-326. It Is therefore either late Ollgocene or early Mlocene.
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Tasie XVI.—Distribution of Polyprotodont Marsupials
Neotropical Nearctic | Palearctic | Ethiopian | Oriental | Australian
| —
|
Didelphyidz . ! s | Thylacinid
Recent Canolestos Didelphys | None | None None Dasyuridse
! - —_—
. . . . : Thylacinid
Pleistocene | Didelphyide | Didelphys | None None None Dasyuride
Borhyzpide® :
Pliocene | Didelphyidm | "o None  |(Record it | None
Epanorthide nown adequate)
. Borhyznide None after
Miocene Didelphyide P8 lower Mi- i(No record) | None
Epanorthidz cene | -
| |z
Oligocene g?é:gﬁ;’igi Peratherium| Peratherium{ None 'E E.
2 H
-
Polydolops, ete ! = N
Borhyznide : 2 E 5
Eocene Didelphyide | Peratherium| Peratherium, % < 2
Caroloame- | 4 S 8
ghinia ! % N E’
- = - E o
Cimolestid - P %
t: R RS . - -] —
Cretaceous Thizodon (N0 record) ! 8 5
| 3 g
Proteodidel- i 3 2
Comanche Phys™ (No record) i 3 2
= Pt
> 2
Jurassic Triconodontidze z =

& Fragmentary remuains, referred to Hywenodontidie by Dr. Ameghino.

8 Jurassic, fide Amegbino.

= Doubtful fragments of jaws which may be Didelphytd.
® BExcept on borders of Australian reglon.
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rapte X VIL—Distribution of Diprotodont and Pseudodiprotodont Marsupials
and Allotheria (Multituberculata) -

Paucituber- . I Diprotodontia
culata Allotheria vers
[
Neotropical | Nearctic | Paleearctic | Ethiopian Australian
; Macropodide
Recent Cenolestes™ | None None None Phaseolomy-
idee etc.
i Diprotodon-
tidee
Pleistocene None None Macropodidee
Thylacole-
onidee etc.
Pliocene Epanor. None None
e thidme®
Miocene Epanor. None None
thidae®
Oligocene El:g?g;m No'ne None None Wiynyardia®
Polydolops 9
Eocene otc.® ? None
Paleocene Prilodus Neoplagiau-
Polymasto- lax ;
don ete. | I
|
Cretaceous Ptilodus i
Meniscees- . !
sus etc. '
— ' :
{ .
Cumanche } ! | !
i i
Jurassic Ctenacodon | Plagiaulas | i, J
etc. etc.
!
Triassic ) { Microlestes ‘ Karroomys
' I N

# This genus is & pseudo-diprotodont, as its real aflinities are with Polyprotodontia, as
shown by Dederer and Broom, I c.

¥ Afiinitles probably with Oe@nolestes.

% Combines Polyprotodout and Diprotodont characters
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MONOTREMATA

The monotremes are the lowest group of mammals, far removed struc-
turally from any others. Their connection with the main stock must
date back to the end of the Paleozoic era. Nothing is known of their
evolutionary history. The Multituberculata of the Mesozoic and Basal
Eocene are regarded by Broom as ancestral to them, but this view is not
supported by additional evidence since obtained. Xenothertum® of the
North American Oligocene, referred by its describer to the monotremes,
is an Insectivore related to the Chrysochloridze; Scoteops®™ of the South
American Tertiary is an Armadillo,*® and other genera referred by
Ameghino to the Monotremes probably also pertain to other groups.
We find them to-day limited to the Australian region, and surviving
even there only by virtue of unususl specializations of habit; Echidna
protected by its coat of spines, Ornithorhynchus by its amphibious habitat,
both genera burrowing and nocturnal. Presumably, these genera repre-
sent the last relic of the early Mesozoic dispersal movements of the
Mammalia.

SUMMARY OF THE EVIDENCE FROM DISPERSAL OF LAND MAMMALS

The foregoing review of the several groups of land mammals shows
that the more recently evolved and dominant races of Mammalia are to-
day mainly Holarctic, and many of them have not yet reached the more
peripheral regions; that the ancestry of all these dominant races has been
found in the Holarctic Tertiary formations, sometimes in Europe, some-
times North America, more generally & series in each country of equiva-
lent approximately ancestral stages. Where the geological record is ade-
quate, these races are shown to be newcomers in the peripheral continents
which they have invaded, and any ancestral series is absent. Their repre-
sentatives in the peripheral continents are to a varying degree primitive
and allied to earlier stages in the evolution of the race as represented in
the Tertiary record of Holarctica, but they have specialized more or less
along parallel or divergent lines from the direct line of descent of the
northern representatives.

When the parallel series in Europe and North America are sufficiently
complete they are seen to be not parallel phyla of independent local evo-
lution, but periodically recruited by more progressive new stages, appar-

% EARL DoucLAss, 1006, (The name fa preoceupled by Xenotherium Ameghino, 1004,
a genus of typotheres.)

" FL. AMEGHINO, 1887.

%2W. B. 8corT: Rep. Prin. Exp, Patag., vol. 5, p. 12. 1908.
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ently from & common center of dispersal. The relations are like those of
one side and the other of & branching tree whose trunk region is unknown
to us.

The more ancient and primitive groups of the Mammalia have mostly
disappeared, or are in process of disappearance, from Holarctica. In the
peripheral continents, they have undergone in many cases a notable local
adaptive radiation and expansion, extensive in proportion to the isolation
of these continents from the northern realm, more complete during the
early and middle Tertiary than now. When the reunion to Holarctica
permitted the northern fauna to invade the peripheral continents, these
autochthonous groups were in general unable to maintain themselves
against the competition of the more progressive northern races, and have
cither wholly disappeared or left a few scattered survivors, mostly aber-
rant specializations whi¢h did not come directly into cornpetition with the
invading races. The survival of the major part of the marsupial radie-
tion in Australia is attributable to its continued isolation. The apparent
fact that Neotropical races of Edentata were able to invade North Amer-
ica during-the Pliocene and Pleistocene may be ascribed to two factors:

1) No Nearctic groups of closely analogous specialization existed at
that time.

2) Owing to the far southerly extension of South America, the evolu-
tion of mammals in that region was, so far as controlled by climatic
change, more progressive and more nearly equivalent to the Holaretic
evolution than in Australia or Africa. Its products therefore were better
able to maintain themselves against their northern: competitors.

If we regard the Proboscidea as of Ethiopian origin, we must suppose
that they too constitute an cxception to the general rule that the races
evolved in the peripheral regions have been unable to invade Holarctica.
But the recent discoveries of Pilgrim and Cooper in the Oligocene of
India tend strongly to show that the Proboscidea were from the first, as
they certainly were in the later Tertiary, a group of Asiatic, not African,
dispersal.

The dominant influence of climate in controlling the range of modern
mammals has been emphasized by C. II. Merriam. The mammals adapted
to north temperate or even boreal climate are the most specialized and
last evolved members of their respective races. The most primitive sur-
vivors of northern races, and surviving members of races formerly abun-
dant in the north, are met with chiefly in tropical regions. Similar rela-
tions are seen in the faun® of the antarctic as compared with the southern
tropical regions, although less obvious. This is especially seen in South
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America. It is displayed there quite as clearly in races, such as the crice-
tine rodents, cervide, etc., which are admittedly of Northern origin, as it
is in any autochthonous groups. Henc, it cannot be attributed to a gen-
eral Antarctic dispersal center, but must be explained as a parallel evolu-
tion under similar climatic stimulus.

The general distribution of Mammalia on these lines is almost univer-
sally accepted; but many writers have pointed out certain supposed ex-
ceptions and found it necessary to account for them by various hypo-
thetical continental bridges. A careful consideration of these supposed
exceptions shows that, if due allowance be made for parallelism and for
the imperfection of the record, each one can be more satisfactorily inter-
preted in accordance with the general law. And the acceptance of any
such continental bridges would entail migrations of other groups which
assuredly have not occurred. The hystricomorph rodents of South Amer-
ica afford a single exceptional instance, in which over-sea transportation
from Africa appears to be the only reasonable interpretation of the evi-
dence at hand.

I place much greater weight on the evidence from mammalian distri-
bution than on that of any other terrestrial group for several reasons, as

follows:

1) Their past history, the time, place and method of evelution of the vari-
ous races, is better known than in any other group of land animals or plants.

2) The complexity of structure in the hard parts which are preserved as
fossils is greater, affording a larger amount of evidence by which we may dis-
tingulsh parallel or analogous races and determine the closeness of their real
affinities. As Stehlin® has recently observed, a single tooth of a mammal
affords as much structural evidence whereby to determine its relationships as
the entire skeleton of most invertebrates. Where our evidence ig thus lim-
fted (to a single tooth, for example), we may, and frequently do, find difficulty
In declding the exact aflinities of a fossil mammal. But where we have the
skull or the skeleton or even the entire dentition, the results are correspond-
ingly sure and precise as the data are more extensive.

3) Owing to their nearness to ourselves, their large size and other causes,
we are better able to understand their adaptation and observe and appreciate
the factors which may affect thelr evolution and migration.

In dealing with the evidence furnished by the lower vertebrates and
invertebrates, we are hampered by the wider limits of time within which
the migration may have taken place, by the relative simplicity of the
structure of the hard parts, which makes it less easy to distinguish paral-

““Uber die Siugethiere der Schwelzerische Bohnerzformation.” Verh. Schw. Naturt
Gesell., 93 Jahresvers. 1910, Basel. P. 11 of separate.
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lelism from immediate affinity,’* by the relative scarcity of fossils as com-
pared with living species (among land animals), and by our less certain
knowledge of the causes which may control their evolution, their means
of migration, and their true evolutionary history and affinities.

INTERPRETATION OF NEGATIVE EVIDENCE IN FOSSIL MAMMAL FAUNE

In considering a Tertiary mammal fauna, we must keep in mind the
facts that there may be large facies of it that are represented imperfectly,
if at all, in our records, and that there may be important parts of it
which have left little or no record, owing to their habitat, small size or
other circumstances. We may, with some reserve, conclude that the en-
tire absence from the record of a group which is abundant in other fauns
indicates its real absence from the fauna. But we are not justified in so
concluding in the case of rare or inconspicuous races. It is fair to as-
sume thgt the absence of Perissodactyla from the Oligocene fauna of
Egypt or the Miocene fauna of Patagonia was real, and not a matter of
defective record. The same assumption would be unjustitied in the case
of didelphid marsupials and dilambdodont Insectivora respectively. But
the most conclusive evidence of the absence of a certain group from a
given fauna is that while it is not found fossil, another group is found to
have become adapted on parallel lines, taking its place in the fauna. The
absence of Perissodactyla and Artiodactyla from the Miocene of South
America is confirmed by our finding Litopterna, Toxodontia and Astra-
potheria, which parallel in adaptation the horses, rhinoceroses, tapirs,
camels, etc., of the North ; the absence of Carnivora by the parallel adapta-
tion of marsupials to take their place. The evolution of lemuroid pri-
mates in Madagascar into large quadrupedal forms apparently paralleling
certain groups of Ungulates,”® affords some evidence that the Tertiary
hoofed mammals were unable to invade Madagascar.

The absence of fissiped Carnivora from the recorded Oligocene fauna
of Egypt would not be conclusive in itself; but, coupled with the excep-
tional variety and abundance of the more archaic creodonts of the family

“ It may be noted In i{lluktration of this point that a natural cast of the entire carcass
of a mammal would afford far less secure Information as to its real affinities than would
a fossil skull, and less even than a lower faw with reasonably perfect teeth. The parallel
adaptations so frequently recognized among mammais lead to superficlal resemblance of
dlatantly related types whoge true affinities are readily recoguized by the internal struc.
ture. If, as among most invertebrates, we had only an external skeleton to guide us,
the real affinitles would not be so securely recognized.

% The skull and the short llmbs of Megaladapis are very suggestive of such types as
Promerycochwrus. The feet do not, however, Indleate a terrestrial babitat, nor are the
teeth efficlent in grinding. The resemblance in teeth and skull of Archeolemur to the
Anthropoldea 1s very marked.
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Hyenodontids, it is very strong evidence that fissiped Carnivora had not
yet invaded the Ethiopian region, at least in any considerable numbers.

DispenrsaL OF RepTiLIa

The essential adaptive feature which distinguishes mammals and birds
from the reptiles out of which they arose lies in the non-condueting cov-
ering to the skin,—of hair or fur among mammals, of feathers among
birds. The assumption of this covering enabled the body to be kept at a
uniformly high temperature, thus favoring the maximum of bodily activ-
itv, and making it practicable to develop the circulation and the entire
organization to a much higher standard. It also made these classes of
animals independent of the temperature of their environment. It ena-
bled them to withstand cold or variable climate and to take full advantage
of the conditions of the colder regions, which appear to favor a higher
development than can be attained in moist tropical countries.

The initial development of mammals and birds took place, so far as we
are able to judge, during the great arid period of the Permian-Triassic.
They appear to have been derived from unknown groups allied respec-
tively to the theromorphous reptiles and to the ornithischian dinosaurs.
We know almost nothing of their ‘Mesozoic evolution, because the upland
epicontinental formations of the Mesozoie, in whieh this record should be
chiefly presepved, have been totally swept away, or if any remnants re-
main, they have not been recognized and sufficiently explored to recover
it. The formations of the swamps and coastal marshes, river-deltas, lit-
toral regions and shallow seas of the Mesozoic are extensively preserved
and their inhabitants well known to us. But of the upland fauna, we get
only an occasional glimpse in such deposits as those of Solenhofen, where
a few remnants of the fauna of the adjoining uplands have been pre-
served in great perfection. We have, indeed, indirect evidence as to the
nature of the upland fauna of the Mesozoic, for the successive groups of
swamp dinosaurs, the marine birds and pterodactyls of the later Mesozoic
and the abundant and varied mammalian fauna which appears at the
beginning of the Tertiary are not derivable, any of them, from their
predecessors in the swamp or marine faun®, but must be traced back to
ancestors distinctly adapted to dry-land life, which reinvaded the coast-
swamp, littoral or marine provinces. This will appear more in detail in
the discussion of the several orders. The point here to be emphasized is
that the dry-land vertebrate fauna has been throughout the dominant
facies and has repeatedly reinvaded the swamp and sea-coast provinces,
the higher activity and hetter organization acquired on land giving its
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members, when readapted to the marsh or littoral conditions, an advan-
tage which enabled them to supersede the autochthonous dwellers in those
conditions. Per contra, there have not been a succession of invasions of
the dry land by the vertebrate inhabitants of swamp and sea-coast. Once
established on dry land, the primary groups of dry-land reptiles held
their own and evolved and expanded into higher types and greater variety,
but they were not recruited, so far as the evidence shows, by new invasions
from the swamp and aquatic fauna.

DINOSAURIA

The dinosaurs appear to be primarily a dry-land adaptation (properly
speaking, two distinet but parallel adaptations) of the primitive rep-
tiles.”® Their most obvious adaptive characters lie in the long limbs and
swift-running gait and the general parallelism to the ratite birds. As
such, the conditions of life would tend to greater activity and higher de-
velopment and enable them, when they reinvaded the swamps during the
epochs of great swamp-extension, to reach greater size and dominance.
It is these readaptions that are chiefly known to us and are apt to give
the idea that the dinosaurs were distinguished by gigantic size and mass-
ive proportions. In fact, these are no more typical of the order as such
than the whale, hippopotamus and elephant are fairly typical of the
mammels ag such. There must have been multitudes of small dinosaurs,
mostly inhabiting the upland, a smaller number living among the swamps
and marshes, but we know comparatively little about them. Some notion
of their numbers and variety in the Triassic is gained from the innumer-
able footprints spread over the T'riassic shore-deposits of the Connecticut
River. But of all this multitude, we have actual remains of only two or
three types. The Compsognathus skeleton of Solenhofen is, perhaps, an
example of the small light-limbed upland dinosaurs of the Jurassic;
Hallopus and Podokesaurus are perhaps fairly representative of their
Triassic ancestors. The Jurassic sauropods, while highly specialized for
aquatic life and river-bottom wading, yet retain a few features indicative
of former land life. One of these is the long limbs, which it would seem
must have been acquired on land. Anpother is the fact that the knee bends
forward as it does in all other dinosaurs, while in reptiles primarily am-
phibious the knee bends outward and the limbs are short. The elbow of
the Sauropoda, on the other hand, bends outward, as in reptiles generally,
not backward, as it does in primarily quadrupedal land animals, and this

“F. voN HUpNB: Geol. u. Pal. Abh, N. I, Bd. xill, s 22-38. 1914; Neues Jahrb,,
Bell. Bd. xxxvii, 5. 577-587. 1914.
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1 take to be an indication that their quadrupedal gait is partly secondary
and that they are derivable from long-limbed, partly bipedal ancestry.
The shortening of the feet and pillar-like construction of the limbs 18 an
obvious parallelism with the specialization of these parts seen in all large
land mammals and is an adaptation to their great size. No near parallel
can be found to this group among living animals; the hippopotamus
affords some suggestions, but diverges widely in many respects.®”

I have already referred to the primary adaptation of the dinosaurs
as a dry-land adaptation of the Reptilia. To a limited extent, the mod-
ern lizards represent a corresponding adaptation but not carried so far
or occupyihg so important a place in the fauna. The lizards have to
compete with the large and varied dry-land fauna of mammals, and rela-
tively to these, they occupy but an unimportant niche in the terrestrial
life. They suggest, however, the sort of animal which in the absence
of a higher competing type evolved into the dinosaurs, and their more
specialized types (e. g., Chlamydosaurus) mimic them in proportions in

a most instructive manner.
Dinosaurs are first recorded from the Triassic; those which we actually

know® are of moderate to large size, slender and long limbed as com-
pared with other reptiles, not highly specialized in dentition, unarmored
and some but not all bipedal in gait. Indirect evidence in the multitudes

7 3¢e W. D. MaTrTuew : “The Pose of the Sauropodous Dinosaurs,” Amer. Nat., vol.
xllv, pp. 547-360. 1010.

% The principal references on Trlassic dlnosaurs are the following :

R. Brooy : *On the South Africnn Dinosaur Iortalotarsus,” Trans. S. Afr. Phil. Soc.,
vol. xvi, pp. 201-204, 19086.

E. Frats: “Die neuesten Dinosaurierfunde fn der schwabischen Trias,” Die Natur-
wissenschaften, Bd. I, Heft 45, pp. 1097-1100. 1913.

F. voy HreeNg: “Die Dinosaurier der europlilschen Trlasformation.” Geol. u. Pal.
Abh., Supplem. Bd. I. 1908,
¢ “Eln primitiver Dinosaurler aus Elgin," Geol. u. Pal. Abh, Bd. xiv (N. 8.,
Bd. x) Heft. I. 1910.

- : “Beitrilge zur Geschichte der Archosaurler,” fbid., Bd. xvil (N. 8., Bd. xili)
Heft. I. 1914,
~: “Ceber die Zwelstimmigkeit der Dinosaurier,” Neues Jahrb, Beil., Bd. xxxvll,
8. H77-589. 1014,

F. voN¥ HCFENE und R. 8. Lree: “Neubeschrelbung des Origlnals von Nanosaurus agiiis
Marsh,” Neues Jahrb, Bd. I, s. 134-144. 1908.
. : “On the Triassic Reptile Hallopus victor Marsh,” Amer., Jour. Sel.,
vol. xxv, pp. 113-118. 1908,

0. JAEKEL: “Ueber dle Wirbethierfunde In der Oberen Trias von Halberstadt,” Pale-
ont, Zeltsch., Bd. I, s, 155. 1913.

R. 8. LuLn: “Fossil Footprints of the Jura-Trlas ot North America,” Mem. Boston
Soc. Nat. Hist., vol. v, pp. 461-557. 1004.

—--—: “Dinosaurian Distribution,” Am. Jour. 8cl., vol. xxix, pp. 1-39. 1910.

————: “The Life of the Connecticut Trias,” {bid., vol. xxxifi, pp. 807-422, 1912,

0. C. MarsH: “Notes on Triassic Dinosaurla,” bid., vol. xliij, pp. 543-546. 1892,

——— “Hestoratlon of Anchisaurus,” ibid., vol. xlv, pp. 169-170. 1893.

——— "Dinosrurs of North Amerlca,” U. 8. Geol. Sur., 16th Annual Report, pp. 143
244, pll. 1898,
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of footprints of the Connecticut Valley sandstones shows that there must
have been also a great number and variety of small bipedal three-toed
forms all presumably dinosaurs, and other reptiles with shorter feet and
more numerous toes which may also have been dinogaurs, although not
generally so referred.  Lull®® states in regard to the latter: “These forms
geem to represent survivors of the ancient stem from which the dinosaurs
arose; they may, however, represent primitive quadrupedal dinosaurs
which had not yet acquired the erect gait.” He calls attention to their
possible relationship to Proforosaurus and Kadaliosourus.

From these and other fragments of evidence, we may reconstruct a
concept of the dinosaurs as a land adaptation developed during the arid.
Permo-Triassic climatic phase, corresponding to the later deployments of
the mammals along the same lines of adaptation and under a similar
impelling cause of progressive aridity and continental expansion. Dur-
ing the base-leveling and submergence and moist tropical climate of the
Jura, these dry-land adaptations reinvaded the swamps and coast-
marshes, the least specialized types (cf. Proforosaurus), more quad-
rupedal and some of them long-necked, reverting farthest towards an
aquatic life and specializing into the peculiar Sauropoda, while the higher
bipedal types retained more of their terrestrial habitat but evolved into
huge, massive armored and bizarre creatures, to be paralleled in habit
and type at a later date by the bizarre specializations of the Eocene Mam-
malie. These are the familiar dinosaur fauna of the Upper Jura and
basal Cretaceous. The drier uplands of that time must have been ten-
anted by lighter, smaller dinosaurs, but of these, in my opinion, we have
little direct evidence. But that they continued to exist and carry for-
ward their primary lines of adaptation is shown by the subsequent history
of the order.!®

In the Lower Cretaceous occurred a swing towards emergence and arid
conditions, not extreme, but sufficient to wipe out the sauropod dinosaurs
in the northern world. They survived, however, in the southern conti-
nents until, in the middle and later Cretaceous, the pendulum swung back
to a marked extreme of submergence and moist-tropical climate, and
their remains are found in late Cretaceous beds in South America, East
Africa, Madagascar and Australia. The correlation of these beds is in
need of revision, however; they may be Comanchean. In the Northern

®R. 8 LULL: Lc., p. 482. 1004,

10 R, 8. LULL (“Dinosaurian Distribution.” Amer, Jour. Scl., vol. xxi, pp. 1-39, 1810)
bas admirably summed up the data regarding the geological occurrence of dinosaurs.
While not agreelog In all respects with his Interpretation, 1 take pleasure in noting the
accuracy and clear presentation of the evidence as worthy of the high regard tn which
its author is held by his confrares.
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world, at all events, they did not reappear after the early Comanchean.
A dinosaur fauna largely similar to that of the Jurassic in habits and
* adaptation in other respects, developed during the late Cretaceous in
the North. It contains no Sauropods, but it includes amphibious types
(Trachodontidz) with marked aquatic adaptation, gigantic terrestrial
swamp and forest dwellers, like the ceratopsians, tyrannosaurs and anky-
losaurs, and many smaller more agile forms. These Cretaceous giants,
however, appear to have evolved, not from amphibious or aquatic dino-
saurs of the Jura, but, in part at least, from small and little known forms,
of more upland adaptation, which had been much more highly specialized
for dry-land life than any of the Jurassic swamp dwellers, and had re-
adapted themselves to the forest and swamp environment of the later
Cretaceous. The trachodonts and cevatopsians, for instance, while re-
lated to the earlier iguanodonts, cannot be directly derived from them
but must be traced back to some unknown contemporary which was highly
progressive in developing efficient grinding dentition, compact feet with
flattened hoofs, etc.—characters which in a survey of mammalian adapta-
tion we find to be especially associated with upland habitat. The evi-
dences of former dry-land adaptation are not so clearly shown in the
other swamp-giants of the late Cretaceous, but they may perhaps be
shown by further study.'®

In sum, we may find in the hypothesis of recurrent climatic change,
and in the primary adaptation of the dinosaurs as a dry-land adaptation
of Reptilia and their secondary readaptations to forest and swamp life,
s fairly satisfactory solution of their distribution and phylogeny. Lull,
in his able discussion of the subject (1910), explains their adaptation
along these lines. But at present our data, both of correlation and
identification, are too uncertain to allow of positive and detailed con-
clusions in regard to the centers of dispersal and course of migration of
the dinosaurs. That the sauropods survived in the southern continents
long after their extinction in the north appears proven, if we accept the
stated geological correlations of the southern formations where they are
found and set aside as an erroneous identification the reported occurrence
of a sauropod in the Danian of France.”®* That the Theropoda survived
into the ocene in South America and Theropoda and Predentata into
the Paleocene in North America is not improbable on @ priori grounds,

1. DoLro (Bull, Soc. Belg. Géol., xix, p. 441, 1905) has shown that the quadrupedal
galt of many of the Predentate dinosaurs lg a secondary adaptation from bipedal ances-
try. T belleve this to be true, to a less extent, of the Sauropoda as well.

W, Nopsca (Rep. Geol. Mag., vol. vh, p. 261, 1910) states that the femur on
which this recorded occurrence I3 based s not a sauropod but a trachodont dinosaur
allled to or Identical with Telmatosaurus of the Gosau beds of Austria. ,
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but the evidence that they actually did so survive is open to serious
question. So far as they go, the facts accord with the dispersal of the
dinosaurs from the northern land mass. And so far as I have heen able
to review the data, the migrations of the order could be made to conform
with the present distribution of continental and abyssal areas (Mada-
gascar excepted'®) about as well as with the different distribution upon
which they are plotted by Dr. Lull.

1t is significant in this connection to note that young individuals are
very rarely found in the dinosaur formations. Thousands of individuals
are found together in some of the great quarries, pertaining to a great
number and variety of genera and with a wide range in size, but it is
very rare to find young individuals among them. This fact is well known
to collectors, but has not, as far as I know, been commented upon in
print. It is true that young individuals are less clearly distinguished
from adult among reptiles than among mammals, the chief difference
being the imperfect ossification of the bone structure, and that such im-
perfectly ossified bones are likely to be poorly preserved and might often
be rejected by collectors on this account. But making all reasonable
allowance for these considerations, there remains a verv notable contrast
with fossil mammal quarries and fossiliferous formations, in which young
individuals are always to be found among any considerable number of
adult specimens and often are more numerous than mature individuals.

This may be interpreted in conformity with the above theories as to
the habitat of dinosaurs, by supposing that the young dinosaurs were
more dry Jand or upland animals, retaining the ancestral habitat, and
coming down into the swamps onlv when they reached maturity and
their larger size made an amphibious or aquatic habitat more suitable,
The young animals would rarely or never vigit the swamps and deltas,
whose formations have alone been preserved, and their fossil remains
would be correspondingly scarce.

Young crocodiles, so far as I can gather from various descriptions, are
somewhat more terrestrial in habit than the full-grown animal, but the
difference is evidently not considerable. Analogous cases among fish,
marine types breeding in fresh water and vice versa, are well known.
The migration of birds has also sume analogy, if, as may often have been
the case, the swamp dinosaurs resorted to dry land for breeding and egg-
laying purposes. In either case the breeding or egg-laying place would
be presumptively the ancestral habitat of the race.

12 The Cretaceous sauropoda of Madngascar may have reached that isiand in the same
manner as the hippopotamus did at a later perlod, nnmely by swimmlng,
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CHELONIA

The publication of Dr. Hay’s splendid monograph'®* upon the extinct
Chelonia of North America has added a great deal to the available data
for explaining the distribution of this group. So far as the Tertiary
and modern distribution goes, it conforms to the same lines of dispersal
as do the various orders of mammals. The pre-Tertiary history of the
order is mostly too fragmentary to afford any important data bearing,
pro or con, upon the theories here presented. The whole order is in
general conservative and persistent to a high degree, like the Crocodilia.

The occurrence of giant tortoises (T'estudo) on several oceanic islands
and in Australia and Patagonia (Meiolania) has been adduced as evi-
dence for continental connection of these islands aund for an Antarctic
connection of the two southern continents. Here, as in the case of the
carnivorous marsupials cited on page 263, the evidence will not bear close
examination. In the first place, we know that large tortoises of the
genera Testudo and Stylemys are among the most abundant fossils in
the Middle and later Tertiary of the Nearctic, Palearctic, Oriental and
Ethiopian regions. So far as we can judge, they were cosmopolitan,
except Australia and Patagonia. They occur in the Pleistocene of Cuba
and Madagascar and survive to the present day in certain islands in the
Indian Ocean and in the Galapagos Islands. So far as these oceanic
islands are concerned, if we assume that their presence in one involves
continental union, it must do so in all. If such continental union oc-
curred, it is hardly conceivable that, in each instance, tortoises alone
would have made their way to the islands. We must infer for each and
every one of them a vertebrate and invertebrate land fauna. Where is
that land fauna, and why has it perished? The idea of selective drown-
ing might possibly be entertained if we had to do with only a single
instance, but is too absurd for serious consideration, when we deal with
several instances of the survival of the same race. The only reasonable
method of accounting for the presence of Testudo on these islands is
that its facilities for oceanic distribution are somewhat better than those
of mammals and that it arrived by over-sea transportation.

The most recent argument for land connection of the Galapagos
Islands is by Dr. Hay.®® He advocates a connection with Central Amer-
ica, via a submerged ridge which is shown in the reports of the Blake
Expedition to extend southwest from Costa Rica towards the islands.

mm‘go. P. Hay: “Fossll Turtles of North Amerlea,” Carnegle Institution Publ. No. 76
N08. ’ )
1080, P Hay, /. «
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The depth of this ridge Dr. Hay omits to state, but the soundings indi-
cate it as being upwards of ten thousand feet, so that it does not mate-
rislly affect the improbability of an elevation to this extent. The Gala-
pagos Islands are purely volcanic in origin and stand upon a platform
less than a thousand feet in depth, similar on a smaller scale to that
which surrounds the continents and, presumably open to similar inter-
pretation. If so, the islands have, probably, been more or less completely
united at periods of continental emergence and completely isolated at
periods of continental submergence (if any such have occurred since
they were first upbuilt from the ocean floor by voleanic ejectamenta)
but never connected with the mainland. As the island platform is less
extensive than Madagascar or Cuba, farther from the mainland and
without intervening island stepping-stones, the opportunities for success-
ful colonization through rafts or other means of transport have been
fewer, and have not succeeded in introducing any mammals or amphib-
ians and but few reptiles and invertebrates. The most favorable oppor-
tunity for such colonization would be when the islands were at their
maximum elevation—towards the end of the Tertiary, if this corre-
sponded with the elevation of the mainland—as at that time the extent
of coast and consequent probability of making a landing would be much
greater. The subsequent isolation of the islands by submergence ac-
counts for the presence of distinct although related species on different
islands. Thus the series of “miracles of transportation,” which Dr. Hay
finds it so difficult to accept, dwindles down to a single “miracle” and
to one which he must invoke to account for the populating of the more
remote Pacific islands, and which, when considered in relation to the
time involved, does not really involve any serious improbability. On
the other hand, if a miracle be an exceptional occurrence in apparent
contravention of all probabilities, and without assignable causes in nat-
ural law, T think the processes of selective drowning, or of selective
migration of sporadic clements of a faupa, involved in the alternate
hypothesis, in addition to the elevation during the late Tertiarv of
abyssal depths to the surface, unwarranted by any valid evidence, does
involve a series of miracles, almost as unworthy of belief on the evidence
offered, as the special creation of the species of the Galapagos Islands
appeared to Darwin.

The present distribution of species of T'estudo on the islands of the
Indian Ocean has been partly changed by man, so that there is some
uncertainty about its details. Lydekker states it as follows:

“Madagascar, probably the Comoros, North and South Aldabra—small islands
Iying to the northwest of the northern point of Madagascar—the Mascarenes
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or Mascarenhas, situated to the east of Madagascar and includipg Réunion,
Mauritius and Rodriguez and lastly the Amirantes and the Seychelles, which
are the most northern of the whole assemblage and only about four degrees

south of the equator.” ™

Each of these groups of islands, except the Mascarenes, stands upon
a shallow platform, and is surrounded by abyssal ocean, upwards of 5000
feet between the Comoros and Africa, elsewhere upwards of ten thousand
feet. The three Mascarene islands rise separately from abyssal depths.
Madagascar is about 180 miles from the African coast; the other islands
are 400 to 600 miles from Madagascar; the present normal set of current
is unfavorable to transportation from Madagascar.

It is very frequently asserted that a bank of shallow soundings con- -
nects India with Madagasear through the Amirante Seychelles group,
and that this indicates a former continental bridge of which these islands
are remnants. The facts are as above stated ; the so-called bank is very
little above the general level of the floor of the Indian Ocean and is not
differentiated from it in any features of relief that would suggest its
former continental character.

The transportation of natural rafts five hundred miles against the
normal set of current—or five times that distance if from the East
Indies—is the most improbable element in this explanation. There is
no valid reason to suppose that the general direction of winds and cur-
rents differed materially in the later Tertiary from the present day
conditions. T do not think it necessary to assume with Dr. Lydekker
that the tortoises were of gigantic size when they reached the islands or
to ignore, as he does, the elements of parallelism in considering their
affinities to continental species. Nor does it appear that the difficulties
which he admits in accounting, on the hypothesis of former continental
union, for the absence of the rest of the fauna, should be “set aside for
future consideration.” They add so greatly to 'the improbability of the
hypothesis, that in conjunction with the physiographic difficulties it
appears wholly out of range of reasonable probability. On the other
hand, an investigation of the very variable direction of the winds and
currents in the Indian Ocean would probably yield data to reduce the
improbabilities in the hypothesis of over-sea transportation as above
stated. The third possible hypothesis is that the present distribution is
due in part to human agency, not necessarily limited to the historic
period. If this factor may account for a species of Canis in Australia
distinet from the living species of Arctogma, it may perhaps help to
account for peculiar species of tortoises as well.

1 Sclence I'rogress, October. 1010, p. 303,
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As for Miolania, it occurs in the Notostylops Beds of Patagonia and in
the Pleistocene of Australia. The Nofostylops Beds are Bocene, as here
advocated. The persistence of so highly specialized a genus for so long a
period appears surprising; if they are Lower Cretaceous, as Ameghino
asserts, it i8 quite unprecedented. My acquaintance with chelonian anat-
omy is not adequate to warrant my venturing an opinion as to how far
parallel evolution from less specialized Pleurodira might account for this
anomaly. But we certainly do not know to what extent this genus or a
less specialized pleurodiran ancestor may have been aquatic or even ma-
rine in its habits. And unless we suppose that it had some such semi-
marine adaptations which would enable it to cross & marine barrier im-
possible for terrestrial mammials, I do not see how to account for its reach-
ing Australia without any of the Notostylops mammalian fauna accom-
panying it. We cannot believe that a placental fauna ever reached Aus-
tralia, for if it had we should not see the development of a marsupial
fauna on analogous adaptive lines to take its place. Miolania, then, could
cross some barrier, presumably an ocean barrier, which land mammals
could not; and it becomes merely a question of how wide 2 barrier this
extinet chelonian of unknown habits could cross. The present lines of
the continents within the continental shelf would not present materially
greater difficulties in its reaching Australia via Antarctica®than Tesfudo
has managed to surmount in reaching Mauritius and the Seychelles, and
I think we are justified in saying that the occurrence of Miolania has no
weight as evidence of former Antarctic connections of the Southern conti-
nents and, in fact, is opposed to any actual land connection.

The following notes on the distribution of the land Chelonia are sum-
marized from Dr. Hay’s monograph:

Cryptodira are the dominant group of turties and compare with the pla-
centals among mammals. All continents except Australia.

Chelydride.—Central America, eastern North America and New Guinea.
Apparently a relict-distribution, but the family is unknown fossil.

Dermatemydide.—Part of Central America. Found In abundance in North
America in the Upper Cretaceous nnd in reduced numbers during the Tertlary.

Emydide.—Chiefly Holarctic and Oriental. A few have reached South
America, none in Ethfopia, Madagasear or Australfa. First known in Holarctic
Lower Eocene.

Testudinide.—Very abundant in Tertiary Holarcticn but now mostly re-
stricted to its southern margin. Abundant now in Ethiopia and a few species
fn Neotropieal and Orfental regions; also in oceanic islands. Present in Su-
matra, absent in Java, present in Celebes but absent in Borneo. These and
other features are very suggestive of man's having had much to do with the
local extinction of Tortoises. For obvious reasons this family would be pecun-
ltarly subject to his ravages.
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Pleurodira.—Now limited to the three southern continents, Holarctic in the
later Mesozolc and early Tertiary, and the extinct Amphichelydia from which
they are descended were likewise a Holarctie group. The occurrence of closely
related genera in South America and Madagascar Is used in support of a
Brazilinn-Ethiopian-Malagasy land connection. It would be interpreted In
conformity with the views here advocated, as due to common descent or to
parallel evolution from Tertiary Pleurodira of Holarctica.,

Trionychide—The distribution of this group Is execeptional in that it is en-
tirely absent from the Neotropical region and the Pacific coast of North
America, while common to eastern North America, the Ethiopian, Orlental and
goutheastern Palearctic reglons and New Guinea. Ameghino records Trionyr
from the Notostylops Beds of Patagonia,™ indicating if the identification be
correct that the group was formerly present in South America. It is found
abundantly in the Cretaceous and Tertiary of North America and in the older
Tertiary of Europe; absent from Australia and Madagascar.

Presumably this is a relict-distribution of an ancient group, whose facilities
for transportation were relatively limited. It should be noted that the hy-
pothesis of over-sea transportation on rafts would be less applicable to aquatic
animals than to their terrestrial relatives, as they would be less likely to be
carried out to sea on floating vegetation, on account of thelr ability to leave
it at will for the shore. But the absence of the group from the Neotropical
and Western Nearectic, and its presence In New Guinea, are anomalous features.

CROCODILIA

The crocodiles are usually regarded as the most conservative of the
reptilian orders. This is true enough, so far as adaptive specialization
from the primitive amphibious environment into the higher plane of ter-
restrial habitat is concerned.. Their expansional tendencies have been in
the other direction, towards invasion of the marine province.

The present geographic distribution of the group is as follows:

Narrow ( Gavialis, India.
snouted | Tomistoma, East Indles.

Alligator, Southern United States, China.
] Crocodilus, Africa, southwest Asia, Oriental and northern Austra-

Broad
{ linn regions, tropical America and West Indies.
snouted .
Caiman,  Troplenl America.
Osteolemus, West Africa.

This is very clearly a remnant-distribution and is explained, at least 1.
part, by the oceurrence of crocodiles in the Tertiary. Fossil Crocodilia
arc abundant in the early Tertiarics of Europe and North America. The
European species, according to Zittel,'* belong partly to Crocodilus.

"FL. AMEQHINO: “Age des Formatlons Sedimentaires de Patagonle,” Anal. Soc.
leot:t. Argent., tom. 1, Liv, p. §2 of separata. 1903,
K. A. voN Zi1TTHN. - Girundziige der Palwontologle, 2¢ Aufl., il Abtell., s. 272. 1911
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partly to the extinet genus Diplocynodon, in which the proportions of the
skull are like Alligator, but with a notch for the lower canine, like C'roco-
dilus, while the armor, especially the belly armor, is like that of Caiman.
North American Tertiary Crocodilia are all with one exception referred
to Crocodilus, but the armor is incompletely known, and.they may prove
also to include Diplocynodon. Gavialis is recorded from the late Tertiary
of India; Tomistoma and Crocodilus occur in the Oligocene of Egypt
and Tomistoma in the Miocene of southern Europe. The common Egyp-

W Alligalors

NN C(rocodiles

W Caimans Crocodiles
== Osteolzernu tn lale Crelaceous

and early Terliar.
ly Torliry

Yia. 32.—Distribution of the Crocodide

Originating probably in Cretaceous Holarctica, they have been restricted to the pe-
ripheral continents by inability to become adapted to cold climates. Note discontinuous
occurrence of crocodiles and of alligators, the last the most speclalized, as Caiman god
Osteolemus are the most primitive of the living genera.

tian Oligocene species of Tomistoma is intermediate between this genus
and Gavialis.

The Upper Cretaceous crocodiles are nearly allied to those of the early
Tertiary.

The Jurassic and Comanchic crocodiles include also leng-snouted
gavial-like forms, more or less marine in habitat, and broader-snouted
crocodile or alligator-like forms of more strictly fresh-water habitat. All
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have amphiccelous vertebre, whereas all Cenozoic and late Cretacic croco-
diles have proceelous vertebree. It is commonly believed that certain of
the narrow-snouted types (T'eleosaurus) led into the gavials, the broad-
snouted (Goniopholids) into crocodiles and alligators; and that the
broad-snouted types first appearing in the Upper Jura are derived from
the teleosaurs which first appear in the Middle Jura. Neither of these
propositions seems to me to be probable. The narrow-snouted crocodiles
are characteristic of marine or semi-marine formations, the broad-snouted
kinds of fresh-water formations; the known formations of the Middle
Jurassic are chiefly marine, those of the Upper Jura chiefly fresh-water.

If we turn back to the Trias, we find that in the allied Parasuchia
there were also long-snouted (Mystriosuchus and Rutiodon) and broader-
snouted (Belodon) types—both of fresh-water habitat, but apparently
less aquatic than Crocodilia; in the allied Pseudosuchia the snout was
short, and the adaptation to amphibious or fresh-water life; while the
more distantly related dinosaurs were terrestrial and short-snouted.
Upon these data, it appears to me more reasonable to suppose that the
Triassic Mystriosuchus and Rutiodon, the Jurassic (Geosauride, Teleo-
sauride and Metriorhynchide and the Tertiary Gavialide are all inde-
pendent successive adaptations to a fish-eating diet and a more or less
marine habitat and that the Jurassic Goniopholide are the source of all
the modern Crocodilia. This will also relieve us from the necessity of
supposing that proceelous vertebrz and & number of other identical char-
acters were independently and simultaneously acquired in two phyla of
diverging.adaptation. The accepted view involves the anomaly of asso-
ciating divergent adaptation with convergent structural evolution.

However this may be, we are justified in assuming certain characters
a8 primitive among the modern Crocodilia, since they are common to all
the older types. These are the following:

1) More complete and consolidated ventral armature. Common to all the
Mesozolc genera, retained In Diplocynodon of the European Tertlary and the
modern Caiman and Osteolemus.

2) A notch instead of a pit in the upper Jaw for reception of the lower
canine. Common to all the short-snouted crocodiles of the Mesozoie and Ter-
tiary, retained in the modern Crocodilus.

3) Amphicelous vertebre. Common to all Crocodilia and related groups up
to the middle Cretaceous, lost in most Upper Cretaceous and all Tertiary™®
and modern genera.

4) Large supratemporal and small lateral temporal fenestrse. The upper
temporal fenestra is large in all Mesozole Crocodilia, considerably smaller in
the gavials, quite small in Crocodilus, Alligator and Caiman.

1% Except Notosuchus of the Patagonlan Eocene.



MATTHEW, OLIMATE AND EVOLUTION 287

5) Posterior nares more anterior in position. In the Mesozoic crocodiles,
the choanse are situated at the posterlor end of the palatines in the long-
spouted groups, while in the short-snouted Goniopholide, they have moved
further backward, between the palatines and pterygoids. In the modern
Crocodiiia, they are still farther backward, entirely enclosed within the ptery-
goids. This is an adaptation to lying submerged with the nostrils only pro
jecting above the surface of the water and enables the animal to breathe
comfortably in this position. It would naturally develop in the slow, omniv-
orous broad-snouted crocodiles and not in the swift-moving fish-catehing, long-
snouted types; hence its greater development in Goniopholide than in teleo-
saurs, ete. The fact that it is fully as much developed in gavials as in croco-
diles is another reason for deriving both from Gonlopholid ancestry.

According to the above criteria, Alligator is the most progressive mod-
ern genus.''® Caiman is primitive in (1) ; Osteolemus in (1) and (2);
Crocodilus in (2) and to some extent in (4); Gavialis and Tomistoma
are primitive in (4), divergent in adaptation in other respects, so that
comparisons would be unprofitable. We may conclude, therefore, that so
far as they go, the Crocodilia accord with the general lines of distribu-
tion of other groups. They ranged much farther north during the Ter-
tiary than they do now; the most progressive modern genus, Alligator,
has the most northerly range, and the Neotropical Caiman, the West
African Osteolemus and the cosmopolitan tropical genus Crocodilus are
primitive in one or another respect. The gavials also had a wider and
more northerly distribution during the Tertiary.

That the present limits of range are conditioned chiefly by tempera-
ture and climate, and that the much wider range in the early Tertiary
was due to a warmer climate towards the poles, will hardly be questioned.
Of previous limitations and expansions of range in the order, due to
previous secular alternations of climate, there is no adequate evidence.
The distribution of the more primitive modern genera in widely sepa-
rated parts of the tropies; the occurrence of the most progressive genus
on the northern borders of the range of the order in two widely separated
regions, and, finally, the survival in the Eocene of Patagonia of a croco-
dile, Notosuchus, of the Mesozoic type which had disappeared from the
Northern world by the Middle Cretaceous,—these facts point to 2 north-
ern rather than a tropical or southern center of dispersal for the order;
but the evidence is slight and far from conclusive.

1R, L. Ditmars, of the New York ZoSlogleal Park, has observed that crocodiles are
decldedly more active and feroclous anlmals than alligators. I would not interpret this,
however, as meaning that they are more progressive, In the sense here used, since the
adaptation of the typical Crocodilla 1s not towards an active life.
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LAGERTILIA

Lizards are the largest group of the Reptilia, comprising over 1800
species, mostly of small size. Most of them are active animals, and a
large proportion are adapted to rocky and desert habitat and arid climate.
They are more dependent on external warmth than mamimals and birds,
and consequently are excluded from the colder regions; their means of
dispersal are perhaps less limited than with mammals, if we may judge
from their wider distribution, for they do not appear to be of more
ancient origin, Unfortunately, the rarity and fragmentary nature of
their fossil remains stands in marked contrast with those of mammals,
and our evidence as to their evolution and dispersal is chiefly indirect,
based upon the modern distribution, and is neither conclusive nor con-
vincing. Such as it is, it compares fairly well with corresponding dis-
tribution features among the smaller Mammalia and points to the same
conclusions. But it emphasizes the importance of occasional over-sea
{ransportation as a factor in distribution. Gadow observes''* in regard
to the Geckos, the most cosmopolitan of all lizards:

“Although not at all aquatic, they are particularly fit to be transported acci-

dentally on or in the trunks of floating trees, to which they cling firmly, and
they can exist without food for months.”

Other groups are somewhat less easily transported in this way, and to
quote the same authority:
“It is a most suggestive fact that most of those familles of Reptiles, and

even of other vertebrates which have a wide distribution and are apparently
debarred from transgressing Wallace's line, are also absent from Madagascar.”

The iguanas are chiefly Neotropical, but they occur also in Madagascar,
in the Fiji and Friendly Islands and in the West Indies and Galapagos
Islands, as well as on the American continent. Fossil iguanas are re-
corded from the Upper Eocene and Oligocene of Europe and from the
Upper Cretaceous and Middle Eocene of the western States. If these
determinations be correct, they must formerly have been more cosmo-
politan. Their presence in Madagascar is most reasonably explained by
their former presence in Africa, which is rendered probable by the fact
that they occur in the early Tertiary of Holarctica, along with various
mammalien groups which certainly did reach Africa. Their disappear-
ance from the mainland of Africa may be coupled with the invasion of
other later developed groups, Zonuride, Varanide, Lacertide, which

1 HANS GApow: Cambridge Natural History, vol. vifi, Amphibla and Reptiles. 1901.
The distribution data for lizards and amphiblans are mostly based upon this authority.
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were prevented from reaching the New World by the absence of any land
bridge or land approximation within their temperature limits. One
genus of Zonurids has likewise reached Madagascar.

Bearing in mind the progressive limitation of nertherly range of the
Lacertilia by the secular refrigeration of the polar regions during the
Cenozoic, we can see that, if the distribution of land and water has not
greatly changed except within the 600 feet limit, any families arising
during the middle or later Tertiary would be limited to the old or to the
new world. While the distribution of various lizards in oceanic islands
compels ns to admit that they can eross considerable bodies of water and
obtain a foothold on an imperfectly populated island area, yet the proba~
bilities of their crossing the whole width of a broad ocean and maintain-
ipg themselves against competitors trained in the broad arena of a great
continent appear to be very much less and almost negligible. Conversely
then, we may assume that a distribution, such as that of the Seincidea,
Iguanide, Geckonide, Anguide and Amphisbenidz, involves the evolu-
tion and cosmopolitan distribution of these families as early as the Eo-
cene. The Agamid®, Varanide, Lacertide, Zonuridz, Chameleontide
are Old World families, and none are known from the New World. The
Zonuride may well be regarded as of Ethiopian evolution; if not, they
must be & remnant of a very ancient stock. The same may be said of the
Chameleons, except that if Ethiopian they reached as far as India.
The Lacertide, the highest, or at least most typical family of lizards, are
evidently the most recent development; they have not yet reached Mada-
gascar or Australia, and their northern limit is higher than in any other
lizards, The Varanide and Agamide have not reached Madagascar but
have spread widely through Australia. The evidence from extinet lizards
is very slight, the remains are scanty and mostly too fragmentary for
positive family identification. Of the several genera from the Eocene
and Oligocene of North America, two are positively referable to the worm-
like Amphishenide, whose present distribution in tropical America, the
West Indies and Africa is thus partly explained as a remnant of a former
wider northerly range and presumably Holarctic. Of the remaining
North American Tertiary genera, Peltosaurus and Glyptosaurus are re-
ferred to the Anguide;!'? the remaining genera are too fragmentary for
reference or have not been studied.'®

13 Parr Dop@Lass: Ann, Carn, Mus., vol. 4, p. 278. 1908.

us The recorded presence of Iguanide (Iguanevus) in the Cretaceous and Eocene, while
not provable, 18 not unlikely ; that of Chameleon (0. pristinus) In the Upper Cretaceous
Is Improbable and based upon insufficient evidence ; the reference of Thinosaurus (Middle
Eocene) to the Varanlde appears to be merely a matter of bibliographic convenience ;

the spectmens are probably definitely referable, but the only expressed opinion as to
their afiinities Is by Boulenger (1891), who suggests thelr relationship to the Telldm.
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In general, so far as I can judge, the Lacertilia lend no support to
the theories of transoceanic bridges. Their widespread insular distri-
bution must in some cases, and may in most others, be explained by
over-sea transportation. They lend some support to late Tertiary eleva-
tions to the continental shelf line so as to include the continental islands
and to & line of separation in the East Indies which some, but not all,
were able to cross; those which did succeed in erossing it spread widely
through Australia, indicating more continental conditions, and also indi-
cating in these families a capacity for crossing marine barriers which
enabled some of them to reach Madagascar, New Zealand and various
Pacific islands.

The ratio of their abundance in regional faunz is apt to be inversely
to the full development of mammalian life. Where mammals are scanty,
as in oceanic islands, lizards partly take their place; and this is true of
some continental regions as well as of oceanic islands. Tn the typical
continental fauna, the lizards are largely restricted to desert or rocky
habitat and are of small size. Yet these last are the most typical mem-
bers of the order. They show what its primary adaptation was. Various
readaptations appear, to fossorial, to aquatic, to arboreal or to terrestrial
forest life, repeated again and again in different families and causing
frequent parallel divergencies from the primary type. This primary
type, I regard as an adaptation to & Mesozoic arid period. The moist
uniform climatic phase of the early Tertiary would tend to develop large
forest living and aquatic forms and restrict and provincialize the more
typical lizards. During the middle and later Tertiary, the typical lizards
would expand and multiply in numbers and variety, but, on account of
their lack of adaptability to cold climate, their evolution was not so
much a successive series of dispersals from a Holarctic center, as a
provincial evolution from the arid centers of the great continents. Such
d priori hypotheses are of little value, however, except as confirmed,
modified or refuted by detailed study of the affinities and geographic
distribution of the genera of each family, checked by a wider knowledge
and more thorough study of the fossil forms. Until the fossil Lacertilia
have been thoroughly studied and their affinities authoritatively esti-
mated, any conclusion whatsoever as to the evolution and distribution of
the order remains highly hypothetical.

Dr. Gadow’s recent study'** of the distribution of Cnemidophorus and
its interpretation is an excellent example both of the value of such de-
tailed studies and the need of carefully distinguishing between what the

. U¢H. Gapow: “A Contribution to the Study of Evolution based upon the Mexican
fes of Onemidophorus,” Proe. Zool, Soe. London, vol. 1, pp. 277-875. 1908,
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data themselves indicate and what is assumed as true from other evidence.
He concludes,—

1) That the specles are the product of their environmental conditions;

2) That their dispersal center was in western Mexico, whence they have
spread northeast as far as Texas and Florida, soutbwardly into South Amer-

ica, northwestwardly into Lower California;
3) That the primitive type was nearest the Texas and Florida species.

He assumes—evidently on some other grounds—
1) That a great land area stretched out from Mexico far into the Pacific
during the Tertlary all the way between Lower California and Central

America ;
2) That the central tableland of Mexico was a vast fresh-water lake during

most of the Tertlary;

3) That Cuba was connected with the American mainland during the Oligo-
cepe (this assumption underlies the statement that, since the Floridian Cnemi-
dophorus did not reach Cuba, its migration must have occurred as late as

Miocene).

Ortmann,''® reviewing this paper, takes, as proven by Gadow’s studies,
not merely the points actually indicated but also the assumptions which
are entirely unnecessary to explain the data but which Dr. Gadow evi-
dently feels obliged to take for granted. In fact, these assumptions
interfere with a reasonable interpretation rather than help it, and all
of them are questionable, to say the least. The great Tertiary lake is,
I suspect, on all fours with the vast interior “lakes” of the Plains region
of the United States, which the progress of physiographic and paleon-
tologic studies have relegated to the domain of myth. The counection
of Cuba with the mainland of either North or South America involves
the same difficulties as the connection of Madagascar with Africa. The
recent discoveries by Dr. de La Torre of a Pleistocene vertebrate fauna
in Cuba strongly confirm this analogy between the Cuban and Malagasy
faun®. The existence of extensive land west of the present Pacific coast
line is an equally unnecessary and improbable hypothesis. On the other
hand, Dr. Gadow fails to take into account the barrier between North
and South America which prevented or hindered intercommunication of
land faunz during a large part of the Tertiary, while it permitted inter-
communicetion of marine faune during the Eocene. I am not here
concerned with its nature but may venture to point out that its bearing
on the differentiation of species would be important. For, once across
that barrier, an invading species would find itself in unfamiliar environ-
ment on account of differences in the autochthonic fauna and flora, even

us A, B, ORTMANN : Qeog. Jahrb., vol. xxxi, p. 262. 1808
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though the physical environment were similar. If the rising of the
Mexican tableland conditioned the dispersal of the genus from that
center, we can see in this different biotic environment the reason why
the marginal species in North America should be primitive, while the
marginal species in South America are highly gpecialized. In general,
it would be true that the species of the dispersal center (or those nearest
to it, where, as in this case, it has become ill adapted for the habitat of the
race) will be the most progressive and those of the marginal areas nearest
the primitive stock. But where the scattering primitive forms, in fol-
lowing the primitive climatic conditions, are brought into a new floral
and faunal environment, this may profoundly modify them and cause a
rapid divergence and specialization.

DispersaL oF BIrps

As a class, birds are extremely difficult in their taxonomy. They are
held closely to type in comparison with mammals, and the differences
between them are mostly directly and obviously due to adeptation.
Adaptive parallelism obscures the true affinities to such an, extent that
even at the present day the major classification is somewhat uncertain.
This difficulty is the greater on account of their rarity as fossils. There
is no reason to interpret this rarity as indicating any lack of abundance
of birds in the fauna of Tertiary and later Mesozoic time; it is presum-
ably to be accounted for by their generally upland habit, small size and
the lightness and fragility of the skeleton. The small minority of fossil
birds which are known from anything more than a few fragments are,
with two or three notable exceptions, aberrant types—ground-birds,
marine or lacustrine types, whose habitat facilitated their preservation
as fossils. By far the most notable and instructive of these exceptions
18 Archeopterya.

It has been customary to class the greater number of the ground-birds
(Ratitz) as a more primitive sub-class. On d priori grounds, this may
be correct enough, since it would appear theoretically that feathers must
have preceded flight, the ability to fly being conditioned by high organ-
ization plus small size, and this would involve a rapid circulation and
high temperature, which could hardly be attained without a nonconduct-
ing coating over the body. But it appears certain that most, and possible
that all of the existing ground-birds are readaptations to terrestrial
habitat from flylug ancestors, and their resemblances are due almost
wholly to adaptive parallelism.

Owing to their powers of flight, the dispersal of birds is much less
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limited and conditioned by distribution of land and water or by moun-
tain or desert barriers than is that of mammals. Climate and environ-
ment are much more important factors. Their dispersal is accordingly
much wider, and this is especially true of the more migratory and strong-
flying types. The general course of their dispersal from the northern
land masses is in some respects much more obvious than with the Mam-
malia, provided we allow for the extreme imperfection of their geological
record ; but on this account, it is not supported by the mass of direct
evidence which we have among mammals.

The most primitive living birds, the penguins, are Antaretic in their
distribution, and as fossils are known only from the Antarctic Tertiaries,
where they include gigantic terrestrial adaptations. It is of interest to
note that the only actually known land vertebrates of the Antaretic con-
tinental area are penguins. If this continent had been united during
the late Mesozoic and early Tertiary to Australia and South America,
we should expect to find a fossil mammal fauna, probably highly pro-
gressive and specialized before the spreading ice swept it out of existence.
We might, indeed, hope to find a few marine adaptations from this mam-
malian fauna still haunting the edges of the Antarctic pack. But in
fact, the three items which to mv mind have a bearing upon early Ter-
tiary conditions in Antarctica all point towards continued isolation and
obviously parallel the fauna of oceanic islands. These are,—

1) Gigantic land-penguins in the ? Eocene deposits of Seymour Island
(also in Patagonia). Compare with the gigantic land birds of various
oceanic islguds, correlated with paucity or absence of land mammals.

2) The living marine penguins are not readily interpreted as a pri-
marily marine adaptation, but they are very easy to understand as modi-
fied survivors of a group formerly of terrestrial habits, altered to meet
the present conditions under which alone could life be maintained on
the Antarctic shores.

3) The occurrence of Miolania, as interpreted on page 283, is sug-
gestive of the former presence of giant land-turtles in Antarctica, al-
though not explainable as evidence of furmer land connections with South
America and Australia.

There may be other indirect evidene 1n the distributlon of marine
Vertebrata and Invertebrata, which, if conservatively interpreted, would
confirm or disprove these indications. So far as they go, they suggest
that ground-birds and land-turtles were the large land vertebrates of
Tertiary Antarctica as in oceanic island faunz of to-day.

The distribution of modern land birds is nniversally interpreted
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terms of Northern derivation. Oceanic, desert or mountain barriers
have been much less efficient in limiting their range, and the efficiency
of the climatic factor is much more obvious than with mammals, Their
dispersal from a Holarctic center in successive waves of migration is
indicated by the dominantly Holarctic habitat of the highest and latest
developed groups, by the generally tropical habitat of archaie groups
often highly specialized, whose ancestors or relatives are in many cases
known from the Holarctic Tertiary, and by the fact that the southern
continents are peopled, not by & series of dominant groups corresponding
to the Holarctic groups, evolved in a common Antarctic center, but chiefly
by groups of more or less tropical affinities and by a few northern groups
which have crossed the tropic barrier. There are many groups of birds
living to-day in the widely separated tropical regions whose ancestors
have not thus far been discovered in the Holarctic Tertiary. But they
correspond, both in distribution and in relative position in the classifica-
tion, with other groups which the geologic record proves to have origi-
nated by dispersal from Iolarctica, and there is no valid reason for
assuming any other origin. The geologic record of Tertiary birds is far
more fragmentary than that of Tertiary mammals and especially in the
Nearctic region.

It should further be observed that the perching birds represent the
primary adaptation from which the various specializations—terrestrial,
wading, marine, etc.—have diverged, and that, in consequence, these
divergently specialized forms retain various archaic features which have
been lost by the central group.

The relations, dispersal and present distribution of birds are thus
wholly in accord with the principles here set forth. The detailed appli-
cation of these principles is beyond the limits of the present discussion.

DiSPERSAL OF AMPHIBIA

The modern Amphibia include a few small and for the most part
highly specialized survivors of a group whose period of dominance dates
back to the Paleozoic. Of their Mesozoic and Tertiary ancestry almost
nothing is known. The Stegocephalia, the dominant Amphibia of the
Permian, were far less aberrant and much nearer to the contemporary
primitive Amphibia ; their interrelationships are still far from being pre-
cisely definable, and, until these are better understood, it is futile to dis-
cuss the evidence which they may furnish as to former geographic con-
nections.

The distribution of the modern Amphibia is often notably discontinu
ous, and in the abseuce of evidence from extinct types as to the real
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origin of these discontinuous distributions they are interpreted by many
authors as affording evidence for various transoceanic bridges. But they
are not essentially different from various instances of discontinuous dis-
tribution among Mammalia, except that they are probably in some cases
of more ancient origin, and are less restricted by ocean barriers.

The urodele Amphibia are Holarctic, save for one family, Plethodon-
tide, which has spread into northern South America and has also reached
Hayti. Although thus limited in dispersal, they would seem to be an
ancient group represented as far back as the Wealden by Hyleobaérachus,
said to be related to the modern Cryptobranchus.'*® Their distribution
within Holarctica is more or less of a relict type, broken up by the unfa-
vorable environment of so large a part of this region, especially of the
central portion. The cacilians are tropical but have not reached Aus-
tralasia.

The frogs and toads have a wide dispersal, and so far as a superficial
view may show, the most primitive or archaic families are limited to the
peripheral continents and oceanic islands, while the more progressive
groups are more cosmopolitan, but have not yet reached all of the outly-
ing regions. Some of the families, at least, would appear to be of ancient
origin; Pal®obatrachus, allied according to Gadow'" to the Aglossa of
the Ethiopian and Neotropical regions, is recorded from the Jurassic of
Spain, and is said to be common in the older Tertiary of Europe. Among
the modern families the Cystignathidee are chiefly Australasian and Neo-
tropical, but a few are still found in North America. This distribution
parallels that of the polyprotodont marsupials, except that the latter have
not reached New Zealand or the Antilles, or entirely disappeared from
the East Indian islands. The Discoglosside inhabit the East Indies and
North America but have disappeared from the intervening portion of
Holarctica ; Discoglossus and other genera are found in the Middle Ter-
tiary of Germany. The Pelobatide stretch across Europe and Asia and
northwestern North America. These three families represent evidently
three successive dispersals.

The other families are morc cosiopolitan. The genus Bufo has failed
to reach Australasia, Madagascar or New Zealand, but is replaced in
Australia by a (more primitive?) member of the family. The Hylide
are to-day chiefly South Amcrican and Australian, but a few members
still inhabit North America. They are not found in Africa or the Orien-
tal region, where it seems reasonable to suppose that they have been dis-
placed by the true frogs (Ranidw). peculiarly varied and abundant in

us F, BroiLl, In Zittel's Grundziige der Pakwont  Vertebrala, s 178
nT H, Gapow: I ¢, p. 145, 1001,

1811
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these regions. The Ranide, like the Bufonide, represent a less ancient
dispersal, probably from a southern Palzarctic or Oriental center, since
they have reached northern Australia on one side and northwestern South
America on the other, and, while they have reached Madagascar and the
Solomon Islands, they have failed to reach the Antilles.

These suggested lines of dispersal are based upon the present distribu-
tion interpreted in accord with the principles outlined in previous pages
of this article. While the past history of the Amphibia is too little known

iscoglossidde
Pelobalidde ==

Fi1a. 33.—Distribution of three families of Anura

These may be interpreted as due to three successlve dispersals from the north. The
other familles of frogs and toads are more widely spread, and their reglonal abundance
hag conditioned certain pecullaritles In the distributions here shown.

to confirm them by adequate direct evidence, I believe that good infer-
ential evidence might be obtained from a comparison of the progressive
or archaic characters of the skeleton in the different families. The fossil
Amphibia afford sufficient evidence to determine the broader lines of their
evolution and differentiation, although they tell very little about their
past distribution. The same conditions hold true with regard to the
fresh-water fishes.
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DispersaL oF FresH-waTER Fisiks

The fresh-water fishes afford many striking illustrations of isolated
primitive survivals in the southern continents and especially in their
tropical parts. With marine fishes, the distribution is wider, as we should
expect, and the dominant types are generally world-wide in their distri-
bution. Yet, even with marine fishes, a superficial survey seems to show
the majority of primitive survivals along the southern coasts.

Fighes are, it is to be remembered, dominantly marine. The wider
field and more varied opportunities for development afforded by the
ocean waters, in contrast with the limited and isolated fields- and uncer-
tain tenure afforded by fresh-water rivers and lakes, have conditioned
this. The fresh-water habitat for aquatic groups of animals stands in
somewhat the same relative position to the marine habitat as does the
insular to the continental habitat for land animals. It is the refuge for
gurvivors of primitive faune. Aud, as in the insular land faunew, we are
constantly confronted there with the occurrence in widely remote regions
of archaic types apparently nearly related, whose similarity is partly due
to independent adaptation to a similar environment, partly to persistent
primitivism.

Lepidosiren in tropical South Americe, Protopterus in tropical Africa,
Ceratodus in tropical Australia are perhaps the most prominent examples
of extremely ancient survivals. These are survivors of early Mesozoic or
even Paleozoic marine and estuarine fishes of world-wide distribution,
and they have endured, in their tropical refuge, the several successive
periods of zonal climate which affected the environment of temperate and
tropical regions.

More pertinent to the problem in hand are the relationships of early
Tertiary fishes of the northern continents to the modern South American,
African (and Australian?) fishes. Here, again, I am compelled to dis-
gent from the interpretations and conclusions of so distinguished an au-
thority as Dr. Eigenmann,''® who, as it scems to me ignores certain very
important parts of the evidence.

There is a marked similarity hetween certain parts of the fresh-water
fish faune of South America and of Africa. DBigenmann and others
would explain this by a former continental union, but it is certain that
some, at least, of these now tropical types existed in the northern conti-
nents during the early Tertiary. Bigenmaon''® asserts, indeed, that no

18 Gee especlally C. H. EIGENMANN . “Fresh-water Fishes of Palagonla,” Reports
Princ. Univ, Exped. Patagonla, vol. UL parts fil-iv.  1903-10.

ur ¢, H. F1GENMANY : Popular Scfence Monthly. 1006, p. 523
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part of the modern South American fresh-water fish fauna is derived
from North America; but how he reconciles this with the recorded pres-
ence of several of the most typical genera in the Green River Eacene of
Wyoming, I do not see.

A few cases in point may be noted, as follows:

Lepidosteus, now Central American and southern Sonoran. Abundant
in all the Bocene formations of the northwestern States, as also in Europe.

Phractocephalus, Arius, etc., now South American, nearly related to
RBhineastes of the Bridger and Amyzon beds of the western States.

Osteoglossus of Brazil, Borneo and New Zealand, Vastres and Hetero-
tis, also southern types, closely related to Dapedoglossus of the Green
River shales (Eocene).

The characins, which form so important an element of the modern
South American fauna, are, as Eigenmann holds, largely a local expan-
give radiation conditioned by the immense ramifying river-systems of
that continent. But, considered in their more general relations, they are
& primitive group, the northern cyprinids being a higher and later de-
velopment.

The catfish, which in the North have the characteristics of a disappear-
ing group, are numerous and dominant in South America. Eigenmann
calls attention to the paucity of the Patagonian fauna and its ‘apparent
relations to that of New Zealand and Australia (Galaxiide and Ap-
lochitonidee). He does not, however, attach any great weight to this as
evidence for a former Antarctic connection, regarding it as “highly theo-
retical and precarious” so far as the fresh-water fish are concerned—but
“The evidence from other sources of a former land connection has be-
come conclusive.” T might observe here that many students in other
groups are cqually doubtful of the conclusiveness of the evidence for
Antarctic connections in the groups with which they are familiar, while
equally ready to accept as conclusive the evidence in groups with which
they are not familiar,

As regards a connection of tropical Africa with tropical South Amer-
ica, Bigenmann is much more positive, basing it mainly upon the chara-
cins and cichlids, common to both continents. There is no species or
genus common to the two continents. Both families ate relatively primi-
tive, as compared with northern related groups. As regards their former
presence in the northern world (which Eigenmann does not allude to) or
their parallel adaptation from marine forms of Cretaceous or early Ter-
tiary time, there is little satisfactory evidence. Nevertheless, the fact
that they represent an adaptive divergence from an intermediate and
more primitive type ancestral to carp and catfish is a suggestive onc.
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If now we compare the general relations of tropical fresh-water fishes
with those of the North, it will appear very clearly that the highest and
latest in appearance of the several groups are still limited to the northern
world, and that, in the tropics, more primitive groups exist, many of
them known to be former residents of the northern world, others much
nearer to known or inferred ancestral groups than are any members of
the present northern fish fauna. Where the environment favors, some of
these groups have branched out into an immense variety and number, far
excceding what is known in the colder north. But they are distinetly
less progressive. In the southern continents, we meet with some remark-
able parallelisms to the dominant types of the North, very suggestive at
first of Antarctic connections, but probably explainable (as in Galazias)
in other ways. These groups impress one as highly progressive, although
less so than the northern groups; but they do not appear to have con-
tributed materially to the tropical faune.

In some respects the fresh-water fishes present nearer analogies to the
birds than to mammals in their distribution; and this is no doubt con-
ditioned by their less strict limitation to Jand connections for their mi-
gration, and to the greater antiquity of the class.

GENERAL CONSIDERATIONS ON THE DISTRIBUTION OF INVERTEBRATES
AND PLANTS

It would he unwise to attempt any survey of the paleogeographic data
afforded by invertebrates and plants. Lacking both the special knowl-
edge necessary for a critical consideration of the data, and the time neces-
sary to make even an adequate compilation, it would add nothing to the
argumgnt. While, for reasons already given (page 272), placing most
weight on the evidence obtainable from mammals, I fully recognize the
importance and variety of evidence outside the Vertebrata, and the force
which attaches to cumulative evidence from several independent sources.
At the same time I must express a strong conviction that the sources are
not really independent, and that concordant results in several groups
which flatly contradict the results obtained by a study of mammals, can
only indicate one of two things. Either the interpretation of the evi-
dence among the Vertebrata is incorrect or there are factors of error
common to the interpretation of the several other groups which accord
in their disagreement. What these factors may be, I have already indi-
cated and have attempted to show that they account for discordant results
based upon the distribution of the lower vertebrates and interpreted as
involving radical changes between continental and abyssal regions which
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are highly improbable, to say the least, from a geological point of view,
and which are not merely unnecessary but apparently impossible when
we attempt to explain the distribution of the higher vertebrates in accord-
ance with them.

1t is true that the evidence against such changes in pre-Tertiary times
is less weighty, and that it diminishes further in the older periods of
geologic time. And the antiquity of many groups of invertebrates,
especially of land invertebrates, makes it impossible to limit the hypo-
thetical land bridges which their distribution is supposed to require, to
the Tertiary or even the Mesozoic. The permanency of the ocean basins
in the older geologic epochs is beyond the limits of this discussion.

So far as a superficial acquaintance shows, the general distributional
relations of most land invertebrata and of plants appear to me to accord
with those of the mammalia. Primitive and archaic'®® types abound
chiefly in the tropics. The most progressive and dominant types are
Holarctic. The southern continents show common groups suggestive of
an Antaretic radiation, but which may, like the marsupials or the chryso-
chloroid insectivores, be remnants of formerly cosmopolitan groups whose
resemblance is due rather to persistence or to parallel evolution under
similar climatic stimulus than to such eclose affinity as would involve
Antarctic continental connections.

Where, 03 in the earthworms, we have no knowledge at all of their past
distribution, it is impossible to test this interpretation of their present
distribution ; nor in such a group does it seem possible to estimate how
much and in what manner slow progressive climatic change might affect
their structural evolution, although climatic conditions are evidently
important in controlling their range.

The point that I desire to emphasize is that, if such an interpretation
ag I have suggested be possible, it should be accepted in preference to
one which would involve such unexplainable difficulties in the distribu-
tion of the higher animals and such improbable physiographic changes.
No hypothesis can be finally accepted that does not conform to the facts
of distribution in all groups of animals and plants. It is not a matter
of preponderant evidence. Every anomaly must be explained, every dis-
tributional fact must be interpreted in accord with the rest, before we
can consider theories of paleogeography as conclusively proven. It i3
not sufficient that the evidence in one group or in ten groups has been
interpreted on concordant lines, so long as there remains an eleventh
group which cannot be so interpreted. But, pending a final agreement

2 Archalc Is used in the sense of dlvergently speclalized but little progressive.
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in our deductions from the evidence afforded by the various classes, it
appears to me that we should hold to conservative views rather than
adopt hypotheses of continental relations so much at variance with gen-
erally accepted geological principles and inferences.

To illustrate the point that these discrepancies are a matter rather of
interpretation than data I may venture to discuss one or two instances
among invertebrates prominently used in paleogeography.

INTERPRETATION OF DISTRIBUTION DATA OF CRAYFISH

I am indebted for my data on this interesting group to Dr. Ortmann’s
valuable discussion of the geographical distribution of fresh-water
Decapoda.'?* The interpretation, however, which I would place upon
the facts differs widely from his.

As Professor Huxley has observed, the real difficulty in explaining the
distribution of the crayfish is in their occurrence in the north and south
temperate zones, separated by a wide tropical belt in which none now
occur or are known to have occurred in the past. Two explanations offer
themselves : :

1) Independent adaptation from marine types in the northern and
southern hemispheres. This would involve either former Antarctic con-
nections or independent adaptation also of the several southern groups
from marine types.

2) Former cosmopolitan distribution of crayfish, with subsequent die-
appearance from the tropical belt and differentiation of the isolated south-
ern groups and of the more progressive northern groups.

The latter view is generally accepted, and seems to me more consonant
with the facts of distribution, e. g., presence of crayfish in Madagascar,
while they are absent from South Africa. T am unable to agree with
Dr. Ortmann that crayfish on oceanic islands necessarily involve a former
land connection, since such land conmnections as he finds it necessary to
postulate would apparently involve the presence on these islands of con-
tinental fauns which are not now present, and whose absence cannot be
reasonebly accounted for. For the reasons already presented I see no
difficulty in supposing that the crayfish of Cuba, Madagascar, New
Zealand or Fiji have reached those islands by accidental transport of
natural “rafts” through the agency of ocean currents, or by other acci-
dental means. The Australian and South American crayfish 1 should
regard as derived from the north, by way of the existing or slightly sub-

M A, E. OrTMANYN : “Geographical Distribution of Kresh water Decapods and {ts Bear-
ing upon Anclent Geography,” Proc. Amer, I'hil. Soc, vol. xli, pp. 267-400. 1802,
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merged land bridges, at a time when the northern crayfish were much
more primitive than now, and when, for reasons which I do not venture
to suggest, the tropics were a more favorable environment than now.
The northern crayfish have since evolved into Potamebius and Cambarus,
the southern specialized into the more divergent Parastacus of South
America, Cheraps and Eugeus and Astacopsis of Australia and Tasmania,
Paranephrops of New Zealand and ? Fiji and Astacoides of Madagasear.

Of these southern geners, Astacoides is the nearest to the northern
types. This is to be expected, if the southern genera are remnants of a
cosmopolitan distribution derived by dispersal from the north; for the
Malagasy genus would be a derivative from Ethiopian crayfish, which
would be Jess remote from the north, and would be correspondingly more
advanced than in South America or Ausiralia. As far as the more
specis] distribution of the northern crayfish is concerned, Dr. Ortmann’s
paper affords data for the following interpretations.

Two genera are concerned, Cambarus of the eastern Sonoran region,
and Potamobius (Astacus of most authors) of the Old World and western
Sonoran region.

In his discussion of the genus Cambarus Ortmann states that the
~ more primitive forms of the first, second and fifth groups belong chiefly
to the south towards Mexico, and interprets this as meaning that the
genus came from Mexico. But, according to the principles here adopted,
this should mean that the center of dispersal is to the north and east;
and the discontinuity in range to the south and west is exactly what we
should expeet, Dr. Ortmann’s attempt to find an explanation for it on
the opposite theory of migration being curiously complex and unconvine-
ing. The most primitive species occur in such widely divergent points
a8 Mexico'and Cuba.

The more primitive genus Potamobius has a more discontinuous range,
in Europe, part of Eastern Asia and Western North America, the Asiatic
species being nearest to Cambarus (i. e., highest in development) but
parallel, not truly closely related. This, I take it, is correctly interpreted
by Ortmann as indicating an Asiatic center of dispersal for this genus.
But in place of supposing with Ortmann that Cambarus originated from
species of Potamobius pushing down southward into Mexico and thence
northward again (a8 Cambarus) into the United States, it seems to me
that the rational explanation would be to suppose that-both genera are
the disconnected remnants of a formerly Arctic center of dispersal. This
would be first split in two by a progressively unfavorable environment,
one division passing down into America east of the Cordilleras, and
developing into Cambarus, the other part in Asia progresging more
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slowly into Potamobius and spreading east and west from that center,
as the American group spread southward.

DISTRIBUTION OF HELIX HORTENSIS

Dr. Scherff*** regards the distribution of Heliz hortensis as an im-
portant part of the evidence in favor of a late Cenozoic bridge connecting
Burope with eastern North America. The species is well known in
Europe and has always been regarded as indigenous there. It occurs
along the North Atlantic coast, and in Labrador, Greenland, Iceland and
the Shetland and Faroé Islands. It was formerly considered as intro-
duced on this side of the Atlantic by human agency; but it has been
found in old Indian shell-mounds and more recently in undoubtedly
Pleistocene deposits in Maine. It is unknown in Asia or western North
America. Hence, Dr. Scharff concludes that it must have migrated from
Europe to America across a land bridge via Iceland and Greenland in
Pliocene or Pleistocene times. o

The early opinion that Heliz hortensis is an introduced species in this
country was founded, so far as I recall, mainly upon the peculiar local
range and habitat of the species, very different from the truly indigenous
New England land-snails, and my early experiences in land-snail collect-
ing in southern New Brunswick were quite in accord with this evidence.
1t is quite possible that Heliz hortensis, like the genus Equus, is both
introduced and indigenous.

Granting that it is at least partially indigenous, what evidence is there
that the present distribution is not the remnant of a Tertiary circumpolar
distribution? The fact that it is not recorded in the Tertiary of Asia?
But what proportion of the presumably abundant Miocene or Pliocene
land-snails of Asia is known to us? It can only be a minute fraction
at the best—less than one per cent. So the chances are a hundred to one
that if Helir hortensts or an ancestral form of the species existed in the
Tertiary of North Asia, we should have no record of its existence at
present. We do, however, have a good deal of indirect evidence that an
environment favorable to the present habits of the species existed during
the later Tertiary in the region intervening between its present discon-
tinuous distribution areas, and that the environment became unfavorable
in that intervening region at the close of the Tertiary. I can see no
need for assuming & transatlantic land bridge to account for the distribu-
tion of this species. And the explanation here suggested is in harmony
with the known course of distribution of those members of the northern

12 R F. 8cHARFF : Proc. Roy. Irish Acad.. vol xxvill, p. 19. 1909.
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land fauns whose past history is preserved to us in the geologic record.
It involves only those minor changes of continental level (a few hundred
feet) of whose occurrence during the Pleistocene we have ample evidence.

On the other hand, if we assume such a Transatlantic land bridge
during the late Tertiary we must suppose an elevation of upwards of
five thousand feet, a huge disturbance of the isostatic balance of whose
possibility we have no real evidence; for the submerged channels so often
cited in support of these immense uplifts have been shown by Chamberlin
to be much more probably due to “continental creep,” to the slipping
down, so to speak, of marginal sediments to a lower level.'” In any
case, there could be no evidence as to the period at which these old
channels were last above water. They may have been submerged since
the Permian, for aught we know to the contrary. Furthermore, we have
to explain the non-migration of a multitude of forms which got just so
far as conservative land elevations could carry them, but no farther.

DISTRIBUTION OF PERCIDE

Another instance upon which Dr. Scharff lays great stress is the dis-
tribution of the perches. Here, the false impression produced by the
use of a Mercator’s projection map in plotting the distribution of north-
ern forms, seems to me to be very obvious. This map does not give the
northern regions in their true proportions or relations. Transferring
the distribution of this family as plotted by Tate Regan, to & north polaz
projection map we get the real relations and proportions with approxi-
mate correctness. Jt then becomes obvious that the perches are centered
around the drainage basin of the Arctic ocean. In North America they
have extended down the Atlantic coast drainage grea and into that of the
Gulf of Mexico as far as the Rio Grande. In Asia they have been ad-
mitted by the old Hyrcanean Ses into the present Caspian and Aral
basins; and & glance at the late Tertiary geography of Europe will show
how they have reached the drainage basin of the northern Mediterranean.
They are not now found in the Arctic drainage area of western North
America, Greenland or Iceland, where the environment, now or in the
Pleistocene, is amply sufficient to account for their extinction. What
need of & transatlantic land bridge to account for this distribution.

153 There {8 another possible explanation. The progressive building out seaward ot
barrier reefs around a number of separate centers untll they joined into a platform
would naturally leave deep intervening channels, espectally off the mouths of great rlvers
where the influx of mud and fresh water hindered the growth of the coral organisms.
The submarine contours around the West Indlan lslands especlally suggest this explana-
tlon, which I offer tentatively for the conslderation of my better-versed confrares,
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A fourth instance cited by Dr. Scharff is the distribution of the river-
mussel Morgaritana, and as he well observes, numerous other instances
would probably show similar discontinuous distribution. But, so far as
T have been able to find such instances, the same reasoning and the same
explanation apply to them all.

CrrticisM oF Somr OprposiNG HYPOTHESES

It is not practicable to take account here of the flood of paleogeo-
graphic discussions of recent years which have advocated all sorts of
consistent or inconsistent changes in continental outlines. They agree
for the most pert in failing to take into account certain considerations
which to my mind are essential elements in any problem of distribution.

Among the geological considerations are the following:

1) Evidence that the present distribution of the deep ocean basins is
in the main due to isostatie balance. This affords a strong presumption
in favor of its permanence.

2) Absence of abysmal deposits in the geological formations of any
continental region. Chalk deposits are not an exception, as it has been
shown that they were deposited in shallow epicontinental seag rather than
in deep oceanic basins. '

3) Abrupt ending of an elevated line of disturbance and its continua-
tion as a submerged line of disturbance does not necessarily indicate that
the submerged portion was formerly elevated, although it does reduce
the improbability of its former elevation by indicating a line of dis-
turbance and hence of possible elevation.

4) The presence of marine formations of Cretaceous or Tertiary age
over large portions of the interior of the great continents does not indi-
cate that these continents first came into existence as such during the
Cretaceous or Tertiary. In the better known portions of the earth’s
surface we know well enough that these marine formations were due to
periodic temporary submergence, interrupted by periods of more or less
complete emergence. It is but reasonable to apply the same explanation
to the less known regions. I see no more reason to suppose, as do Von
Thering, Scharff and others, that South America first came into existence
a8 o united continent in the Tertiary, than to conclude on similar evi-
dence that North America was but a group of isolated land masses until
the end of the Cretaceous. In this country, we have positive proof of
its antiquity ; but the evidence for recent origin of the South American
would apply just as well to the North American continent. A similar
presumption of antiquity applies to Australia, Asia and Africa.
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Among zodlogical considerations we may mention the following:

1) The discontinuous distribution of modern species is again and
again taken as proof that the regions now inhabited must have been con-
nected across deep oceanic basins, without considering the possibility that -
it is a remnant of a wider past distribution, or that it is due to parallel
evolution from a more primitive type of intermediate distribution, now
extinct. Yet so many instances are known where the geological record
has furnished proof that one or other of these explanations applies to
cases of discontinuous distribution, that it would seem that these ought
to be the first solutions of the problem to be considered, and that in view
of the known imperfection of the geologic record, mere negative evidence
18 not sufficient to cause them to be set aside.

2) No account is taken of faunal interchanges often much more ex-
tensive, which would presumably have taken place if the land bridges
assumed had existed, but which have not taken place. It may here be
urged that this too is negative evidence. But the negative evidence de-
rived from an appeal to the geological record is weak, not per se, but
because of the demonstrated imperfection of this record. On the other
hand, there are many instances where a land bridge is well proven, and
in these cases it is not a few scattered exceptions but an entire fauna
that has migrated, subject only to the restrictions imposed by climatic or
topographic barriers of other kinds.

I may venture upon a discussion of a few instances in order to show
the type of objections which appear to me to apply to much of the evi-
dence cited in favor of most of these transoceanic land bridges.

On VAIN SPECTLATIONS

According to some distinguished paleontologists,?* progress is to be
made only by ignoring the possibility that races have originated in or
migrated from regions of whose former life we have substantially no
record, and assuming that they must have evolved in one or another re-
gion where the record is more or less known, and that the actual record
must be the sole basis for any conclusions. They refuse to congider the
arguments for origin elsewhere, on the ground that such hypotheses are
“vain speculations” and “serve merely to conceal our ignorance.”

To this 1 may answer that a fair and full consideration of the data at
hand shows that such hypotheses, of one kind or another, are absolutely
necessary, unless we are to abandon all belief in the actuality of evolution
and are to treat it as merely a convenient arrangement of successive spe-

¥ Depéret, Thévenln and others.
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cies and faunas independently created. Such a view was held by Agassiz
and most of his predecessors, but it is unnecessary to consider it in the
present state of scientific belief.

If, on the other hand, we accept the belief that the successive species
of each phylum are genetically related, how are we to explain the fact
that these phyla are usually approximate and not direct, and that where
the evidence is most complete, the fact that they are not in a direct line
of structural evolution stands out most clearly. Take for example the
ancestry of the horse, the most striking, easily recognizable, widely known
and thoroughly studied illustration of mammalian evolution, It was
possible, when the “documents” were few and imperfect, to trace a sup-
posedly direct line of ancestry through European predecessors. Later,
when the fossil fields of the western United States were first explored, a
much more direct line of ancestry was found in this country, and the
European series was recognized as not being the direct line. But the
further progress of exploration in America, and the discovery of complete
skeletons of the supposed ancestral stages known at first only from frag-
mentary specimens, has demonstrated that this line too is an indirect and
approximate series so far as the succession of the known species is con-
cerned. This has been recognized in recent vears by American students,
and variously phrased or interpreted. The most probable explanation of
the facts is to suppose that the known phvlum is approximate, not direct;
that the direct line of descent leads through unknown or imperfectly
known species, and that those known to us are offshoots of varying close-
ness. The direct line is, then, admittedly through hypothetical species,
and the only question is whether the habitat of thesc species was in the
regions where we have searched vainly for their remains, or in the much
greater intervening region where we have not searched. Horses are found
throughout the Tertiary in central and western Europe on the one hand,
on the Western Plains of America on the other. There is every reason to
believe that they inhabited all or parts of the intervening region and we
have no right at all, in weighing the evidence, to refuse to take this re-
gion into consideration, on the plea that it has furnished no “documents”
as yet. To place such limitations on our theories would hardly tend to
solving our problems. however much it might seem to simplify them. It
is merely to prefer a conclusion that we know to be false to a conclusion
that we cannot prove by direct evidence to be true.

What I have stated in regard to the fossil ancestry of the horse applies
to most mammalian phyls, in greater or less degree according to the per-
fection and number of our “documents.” Where these are few and frag-
mentary, it is still possible to build up phyla which cannot be proven to
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be inexact. But, as knowledge increases and becomes more exact, these
phyla are more and more broken and complex, and direct genetic series
become more limited in extent. This is to be expected, for the regions
which up to date have been at all thoroughly explored are but a small
fraction of the.area which the group concerned must have inhabited.
" And on & priori grounds, the chances are greatly against the particular
specics which was to become dominant inhabiting the particular regions
which we have explored.

Protessor H. F. Osborn has very well expressed the conditions of evo-
lutionary progress by stating that each group is highly polyphyletic, con-
sisting of numerous subphyla evolving along more or less parallel lines.
But we are here concerned less with the disentaglement of the subphyla
of a group than with its dominant center of dispersal as & whole. And
from this point of view it seems to me misleading and erroneous to as-
sume that it must have migrated only from one to others of the regions
where its remains have actually been found, instead of attempting to
Jocate from the indirect evidence available the true center of dispersal.

In contrast with the views here criticized, I may venture to quote from
an address in which Dr. Stehlin'?® has recently summarized the phylo-
genetic results of his monumental studies upon the Eocene fauna of Eger-
kingen, & work of extraordinary thoroughness and ability which, as a
recent reviewer observed, has involved a revision of the entire Focene
mammal fauna of Europe: “Where then dwelt these yet unknown herds
of mammals evolved during the Eocene, whose existence is recorded
through their influence upon Europe and North America the more clearly
as we analyze more closely the data obtained in these continents? We
can scarcely be wrong if we look to the huge continental mass of Asia,
still almost unexplored by the paleontologist. The future, and, it may be
hoped, the near future will show how far our present anticipations are
correct.”

SuMMARY oF EviDENCE

The geologic evidence for the general permanency of the abyssal oceans
15 overwhelmingly strong. The continental and oceanic areas are mow
maintained at their different levels chiefly through isostatic balance, and
it is difficult to believe that they could formerly have been reversed to any
extensive degree. The floor of the ocean differs notably in its relief from
the surfaces of the continents, and only in a few limited areas is the relief
suggestive of former elevation above sea-level. The continental shelf is

2 H. G. STEHLIN: Verh. Schw. Naturf. Gesell., 93 Jabresversammlung, Sept. 1910.
P. 29 of separata.
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gso marked, obvious and universal a feature of the earth’s surface that it
affords the strongest kind of evidence of the antiquity of the ocean basins
and the limits beyond which the continents have not extended. The
supposed evidence for greater elevation in the erosion channels across its
margin have been shown to be better interpreted as due to “continental
creep.” The marine formations now found in continental areas have all
been deposited in shallow seas. No abyssal deposits have ever been cer-
tainly recognized améng the geologic formations of the continental plat-
form.

Leaving out of consideration speculative hypotheses as to a formerly
smaller amount of water on the surface of the globe, shallower ocean
basins in Paleozoic times and different land and water distribution in the
older geological periods, it is sufficient for the purposes of this discussion
to emphasize the great weight of geological and physiographic evidence
for the permanency of the continental masses as outlined by the conti-
nental shelf, during the later geological periods, and especially during the
Tertiary.

The present distribution of continents and oceans on the surface of the
globe (as outlined by the continental shelf) consists of a great irregular
northern mass including Europe, Asia and North America, with three
great partly isolated projections into equatorial and southern latitudes,
South America, Africa and Australasia, and a smaller Antarctic land
mass wholly isolated. The three peripheral continents are isolated from
each other and from the Antarctic land by broad and deep oceans, but
with the doubtful exception of Australasia, are united to the central mass
by shallow water or restricted land connections.

A rise of 100 fathoms would unite all the continents and continental
islands, except perhaps Australia, into a single mass, but would leave
Antarctica, New Zealand, Madagascar, Cuba and many smaller islande
separate. A further elevation of five times this amount would not alter
materially the boundaries of land and sea. A submergence of 100 fath-
oms would isolate the three southern continents, and cause shallow seas
to spread widely over the interior of all the continental masses, reducing
some of them to isolated fragments or archipelagoes.

Such cyclic alternations of emergence and overflow are recognized by
many geologists as the dominant feature of the earth’s history, corre-
sponding to the succession of periods into which geologic time is divided.
The greater disturbances resulting in folding, faulting and mountain
making, while involving much greater changes of level, affect more lim-
ited areas, adjacent to lines of unstable equilibrium, especially along the
borders of the continental platforms.
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Associated with these great cycles of elevation and submergence are
climatic cycles from extremes of cold or arid zonar climates culminating
in glacial epochs, to the extremes of warm humid uniform climates which
accompany or follow the extremes of submergence.

The effect upon terrestrial life of progressive elevation of the land
areas, accompanied by u progressively cold climate at the poles and arid
climate in the interior of continents, would be to adapt the terrestrial
life to cold, arid and highly variable climatic conditions. The environ-
ment favorable to this adaptation will appear first near the poles, and the
northern and sonthern faunz will be more progressive and will tend to
disperse towards the equatorial regions. The wider area of emerged con-
tinents will tend to expansive evolution of the land faune, and their
union into a single land mass will facilitate cosmopolitan distribution.
Owing to the conformation of the continents the dispersal will be chiefly
from the Holarctic region, the Antaretic and southern lands being unfa-
vorably situated for the evolution and dispersal of dominant races and
contributing but little to the cosmopolitan faune of the emergent phase.
These conditions are also favorable to the development of higher, more
active and more adaptable types of terrestrial life, which tend to supplant
even in moist tropical regions the less adaptable remnants of the tropical
faune which find there their last refuge.

During the opposite phase of the cycle, the fauna become progressively
readapted to the moist tropical climatic environment. But owing to the
higher evolutionary stage acquired during the arid phase, the higher and
dominant types of the new fauna are evolved chiefly by readaptation of
the dominant types of the arid phase and only subordinately by expansive
evolution of the tropical fauna surviving through that phase.

The paleontologic record appears to be in exact harmony with these
principles, provided due allowance be made for its imperfections. The
geographic distribution of ‘animals and plants affords far more complete
dats, but their true significance has in my opinion been misinterpreted
by many zodgeographers. When interpreted in harmony with the prin-
ciples of dispersal shown to be true among mammals, they yield fully
concordant results. The geologic record is to-day far more incomplete
than is generally admitted, and will always be incomplete. Negative evi-
dence, while sometimes of high value, is more often worthless and should
never be admitted without a careful canvass of the sitnation in each
instance.

The population of oceanic islands is notably incomplete and cannot be
interpreted as due to continental connection. The difficulties in the way
of over-sea transportation are best explained by the hypothesis of natural
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rafts; the degree of probability that attaches to this hypothesis is esti-
mated. '

The dispersal of mammals is then considered at some length, order by
order, anfi it is shown fo accord fully and in detail with the principles
here set forth, and to be impossible of explanation except wpon the
theory of permanence of the ocean basins during the Cenozoic era. While
the prominence of the Holarctic region as a center of dispersal is ascribed
to its central position and greater area, some evidence is given to show
that climate is also a factor in the greater progressiveness of the northern,
since it is also noticeable in the southern as compared with tropical faunz.

The distribution of the Reptilia appears to be in conformity with the
principles here outlined, and extends their application to the Mesozoic
era. The distribution of birds and fishes and of invertebrates and plants
is probably in accord with the same general principles, modified by differ-
ences in methods of dispersal. The opposing conclusions that have been
drawn from the distribution ot these groups are believed to be due to an
incorrect interpretation of the evidence. A few instances, which have
been prominently used to support opposing conclusions, are analyzed and
shown to conform ta the conclusions above set forth, if interpreted npon
gimilar lines as the data for mammalian distribution.

APPENDIX

Since this paper was written two very readable and instructive books
on geographic distribution have appeared, “The Wanderings of Animals”
by Professor Gadow,*?® and “Distribution and Origin of Life in America”
by Professor Scharff.’*” Both writers, and especially Doctor Scharff, be-
long to what may be called the bridge-building school of paleogeography,
and the general criticisms expressed in the earlier part of this article
apply largely to their interpretations. It is with no intent to depreciate
their value that I observe that there are numerous errors of fact in those
partions of the evidence with which I am best acquainted, for in a subject
of so wide a scope most of the evidence is necessarily compiled and not
very well understood, and errors more or less essential will slip in. It is
for that reason that I have avoided detailed discussion of the parts of
the evidence on the present subject with which I am not well acquainted ;
and, in spite of a good deal of checking and revision, I have no doubt
that the foregoing discussion contains various inaccuracies.

12 HANS GADOW : “The Waunderlogs of Animals.” Cambridge Manuals of Mclence and

Literature, No. 84. 1913,
2R, " SCHARFF: Distribution and Origtn of Life io America. Macmillan Co., pub-

lskers, New York, 1912.
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A more serious criticism is the illegitimate and often partisan use
made of negative evidence. This is doubtless due to the same cause, a
mere book kuowledge of the fossil record, and failure to examine and
weigh its evidence. But it is very obviously affected by a readiness to
rely on negative evidence that favors their theories and to ignore a vastly
greater amount of negative evidence that does not.

Dr. Gadow cobsiders it “awkward” for the theory of Holarctic dis-
persal of the marsupials in the Cretaceous that no survivors have been
recorded in the Tertiary of Asia. He prefers to believe that the Aus-
tralian marsupials arrived via Antarctica from South America. If it is
“awkward” for the one theory, that although survivors are found in the
early Tertiary of both Europe and North America, none have been found
in Asia, then it must be equally “awkward” for the theory that Dr.
Gadow supports that none have been found in Antarctica. For we know
even less about the early Tertiary of Asie than we do about the Anfarctic
Tertiary. If the absence of zalambdodont insectivores in the Eocene of
Europe is to be assigned any weight, then equal weight should be assigned
to their absence from the Oligocene and Eocene of South America and
from the Pleistocene of Cuba, of Madagascar and South Africa. We
know as much about the one fauna as we do about the others. The
negative evidence has no weight in any of these instances; per conira,
the fact that zalambdodonts are known to have lived in the early Tertiary
of North America (Paleocene to Oligocene) affords a presumption of
their presence in the nearly ellied early Tertiary faunas of Europe, just
a8 their presence in the recent faunas of Madagascar and South Africe
and in the Miocene of South America affords a presumption of their
presence in the nearly allied faunas which immediately preceded them.
Equally, the presence of marsupials in the early Tertiary of Europe on
one side of Holarctica and of North America on the other side raises a
strong presumption of their presence in the intervening region of Asia
from which no fossils are known. They are not found in the later Ter-
tiary of Europe and America, so that we should not expect to find them
in the later Tertiary of Asia. On the contrary, the small fragment of
evidence that we have as to the Tertiary fauna of Antarctica affords a
slight presumption against the presence of mammals on that continent.

Doctor Gadow’s statement that the Chiroptera did not reach America
until the Pleistocene is another curious instance of the misuse of the
fossil record, which no one familiar with the character of our Tertiary
formations and the necessary limits of the fossil faunas would be likely
to make; nor would anyone acquainted with the variety and specializa-
tion of the New World genera be inclined to believe that it was all the
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result of post-Pliocene immigration and differentiation. Most of the
creodonts, he informs us, “died out with the Eocene or rather they were
modernized into the typical Carnivora in various parts of the world.
Some, however, kept on to almost recent times as highly specialized
creodonts, e. g. the sabre-toothed tigers: Nimravus in North American
Oligocene; Macherodus from Miocene to Pleistocene in Burope and
Asia, whence in the Pleistocene it appeared as Smilodon in America.

2128 Tt 1s perhaps unnecessary to point out that the macharodonts
were not creodonts but typical Carnivora of the family Felide, and that
their evolutionary series is fully as complete and progressive in the
Nearctic as in the Palmarctic record. I may also note that “small swine”
(meaning I suppose the primitive bunodont artiodactyles from which
both pigs and peccaries are derived) appeared in North America quite
88 early as in Kurope; that the genera Procamelus and Pliauchenia do
not mark the splitting of the Camelide into camels proper and llamas;
that Dorcatherium is not identical with “Hyomoschus” (Hyemoschus)
and is an older name; that Arsinoitherium is not a pair-horned dicera-
there but is a representative of a distinct order of mammals; that the
precise relations of the American Eocene tapirs have yet to be deter-
mined ; that Protapirus does not first appear in the Lower Oligocene of
Europe but in the Mid-Oligocene of Europe and North America; that
there is no reason to believe that the European Parafapirus is more di-
rectly in line of descent of the later tapirs than is the so-called Tapiravus
of the American Miocene, and that the very fragmentary and inadequately
studied record of the evolution of the Tapirida is quite inadequate for
the positive and exact statements which Gadow makes as to their “wan-
derings.”

The statements as to the evolution of the horse show a surprising
amount of inaccuracy, considering that this is so widely known a story.
Apparently, it is in part the result of an attempt to criticize and modify
the conclusions of American writers on the basis of a hasty survey of
the incomplete materials available in Kuropean museums. The Eocene
ancestors are disregarded, because they “are still so very generalized that
they lead to horses, rhinos and tapirs as well as to other distinct groups.”
While this is not far from the fact as regards the Lower Eocene Eohippus,
it certainly is not true of Orokippus and Epikippus of the Middle and
Upper Eocene. The relations of Miokippus to Mesohippus are hardly
to be dismissed with a “perhaps.” Desmatippus is not an ancestor of
Parahippus but is identical : Hypohippus is not intermediate between
Para- and Merychippus but is an aberrant type descended from Miohippus

1B 0p. cit.
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through Anchitherium ; the American Miocene series does not come to
an end with Merychippus, but this genus gives rise through numerous
intermediate species to Protohippus, Pliohippus and Hipparion. Hip-
pidion is not a descendant of Hipparion but of Pliokippus. There i8, it
is true, & considerable gap between Hipparion gracile and Equus, this
species being too specialized in tooth pattern and its lateral digits ex-
ceptionally heavy; but most of the American hipparions are simpler and
less aberrant in tooth pattern and the shafts of their lateral digits reduced
often to mere threads. The proximal splints in these forms are very
nearly as much reduced as they are in Equus; the gap which Doctor
Gadow declares has been “slurred over” lies simply in the fact that no
specimens have yet been found in which the shafts of the lateral digits
are discontinuous but the distal rudiments preserved. Anyone familiar
with the difficulty of securing proof of this condition in a fossil species,
and with the imperfection of our record of the Pliocene Equide, will
hardly consider this as & serious gap. Certainly, it is trifling in com-
perigon with the gaps in any of the other mammalian phyla which Doctor
Gadow accepts without difficulty. As for the derivation of Equus from
primitive species of Hipparion rather than of Protohippus, my opinion
to that effect rests upon intensive studies of Miocene Equide undertaken
for Professor Osborn’s monograph of the Evolution of the Horse (in
preparation) and I do not think it fitting to publish the evidence in its
support at present.

The sirenians, Dr. Gadow tells us, afford strong support of the theory
of a transatlantic bridge, the earliest being known from the Eocene of
Jamaica and Egypt, etc. They would, undoubtedly, if there were suf-
ficient reason to believe that they were absent from the more northerly
parts of the North-Atlantic-Arctic shores during the early Tertiary. But
there is none whatsoever; the North Atlantic coasts either extended dur-
ing the Tertiary beyond their present limits to or towards the continental
shelf, or else their marine and littoral deposits have been destroyed by
glaciation; at all cvents none remain sbove water worth mentioning
from New Jersey on one side around to the British Isles on the other.
That no littoral vertebrates should be known where there are no littoral
deposits is not surprising ; yet it is upon this worthless negative evidence
that the “strong support” rests,

I have limited myself in the foregoing eriticism to noting a few points
in regard to fossil mammals. Dr. Scharf’s book is far too extensive for
any detailed criticism here, even within these limits. I can note only
that, while highly instructive as well as entertaining, it is far from being
either accurate or fair in its treatment of the geological aspects of the
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subject or the fossil record. The view that during the Glacial Epoch
the glaciers were confined in this country to the higher mountain ranges***
is one that even a biologist is hardly excusable for upholding. Nor does
it scem that anyone discussing the Tertiary geography of North America
should be so little informed as to suppose'® that the eastern and western
portions of the continent were separated during the Eocene by an ocean
barrier. In his argument against the permanency of the ocean basins,
Scherfl is, on the other hand, able to quote high authority. But the
weakness of the argument is nevertheless apparent. That there have
been great changes of level along certain lines of disturbance has never
been questioned. But the conclusion that the continental platforms have
" never been submerged to abyssal depths, based upon the entire lack of
abyssal deposits in their geological succession, is not disproved but rather
confirmed by the recognition of abyssal deposits on an oceanic island
lying along a line of high disturbance. For that merely proves that
abyssal deposits are recognizable as such when they do occur, absence
from the continental platforms remains untouched. Nor does the oc-
currence of ancient sedimentary and metamorphic rocks on some, espe-
~ cially of the larger, oceanic islands afford any evidence that they are
remnants of former continents. The same processes of sedimentation,
regional metamorphism and orogenic upheaval must of necessity occur
in any oceanic island of considerable size and antiquity, and produce
similar results both stratigraphic and petrographic. Moreover, if such
islands lie in a line of disturbance which is continued under the ocean
to an adjacent continent the same earth-movements may well affect both
areas without raising the intervening region above the abyssal depths in
which it now lies.

Dr. Scharff adopts Ameghino’s correlations of Argentine formations,
and Von Ihering’s assertion that the continent of South America did
not exist as a single land mass until Jate in the Tertiary. I may note
by the way that Ortmann'®* not long ago, in reviewing Pfeffer’s'*? essay
on the zoogeographical relations of South America, rebuked him severely
for not being aware of this “undoubted fact,” which he declared was not
o theory at all. The real facts are that marine and fresh-water forma-
tions of Jurassic, Cretaceous and early Tertiary age occur extensively in
the interior of South America, indicating that the broad low-lying in-
terior of that continent was periodically flooded by shallow seas. The
conditions parallel those of the North American continent very closely,

12 Op. cit., pp. 46 1.

10 1pid., p. 867.

11 A E. ORTMANN : Amer. Nat., vol. xxal%, pp. $13-416. 190D
193, PFEPFER : Zodl. Jahrb., Suppl. 8, pp. 407-442. 1806,
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go far as they are known. The North American continent we know
existed as such throughout geological time, although extensively flooded
at times by shallow seas, especially during the Middle Cretaceous. The
same is presumably true of South America.

Like Doctor Gadow, Doctor Scharff makes a wholly unjustifiable use
of negative evidence where it may serve to support his views. He is a
much more reckless bridge-builder, and appears to be quite unconscious
of any difference in probability between such a bridge as the Alaska-
Siberia connection and the various trans-Atlantic and trans-Pacific
bridges which he invokes. Yet the Alaskan bridge is in cxistence to-day,
only & few yards of its planking removed, if one may so speak, the sub-
structure intact, and the marks of the missing planks still showing on
the undamaged portion, while the huge bridges which he “prefers” to
believe in are, except for the Icelandic ridge, scarcely indicated by so
much as a sandbank on the flat abyssal floor of the vast intervening
oceans. That he can elaim support of a kind from so high an authority
as Suess may be true, but scientific problems should be settled by ex-
amination of the evidence, not by citations of opinion from selected
authorities.

Doctor Scharfl does not at all helieve in accidental transportation by
floating vegetation or other natural means. Why, he demands, do not
the advocates of such views cite instances of such transportation in mod-
crn times, and why is it only the more ancient animals that are so trans-
ported? The argument is curiously parallel to the favorite anti-evolu-
lionist demand. Why, if man has evolved from a monkey, do not the
scientists take & monkey and turn him into a man? Of course, the proof
demanded is an impossibility. If any instances of such trensportation
were noted during the last few centuries, they would be aseribed to
human agency; but the probabilities within that time are slight except
in islands near the coast, such as Krakataua; for more distant islands
they are made probable only by the vast length of geological periods, and
it is a matter of course that the more ancient the type, the longer time
and consequently better chance there has been for its transportation by
accidental agencies.

Like all authors who advocate union of the Galapagos islands with the
mainland, Dr. Scharff.does not distinguish between a union of the islands
with each other, which is geologically probable and is an almost unavoid-
able conclusion from a study of the fauna, and their union with the
mainland, which is highly improbable on geological and physiographical
grounds, and is not merely unnecessary to explain the fauna but im-
possible to reconcile with its peculiarities by any reasonable theories
which take into account all of the consequences of such union.
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While Doctor ScharfP’s interpretation of the data is based upon funda-
mentally different principles above noted, and his statements as to fossil
distribution are often inaccurate or incomplete, yet the numerous dis-
tributional data which he presents of modern invertebrates are of great
interest, and, if interpreted along the lines which I have used, they fall
completely into line with the vertebrate evidence. We cannot usually
indeed check the conclusions drawn from modern distributional relation-
ghips by the fossil record. Many groups are altogether unknown, and
the record in others is very scanty, but the same general relations clearly
apply. The survival in Western Europe on one side, in southeastern
North America on the other side, of a somewhat primitive cycle of Hol-
arctic distribution ; the survival in the Mediterranean region on one side,
in Central America and the Antilles on the other, of a more primitive
cycle; of g still more primitive cycle in Africa and South America; and
the progressively greater amount of divergent or parallel specialization
in the survivors of the earlier cycles; the antique and fragmentary char-
acter of the faunm of the oceanic islands, progressively more 8o in pro-
portion to their smallness and isolation—all these conform to the verte-
brate distribution. And with invertebrates as with vertebrates, every
year adds to the number of the types which, while now limited to the
peripheral continents and oceanic islands and highly discontinuous in
their range, are shown to have inhabited formerly the central Holarctic
region. It appears that many, one might perhaps say most, invertebrates
are more readily transported across ocean barriers than vertebrates, espe-
cially mammals, even making due allowance for their greater antiquity.
'This also we should expect.

[ do not think it necessary to catalogue the errors or inaccuracies in
presenting the evidence afforded by fossil vertebrates. Such errors are
unavoidable in a subject of so broad a scope, and excusable enough, if
they do not lean too much to onc side. T shall cite but one instance,
and this in justice to my distinguished confrére Professor Depéret.
Doctor Scharff concludes his summary of the North American records
of the Evolution of the Horse with the following remarks:*®® “And yet
not a single transition from one genus to the other seems to be known.
No wonder that one of our foremost paleontologists exclaims, “The sup-
posed pedigree of the horse is a deceitful delusion, which simply gives
us the general process by which the tridactyl foot of an ungulate can be
transformed in various groups into a monodacty! foot in view of an
adaptation for speed, but this in no way enlightens us on the paleontolog-
ical origin of the horse.’” Such a statement, coming from so excellent

33 0p, cit.,, p. 147.
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an authority, seems startling until one verifies the quotation and finds
that it refers, not to the American records, but to the ancestry of the
horse as presented in Gaudry’s'®* Enchainements, to the European series
Paleotherium, Anchitherium, Hipparion gracile and Equus. Depéret
takes care to premise that he is speaking only of this European series,
and while I think the criticism goes too far—it should at least be modi-
fied by changing “ungulate” to “perissodactyl” in view of what we know
about the Litopterna—yet the criticism is largely justified in its proper
context. As applied to the American series it is altogether unwarranted.

134 A, GaUDRY : Enchainements du Monde Animal, vol. iii, Mammiferes tertiaires. 1878.





