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PREFACE TO THE SECOND EDITION

Tuis edition has been carefully revised throughout, and
owing to the great increase to our knowledge of the Natural
History of some of the islands during the last twelve years
considerable additions or alterations have been required.
The more important of these changes are the following :—

Chapter VII. The account of the migrations of animals
and plants during and since the Glacial Epocli, has been
modified to accord with newer information.

Chapters VIII and IX. The discussion of the causes of
Glacial Epochs and Mild Arctic Climates has been some-
what modified in view of the late Dr. Croll’s remarks, and
the argument rendered clearer.

Chapter XIIL Several additions to the Fauna of the
Galapagos have been noted.

Chapter XV. Considerable additions have been made
to this chapter embodying the recent discoveries of birds
and insects new to the Sandwich Islands, while a much
fuller account has been given of its highly peculiar and
very interesting flora,

Chapter XVL. Important additions and corrections have
been made in the lists of peculiar British animals and
plants embodying the most recent information.

Chapter XVII, Very large additions have been made
to the mammalia and birds of Borneo, and full lists of the
peculiar species are given.
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Chapter XVIII. A more accurate account is given of
the birds of Japan.

Chapter XIX. The recent additions to the mammals
and birds of Madagascar are embodied in this chapter, and
a fuller sketch is given of the rich and peculiar flora of the
island.

Chapter XXI. and XXII. Some important additions
have been made to these chapters owing to more accurate
information as to the depth of the sea around New Zealand,
and to the discovery of abundant remains of fossil plants
of the tertiary and cretaceous periods both in New Zealand
and Australia.

In the body of the work I have in each case acknowledged
the valuable information given me by naturalists of
eminence in their various departments, and I return my
best thanks to all who have so kindly assisted me. T am
however indebted in a special manner to one gentleman—
Mr. Theo. D. A. Cockerell, now Curator of the Museum of
the Jamaica Institute—who supplied me with a large
amount of information by searching the most recent works
in the scientific libraries, by personal inquiries among
naturalists, and also by giving me the benefit of his own
copious notes and observations. Without his assistance it
would have been difficult for me to have made the present
edition so full and complete as I hope it now is. Ina work of
such wide range, and dealing with so large a body of facts
some errors will doubtless be detected, though, I trust few
of importance.

PArksToNE, Dorser, December, 1801,




PREFACE TO THE FIRST EDITION

THE present volume is the result of four years’ additional
thought and research on the lines laid down in my
Geographical Distribution of Animals, and may be con-
sidered as a popular supplement to and completion of that
work.

It is; however, at the same time a complete work in
itself: and, from the mode of treatment adopted, it will, T
hope, be well caleulated to bring before the intelligent
reader the wide scope and varied interest of this branch of
natural history. Although some of the earlier chapters
deal with the same questions as my former volumes, they
are here treated from a different point of view ; and as the
discussion of them is more elementary and at the samc
time tolerably full, it is hoped that they will prove both
instructive and interesting. The plan of my larger “'Ol:k
required that genera only should be taken account of; in
the present volume I often discuss the distribution (‘)f
species, and this will help to render the work more intelli-
gible to the unscientific reader.

The full statement of the scope and object of the present
essay given in the “ Introductory ” chapter, together with
the “ Summary "' of the whole work and the general view
of the more important arguments given in the “ Jonelu-
sion,” render it unnecessary for me to offer any further
remarks on these points. I may, however, state
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generally that, so far as I am able to judge, a real
advance has here been made in the mode of treating
problems in Geographical Distribution, owing to the firm
establishment of a mnumber of preliminary doctrines or
“prineiples,” which in many cases lead to a far simpler and
yet more complete solution of such problems than have
been hitherto possible. The most important of these
doctrines are those which establish and define—(1) The
former wide extension of all gronps now discontinuous, as
being a necessary result of “evolution”; (2) The
permanence of the great features of the distribution of land
and water on the earth’s surface ; and, (3) The nature and
frequency of climatal changes throughout geological time.

I have now only to thank the many friends and
correspondents who have given me information or advice.
Besides those whose assistance is acknowledged in the body
of the work, I am especially indebted to four gentlemen
who have been kind enough to read over the proofs of chap-
ters dealing with questions on which they have special
knowledge, giving me the benefit of valuable emendations
and suggestions. Mr. Edward R. Alston has loocked over
those parts of the earlier chapters which relate to the
mammals of Europe and the North Temperate zone ; Mr.
. 8. B. J. Skertchley, of the Geological Survey, has read the
chapters which discuss the glacial epoch and other
geological questions ; Professor A. Newton has looked over
the passages referring to the birds of the Madagascar group ;
while Sir Joseph D. Hooker has given me the invaluable
benefit of his remarks on my two chapters dealing with the
New Zealand flora,

Crovypox, August, 1880,
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ISLAND LIFE

PART I

THE DISPERSAL OF ORGANISMS
ITS PHENOMENA, LAWS, AND CAUSES

-




CHAPTER 1

INTRODUCTORY

Remarkable Contrasts in distribution of Animals—RBritain and Japan—
Anstralia and New Zealand—Bali and Lombok—Florida and Bahama
Islands— Brazil and Africa—Borneo, Madagascar, and Celebes—
Problems in distribution to be found in every country—Can be solved
only by the combination of many distinct lines of inquiry, biological

and physical—Islands offer the hest subjects for the study of distribu.

tion—Outline of the subjects to be discussed in the present volume.

WHEN an Englishman travels by the nearest sea-route from
Great Britain to Northern Japan he passes by countries
very unlike his own, both in aspect and natural productions,
The sunny isles of the Mediterranean, the sands and date-
palms of Egypt, the arid rocks of Aden, the cocoa groves
of Ceylon, the tiger-haunted jungles of Malacca and
Singapore, the fertile plains and voleanic peaks of Luzon,
the forest-clad mountains of Formosa, and the bare hills of
China, pass successively in review ; till after a circuitous
voyage of thirteen thousand miles he finds himself at
Hakodadi in Japan., He is now separated from his
starting-point by the whole width of Europe and Northern
Asia, by an almost endless succession of plains and
mountains, arid deserts or icy plateaux, yet when he visits
the interior of the country he sees so many familiar
“natural objects that he can hardly help fancying he is close
to his home. He finds the woods and fields tenanted by
tits, hedge-sparrows, wrens, wagtails, larks, redbreasts,
B2




4 ISLAND LIFE, PART 1

thrushes, buntings, and house-sparrows, some absolutely
identical with our own feathered friends, others so closely
resembling them that it requires a practised ornithologist
to tell the difference. If he is fond of insects he notices
many butterflies and a host of beetles which, though on
close examination they are found to be distinct from ours,
are yet of the same general aspect, and seem just what
might be expected in any part of Europe. There are also
of course many birds and insects which are quite new and
peculiar, but these are by no means so numerous or
conspicuous as to remove the general impression of a
wonderful resemblance between the productions of such
remote islands as Britain and Yesso.

Now let an inhabitant of Australia sail to New Zealand,
a distance of less than thirteen hundred miles, and he will
find himself in a country whose productions are totally
unlike those of his own. Kangaroos and wombats there
are none, the birds are almost all entirely new, insects are
very scarce and quite unlike the handsome or strance
Australian forms, while even the vegetation is all chaugced
and no gum-tree, or wattle, or grass-tree meets thé
traveller's eye.

But there are some more striking cases even than this
of the diversity of the productions of countries not fm:
apart. In the Malay Archipelago there are two islands
named Bali and Lombok, each about as large as Corsi(.:a,
and separated by a strait only fifteen miles wide at its
narrowest part. Yet these islands differ far more from
each other in their birds and quadrupeds than do Encland
and Japan. The birds of the one are extremely ﬂc,nlil_z
those of the other, the difference being such as to strike
¢ven the most ordinary observer. Bali has red and green
woodpeckers, barbets, weaver-birds, and black-and-white
magpie-robins, none of w}nich are found in Lombok, where
however, we find screaming cockatoos and friar-birds, and
the strange mound-building megapodes, which are all
equally unknown in Bali. Many of the kingfishers, erow-
shrikes, and other birds, though of the same general form
are of very distinet species; and though a considerable
number of birds are the same in both islands the difference




CHAT, 1 INTRODUCTORY ’ b

is none the less remarkable—as proving that mere distance
18 one of the least important of the causes which have
determined the likeness or unlikeness in the animals of
different countries.

In the western hemisphere we find equally striking
examples. The Eastern United States possess very

eculiar and interesting plants and animals, the vegetation

ecoming more luxuriant as'we go south but not altering
in essential character, so that when we reach Alabama or
Florida we still find ourselves in the midst of pines, oaks,
sumachs, magnolias, vines, and other characteristic forms
of the temperate flora; while the birds, insects, and land-
shells are of the same general character with those found
further north.!  But if we now eross over the narrow strait,
about fifty miles wide, which separates Florida from the
Bahama Islands, we find ourselves in a totally different
country, surrounded by a vegetation which is essentially
tropical and generally identical with that of Cuba. The
change is most striking, because there is little difference
of climate, of soil, or apparently of position, to account for
it; and when we find that the birds, the insects, and
especially the land-shells of the Bahamas are almost all
West Indian, while the North American types of plants
and animals have almost all completely disappeared, we
shall be convineed that such differences and resemblances
cannot be dune to existing conditions, but must depend
upon laws and canses to which mere proximity of position
offers no clue.

Hardly less uncertain and irregular are the effects of
climate. Hot countries usually differ widely from cold
ones in all their organic forms; but the difference is by no
means constant, nor does it bear any proportion to
difference of temperature. Between frigid Canada and
sub-tropical Florida there are less marked differences in the
animal productions than between Florida and Cuba or
Yueatan, so much more alike in climate and so much
nearer together. So the differences between the birds and
quadrupeds of temperate Tasmania and tropical North

L A smnll number of spocies belonging to the West Indies are found in
the extreme southern portion of the Florida Poninsula.
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Australia are slight and unimportant as compared with
the enormous differences we find when we pass from
the latter country to equally tropical Java, If we
compare corresponding portions of different continents, we
find no indication that the almost perfect similarity of
climate and general conditions has any tendency to produce
similarity in the animal world. The equatorial parts of
Brazil and of the West Coast of Africa are almost identical
in climate and in luxuriance of vegetation, but their
animal life is totally diverse. In the former we have
tapirs, sloths, and prehensile-tailed moukeys; in the
latter elephants, antelopes, and man-like apes; while
among birds, the toucans, chatterers, and humming-birds
of Brazil are replaced by the plantain-eaters, bee-caters,
and sun-birds of Africa. Parts of South-temperate
America, South Africa, and South Australia, correspond
closely in climate ; yet the birds and quadrupeds of these
three districts are as completely un(iike each other as
those of any parts of the world that can be named.

If we visit the great islands of the globe, we find that
they present similar anomalies in their animal productions,
for while some exactly resemble the nearest continents
others are widely different. Thus the quadrupeds, birds
and insects of Borneo correspond very closely to those
of the Asiatic continent, while those of Madagascar are
extremely unlike African forms, althongh the distance from
the continent is less in the latter case than in the former.
And if we compare the three great islands Sumatra
Borneo, and Celebes—lying as it were side by side in the
same ocean—we find that the two former, althouch
furthest apart, have almost identical productions, while
the two latter, though closer together, are more unlike
than Britain and Japan situated in different oceans and
separated by the largest of the great continents,

These examples will illustrate the kind of questions it
is the object of the present work to deal with, Every
continent, every country, and every island on the elobe
offers similar problems of greater or less comp!exit? and
interest, and the time has now arrived when their solution
can be attempted with some prospect of success. Many




CHAT, T INTRODUCTORY 7
years study of this class of subjects has convinced me that
there is no short and easy method of dealing with them ;
because they are, in their very nature, the visible ontcome
and residual product of the whole past history of the
earth. If we take the organic productions of a small
island, or of any very limited tract of country, such as a
moderate-sized country parish, we have, in their relations
and affinities—in the fact that they are there and others
are not there, a problem which involves all the migrations
of these species and their ancestral forms—all the
vicissitudes of climate and all the changes of sea and land
which have affected those migrations—the whole series
of actions and reactions which have determined the
preservation of some forms and the extinction of others,—
in fact the whole history of the earth, inorganic and
organic, throughout a large portion of geological time.

We shall perhaps better exhibit the scope and
complexity of the subject, and show that any intelligent
study of it was almost impossible till quite recently, if we
concisely enumerate the great mass of facts and the
number of scientific theories or principles which are
necessary for its elucidation.

We require then in the first place an adequate know-
ledge of the fauna and flord of the whole world, and even
a detailed knowledge of many parts of it, including  the
islands of more special interest and their adjacent
continents. This kind of knowledge is of very slow growth,
and is still very imperfect ;! and in many cases it can

! [ cannot avoid here referring to the enormons waste of lalxm.r and
money with comparatively seanty and unimportant results to natural history
of most of the great scientific voyages of the various civilized governments
during the present century. All these expeditions combined have done far
less than private collectors in making known the products ot: remote lands
aned inlmn]x. They have brought home fragmentary collections, made in
widely seattored loenlities, and these have been usnally t_lewnlm-l in hu
folios or quartos, whose value is often in inverse proportion to ‘h,('{r bulk
and egst.  The same species have been eollected ngain and agnin, often
desoribed severnl times over under new names, and not unfrequently
stated to be from places they never inhabited. The result of this wretched
system is that the productions of some of thuv most frequently visited and
most interesting islands on the globe are still very imperfectly known,
while their native plants and animals are being yearly exterminated, and
this iy the case even with conntries under the rule or protection of
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never now be obtained owing to the reckless destruction of
forests and with them of countless species of plants and
animals. In the next place we require a true and natural
classification of animals and plants, so that we may know
their real affinities ; and it is only now that this is being
generally arrived at. We further have to make use of the
theory of  descent with modification” as the only possible
key to the interpretation of the facts of distribution, and
this theory has only been generally accepted within the
last twenty years. It is evident that, so long as the belief:
in “special creations” of each species prevailed, no explan-
ation of the complex facts of distribution cowld be arrived
at or even conceived ; for if each species was created where
it is now found no further inquiry can take us beyoud
that fact, and there is an end of the whole matter. = An-
other important factor in our interpretation of the phe-
nomena of distribution, is a knowledge of the extinet forms
that have inhabited each country during the tertiary and
secondary periods of geology. New facts of this kind are
daily coming to light, but except as regards Europe, Nortl
America, and parts of India, they are extremely scanty ;
and even in the best-known countries the record itself is
often very defective and fragmentary. Yet we have al-
ready obtained remarkable evidence of the migrations of
many animals and plants in past ages, throwing an often
unexpected light on the actual distribution of many
groups.! By this means alone can we obtain positive
evidence of the past migrations of OTZAnisms ¢ an when,
as too frequently is the case, this is altogether wanting, we

Suropean governments,  Such are the Sandwiel Islands, Tahiti

Mxu I:;sag‘guw Philippine Islands, and & lost of smaller mw%;l‘,‘.]:};:
Bourbon and Mauritiug, St. Helena, and several others, hfo only been
n'deqnntely explored after an important portion of their productions: has
been destroyed by cultivation or the reekless introduction of goats and
igs, The employment in each of our jossessions, and those of othey

uropean powers, of o resident naturalist at a very small annnal expense
would have done more for the advancement of kuowledge in this dir&u:tim',
than all the expensive expeditions that have sgain and again ciremnnayi.
gated the globe.

! The general facts of l’alzlemltologv, #s hearing on the migrations: of
-animal groupe, ave summarised inmy Geograpiciead Distributio s
Yol. L. %‘rl?n][n:qors VL, VIL, and VIII, “n of Animals,

-
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have to trust to collateral evidence and.more or less prob-
able hypothetical explanations. Hardly less valuable is
the evidence of stratigraphical geology; for this often
shows us what parts of a country have been submerged :
at certain epochs, and thus enables us to prove that |
certain areas have been long isolated and the fauna and
flora allowed time for special development. Here, too,
our knowledge is exceedingly imperfect, though the
blanks upon the geological map of the world are yearly
diminishing in extent. Lastly, as a most valuable supple-
ment to geology, we require to know approximately, the
depth and contour of the ocean-bed, since this affords an im-
portant clue to the former existence of now-submerged lands,
uniting islands to continents, or affording intermediate
stations which have aided the migrations of many organ-
isms, This kind of information has only been partially
obtained during the last few years; and it,will be seen in
the latter part of this volume, that some of !he most
recent deep-sea soundings have afforded a basis for an
explanation of one of the most difﬁcu]t' :.md interesting
(uestions in geographical biology—the origin of the fauna
and flora of New Zealand. :

Such are the various classes of evidence that bear
directly on the question of the distribution of orgamsms;
but there are others of even a more fuudament{ﬂ qhamcter,
and the importance of which is only now beginning to be
recognised by students of nature. These are, firstly, the
wonderful alterations of climate which have occurred in
the temperate and polar zones, as proved by the evidences
of glaciation in the one and of luxuriant vegetation in the
other; and, secondly, the theory of the permanence of exist-
ing contingnts and oceans. If glacial epochs in temperate
lands and mild climates near the golm have, as now
believed by men of eminence, oceurre geveml times over
in the pus‘t history of the earth, tho‘eﬁec’:ts of S\I'C!l great
and repeated changes, both on the migration, mudlhcatl_ou,
and extinetion, of species, must have been of overwhelming
Importance—of more importance perhaps than even the
geologieal changes of sea and land. It is f.hereﬁ)rc neces-
sary to consider the evidence for these climatal changes ;

y
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and then, by a critical examination of their possible causes,
to ascertain whether they were isolated phenomena, were
due to recurrent cosmical actions, or were the result of @
great system of terrestrial development. The latter is the
conclusion we armive at ; and this conclusion brings with
it the conviction, that in the theory which accounts for
both glacial epochs and warm polar climates, we have the
key to explain and harmonize many of the most anom-
alous biological and geological phenomena, and one which
is especially valuable for the light it throws on the dis-
persal and existing distribution of organisms. The other
mmportant theory, or rather corollary from the preceding
theory—that of the permanence of oceans and the general
stability of sontinents throughout all geological time, is
as yet very imperfectly understood, and seems, in fact, to
many persons in the nature of a paradox. The evidence
for it, however, appears to me to conclusive ; and it is
certainly the most fundamental question in regard to the
subject we have to deal with : since, if we once admit that
continents and oceans may have changed places over and
over again (as many writers maintain), we lose all power
of reasoning on the migrations of ancestral forms of life,
and are at the mercy of every wild theorist who chooses to
imagine the former gxi_stence of a now-submerged contin-
ent to explain the existing distribution of a group of frogs
or a genus of beetles. ;

As already shown by the illustrative examples adduced
in this chapter, some of the most remarkable and inter-
esting facts in the distribution and affinities of organie
forms are presented by islands in relation to each other
and to the swrrounding continents. The study of the
productions of the Galupagos_——so peculiar, and yet so
decidedly related to the American continent—appears to
have had a powerful influence in determining the direction
of Mr. Darwin’s researches into the origin of species; and
every naturalist who studies them has always been struck
by the unexpected relations or singular anomalies which
are so often found to characterize the fauna and flora of
islands.  Yet their full importance in connection witl) the
history of the earth and 1ts inhabitants has lmrdl). yeti
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been recogmised ; and it is in order to direct the attention
of naturalists to this most promising field of research, that
T restrict myself in this volume to an elucidation of some
of the problems they present to us. By far the larger
part of the islands of the globe are but portions of contin-
ents undergoing some of the various changes to which they
are ever subject ; and the correlative proposition, that every -
portion of our continents has again and again  passed
throngh insular conditions, has not been sufficiently con-
sidered, but is, 1 believe, the statement of a great and
most suggestive truth, and one which lies at the founda-
tion of all accurate conception of the physical and organic
changes which have resulted in the present state of the

earth,

The indications now given of the scope and purpose of
the present volume renders it evident that, before we can
proceed to the discussion of the remarkable phenomena
presented by insular faunas and floras, and the complex

causes which have produced them, we must go through a

series of preliminary studies, adapted to give usa command
nd principles on which the

of the more important facts a
solution of such problems depends. The snceeeding
eight chapters will therefore be devoted to the explanation
of the mode of distribution, variation, modification, and
dispersal, of species and groups, illustrated by facts and
examples; of the true mnature of geological change as
affecting continents and islands ; of changes of climate,
their nature, causes, and effects; of the duration of geo-

logical time and the rate of orgamc development,




CHAPTER 1II
THE ELEMENTARY FACTS OF DISTRIBUTION

Importance of Locality as an essentinl character of Species—Areas of Dis-
tribution—Txtent and Limitations of Specifie Arens—Specifie range of
Birds—(enerie Areas—Separate aud overlapping areas—The species of
Tits as illustrating Areas 0} Distribution—The distribution of the species
of Jays—Discontinnous generic areas—Peculiarities of generic and
family distribution—General features of overlapping and discontinyons
areas—Restricted areas of Families—The distribution of Orders,

S0 long as it was ‘believed that the several species of
animals and plants were “ special creations;” and had been
formed expressly to inhabit the countries in which they are
now found, their habitat was an ultimate fact which re-
quired no explanation. Tt was assumed that every animal
was exactly adapted to the climate and surroundings amid
which it lived, and that the only, or, at all events, the chief
reason why it did not inhabit another country was, that
the climate or general conditions of that country weré not
suitable to it, but in what the unsuitability consisted we
could rarely hope to discover. Henee the exact locality of
any species was not thought of much importance from a
scientific point of view, and the idea that anything could
be learnt by a comparative study of different floras and
faunas never entered the minds of the older naturalists,
But so soon as the theory of evolution eame to he gener-
ally adopted, and it was seen that each animal could onl
have come into existence in some area where ancestral
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forms closely allied to it already lived, areal and important
relation was established between an animal and its native
conntry, and a new set of problems at once sprang into
existence. From the old point of view the diversitics of
animal life in the separate continents, even where physical
conditions were almost identical, was the fact that excited
astonishment : but seen by the light of the evolution
theory, it is the resemblances rather than the diversities in’
these distant continents and islands that are most difficult
to explain. It thus comes to be admitted thata knowledge
of the exact area occupied by a species or a group is a real
portion of its natural history, of as much importance as its
habits, its structure, or its affinities; and that we can never
arrive at any trustworthy conclusions as to how the {)re-
sent state of the organic world was brought about, until we
have ascertained with some accuracy the general laws of
the distribution of living things over the earth’s surface.
Areas of Distribution.—Every species of animal has a
certain area of distribution to which, as a rule, it is per-
manently confined, although, no doubt, the limits of its
range fluctuate somewhat from year to year, and in some
exceptional cases may be considerably altered in a few
years or centuries. Each species is moreover usually
limited to one continuous area, over the whole of which itis
more or less frequently to be met with, but there are many
apparent and some real exceptions to this rule. Some
animals are so adapted to certain kinds of country—as to
forests or marshes, mountains or deserts—that they cannot,
permanently, live elsewhere. These maybe found scattered
over a wide area in suitable spots only, but can hardly on
that account be said to have several distinct areas of
distribution. As an example we may name the chamois;
which lives only on high mountains, but is found in the
Pyrences, the Alps, the Carpathians, in some of the Greek
mountains apd the Caucasus, The variable hare is another
and more remarkable case, being found all over Northern
Europe and Asia beyond lat. 55°, and also in Scotland and
Ireland. In centml- Elll‘upc it i nnknown till we come to
the Alps, the Pyrenees, and the Caucasus, where it aga_in
appears. This is one of the best cases known of the dis-
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continuous distribution of a species, there being a gap of
about a thousand miles between its southern limits in
Russia, and its reappearance in the Alps. There are of
course numerous instances in which species occur in two
or more islands, or in an island and continent, and are thus
rendered discontinuous by the sea, but these involve
questions of changes in sea and land which we shall have
to consider further on. Other cases are believed to exist
of still wider separation of a species, as with the marsh
titmice and the reed buntings of Europe and Japan, where
similar forms are found in the extreme localities, while
distinet varieties or sub-species, inhabit the intervening
districts.

Extend and Linvitations of Specific Areas—Leaving for
the present these cases of want of continuity in a species,
we find the most wide difference between the extent of
country occupied, varying in fact from a few square miles
to almost the entire land surface of the globe. Among
the mammalia, however, the same species seldom inhabits
both the old and new worlds, unless they are strictly arctic
animals, as the reindeer, the elk, the arctic fox, the glutton,
the ermine, and some others. The common wolf of Europe
and Northern Asia is thought by many naturalists to be
identical with the variously coloured wolves of North
America extending from the Arctic Ocean to Mexico, in
which case this will have perhaps the widest range of an
species of mammal.  Little doubt exists as to the identity
of the brown bears and the beavers of Europe and North
America; but all these species range up to the arctic
circle, and there is no example of a mammal universally
admitted to be identical yet confined to the temperate
zones of the two hemispheres. Among the undigputed
species of mammalia the leopard has an enormous range,
extending all over Africa and. South Asia to Borneo and
the east of China, and thus having probably the widest
range of any known mammal. The winged mammalia
have not usually very wide ranges, there being only one
bat common to the Old and New Worlds. This is a
British species, Vesperugo sevotinus, which is found over
the larger part of North America, Europe and Asia, as far
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as Pekin, and even extends into tropical Africa, thus
rivalling the leopard and the wolf in the extent of country
it occupies,

Of very restricted ranges there are many examples, but
some of these are subject to doubts as to the distinctness
of the species or as to its geographical limits being really
known, In Europe we have a distinct species of ibex
(Capra Pyrenaica) confined to the Pyrenean mountains,
while the true marmot is restricted to the Alpine range.
More remarkable is the Pyrenean water-mole (fygaic
Pyrenaien), a eurious small insectivorous animal found only
in a few places in the northern valleys of the Pyrenees.
In islands there are many cases of undoubted restriction
of species to a small area, but these invelve a different
(uestion from the range of species on continents where
there is no apparent obstacle to their wider extension.

Specific range of Birds—Among birds we find instances
of much wider range of species, which is uply what might
be expected considering their powers of flight ; but, what
is very curious, we also find more striking (t}'IOI‘lgll
perhaps not more frequent) examples of extreme limita-
tion of range among birds than among mammals.  Of the
former phenomenon perhaps the most remarkable case is
that afforded by the osprey or fishing-hawk, which ranges
over the greater portion of all the continents, as far as
Brazil, South Africa, the Malay Islands, zmd_ Tasmania.
The barn owl (Striz flammen) has nearly as wide a range,
but in this case there is more diversity of opinion as to the
specific difference of many of the forms inhabiting remote
countries, some of which seem undoubtedly to be distinet.
Among passerine birds the raven Ilr}s prnb{tply the wn}est
range, extending from the arctic regions to Texas and 1‘3cw
Mexico in America, and to North India :tgul Lake Baikal
in Asia ; while the little northern willow-wren (Phyiloscopus
bm‘mlis) ranges from arctic Norway across Asm' ‘t_(‘ Alaska,
and southward to Ceylon, China, Borneo, and Timor.

Of very restricted continental ranges the best examples
in Burope are, the little blue magpie (Cyanopica cool)
confined to the central portions of tig Spanish peninsula ;
and the Ttalian sparrow found only in Italy and Corsica,
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In Asia, Palestine affords some examples of birds of very-
restricted range—a beautiful sun-bird (Necfarinee osea) a
peculiar starhing (Admydrus tristramit) and some others,
being almost or quite confined to the warmer portions of
the valley of the Jordan. In the Himalayas there are
numbers of birds which have very restricted ranges, but
those of the Neilgherries are perhaps better known,
several species of laughing thrushes and some other birds
being found only on the summits of these mountains.
The most wonderfully restricted ranges are, however, to be
found among the humming-birds of tropical America.
The great volcanic peaks of Chimborazo and Pichincha
have each a peculiar species of humming-bird confined to a
belt just below the limits of perpetual snow, while the
extinct voleano of Chiriqui in Veragua has a species con-
fined to its wooded crater. One of the most strange and
beautiful of the humming-birds (Zoddigesia mirabihs) was
obtained once only, more than forty years ago, near
Chachapoyas in the Andes of northern Peru; and though
Mr. Gould sent many drawings of the bird to people visiting
the district and for many years offered a high reward for a
specimen, no other has ever been seen !1 »

" The above details will sufficiently explain what is meant
by the “specific area” or range of a species. The very
wide and very narrow ranges are exceptional, the great
majority of species both of mammals and birds ranging
over moderately wide areas, which present no striking
contrasts in climate and physical conditions. Thus a large
proportion of European birds range over the whole conti-
nent in an east and west direction, but considerable
numbers are restricted either to the northern or the
southern half. In Africa some species range over all the
continent south, of the desert, while large numbers are
restricted to the equatorial forests, or to the upland
plains. In North Aumerica, if we exclude tlu': tmpical and
the arctic portions, a considerable number of species range
over all the temperate parts of the continent, while stil]

1 Since these lines were written, a fine series of s ecimens of this rare
humming-bird has been obtained from the spne locality. (See Proe, Zuol,
Soc, 1881, pp. 827-834.)
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~more are restricted to the east, the centre, or the west,
respectively.

Generic Areas—Having thus obtained a tolerably clear
idea of the main facts as to the distribution of isolated’
species, let us now consider those collections of closelv-
allied species termed genera. What a genus is will be
sufficiently understood by a few illustrations. All the
different kinds of dogs, jackals, and wolves belong to the
dog genus, Canis ; the tiger, lion, leopard, jaguar, and the
wild cats, to the cat genus, Felis ; the blackbird, song-thrush,
missel-thrush, fieldfare, and many others to the thrush
genus, Turdus ; the crow, rook, raven, and jackdaw, to the
crow genus, Corvas ; but the magpie belongs to another,
though closely-allied genus, Pica, distinguished by the
different form and proportions of its wings and tail from all
the species of the crow genus. The number of species ina
genus varies greatly, from one up to several hundreds.
The giraffe, the glutton, the walrus, the bearded reedling,
the secretary-bird, and many others, have no close allies,
and each forms a genus by itself. The beaver genus,
Castor, and the camel genus, Camelus, each consist of two «
species, On the other hand, the deer genus, Cervus has
forty species ; the mouse and rat genus, Mus more than a
hundred species ; and there is about the same number of the
thrush genus; while among the lower classes of animals
genera are often very extensive, the fine genus Papilio, or
swallow-tailed butterflies, containing more than four hun-
dred species; and Cicindela, which includes our native
tiger beetles, has about the same number. Many genera
of shells are very extensive, and one of them—the genus
Helix, including the commonest snails, and ranging all over

the world—is probably the most extensive in the animal

kingdom, numbering about two thousand described

species, 1

Separate and Overlapping Areas—The species of a genus
are distributed in two ways. Either they occupy distinet
areas which do not touch each other and are sometimes
Widely separated, or they touch and occasionally overlap

' Many of these large genern are now subdivided, the divisions being
sometimes termed genera, sometimes sub-gonera,

&




18 ISLAND LIFE TALT 1
each other, each species occupying an area of its own
which rarely coincides exactly with that of any other
species of the same genus. In some cases, when a river,
a mountain-chain, or a change of conditions as from
pasture to desert or forest, determines the range of species,
the areas of two species of the same genus may just meet,
one beginning where the other ends; but this is compara-
tively rare. It occurs, however, in the Amazon valley,
where several species of monkeys, birds, and insects come
up to the south bank of the river but do not pass it, while
allied species come to the north bank, which in like
manner forms their boundary. As examples we may
mention that one of the Saki monkeys (Pithecin monachus 1)
comes up to the south bank of the Upper Amazon, while
immediately we cross over to the north bank we find
another species (Pithecia rufibarbata?). Among birds we
have the green jacamar (Galbula viridis), abundant on the
north bank of the Lower Amazon, while on the south
bank we have two allied species (Galbwla rifoviridis and
G. cyaneicollis) ; and among insects we have at Santarem
on the south bank of the Amazon, the beautiful blue
butterfly, Callithea sapphira, while almost opposite to it, at
Monte-alegre, dn allied species, Callithea Lepricurt is alone
found, Perhaps the most interesting and best known
case of a series of allied species, whose ranges are separate
but conterminous, is that of the beautiful South American
wading birds, called trumpeters, and forming the genus
Psophia. There are five species, all found in the Amazon
valley, but each limited to a well-marked district bounded
by great rivers. On the north bank of the Amazon there
are two species, one in 1ts lower valley extending up to the
Rio Negro; and the other in the central part of the valley
beyond that river; while to the south of the Amazon there
are three, one above the Madeira, one below it, and a third
near Para, probably separated from the last by the
Tocantins river. : \
Overlapping areas among the species of a genusis a more
common phenomenon, and is almost universal where these
species are numerous in the same continent. Tt is,
however, exceedingly irregular, so that we often find one
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species extending over a considerable portion.of the area
occupied by the genus and including the entire areas of
some of the other species. So little has been done to
work out accurately the limits of species that it is very
difficult to give examples. One of the best is to be found
in the genus Dendraca, a group of American wood-warblers.
These little birds all migrate in the winter into the tropical
regions, but in the summer they come north, each having
. its particular range. Thus, 2. dominice comes as far as
the middle Kastern States, 2. carulea keeps west of the
Alleghanies, 2. discolor comes to Michigan and New
England ; four other species go farther north in Canada,
while several extend to the borders of the Arctie zone.
The Species of Tits as Tllustrating Areas of Distribution.
. —In our own hemisphere the overlapping of allied species
may be well illustrated by the various kinds of titmice,
constituting the genus Parus, several of which are among
our best known English birds. The great titmouse (Parus
major) has the widest range of all, extending from the
Arctic circle to Algeria, Palestine, and Persia, and from
Ireland right across Siberia to the Ochotsk sea, probably
following the great northern forest belt. It ({ocs not
extend into China and Japan, where distinct species are
found. Next in extent of range is the coal tit (Parus
ater) which inhabits all Europe from the Mediterranean
to about G4° N. latitude, in Asia Minor to the Lebanon
and Cauecasus, and across Siberia to Amoorland and Japan.
The marsh tit (Pares palustris) inhabits temperate and
south Europe from 61° N. latitude in Norway to Poland
and South-west Russia, and in the south from Spain to
Asia Minor. Closely allied to this—of which it is probably
only a variety or sub-species—is the northern marsh tit
(Parus borealis), which overlaps the last in Norway and
‘Sweden, and also in South Russia and the Alps, but
extends further north into Lapland and North Russia, and
thence probably in a south-easterly direction across
Central Asia to North China. Yet another closely-allied
speeies (Parus camischathensis) ranges from North-eastern
Russia across Northern Siberia to Lake Baikal and to
Hakodadi in Japan, thus overlapping Parus borealis in the
¢2
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western portion of its area. Our little favourite, the blue
tit (Parus caruleus) ranges over all Europe from the
Arctic circle to the Mediterranean, and on to Asia Minor
and Persia, but does not seem to pass beyond the Ural
mountains. Its lovely eastern ally the azure tit (Parus
cyaneus) overlaps the range of P. cerulens in Western
Europe as far as St. Petersburg and Austria, rarely
stragaling to Denmark, while it stretches all across Central
Asia between the latitudes 35° and 56° N. as far as the
Amoor valley, Besides these wide-ranging species there
are several others which are more restricted. Parus
teneriffee, a beautiful dark blue form of our blue tit, inhabits
North-west Africa and the Canaries; Parus ledouet, closely
allied to our coal tit, is found only in Algeria; Parus
lugubris, allied to the marsh tit, is confined to South-east
Europe and Asia Minor, from Hungary and South Russia
to Palestine; and Parus cinctus, another allied form, is
confined to the extreme north in Lapland, Finland, and

erhaps Northern Russia and Siberia. * Another beautiful
l)ittle bird, the crested titmouse (Parus cristatus) is some-
times placed in a separate genus. It inhabits nearly all
Central and South Europe, wherever there are pine forests,
from 64° N. latitude to Austrin and North Italy, and in
the west to Spain and Gibraltar, while in the east it does
not pass the Urals and the Caucasus range. Its nearest
allies are in the high Himalayas,

These are all the European tits, but there are many
others inhabiting Asia, Africa, and North America: so
that the genus Parus has a very wide range, in Asia to
Ceylon and the Malay Islands, in Africa to the Cape, and
n ‘\{Inrth America to the highlands of Mexico,

The Distribution of the Species of Jays—Owing to the
very wide range of several of the tits, the uncertainty of
the specific distinction of others, and the difficulty in
many cases of ascertaining their actual distribution, it has
not been found practicable to illustrate this genus by
means of a map, For this purpose we have chosen thy
genus Garrulus or the jays, in which the species are 1335;
numerous, the specific areas less extensive, and the species
generally better defined ; while being large and handsome
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birds they are sure to have been col cte\l, or at least
noticed, wherever they occur. There a¥g, sa far as yet
known, twelve species of true jays, occiping ar.ale
extending from Western Europe to Easteimi<Asi
Japan, and nowhere passing the Arctic circle to the north,
or the tropic of Cancer to the south, so that they constitute
one of the most typical of the Palearctic! genera. The
following are the species, beginuing with the most westerly
and proceeding towards the east. The numbers prefixed
to each species correspond to those on the coloured map
which forms the frontispiece to this volume.

1. Garrulus glandarius.—The common jay, inhabits the
British Isles and all Europe except the extreme north,
extending also into North Africa, where it has been
observed in many parts of Algeria. It occurs near
Constantinople, but apparently not in Asia Minor; and in
Russia, up to, but not beyond, the Urals. The jays being
woodland birds are not found in open plains or barren
uplands, and their distribution is hence by mo means
uniform within the area they actually occupy.

2. Garrulus nerw'mlis.—'l‘he.Algerian. Jay, is a very
distinet species inhabiting a limited area in North Africa,
and found in some places along with the common species.

3. Garrulus krynicki.—The black-headed jay, is closely
allied to the common species, but quite distinct, inhabiting
a comparatively small area in South-eastern Europe, and
Western Asia.

L. Garrulus atricapillus—The Syrian jay, is very closely
allied to the last, and inhabits an adjoining area in Syria,
Pulestine, and Southern Persia. :

5. Garrulus hyrcanus—The Persian jay, is a small
species allied to our jay and only known from the Elburz
Mountains in the north of Persia.

6. Garrwlus brandti—Brandt's jay, is a very distinet
species, having an extensive range across Asia from the
Ural Mountains to North China, l\lan-dchm-m, and the
northern island of Japan, and also crossing the Urals into

! The Paliarctic region includes temperate Asia and Europe, as will be
explained in the next chapter.
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Russia where it has been found as far west as Kazan in
districts where the common jay also occurs.

7. Garrulus lonccolatus—The black-throated jay, is a
very distinet form known only from the North-western -
Himalayas and Nepal, common about Simla, and extend-
ing into Cashmere beyond the range of the next species.

8. Garrulus bispecularis—The \Himalayan Jay is also
very distinet, having the head coloured like the back, and
not striped as in all the western species. It inhabits the
Himalayas east of Cashmere, but is more abundant in the
western than the eastern division, though according to the
Abbé David it reaches Moupin in East Thibet.

9. Garrwlus sinensis—Tha Chinese jay, is very closely
allied to the Himalayan, of which it is sometimes classed
as a sub-species, It seems to be found in all the southern
mountains of China, from Foochow on the east to Sze-chuen
and East Thibet on the west, as it is recorded from Mou-
pin by the Abbé David as well as the Himalayan bird—a
tolerable proof that it is a distinet form.

10. Garrulus taivanus—The Formosan jay is a very
close ally of the preceding, confined to the island of
Formosa.

11. Garrulus gaponicus—The Japanese jay is nearly
allied to our common British species, being somewhat
smaller and less brightly coloured, and with black orbits ;
yet these are the most widely separated species of the
genus,  According to Mr. Seebohm this species is equally
allied to the Chinese and Siberian jays.

In the accompanying map (see frontispiece) we have laid
down the distribution of each species so far as it can be
ascertained from the works of Sharpe and Dresser for

~ Europe, Jerdon for India, Swinhoe for China, and Mr.
Seebohm’s recent work for Japan. There is, however,
much uncertainty in many places, and gaps have to he
filled up conjecturally, while such a large part of Asia is
still very imperfectly explored, that considerable modi-
fications may have to be made when the country becomes
more accurately known. But though details may bhe
modified we can hardly suppose that the great features of
the several specific areas, or their rclations to each other
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will be much affected ; and these are what we have chiefly
to consider as bearing on the questions here discussed.

The first thing that strikes us on looking at the map, is,
the small amount of overlapping of the several areas, and
the isolation of many of the species; while the next most
striking feature is the manner in which the Asiatic species
almost surround a vast area in which no jays are found.
The only species with large areas, are the European G.
glandarius and the Asiatic G. Brandti. The former has
three species overlapping it—in Algeria, in South-eastern
and North-castern Europe respectively. The Syrian jay
(No. 4), is not known to occur anywhere with the black-
headed jay (No. 3), and perhaps the two areasdo not meet.
The Persian jay (No. 5), is quite isolated. The Himalayan
and Chinese jays (Nos. 7, 8, and 9) form agroup which
are isolated from the rest of the genus; while the
Japanese jay (No. 11), is also completely isolated as
regards the European jays to which it is nearly allied.
These peculiarities of distribution are no doubt in part
dependent on the habits of the jays, which live only in
well-wooded districts, among deciduous trees, and are
essentially mon-migratory in their habits, though
sometimes moving southwards in winter. This will
explain their absence from the vast desert area of Central
Asia, but it will not account for the gap between the
North and South Chinese species, nor for the absence of
jays from the wooded hills of Turkestan, where Mr. N. A,
Sovertzoff collected assiduously, obtaining 384 species of
birds but no jay. These peculiarities, and the fact that
jays are never very abundant anywhere, seem to indicate
that the genus is now a decaying one, and that it has at no
very distant epoch occupied a larger and more continuous
aren, such as that of the genus Parus at the present
day.

yDiscontinuous generic Areas—Tt is not very easy to
find good examples of genera whose species occupy two or
more quite disconnected areas, for though such cases may
not be rare, we are seldom in a position to mark out the
limits of the several species with sufficlent accuracy. The
best and most remarkable case among European birds is
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that of the blue magpies, forming the genus Cyanopica,
One species (C. cookt) is confined (as already stated) to the
wooded and mountainous districts of Spain and Portugal,
while the only other species of the genus (C. cyanus) is
found far away in NortL-castern Asia and Japan, so that
the two species are separated by about 5,000 miles of
continuous land. Another case is that of the curious little
water-moles forming the genus Mygale, one species A/
“muscovitica, being found only on the banks of the Volga
and Don in South-eastern Russia, while the other, Jf.
pyrenaica, is confined to streams on the northern side of
the Pyrences. In tropical America there are four different,
kinds of bell-birds belonging to the genus Chasmorhynchus
cach of which appears to inhabit a restricted area com.
pletely separated from the others. The most northerly
18 C. tricarunculatus of Costa Rica and Veragua, a brown
bird with a white head and three long caruncles growin
upwards at the base of the beak. Next comes (. ‘a:a.'ricrmt.zzE’r
in Venezuela, a white bird with a brown head and nu-
merous caruncles on the throat, perhaps conterminous with
the last; in Guiana, extending to near the mouth of the
Rio Negro, we have C. niveus, the bell-bird deseribed 1
Waterton, which is pure white, with a sinele long ﬂeqhy
caruncle at the base of the beak: the last specics. (,¥
nudicollis, inhabits South-east Brazil, and is also white.
but with black stripes over the eyes, and with a naked
throat. These birds are about the size of thrushes and
are all remarkable for their loud, ringing notes, like a bell
or a blow on an anvil, as well as for their peculiar colours
They are therefore known to the native Indians wherever
they exist, and we may be the more sure that they do net
spread over the intervening areas where they have never
been found, and where the natives know nothine of
them. ; 2

A good example of isolated species of a group nearer
home, is afforded by the snow-partridges of the geny
Tetraogallus. One species inhabits the Caucasus %an rs
and nowhere else, keeping to the higher slopes from ¢ 0(5)8
011,000 feet above the sea, and accompanying the ibex 3
its wanderings, as both feed on the same plan't’s. Anoi‘;hel;
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has a wider range in Asia Minor and Persia, from the
Taurus mountains to the South-east corner of the Caspian
Sea; a third species inhabits the Western Himalayas,
between the forests and perpetual snow, extending east-
wards to Nepal; while a fourth is found on the north side
of the mountains in Thibet, and the ranges of these two
perhaps overlap ; the last species inhabit the Altai moun-
tains, and like the two first appears to be completely.
separated from all its allies.

There are some few still more extraordinary cases in
which the species of one genus are separated in remote
continents or islands. The most striking of these is that
of the tapirs, forming the genus Tapirus, of which there
are two or three species in South America, and one very
distinet species in Malacca and Borneo, separated by
nearly lm{f the circumference of the globe, Another
example among quadrupeds is a peculiar genus of moles
named Urotrichus, of which one species mhabits Japan
and the other British Columbia. The cuckoo-like honey-
guides, forming the genus Indicator, are tolerably abund-
ant in tropicaTAfricn. but there are two outlying species,
one in the Eastern Himalaya mountains, the other in
Borneo, both very rare, and recently an allied species has
been found in the Malay peninsula. The beautiful blue
and green thrush-tits forming the genus Cochoa, have two
species in the Eastern Himalayas and Lastern China,
while the third is confined to Java; the curious genus
Eupetes, supposed to be allied to the dippers, has one
species in Sumatra and Malacea, while four other species
are found two thousand miles distant in New Guinea;
lastly, the lovely ground-thrushes 9f the _genus' l_’it,m,
range from Hindostan to Australia, while a single
species, far removed from all its near allies, inhabits West
Africa.

" Peculiarities of Generic and Family Distribution.—The
examples now given sufficiently illustrate the mode in
which the several species of a genus are distributed. We
have next to consider genera as the component parts of
families, and families of orders, from the same point of

view.
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All the phenomena presented by the species of a genus
are reproduced by the genera of a family, and often in a
more marked degree. Owing, however, to the extreme
restriction of genera by modern naturalists, there are not
many among the higher animals that have a world-wide _
distribution. Among the mammalia there is no such
thing as a truly cosmopolitan genus. This is owing to the
absence of all the higher orders except the mice from
Australia, while the genus Mus, which occurs there, is
represented by a distinet group, Hesperomys, in America,
If, however, we consider the Australian dingo as a native
animal we might class the genus Canis as cosmopolite, but
the wild dogs of South America are now formed into
separate genera by some naturalists. Many genera,
however, range over three or more continents, as Felis (the
cat genus) absent only from Australin; Ursus (the bear
genus) absent from Australia and tropical Africa ; Cervus
(the deer genus) with nearly the same range ; and Sciurus
(the squirrel genug) found in all the continents but
Austrabia. Among birds Turdus, the thrush, and Hirundo,
the swallow genus, are the only perching birds which are
truly cosmopolites; but there are many genera of hawks,
owls, wading and swimming birds, wluch have a world-wide
range. )

As a great many genera consist of single species there is
no lack of cases of great restriction, such as the curious lemur
called the “ potto,” which is found only at Sierra Leone,
and forms the genus Perodicticus; the true chinchillas
found only in the Andes of Pern and Chili south of 9° S.
lat. and between 8,000 and 12.000 feet elevation; several
genera of finches each confined to limited portions of the
higher Himalayas, the blood-pheasants (Tthaginis) found
only above 10,000 feet from Nepal to Kast Thibet; the
bald-headed starling of the Philippine islands, the lyre-
birds of Eust Australia, and a host of others.

It is among the different genera of the same family that
we meet with the most striking examples of discontinuity,
although these genera are often as unmistakably allied as
are the species of a genus ; and it is these cases that furnish
the most interesting problems to the student of distribution.
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We must therefore consider them somewhat more
fully.

Among mammalia the most remarkable of these divided
families is that of the camels, of which one genus
Camelus, the true camels, comprising the camel and
dromedary, is confined to Asia, while the other Auchenia,
comprisng the llamas and alpacas, is found only in the
high Andes and in the plains of temperate South America.
Not only are these two genera separated by the Atlantic
and by the greater part of the land of twocontinents, but one
is confined to the Northern and the other to the Southern
hemisphere. The next case, though not so well known, is
equally remarkable ; it is that of the Centetide, a family
of small insectivorous nimals, which are wholly confined
to Madagascar and the large West Indian islands Cuba
and Hayti, the former containing five genera and the latter
a single genus with a species in each island.  Here again
we have the whole continent of Africa as well as the
Atlantic ocean separating allied genera. Two families (or
subfamilies) “of rat-like animals, Octodontidae and
Echimyide, are also divided by the Atlantic. Both are
mainly South American, but the former has two genera in
North and East Africa, and the latter also two in South
and West Africa. Two other families of mammalia,
though confined to the Fastern hemisphere, are yet
markedly discontinuous. The Tragulide are small deer-
like animals, known as chevrotains or mouse-deer,
abundant in India and the larger Malay islands and
forming the genus Tragulus; while _another genus,-
Hyomoschus, is confined fo  West Africa. The other
family is the Simiida or anthropoid apes, in which we have
the gorilla and chimpanzee confined to West and Central
Africa, while the allied orangs are found only in the islands
of Sumatra and Borneo, the two groups being separated
by 4 greater space than the Echimyid® and other rodents
of Africa and South America, 4

Among birds and reptiles we [mve- scvcrz_xl fmmh(_:s,
which, from being found only within the tropics of Asia,
Africa, and America, have been termed tropicopolitan
groups. The Megalemide or barbets are gaily coloured
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fruit-eating birds, almost equally abundant in tropical Asia
and Africa, but less plentiful in America, where they
probably suffer from the competition of the larger sized
toucans. The genera of each country are distinet, but all
are closely allied, the family being a very natural one. The
trogons form a family of very gorgeously coloured and
remarkable insect-eating birds very abundant in tropical
Ameriea, less so in Asia, and with a single genus of two
species in Africa.

Among reptiles we have two families of snakes—the
Dendrophidie or tree-snakes, and the Drylophida or green
whip-snakes—which are also found in the three tropical
regions of Asin, Africa, and America, but in these cases
even some of the genera are common to Asia and Africa,
or to Africa and America. The lizards forming the family
Amphisbenide are divided between tropical Africa and
America, a few species only occurring in the southern
portion of the adjacent temperate regions ; while even the
peculiarly American family of the iguanas is represented
by two genera in Madagascar, and one in ‘the Fiji and
Friendly Islands. Passing on to the Amphibians the
worm-like Ceweciliade are tropicopolitan, as are also the
toads of the family Engystomatidie.  Insects also furnish
some analogous cases, three gencra of Cicindelidie,
Pogonostoma, Ctenostoma, and Peridexia) showing a
decided connection between this family in South America
and Madagascar; while the beautiful family of diurnal
moths, Uraniidie, is confined to the same two countries.
A somewhat similar but better known illustration is
afforded by the two genera of ostriches, one confined to
Africa and Arabia, the other to the plains of temperate
South America. b :

Geneval fealures of Overlapping  and !)zswntmsuaus
Areas—These numerous examples of discontinuous genera
and families form an important section of the facts of
animal dispersal which any true theory must satisfactorily
account for. In greater or less prominence they are to be
found all over the world, and in every group of animals,
and they grade imperceptibly into those cases of conter-
minous and overlapping areas which we have seen to
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prevail in most extensive groups of species, and which are
perhaps even more common in those large families which
consist of many closely allied genera. A sufficient proof
of the overlapping of generic areas is the occurrence of a
number of genera of the same family together. Thus in
France or Italy about twenty genera of warblers (Sylviada)
are found, and as each of the thirty-three genera of this
family inhabiting temperate FEurope and Asia has a
different area, a great number must here overlap.  So, in
most parts of Africa, at least ten or twelve genera of
antelopes may be found, and in South America a large
proportion of the genera of monkeys of the family CGebide
occur in many districts; and still more is this the case
with the larger bird families, such as the tanagers, the
tyrant shrikes, or the tree-creepers, so that there is in all
these- extensive families no genus whose area does not
overlap that of many others. Then among the moderately
oxtensive families we find a few instances of one or two
genera isolated from the rest, as the spec acled bear,
Tremarctos, found only in Chili, while the remainder of
the family extends from Furope and Asia over North
America to the Mountains of Mexico, but no further
south ; the Bovide, or lwl]‘ow-horncd ruminants, which
have a fow isolated genera in the Rocky .\Fountmns and
the islands of Sumatra and Celebes; and from lthose we
pass on to the cases of wide separation already given.
Restricted Areas of Fam ilies.—As families sometimes
consist of single genera and even single species, they often
present examples of very restricted range; but what is
perhaps more interesting are those cases in which a family
contains numerous Species and sometimes even, sever:.\l
genera, and yet is confined to a narrow area, Such are
the golden moles ((_.'-ln'ysocl‘)lm'ul:e) consisting of‘ two
genera and three species, c_nut_mcd to extratropical South
Africa ; the hill-tits (Liotnchu‘l:u), a family of numerous
genera and species mainly Fon[:me(l to the Hn_n:\lu_y:as, but
with a few straggling species 1n the Malay countries and
the mountains of China; the Pteroptochide, large wren-
like birds, consisting of eight genera an‘d nineteen species,
almost entirely confined to temperate South America and
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the Andes ; and the birds-of-paradise, consisting of nine-
teen or twenty genera and about thirty-five species, almost
all inhabitants of New (uinea and the immediately
surrounding islands, while a few, doubtfully belonging to
the family, extend to East Australin. Among reptiles the
most striking case of restriction is that of the rough-tailed
burrowing snakes (Uropeltide), the five genera and
eighteen species being strictly confined to Céylon and the
southern parts of the Indian Peninsula,

The Distribution of Orders—When we pass to the larger
groups, termed orders, comprising several families, we find
comparatively few cases of restriction and many of world-
wide distribution ; and the families of which they are
composed are strictly comparable to the genera of which
families are composed, inasmuch as they present examples
of overlapping, or conterminous, or isolated areas, though
the latter are comparatively rare. Among mammalia the
Insectivora offer the best example of an order, several of

~whose families inhabit areas more or less isolated from the

rest ; while the Marsupialia have six families in Australia,
and one, the opossums, far off in America.

Perhaps, more important is the limitation of some entire
orders to certain well-defined portions of the globe. Thus
the Proboscidea, comprising the single family and genus of
the elephants, and the Hyracoidea, that of the Hyrax or
Syrian coney, are confined to parts of Africa and Asia;
the Marsupials to Australia and America; and the
Monotremata, the lowest of all mammals—comprising the
duck-billed Platypus and the spiny Echidna, to Australia
and New Guinea. Among birds the Struthiones or ostrich
tribe are almost confived to the three Southern continents,
South America, Africa and Australia; and among
Amphibia  the tailed . Batrachia—the newts auﬁ
salamanders—are similarly restricted to the northern
hemisphere.

These various facts will receive their explanation in a
future chapter.
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CHAPTER III

CLASSIFICATION OF THE FACTS OF DISTRIBUTION.—
ZOOLOGICATL REGIONS

The Geographical Divisions of the Globe do not correspond to Zoological
divisions—The range of British Mamunals as indicating a Zoological
Region—Range of Kast Asian and North African Mammals—The
Range of British Birds—Range of East Asian Birds—The limits of the
Pulmarctic Region—Characteristio features of tim Palearctic Region—
Definition and chameteristic growps of the Ethiopian Region—Of the
Oriental Region—Of the Australian Region—Of the Nearctic Region—
Of the Neotropical Region—Com srison of, Zoological Regions with
the Geographical Divisions of the Globe.
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SHEWING THE ZOOLOGICAL REGLORS.

HAvVING now obtained some notion of how animals are
dispersed over the earth’s surface, whether as single
species or as collected in those groups termed gemera,
families, and orders, it will be well, before proceeding
further, to understand something of the classification of
the facts we have been considering, and some of the
simpler conclusions these facts lead to.

We have hitherto described the distribution of species
‘and groups of animals by means of the great geographical
divisions of the globe in common use; but it will have
been observed that in hardly any case do these define the
limits of anything beyond species, and very seldom, or
perhaps never, even those accurately. Thus the téerm
“ Burope * will not give, with any approach to accuracy,
the range of any one genus of mammals or birds, and
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perhaps not that of half-a-dozen species. Either they
range into Siberia, or Asia Minor, or Palestine, or North
Africa; and this seems to be always the case when their
area of distribution occupies a large portion of Europe.
There are, indeed, a few species limited to Central or
Western or Southern Europe, and these are almost the
only cases in which we can®use the word for zoologieal
purposes without having to add to it some portion of
another continent. Still less useful is the term Asia for
this purpose, since there is probably no single animal or
group confined to Asia which is not also more or less
nearly confined to the tropical or the temperate portion of
it. The only exception is perhaps the tiger, which may
really be called an Asiatic animal, as it occupies nearly
two-thirds of the continent ; but this is an unique example,
while the cases in which Asiatic animals and groups are
strictly limited to a portion of Asia, or extend also into
Europe or into Africa or to the Malay Islands, are exceed-
ingly numerous, So, in Africa, very few groups of animals
range over the whole of it without going beyond either
into Europe or Agia Minor or Arabia, while those which
are purely African are generally confined to the portion
south of the tropic of Cancer. Australia and America are
terms which better serve the purpose of the zoologist.
The former defines the limit of many important groups of
animals ; and the same may be said of the latter, but the
division into North and South Ameriea introduces
difficulties, for almost all the groups especially character-
istic of South America are found also beyond the isthmus
of Panama, in what is geographically part of the northern
continent,

It being thus clear that the old and popular divisions
of the globe are very inconvenient when used to deseribe
the range of animals, we are naturally led to ask whether
any other division can be made which will be more useful,
and will serve to group together a considerable number of
the facts we have to deal with, Such a division was made
by Mr. P. L. Sclater more than twenty years ago, and it
has, with some slight modifications, come into pretty
general use in this country, and to some exteut also
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abroad ; we shall therefore proceed to explain its nature
and the principles on which it is established, as it will
have to be often referred to in future chapters of this work,
and will take the place of the old geographical divisions
whose inconvenience has already been pointed out. The
primary zoological divisions of the globe are called
“regions,” and we will begin by ascertaining the limits of
the region of which our own country forms a part.

The Range of British Mammals as indicating a Zoological
Region.—We will first take our commonest wild mammalia
and see how far they extend, and especially whether they
are¢ confined to Europe or range over parts of other

continents :

1. Wild Cat ... . | Europe | N. Africa | Siberia, Afghanistan.
2 Hox e Europe | N. Africa Central Asia to Amoor.
3. Weasel Europe | N. Africa | Central Asia to Amoor. .
4, Otter...... Europe | N. Africa | Siberia,
5. Badger ..., | Europe | N. Africa ] Central Asia to Amoor.
(A AR S Turope | N. Africa | Central Asia to Amoor.
7. Hedgchog Europe — | Central Asia to Anioor,
8. Molo ......... sooo | Europe - Central Asia.
9. Squizrel...... ... | EBurope — Central Asia to Amoor.
10. Dormonse Furope —- —
11. Water-rat Iiuropa ~ | Central Asia to Amoor.
ST EIATG oo b os Pois s luropo - | W. Siberin, Persia,
“18. Rabbit _.......... Europe | N. Afriea ! —

We thus see that out of thirteen of our commonest
quadrupeds only one is confined to Europe, while seven
are found also in Northern Africa, and eleven range into
Siberia, most of them stretching quite across Asia to the
valley of the Amoor on the extreme eastern side of that
continent. Two of the above-named British species, the
fox and weasel, are also inhabitants of the New World,
being as common in the northern parts of North America
as they are with us; but with these exceptions the entire
range of our commoner species is given, and they clearly
show that all Northern Asiag and Northern Africa must be
added to Europe in order to form the region which they
collectively inhabit. If now we go into Central Europe
and take, for example, the quadrupeds of Germany, we
shall find that these too, although much more numerous,
are confined to the same limits, except that some of the

D
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more arctic kinds, as already stated, extend into the colder
regions of North America.

Range of Fast Asian and North African Mammals.—
Let us now pass to the other side of the great northern
continent, and examine the list of the quadrupeds of
Amoorland, in the same latitude as Germany. We find
that there are forty-four terrestrial species (omitting the
bats, the seals, and other marine animals), and of these no
less than twenty-six are identical with European species,
and twelve or thirteen more are closely allied representa-
tives, leaving only five or six which are peculiarly Asiatic.
We can hardly have a wmore convincing proof of the
(fsgntial oneness of the mammalia of Europe and Northern

sia.

In Northern Africa we do not find so many European
species (though even here they are very numerous) be-
cause a considerable number of West Asiatic and desert
forms occur. Having, however, shown that Europe and
Western Asia have almost identical animals, we may treat
all these as really European, and we shall then be able to
compare the quadrupeds of North Africa with those of
Europe and West Asia. Taking those of Algeria as the best
known, we find that there are thirty-three species identical
with those of Europe and West ‘Asia, while twenty-four
more, though distinct, are closely allied, belonging to the
same genera ; thus making a total of fifty-seven of European
type. On the other hand, we have seven species which
are either identical with species of tropical Africa or allied
to them, and six more which are especially characteristic
of the African and Asiatic deserts which form a kind of
" neutral zone between the temperate and tropical regions,
If now we consider that Algeria and the adjacent countries
bordering the Mediterranean form part of Africa, while
they are separated from Europe by a wide sea and are only
connected with Asia by a narrow isthmus, we cannot bug
feel surprised at the wonderful preponderance of the
Ruropean and West Asiatic elements in the mammalia
which inhabit the district.

The Range of British Birds—As it is very important
that no doubt should exist as to the limits of the zoological
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region of which Europe forms a part, we will now examiqe
the birds, in order to see how far they agree in their
distribution with the mammalia. Of late years great
attention has been paid to the distribution of European
and Asiatic birds, many ornithologists having travelled in
North Africa, in Palestine, in Asia Minor, in Persia, in
Siberia, in Mongolia, and in China; so that we are now
able to determine the exact ranges of many species in a
manner that would have been impossible a few years ago.
These ranges are given for all British species in the new
edition of Yarrell's History of British Birds edited by
Professor Newton, while those of all European birds are
given in still more detail in Mr. Dresser’s beautiful work
on the birds of Europe. In order to confine our exami-
nation within reasonable limits, and at the same time give
it the interest attaching to familiar objects, we will take
the whole series of British Passeres or perching birds given
in Professor Newton's work (118 in number) and arrange
them in series according to the extent of their range.
These include not only the permanent residents and
regular migrants to our country, but also those which
occasionally straggle here, so that it really comprises a
large proportion of all European birds.

1. Bririsn Bimps WHICH EXTEND TO NoRT# AFRICA AND CENTRAL
ok NORTH-BAST ASIA,

1. Zanius colTtsrio ...-cocveenrres Red backed Shrike (also all Africa).
9. Orinlus Galbielt .......c....... Golden Oriolo (also all Africa). i
8. Tierus musicus o ..ooeoiienn  Song-Thrush,
4. Syl L RLUORNKS, avisvesnssratas Hed-wing.
5. vol PUETIS i Fieldfare.
8. Monticola saxatilis...... .. .- Blue rock Thrush.
7. Rubicills Suceicn....ocoovveren- Bluethroat (also Tndin in winter).
8. Saxicola rubicolet «oooviievias Stonechat (also India in ‘wiuter].
9. e @hanthe ............ Wheatear (also N. America).
10. Acrocephalus arundinaccus,  Great Reed-Warbler,
Y1! Sylvic currticst «..oooveeeeeeis Lesser Whitethroat.
12, Parus major .......cooveeiens Great Titmouse, A
18. Motacilla sulphurca ., Srey Wagtail (also China and Malaya).
14 AT 1 S voo Yellow Wagtail,
18, Anthicg Privialis,....covsviens Tree Pi 'it..
16. 32 spilolefla ....iiioiiis Water Pipit,
17 sy COMPESLTIS oooirrvr e Tawny Pipit.
18] Afauwda arvensis............... Skylark.
19, it orielald i il i Crosted Lark.

| S

D
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2. Emberiza scheeniclus ...... .. Reed Bunting.

21, A citrinella ......... Yellow-hammer.

22. Fringilla montifringilla ... Brambling.

23. Passcr monlanits ............ Treo Sparrow (also S, Asia).

24, 5 domesticus ......,...., House Sparrow.

25, Coccothravstes vulgaris ...... Hawfinch.

26. Carduelis spinus . . Siskin (also China).

27. Loxia eurvirostra ............ Crosshill
28. Sturnus vulgaris ............ Starling.
29. Pyrrhocorax graculus ... Chough.
30, COrvis corone «...vvvererinrins Crow.
31. Hirundo rustica... Swallow (all Africa and Asia).
32. Colyle ripari®........ccoverrans Sand Martin (also Indin and N. America),
IT. Bririsy BIRDS WHICH EANGE To CENTRAL OR NORTH-EAST ASIA.
1. Lanius cxcubitor.. Great Grey Shrike.
2. Turdus varius ...... White's Thrush (also to Japan).
3. s adriplaris ......... Black-throated Thrush.
4. Acrocephalus nevius ......... Grasshopper Warbler.
5. Phylloscopus supercitiosits,.. Yellow-browed Warbler.
6. Corthia familiaris ............ Tree-creeper.
7. Parus carideus ........c.ious Blue Titmouse.
o R Y o s sy st Coal Titmouse.
Q5 - RpaltsIris Jiiieerisoysnes Marsh Titmouse.
10. Acredula candale ... Long-tailed Titmouse.
11. Ampelis garrulus .. ........ Wax-wing.
12. dnthus richardi...... ... Richard’s Pipit.
13. Alauda alpestris ... Shore Lark (also N, America),
14. Plectrophanes nivalis Snow-Bunting (also N. America),
15. o lapponicus ... Tapland Bunting, :
16. Emberiza rustica ............ Rustic Bunting (also China).
17; i pusilia il Little Bunting.
18, Zinota Lngrit  ...o.cvicveeers Mealy Redpole (also N. America).
19, Pyrriuia crythring ......... Searlet Grosbeak (also N. India, Chinal,
20. > entelealor ... Pine Grosheak (also N. America).
91, Loziw bifesciald . ...........o..  Two-barred Crosshill,
99, Pastor roscus ... Rose-coloured Starling (also India),
23. Corvns coras .. ... Raven (also N. America).
24, Plec PUSIICHE  oociiiiiianiaine Magpie.
26, Nucifrage caryocalacies. ... Nuteracker,
I1IL. Brerisn Birps RANGING 1NTo N. A¥Rica AxXn W. Asia.
Y, LORTHS MAROT «vrereveeeiinisnns Lesser Grey Shrike,
2, v auricwlatiues ... Woodchat (also Tropieal Africa),
3. Ahescicapa grisols ..o Spoth.\«l Flycatcher (nlso E. and S,
Africa),
4. %5 atricapilla ... Pied Flyeatcher (also Centyal Affica).
b. Turdus viseivorus ....... 2 Mistlntfm—Thrush (N. India in winter),
S R RO e e nes Blackbird.
7. s lorqualtes ... Ring 0\‘|zel.
8. Accentor modularis ......... Hedge Sparrow,
0, Erithacus rithoonla...........: Redbreast.

10,

Danlios bescinde  ......o00een Nightingale.
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N

. Paris eristadtin oo ieiiiaans

11. Rulicilla phamicurus......... Redstart,
12. 3 41271 SO, Black Redstart.
13. Sazicola rudetra...... ... Whinchat,
14. Aédon galactodes Rufous Warbler.
15. dcrocephalies streperis ... Reed Warbler.
16. 53 schanobenus...  Sedge Warbler.
17. Melizophilus undatus ... Dartford Warbler.
18. Sylvia raifa.......oioiiiiniins Greater Whitethroat.
i S L e O Garden Warbler.
20. s alricapille Blackeap.
21. Sy OXDNEE Vs vedatrva Orphean Warblor.
22, Phylloscopus sibilatriz ....., Wood Wren,
23. X trockilus ...... Willow Wren.
24, 3 collybite ...... Chiffchaff.
28, Regildus cristattts ............ Golden-crested Wron,
26. ,  tygnicapillus ......... Fire-crested Wren.
27. Troglodytes parvulus......... Wren,
DR Slle COBLR isvsr-nvvesnsonnias Nuthatch.
20. Motacille alba..... ... White Wagtail (also W. Africa).
30. S L e Blue-headed Wagtail.
31. Anthus protensis .. Meadow-Pipit.
32, Alauda arbored ,....oavveaniie Woodlark,
. 83. Calandrella brachydactyle.,  Short-toed Lark,
34, Emberiza milieric............ Common Bunting.
3h. 5 CErLURT ol wviadas Cirl Bunting.
36. A hortulana ......... Ortolan,
37. Fringilla calebs ....coocvviens Chaffinch.
38, Coccothraustes chloris......... Greenfinch,
89, Serinus hortwlanus ........ Serin.
40, Carduelis clegans .....--..-.. Goldfinch.
41, Linota cannabing ,........... Linnet.
42, Corvus monedula® ........o... Jackdaw.
43, Chelidon urbic ....evveviians House-Martin,
1V. Bririsn Birps RANGING To NonrrTH AFRICA.
1. Hiypolais (ctering «ooucvvieeeessiimiinnninn, Ictering Warbler.
2. Acrocephaltis QEualicils ov.eeeieeniiiiiiaan. Aquatic Warbler,
3. 7 TUSCINIOTACS ~evvviiiaiianis Savi's Warbler.
4. Motacilia lugubris .. . Pied Wagtail.
5. Pyrriula curoprs .. Bullfinch,
6. Garrulus glandariug ,........... teaut ARYS
V. Brimis# Binps RANGING T0 WEST ASIA ONLY.
1. Accentor collaris............ Alpine Accentor.
2. Muscicapa parca . .. Rad-breasted Flycatcher {to N. W India).
3. Panurus bigrmicus Bearded Titmouse,
4. Melanocorypha sibirica... White-winged Lark,
b, Buspiza melanocsphale ... Black-headed Bunting.
6. Linota flavirostris ......... Twite.
7. Corvus frugilequs ......... Rook.
“VI. Brimsu Birps coNviNen 10 EUROTE.
1. Cinelius aqualicttd, . o neeeeis Dipper (closely allied races inhabit other
parts of the Palearctic Region).
Crested Titmouse,
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8. Anthus 0WSEUTUS (i iieiiinns Rock Pi‘pit

4. Linola rujescens ........ocveeee Lesser Redpoll (closely allied races in
N. Asia and N. Ameriea).

5. Loxzia pilyopsitlacus............ Parrot Crossbill (n closely allied form in
N. Asia),

We find, that out of a total of 118 British Passeres
tliere are : C

32 species which range to North Africa and Central
or ast Asia,

25 species which range to Central or East Asia, but
not to North Africa.

4:3Aspecies which range to North Africa and Western

sia. i

6 species which range to North Africa, but not at
all into Asia.

7 species which range to West Asia, but not to North
Africa.

5 species which do not range out of Europe.

These figures agree essentially with those furnished by
the mammalia, and complete the demonstration that all
the temperate portions of Asin and North Africa must be
added to Europe to form a natural zoological division of
the earth. We must also note how comparativély few of
these overpass the limits thus indicated; only seven
gpecies extending their range oceasionally into tropical or
South Africa, eight into some parts of tropica]l Asia, and
six into arctic or temperate North America. ,

Range of East Asian Birds—To complete the evidence
we only require to know that the East Asiatic birds are as
much like those of Europe, as we have already shown to
be the case when we take the point of departure from our
end of the continent. This does not follow necessarily,
because it is possible that o totally distinct North Asiatic
fauna might there prevail; and, although our birds go
eastward to the remotest parts of Asia, their birds might
not come westward to Iurope. The birds of Eastern
Siberia have been carefully studied by Russian naturalists
and afford'us the means of making the required cgmparison.
There are 151 species belonging to the orders Passeres and
Picarim (the perching and cliuﬁ)ing birds), and of these no
Jess than 77, or more than half, are absolutely identical
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with European species; 63 are peculiar to North Asia, but
all except five or six of these are allied to European forms;
the remaining 11 species are migrants from South-eastern
Asia. The resemblance is therefore equally close which-
ever extremity of the Euro-Asiatic continent we take as
our starting point, and is equally remarkable in birds as in
mammalia. We have now only to'determine the limits of
this, our first zoological region, which has been termed the
“Palwarctic” by Mr. Sclater, meaning the “northern
old-world ” region—a name now well known to naturalists.
The Lamits of the Palawarctic Region—The boundaries
of this region, ag nearly as they can be ascertained, are
shown on our general map at the beginning of this chapter,
but it will be evident on consideration, that, except in a
few places, its limits can only be approximately defined.
On the north, east, and west 1t extends to the ocean, and
includes a number of islands whose peculiarities will be
ointed out in a subsequent chapter ; so that the southern
goundary alone remains, but as this runs across the entire
continent from the Atlantic to the Pacific ocean, often
traversing little-known regions, we may perhaps never be
able to determine it accurately, even if it admits of such
determination. In drawing the boundary line across Africa
we meet with our first difficulty. The Euro-Asiatic

animals undoubtedly extend to the northern borders of the

Sahara, while those of tropical Africa come up to its
southern margin, the desert itself forming a kind of sandy
.ocean between thenr. Some of the species on either side

netrate and even cross the desert, but it is impossible to
E:cllauce these with any accuracy. and it has therefore been
thought best, as a mere matter of convenience, to consider
the geographical line of the tropic of Cancer to form the
boundary. We are thus enabled to define the Palearctic
region as including all north temperate Africa; and, a
similar intermingling of animal types occurring in Arabia,
the same boundary line is continued to the southern shore
of the Persian Gulf. Persia and Afghanistan undoubtedly
belong to the Palmarctic region, and Baluchistan should
probably go with these. The boundary in the north-
western part of India is again difficalt to determine, but it
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cannot be far one way or the other from the river Indus as
far up as Attock, opposite the mouth of the Cabool river.
Here it will bend to the south-east, passing a little sauth
of Cashmeer, and along the southern slopes’ of the
Himalayas into Fast Thibet and China, at heights varying
from 9,000 to 11,000 feet aceording to soil, aspect, and
shelter. It may, perhaps, be defined as extending to the
upper belt of forests as far as coniferous trees prevail ; but the
temperate and tropical faunas are here so intermingled
that to draw any exact parting line is impossible. The
two faunas are, however, very distinct. In and above the
pine woods there are abundance of warblers of northern
genera, with wrens, numerous titmice, and a great variety
of buntings, grosbeaks, bullfinches and rosefinches, all more
or less nearly allied to the birds of Europe and Northern
Asia ; while a little lower down we meet with a host of
peculiar birds allied to those of tropical Asia and the Malay
Islands, but often of distinct genera. There can be no
doubt, therefore, of the existence here of a pretty sharp
line of demarkation between the temperate and tropical
faunas, though this line will be so irregular, owing to the
complex system of valleys and ridges, that in our present
ignorance of much of the country it cannot be marked in
detail on any map.

Further east in China it is still more difficult to
determine the limits of the region, owing to the great
intermixture of migrating birds ; tropical forms passing
northwards in summer as far as the Amoor river, while the
northern forms visit every part of China in winter. From
what we know, however, of the distribution of some of the
more typical northern and southern species, we are able to
fix the limits of the Palmarctic region a little south of
Shanghai on the east coast. Several tropical genera come
as far north as Ningpo or even Shanghai, but rarely
beyond; while in Formosa and Amoy tropical forms
predominate.  Such decidedly northern forms agbullfinches
and hawfinches are found at Shanghai; hence we may
commence the boundary line on the coast between Slmng]w_i
and Ningpo, but inland it probably bends a little southward,
and then northward to the mountains and valleys of West,
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China and East Thibet in about 32° N. latitude ; where, at
Moupin, a French missionary, Pére David, made extensive
collections showing this district to be at the junction of the
tropical and temperate faunas. Japan, as a whole, is
decidedly Palwarctic, although its extreme southern portion,
owing to its mild insular climate and evergreen vegetation,
gives shelter to a number of tropical forms.

Characteristic Features of the Paladrelic Region—Having
thus demonstrated the unity of the Palmarctic region by
tracing out the distribution of a large proportion of its
mammalia and birds, it only remains to show how far it is
characterised by peculiar groups such as genera and farfilies,
and to say a few words on the lower forms of life which
prevail in it. :

Taking first the mammalia, we find this region is
distinguished by its possession of the entire family of
Talpide or moles, consisbing of eight genera and sixteen
species, all of which are confined to it except one which is
found in North-west America, and two which extend to
Assam and Formosa. Among carnivorous animals the
lynxes (nine species) and the badgers (two species) are
peculiar to it in the old world, while in the new the lynxes
are found only in the ‘colder regions of North America.
It has six peculiar genera (with seven species) of deer;
seven peculiar genera of Bovidwe, chiefly antelopes; while
the entire group of goats and sheep, comprising twenty-two
species, is almost confined to it, one species only oceurring
in the Rocky Mountains of North America and another
in the Nilgiris of Southern India. Among the rodents -
there are nine genera, with twenty-seven species wholly
confined to it, while several others, as the voles, the dor-
mice, and the pikas, have only a few species c}suwhere.

In birds there are a large number of peculiar gencra of
which we need only mention a few of the more important,
as the grasshopper-warblers (Locustella) with seven species,
the Accentors with twelve species, and about a dozen other
genera of warblers, including the robins; the bearded tit-
mouse and several allied genera; the long-tailed titmice
forming the genus Acredula; the magpies, choughs, and
nuterackers: a host of finches, among which the bull-
finches (Pyrrhula) and the buntings (limberiza) are the
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most important. The true pheasants (Phasianus) are
wholly Palwearctic, except one species in Formosa, as are
several genera of wading birds. Though the reptiles of
cold countries are few as compared with those of the
tropics, the Pal@arctic region in its warmer portions has a
considerable number, and among these are wany which
are peculiar to it. Suchare four genera of snakes, seven of
lizards, five of frogs and toads, and twelve of newts and
salamanders; while of fresh-water fishes there are about
twenty peculiar genera? Among insects we may mention
the elegant Apollo butterflies of the Alps as forming a
peculiar genus (Pamassius), only found elsewhere in the
Rocky Mountains of North America, while the beautiful
genus Thais of the south of Europe and Sericinus of North
China are equally remarkable. Among other insects we
can only now refer to the great family of Carabide, or
predaceous ground-beetles, which are immensely numerous
in this region, there being about fifty peculiar genera ; while
the large and handsome genus Carabus, with its allies Pro-
cerus and Procrustes, containing nearly 300 species, is almost
wholly confined to this region, and would alone serve to dis-
tinguish it zoologically from all other parts of the globe.

ISLAND LIFE PART L

1 The following list of tha genera of rcpthes and amphibia peculiar to
the Palwarctic Region has been furnished me by Mr. G. A. Boulenger, of
the British Musenm ;—

SNAKES.

Achalinus—China, Japan,
Culopeltis—S. Eur., N. Af, S.W.
Asin,
Macroprotodon—S. Eur,, N. AfL
Taphrometopon~—Cent, Asin.

LIZARDS.

Phrynocephalits—Cent. and  S.W,
Asia,
Anguis—Europe, W. Asia.
Blanws—S, W, Lar., N.W. Africa,
S.W. Asia.
T'rogonophis—N.W. Africa. 2
Lacerta—Eur. Temp, Asin, N.
Africa (one sp. In
W. AL).
Psammodromis—S. W. Eur., N.W,
Afriea,
Algiroides—S, Eur.

Frocs AND Toans,
Pelobates—Eur., S. W, Asia,
Pelodytes—W. Europe.
Diseoglossus—S, Eur., N.W. Afl
Bombinator—Eur., Tcmlv. Asia.
Alytus—Cent. and W, Kur,

NEWTS,
Salanmudm-—-l'lnx,_ N. AL, 5.W.

sin,
Chioglossa—Spain and Portugal.
Salamandrina—Italy.
Pachytriton—East Thibet.
Hynobins—China and Japan.
Feomolgo—E. Manchuria,
Onyrehodactylus—Japan,
Salamandrelia—Siberia,
Ranidens—Siberia.
Datrachyperus—East Thibet,
Myalobatrachis—China, Japan,
Protois—Caverns of S, Austrin.
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Having given so full an exposition of the facts which
determine the extent and boundaries of the Palmarctic
region, there is less need of entering into much detail as
regards the other regions of the Eastetn Hemisphere ;
their boundaries being easily defined, while their forms of
animal life are well marked and strongly contrasted.

Definition and Characteristic Groups of the Ethiopian -
Region.—The Ethiopian region consists of all tropical and
south Africa, to which are appended the large island of
Madagasear and the Mascarene Islands to the east and
north of it, though these differ materially from the con-
tinent, and will have to be discussed in a separate chapter.
For the present, then, we will take Africa south of the
tropic’ of Cancer, and consider how far its animals are .
distinet from those of the Palearctic region.

Taking first the mammalia, we find the following re-
markable animals at once separating it from the Palmarctic
and every other region. The gorilla and chimpanzee, the
baboong, numerous lemurs, the spotted hymna, the aard-
wolf and hy@na-dog, zebras, the hippopotamus, girafle,
and more than seventy peculiar antelopes. Here we have
a wonderful collection of large and peculiar quadrupeds,
but the Ethiopian region is also characterised by the
absence of others which are mnot only abundant in the
Palmarctic tegion but. in many tropical regions as well.
The most remarkable of these deficiencies are the bears
the deer and the wild oxen, all of which abound in.the
tropical parts of Asia while bears and deer extend mto
both North and South America. Besides the large and
conspicuous animals mentioned above, Africa possesses a
number of completely isolated groups; such are the
potamogale, a curious otter-like water-shrew, discovered
by Du Chaillu in West Africa, so distinct as to constitute
a new family, Potamogalide ; the goldenmoles, also
forming a peculiar family, Chrysmchl_oridm; as do the
elephant-shrews, Macroscelidide ; the singular aard-varks,
or earth-pigs, forming a peculiar family of Edentata called
Orycteropodide ; while there are numerous pecunliar genera
of monkeys, swine, civets, and rodents.

Among birds the most conspicuous and remarkable are,
the great-billed vulture-crows (Corvultur), the long-tailed
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whydah finches (Vidua), the curious ox-peckers (Buphaga),
the splendid metallic starlings (Lamprocolius), the hand-
some plantain-eaters (Musophaga), the ground-hornbills
(Bucorvus), the numerous guinea-fowls belonging to four
distinct genera, the serpent-eating secretary-bird (Serpent-
arius), the huge boat-billed heron (Balwniceps), and the
true ostriches. There are also three quite peculiar
African families, the Musophagida: or plantain-eaters,
including the elegant crested touracos; the curious
little finch-like colies (Coliida®), and the Irrisoridm,
insect-eating birds allied to the hoopoes but with glossy
metallic plumage and arboreal habits.

In reptiles, fishes, insects, and land-shells, Africa is very
rich, and possesses an immense number of peculiar forms.
These are not sufficiently familiar to require notice in a
work of this character, but we may mention a few as mere
illustrations : the puff-adders, the most hideous of poisonous
snakes ; the chameleons, the most remarkable of lizards;
the goliath-beetles, the largest and handsomest of the
Cetoniide; and some of the Achatine, which are the
largest of all known land-shells.

Definition and Characteristic Groups of the Oriental
Reyion—The Oriental region comprises all Asia south of
the Palaarctic limits, and along with this the Malay
Islands as far as the Philippines, Borneo, and Java. Tt

ras called the Indian region by Mr. Sclater, but this term
has been objected to because the Indo-Chinese and Malayan
distriets are the richest and most characteristic, while the
peninsula of India is the poorest portion of it. The name
“Oriental ” has therefore been adopted in my work on
The Geographical Distribution of Animals as preferable to
either Malayan or Indo-Australian, both of which have
been proposed, but are objectionable, as being already in
use in a different sense.

The great features of the mammals of the Oriental region
are, the long-armed apes, the orang-utans, the tiger, the
sun-bears and honey-bears, the tapir, the chevrotains or
mouse-deer, and the Indian elephant. Tts most conspicuons
birds are the immense number and variety of babbling,
thrushes (Timaliida), its beautiful little hill-tits (Liotrich-
ida), its green bulbuls (Phyllornithide), its many vavieties
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of the erow-family, its beautiful gapers and pittas adorned
with the most delicate colours, its great variety of hornbills,
and its magnificent Phasianide, comprising the peacocks,
argus-pheasants, fire-backed pheasants, and jungle-fowl
Many of these are, it is true, absent from the peninsula
of Hindostan, but sufficient remain there to ally it with
the other parts of the region.

Among the remarkable but less conspicuous forms of
mammalia which are peculiar to this region are, monkeys
of the genus Presbyter, extending to every part of it;
lemurs of three peculiar genera—Nycticebus and Loris
(slow lemurs) and Tarsius (spectre lemurs); the flying
lemur (Galeopithecus), now elassed as a peculiar family
of Insectivora and found only in the Malay Islands; the
family of the Tupaias, or squirrel-shrews, curious little
arboreal Insectivora somewhat resembling squirrels; no
less than twelve peculiar genera of the civet family, three
peculiar antelopes, five species of rhinoceros, and the round-
tailed flying squirrels forming the genus Pteromys.

Of the peculiar groups of birds we can only mention a
few. The curious little tailor-birds of the genus Ortho-
tomus are found over the whole region and almost alone
serve to characterise it, as do the fine laughing-thrushes,
forming the genus Garrulax; while the beautiful grass-
green fruit-thrushes (Phyllornis), and the brilliant little
minivets (Pericrocotus), are almost equally universal.
Woodpeckers are abundant, belonging to a dozen peculiar
genera; while gaudy barbets and strange forms of cuckoos
- and hornbills are also to be met with everywhere. Among
game birds, the only genus that is universally distributed,
and which may be said to characterise the region, 18 Gallus,
comprising the true jungle-fowl, one of which, Gallus ban-
kiva, is found from the Himalayas and Central India to
Malacea, Java, and even castward to Timor, and is the
undoubted origin of almost all our domestic poultry. South-
ern India and Ceylon each possesses distinet species of
jungle-fowl, and a third very handsome green bird (Gallus
@neus inhabits Java.)

Reptiles are as abundant as in Africa, but they present
no well-known groups which can be considered as specially
characteristic. Among insects we may notice the magni-
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ficent golden'and green Papilionide of various genera as
being unequalled in the world ; while the great Atlas moth
is probably the most gigantic of Lepidoptera, being some-
times ten inches across the wings, which are also ve
broad. Among the beetles the strange flat-bodied Malayan
mormolyce is the largest of all the Carabid®, while the
catoxantha is equally a giant among the Buprestide. On
the whole, the insects of this region probably surpass
those of any other part of the world, except South America,
in size, variety, and beauty.

Definition and Characteristic Groups of the Australian
HRegion—The Australian region is so well marked off from
the Oriental, as well as from all other parts of the world,
by zoological peculiarities, that we need not take up much
time in descnibing it, especially as some of its component
islands will come under review at a subsequent stage of our
work. Its most important portions are Australia and New
Guinea, but it also includes all the Malayan and Pacific
Islands to the east of Borneo, Java, and Bali, the Oriental
region terminating with the submarine bank on which
those islands are situated. The island of Celebes is in-
cluded in this region from a balance of considerations, but
it almost equally well belongs to the Oriental, and must
be left out of the account in onr general sketch of the
zoological features of the Australian region.

The great feature of the Australian region is the almost
total absence of all the forms of terrestrial mammalia which
abound in the rest of the world, their place being supplied
by a great variety of Marsupials. In Australia and New
Guinea there are no Insectivora, Carnivora, nor Ungulata,
while even the rodents are only represented by a few small
rats and mice. In the remoter Pacific Islands mammals
are altogether absent (except perhaps in New Zealand),
but in the Moluccas and other islands bordering on the
Oriental region the higher mammals are represented by a
few deer, civets, and pigs, though it is doubtful whether
the two former may not have been introduced by man, ag
was almost certainly the case with the semi-domesticated
dingo of Australia! These pecnliarities in the mammalia

1 Rcl'mlips of the dingo have heen found fossil in Pleistocene deposits but
the antiquity of man in Australia is not known. It is not, however, jm.
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are so great that every naturalist agrees that Australia
must be made a separate region, the only difference of
opinion being as to its extent, some thinking that New
Zealand should form another separate region ; but this
question need not now delay us.

In birds Australia is by no means so isolated from the
rest of the world, as it contains great numbers of warblers,
thrushes, flycatchers, shrikes, crows, and other familiar
types of the Eastern Hemisphere; yet a considerable
number of the most characteristic Oriental families are
absent. Thus there are no vultures, woodpeckers, pheas-
ants, bulbuls, or barbets in the Australian region ; and the
absence of these is almost as marked a feature as that of
cats, deer, or monkeys, among mamialia. The most
conspicuous and characteristic birds of the Australian
region are, the piping crows; the honey-suckers (Meli-
phagide), a family quite peculiar to the region ; the lyre-
birds ; the great terrcstrial kingfishers (Dacelo) ; the great
goat-suckers called more-porks in Australia and forming
the genus Podargus ; the wonderful abundance of parrots,
including such remarkable forms as the white and black
eockatoos, and the gorgeously coloured brush-tongued
lories ; the almost equal abundance of fine pigeons more
gaily coloured than any others on the globe ; the strange
brush-turkeys and mound-builders, the only birds that

robable that it may be as great osin Enrops. My friend A. C. Swinton,
35q., while working in the then almost unknown gold-field of Maryborough,
Victoria, in January, 1855, found a fragment of a well-formed stone axe
resting on the metamorphic schistose bed-rock about five feet beneath the
supface, It was overlain by the compact gravel drift called by the miners
* eement,” and by an included layer of hard iron-stained sandstone. The
fragment is about an inch and three-eighths wideand the same length, and
is of very hard fine-grained black basalt. One side is ground to a very
smooth and regular surface, terminating in o well-formed entting edge more
than an inch long, the return face of the cutting part being about a quarter
of nn inch wide. The other side is a broken surface, The weapon appears
to have beon an axe or tomahawk closely resembling that figured at p, 335
of Lumholtz’s Among Cannibals, from Central Queensland.  The fragment
was discovered by Mr. Swinton and the Inte Mr. Mackworth Shore, one of
the discoverers of the gold-field, before any rash to it had taken place, and
it seems impossible to avoid the conclusion that it was formed prior to the
doposit of the gravel drift and iron-stained sandstone mnder which it lay.
Tiiis wonld indicate a great antiquity of man in Australia, and would enable
14 to acconunt for the fossilised remains of the dingo in Pleistocene deposits
as those of an animal introduced by man.
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never sit upon their eggs, but allow them to be hatched,
reptile-like, by the heat of the sand or of fermenting vege-
table matter; and lastly, the emus and cassowaries, in
which the wings are far more rudimentary than in the
ostriches of Africa and South America. New Guinea and
the surrounding islands are remarkable for their tree-
kangaroos, their birds-of-paradise, their raquet-tailed
kingfishers, their great crown-pigeons, their crimson lories,
and many other remarkable birds. This brief outline being
sufficient to show the distinetness and ‘isolation of the
Australian region, we will now pass to the consideration
of the Western Hemisphere

Definition and Characteristic Groups of the Nearctic
Legion.—The Nearctic region comprises all temperate and
arctic North America, including Greenland, the only doubt
being as to its southern boundary, many northern types
penetrating into the tropical zone by means of the high-
lands and voleanic peaks of Mexico and Guatemala, while
a few which are characteristic of the tropics extend
northward into Texas and California. There is, however,
considerable evidence showing that on the east coast the
Rio Grande del Norte, and on the west a point nearly
opposite Cape St. Lucas, form the most natural boundary ;
but instead of being drawn straight across, the line bends
to the south-east as soon as it rises on the flanks of the
table-land, forming a deep loop which extends some distance
beyond the city of Mexico, and perhaps ought to be con-
tinued along the higher ridges of Guatemala.

The Nearctic region is so similar to the Palmarctic in
position and climate, and the two so closely approach each
other at Behring Straits, that we cannot wonder at there
being a certain amount of similarity between them—a
similarity which some naturalists have so far over-estimated
as to think that the two regions ought to be united. TLet
us therefore carefully examine the special zoological fea-
tures of this region, and see how far it resembles, and how
far differs from, the Palrarctic,

At first sight the mammalia of North America do not
geem to differ much from those of Europe or Northern
Asia.  There are cats, lynxes, wolves and foxes, weasels,
bears, elk and deer, voles, beavers, squirrels, marmots, and
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hares, all very similar to those of the Eastern Hemisphere,
and several hardly distinguishable. Even the bison or
“buffalo” of the prairies, once so abundant and character-
istic, is a close ally of the now almost extinet “ aurochs ™ of
Lithuania. Here, then, we undoubtedly find a very close
resemblance between the two regions, and if this were all,
we should have great difficulty in separating them. But
along with these, we find another set of mammals, not
quite so conspicuous but nevertheless very important. We
have first, three peculiar genera of moles, one of which, the
star-nosed mole, 1s a most extraordinary creature, quite un-
like anything else. Then there are three genera of the
weasel family, including the well-known skunk (Mephitis),
all quite different from Eastern forms. Then we come to
a peculiar family of carnivora, the racoons, very distinet
from anything in Europe or Asia; and in the Rocky
Mountains we find the prong-horn antelope (Antilocapra)
and the mountain goat of the trappers (Aplocerus), both
peeculiar genera. Coming to the rodents we find that the
mice of America differ m some dental peculiarities from
those of the rest of the world, and thus form several
distinct genera ; the jumping mouse (Xapus) is a peculiar
form of the jerboa family, and thfeu we come to ‘!,he
pouched rats (Geomyida), a very curious fzmyly consisting
of four genera and nineteen °species, pecul.lar to North
America, though not confimed to the Nf:arctnc region. The
priirie dogs (Cynomys), the tree porcupine (Erethizon), the
curious sewellel (Haploodon), and the opossum (Didelphys)
complete the list of peculiar mammalia which distinguish
the northern region of the new world from that of the old.
We must add to these peculiarities some remarkable
deficiencies, The Nearctic region has 1o hedgohogs, nor
wild pigs, nor dormice, and only one w_xld sheep 1n the
Rocky Mountains as against twenty species of sheep and
goats in the Palmarctic region. L,

In birds also the similarities to our own familiar songsters
first strike us, though the differences are ll)lerhaps really
greater than in the quadmpeds. We see thrushes and wrens,
tits and finches, and what seem to be warblers and
flycatehers and starlings in abundance ; but a closer exam-
ination shows the ornithologist that what he took for the

E
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latter are really quite distinet, and that there is not a single
true flycatcher of the family Muscicapids, or a smgle
starling of the family Sturnide in the whole continent,
while there are very few true warblers (Sylviide), their
place being taken by the quite distinet families Mniotiltida
or wood-warblers, and Vireonidm or greenlets. In like
manner the flycatchers of America beTong to the totally
distinet family of tyrant-birds, Tyrannide, and those that
look like starlings to the hang-nests, Teterile ; and these
four peculiar fan.ilies comprise about a hundred and
twenty species, and give a special character to the
ornithology of the country. Add to these such peculiar
birds as the mockir~ thrushes (Mimaus), the blue jays
(Cyanocitta), the tanugers, the peculiar genera of cuckoos
(Coceygus and Crotophaza), the humming-birds, tne wild
turkeys (Meleagris), and the turkey-buzzards (Cathartes),
and we see that if there is any doubt as to the mammals
of North America being sufficiently distinct to justify the
creation of a separate region, the evidence of the birds
would alone settle the question.

The reptiles, and some otlers of the lower animials, add
still more to this weight of evidence. The true rattle-
snakes are highly characteristic, and among the lizards are
several genera of the peculiar American family, the
Iguanide. Nowhere in the world are the tailed bat-
rachians so largely developed as‘in this region, the Sirens
and the Amphiumide forming two peculiar families, while
there are nine peculiar genera of salamanders, and two
others allied respectively to the Proteus of Europe and the
Sieboldia or giant salamander of Japan, There are seven
peculiar families and about thirty peculiar genera of
fresh-water fishes ; while the fresh-water molluses are more
numerous than in any other region, more than thirteen
hundred species and varieties having been deseribed,

Combining the evidence derived from all these classes of
animals, we find the Nearctic region to be excecdingly well
characterised, and to be amply distinet from the Palwaretic,
The few species that are common to the two are almost all
arctic, or, at least, northern types, and may be compared
with those desert forms which occupy the debatable ground
between the Palwarctic, thiopian, and Oriental regions.
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' If; however, wa compare the number of species, which are
common to the Nearctic and Palwarctic regions with the
number common to the western and eastern extremities of
the latter region, we shall find a wonderful difference
between the two cases; and if we further call to mind the
number of important groups characteristic of the one
region but absent from the other, we shall be obliged to

* admit that the relation that undoubtedly exists between
the faunas of North America and Europe is of a very
distinet natare from that which connects together
Western Europe and North-castern Asia in the bonds of
zoological unity.

Definition and Characterist's Groups of the Neotropical
Regic —The Neotropical regior “equires very little defi-

' nition, since it comprises the whoie of America south of
‘ the Nearctic rogion, with the addition of the Antilles or

' West Indian Islands. Its zoological peculiarities are almost
, as marl-ed as those of Australia, which, however, it far ex-
i? ceeds in the extreme richness and variety of all its forms
‘ of life. 'To show how distinct it is from all the other regions

of the globe, we need only enumeratesome of the bestknown
and more conspicuous of the animal forms which are pecu-
liar to it. Such are, among mammalia—the prehensile-
tailed monkeys and the marmosets, the blood-sucking bats,
the coati-mundis, the peccaries; the llamas and alpacas, the
chinchillas, the agoutis, the sloths, the armadillos, and the
ant-eaters ; a series of types more varied, and more distinct
from those of the rest of the world than any other conti-
nent can boast of. Among birds we have the charming
sugar-birds, forming the family Cewrebide; the immense
and wonderfully varied group of tanagers; thé exquisite
little manakins, and the gorgeously-coloured chatterers ;
the host of tree-creepers of the family Dendrocolaptida ;
the wonderful toucans; the puff-birds, jacamars, todies and
motmots; the marvellous assemblage of four hundred dis-
tinet kinds of humming-birds; the gorgeous macaws; the
curassows, the tzumpeters, and the sun-bitterns. Here again
there is no other continent or region that ean produce such
an assemblage of remarkable and perfectly distinet groups
of birds; and no less wonderful is its richness in species,
since these fully equal, if they do not surpass, those of the
. E 2
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two great tropical regions of the Eastern Hemisphere (the
Ethiopian and the Oriental) combined.

As an additional indieation of the distinctness and
isolation of the Neotropical region from all others, and
especially from the whole Eastern Hemisphere, we must
say something of the otherwise widely distributed groups
which are absent. Among mammalia we have first the
order Insectivora, entirely absent from South Awmerica,
though a few species are found in Central America and
the West Indies; the Viverrida or civet family is wholly
wanting, as are every form of sheep, oxen, or antelopes;
while theswine, the elephants,and the rhinoceroses of the old
world are represented by the diminutive peccaries and tapirs.

Among birds we have to notice the absence of tits, true
flycatchers, shrikes, sunbirds, starlings, larks (except a soli-
tary species in the Andes), rollers, bee-eaters, and pheasants,
while warblers are very scarce, and the almost cosmopolitan
wagtails are represented by a single species of pipit.

We must also notice the preponderance of low or archaic
types among the animals of South America. = Edentates,

marsupials, and rodents form the majority of tha terrestrial

mammalia ; while such higher groups asthe carnivora and
hoofed animals are exceedingly deficient. Among birds a low
type of Passeres, characterised by the absence of the singing -
muscles, is excessively prevalent, the enormous groups of
the ant-thrushes, tyrants, tree-creepers, manakins, and
chatterers belonging to it. The Picariw (a lower group) also
prevail to a far greater extent than in any other regions,
both in variety of forms and number of species; and the
chief representativesofthe gallinaceous birds—the curassows
and tinamous, are believed to be allied, the former to the
brush-turkeys of Australia, the latter (very remotely) to
the ostriches, two of the least developed types of birds,

Whether, therefore, we consider its richness in peculiar
forms of animal life, its enormous variety of species, its
numerous deficiencies as compared with other parts of the
world, or the prevalence of a low type of organisation
among its higher animals, the Neotropical region stands
out as undoubtedly the most remarkable of the great
zgological divisions of the earth. !

In reptiles, amphibia, fresh-water fishes, and insects,
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this region is equally peculiar, but we need not refer to
these here, our only ohject now being to establish by a
sufficient number of well-known and easily remembered
examples, the distinetness of each region from all others,
and 1ts unity as a whole. The former has now been
sufficiently demonstrated, but it may be well to say a few
words as to the latter point.

The only outlying portions of the region about which
there can be any doubt are—Central America, or that
part of the region north of the Isthmus of Panama, the
Antilles or West Indian Islands, and the temperate por-
tion of South America including Chili and Patagonia.

In Central America, and especially in Mexico, we have
an intermixture of South American and North American
animals, but the former undoubtedly predominate, and &
large proportion of the peculiar Neotropical groups extend
as far as Closta Rica. Even in Guatemala and Mexico we
have howling and spider-monkeys, coati-mundis, tapirs,
and armadillos ; while chatterers, manakins, ant-thrushes,
and other peculiarly Neotropical groups of birds are abund-
ant. There is therefore no doubt as to Mexico forming
part of this region, although it is comparatively poor, and
exhibits the intermingling of temperate and tropical forms.

The West Indies are less clearly Neotropical, their
poverty in mammals as well as in most other groups being
extreme, while great numbers of North American birds
migrate there in winter. The resident birds, however,
comprise trogons, sugar-birds, chatterers, with many hum-
ming-birds and parrots, representing eighteen peculiar
Neotropical genera; a fact which decides the region to
which the islands belong.

South temperate America is also very poor as compared
with the tropical parts of the region, and its insects contain
a considerable proportion of north temperate forms. But
it contains armadillos, cavies and opossums; and its birds
all belong to American groups, though, owing to the
inferior climate and deficiency of forests, a number of the
families of birds peculiar to tropical America are wanting.
Thus there are no manakins, chatterers, toucans, trogons,
or motmots: but there are abundance of hang-nests,
tyrant-birds, ant-thrushes, tree-creepers, and a fair pro-
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portion of humming-birds, tanagers and parrots. The zoology
1s therefore thoroughly Neotropical, although somewhat
poor ; and it has a number of peculiar forms of strictly Neo-
tropical types—as the chinchillas, alpacas, &c., which are
not found in the tropical regions except in the high Andes.
Comparison of Zoological Regions with the Geographical
Divisions of the Globe—Having now completed our survey
of the great zoological regions of the globe, we find that
they do not differ so much from the old geographical
divisions as our first example might have led us to suppose.
Europe, Asia, Africa, Australia, North America, and South
America, really correspond, each to a zoological region, but
their boundaries require to be modified more or less
considerably ; and if we remember this, and keep their
extensions or limitations always in our mind, we may use
the terms “South American” or “ North American,” as
being equivalent to Neotropical and Nearctic, without
much inconvenience, while © African” and “ Australian”
equally well serve to express the zoological type of the
Ethiopian and Australian regions. Burope and Asia
require more important modifications, The European
fauna does indeed well represent the Palmarctic in all its
main features, and if instead of Asia we say tropical Asia
we have the Oriental region very fairly defined ; so that
the relation of the geographical with the zoological pri-
mary divisions of the earth is sufficiently clear. In order
to make these relations visible to the eye and more easily
remembered, we will put them into a tabular form :

Regions. Geographieal Equivalent.
Palzarctic...... Evrors, with north temperate Africa and Asia.
Ethiopian...... AFrica (sonth of the Sahara) with Madagnsear,
Orental ... TroricaL AsIA, to Philippines and Java.
Australinn ... AUSTRALIA, with Pacific Islands, Moluccas, &e.,
Neavctic ...... Nonri AMERICA, to North Mexico,
Neotropical ... Sovri AMERICA, with tropical N, Americaand W. Indies,

The following arrangement of the regions will indicate
their geographical position, and to a considerable extent
their relation to each other.

NepAarorTioc—PAL®mARCTIC

ORIENTAL
ETHIOPIAN
Neo-
Troricarn AUSTRALIAN




CHAPTER IV
EVOLUTION THE KEY TO DISTRIBUTION

Importance of the Doctrine of Evolution—The Origin of New Species—
\ariation in Animals—The Amount of Variation in North American
Pirds—How New Species arise from a Variable 8 secies—Definition and
Origin of Genera—Cause of the Extinction of Specics—The Rise and
Decay of Species and Genera— Discontinuous Specific Areas, why Rare—
Discontinuity of the Area of Parus Palustris—Discontinuity of Emberiza
Scheeniclus—The European and Japanese Jays—Supposed Examples of
Discontinuity among North American Birds— Distribution and Antiquity
of Families—Discontinuity a proof of Antiquit y—Copclnding Remarks,

In the preceding chapters we have explained the general
nature of the phenomena presented by the distribution of
animals, and have illnstrated and defined the new
geographical division of the earth which is found best to
agree with them. Before we go further into the details of
our subject, and especially before we attempt to trace the
causes which have brought about the existing biological
relations of the islands of the globe, it is absolutely
necessary to have a clear comprehension of the collateral
facts and general principles to which we shall most
frequently have occasion to refer, These may be briefly
defined as, the powers of dispersal of animals and plants
under different conditions, such as geological and climatal

‘changes, and the origin and development of species and

groups by natural selection. This last is of the most
fundamental importance, and its bearing on the dispersal
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of animals has been much neglected. We therefore devote
the present chapter to its consideration.

As we have already shown in onr first chapter that the
distribution of species, of genera, and of families, present
almost exactly the same general phenomena in varying
degrees of complexity, and that almost all the interesting
problems we have to deal with depend upon the mode of
dispersal of one or other of these; and as, further, our
knowledge of most of these groups, in the higher animals
at least, is confined to the tertiary period of geology, it is
therefore unnecessary for us to enter into any questions
involving the origin of more compreaensive groups, such
as classes or orders. This enables us to avoid most of the
disputed questions as to the development of animals, and
to confine ourselves to those general principles regulating
the origin and development of species and genera which
were first laid down by Mr. Darwin thirty years ago, and
have now come to be adopted by naturalists as established
propositions in the theory of evolution.

The Origin of New Species—How, then, do new species
arise, supposing the world to have been, physically, much
as we now see it ; and what becomes of them after they
have arisen ? In the first place we must remember that
new species can only be formed when and where there is
room for them. If a continent is fully stocked with
animals, each species being so well adapted for its mode of
life that it can overcome all the dangers to which it is
exposed, and maintain on the average a tolerably uniform
population, then, so long as no change takes place, no new
species will arise. For every place or station is supposed
to be filled by creatures in all respects adapted to sur-
rounding conditions, able to defend themselves from all
enemies, and to obtain food notwithstanding the rivalry of
many competitors. But such a perfect balance of
organisms nowhere exists upon the earth, and probably.
never has existed. The well-known fact that some species
are very common, while others are very rare, is an almost
certain proof that the one is better adapted to its position
than the other; and this belief is strengthened when we
find the individuals of one species ranging into different,
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climates, subsisting on different food, and competing with
different sets of animals, while the individuals of another
species will be limited to a small area beyond which they
seem unable to extend. When a change occurs, either of
climate or geography, some of the small and ill-adapted
species will probably die out altogether, and thus leave
room for others to increase, or for new forms to occupy
their places.

But the change will most likely affect even flourishing
species in different ways, 'some beneficially, others inju-
riously. Or, again, it may affect a great many injuri-
ously, to such an extent as to require some change in their
structure or habits to enable them to get on as well as be-
fore. Now “variation” and the “struggle for exist-
ence” come into play. All the weaker and less perfectly
organised individuals die out, while those which vary
in such a way as to bring them into more harmony with
the new conditions constantly survive. If the change
of conditions has been considerable, then, after a few
centurieg, or perhaps even a few generations, one or more
new species will be almost sure to be formed.

Variation in Animals—To make this more intelligible
to those who have not considered the subject, anﬁ to
obviate the difficulty many feel about ¢favourable
variations oceurring at the right time,” it will be well to
discuss this matter a little more fully. Few persons
consider how largely and universally all animal§ are
varying. We know, however, that in every generation, if
we could examine all the individuals of any common
species, we should find considerable differences, not only
in size and colour, but in the form and proportions of all
the parts and organs of the body. In our domcstlcated'
animals we know this to be the case, and it is hy means of
the continual selection of such slight varieties to breed
from that all our extremely different domestic breeds have
been produced. Think of the difference in every limb, and
every bone and muscle, and probably in every part,
internal and external of the whole body, between a grey-
hound and a bull-dog! Yet, if we had the complete series
of ancestors of these two breeds before us, we should prob-
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ably find that in no one generation was there a greater
difference than now occurs in the same breed, or sometimes
even the same litter. It is often thought, however, that
wild species do not vary sufficiently to bring about any
such change as’ this in the same time; and though
naturalists are well aware that this is a mistake, it is only
recently that they have been able to adduce positive proof
of their opinion. ‘

The Amount of Variation in North American Birds—
An American naturalist, Mr. J. A. Allen, has made elabor-
ate observations and measurements of the birds of the
United States, and he finds a wonderful and altogether
unsuspected amount of variation between individuals of
the same species. They differ in the general tint, and in
the markings and distribution of the colours; in size and
proportions ; in the length of the wings, tail, bill, and feet ;
in the length of particular feathers, altering the shape of
the wing or tail ; in the length of the tarsi and of the
separate toes, and in the length, width, thickness, and
curvature of the bill. These variations are very consider-
able, often reaching to one-sixth or one-seventh of the
average dimensions, and sometimes more. Thus Zurdus
fuscescens (Wilson’s thrush) varied in length of wing from
358 to 4:16 inches, and in the tail from 3:55 to 400 inches ;
and in twelve specimens, all taken in the same locality,
the wing varied in length from 145 to 21 per cent, and
the tail from 14 to 225 per cent. In Sialia sialis (the
blue bird) the middle toe varied from “77 to *91 inch, and
the hind toe from 58 to *72 inch, or more than 21'5 per
cent. on the mean, while the bill varied from 45 to 56
inch in length, and from 30 to '38 inch in width, or about
20 per cent. in both cases. In Dendreca coronate (the
yellow-crotmed warbler) the quills vary in proportionate
length, so that the 1st, the 2nd, the 3rd, or the 4th, is
gometimes longest; and a similar variation of the wing
imvolving a change of proportion between two or more of
the feathers is recorded in eleyen species of birds.  Colour
and marking vary to an equal extent; the dark streaks on
the under surface of Melospiza melodia (the American
song-sparrow) being sometimes reduced to narrow lines,
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while in other specimens they are so enlarged as to cover
the greater part of the breast and sides of the body, some-
times uniting on the middle of the breast into a nearly
continuous patch, In one of the small spotted wood-
thrushes, Zwrdus fuscescens, the colours are sometimes very
pale, and the markings on the breast reduced to indistinct
narrow lines, while in other specimens the general colour
is much darker, and the breast markings dark, broad, and
triangular. All the variations here mentioned occur be-
tween adult males, so that there is no question of differences
of age or sex, and the pair last referred to were taken at
the same place and on the same day.!

These interesting facts entirely support the belief in the
variability of all animals in all their parts and organs, to an
extent amply sufficient for natural selection to work with.
We may, indeed, admit that these are extreme cases, and
that the majority of species do not vary half or a quarter
so much as shown in the examples quoted, and we shall
still have ample, variation for all purposes of specific
modification. Instead of an extreme variation in the
dimensions and proportions of the varions organs of from
10 to 25 per cent. as is here proved to oceur, we may assume
from 3 to 6 per cent. as generally occurring in the majority
of species; and if we’ further remember that the above
excessive variations were found by comparing a number of
specimens of each species, varying from 50 to 150 only, we
may be sure that the smaller variations we require must
oceur in considerable numbers among the thousands or
millions of individuals of which all but the very rare species
consist. If, therefore, we were to divide the poHul:xtion of
any species into three groups of equal extent, with regard
to any particulnr character—as length of wing, or of toes,
or thickness or curvature of bill, or strength of markings
—we should have one group in which the mean or average
character prevniled with little variation, one in which the
character was greatly, and one in which it was little,

! These factsare taken from a wemoir on The Mymmals and Winter
Birds of Florida, by J. A. Allen ; forming Vol. 1L, No. 3, of the Bulletin
of the Museum of Comparative Zoology at Harvard College, Cambridge,
Massachusetts,
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developed. If we formed our groups, not by equal
numbers, but by equal amount of variation, we should
probably find, in accordance with the law of averages, that
the central group in which the mean characteristics pre-
vailed was much more numerous than the extremes,
perhaps twice, or even three times, as great as either of
them, and forming such a series as the following—10
maximum, 30 mean, 10 minimum development. In or-
dinary cases we have no reason to believe that the mean

characters or the amount of variation of a species changes

materially from year to year or from century to century,
and we may therefore look upon the central group as the
type of the species which is best adapted to the conditions
in which it has actually to exist. This type will therefore
always form the majority, because the struggle for existence
will lead to the continual suppression of the less perfectly
adapted extremes. But sometimes a species has a wide
range into countries which differ in physical conditions,
and then it often happens that one or other of the extremes
will predominate in a portion of its range. These form
local varieties, but as they occur mixed with the other
forms, they are not considered to be distinct species, al-
though they may differ from the other extreme form quite
as much as species often do from each other.!

How New Spectes arise from a Veriable Species—It 18
now very easy -to understand how, from such a variable
species, one or more new species may arise. The peculiar
physical or organic conditions that render one part of the
area better adapted to an extreme form may become
intensified, and the most extreme variations thus having
the advantage, they will multiply at the expense of the
rest. If the change of conditions spreads over the whole
area occupied by the species, this one extreme form will
replace the others; while if the area should be cut in two
by subsidence or elevation, the conditions of the two parts
“may be modified in opposite directions, so as to be each
adapted to one extreme form ; in which case the original
type will become extinet, being replaced by dwo species,

; ! The great variation in wild animals is more fully disenssed and
illustrated in the anthor's Darwinism (Chapter IIL).

B
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each formed by a combination of certain extreme characters
which had before existed in some of its varieties.

The changes of conditions which lead to such selection
of varieties are very diverse in nature, and new species
" may thus be formed, diverging in many ways from the

original stock. The climate may change from moist to
dry, or the reverse, or the temperature may increase or
diminish for long periods, in ecither case requiring a
corresponding change of constitution, of covering, of vege-
table or of mnsect food, to be met by the selection of
variations of colour or of swiftness, of length of bill or of
strength of claws. Again, competitors or enemies may
arrive from other regions, giving the advantage to such
rarieties as can change their food, or by swifter flight or
greater wariness can escape their new foes.  'We may thus
easily understand how a series of changes may occur at
distant intervals, cach leading to the selection and pre-
servation of a special set of variations, and thus what was
a single'species may become transformed into a group of
allied species differing from each other in a variety of ways,
just as we find them m nature. ; }

.Among these species, however, there will be some which

will have become adapted to very local or special condi-
tions, and will therefore be comparatively few in number
and confined to a limited area ; while others, retaining the
more general characters of the parent form, but with some
important change of structure, will be .better adapt‘ed to
succeed in the strugale for existence with other animals,
" will spread over a wider area, and increase so as to become
cominon Species. Sometimes these. will acquire such a
perfection of organisation by successive favourable modi-
fications that they will be able to spread greatly beyond
the range of the parent form. They then become what
are termed dominant species, mamtaining t.hem§clvcs_ in
vigour and abundance over very wide areas, displacing
other species with which they come into competition, and,
under still further changes of conditions, becoming the
parents of a new set of diverging species.
Definition and Origin of Genera.—As some of .the most
important and interesting phenomena of distribution relate
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to genera rather than to.single species, it will be well here
to explain what is meant by a genus, and how genera are
supposed to arise.

A genus is a group of allied species which differs from
all other groups in some well marked characters, usually of
a structural rather than a superficial nature. Species of
one genus usually differ from each other in size, in colour
or marking, in the proportions of the limbs or other organs,
and in the form and size of such superficial appendages as
horns, crests, manes, &c. ; but they generally agree in the
form and structure of important organs, as the teeth, the
bill, the feet, and the wings. When two groups of species
differ from each other constantly in one or more of these
latter particulars they are said to belong to different genera,
We have already seen that species vary in these more
important as well as in the more superficial characters.
If, then, in any part of the area occupied by a species some
change of habits becomes useful to it, all such structural
variations as facilitate the change will be accumulated by
natural selection, and when they have become fixed in the
proportions most beneficial to the animal, we shall have the
first species of a new genus.

A creature which has been thus modified in important
characters will be a new type, specially adapted to fill a
new place in the economy of nature. It will almost cer-
tainly have arisen from an extensive or dominant species,
because only such are sufficiently rich in individuals to
afford an ample supply of the necessary variations, and it
will inherit the vigour of constitution and adaptability to
8 wide range of conditions which gave success to its
ancestors. It will therefore have every chance in .it.s favour
in the struggle for existence; it may spread widely and
displace many of its nearest allies, and in doing so will
itself become modified superficially and become the parent
of a number of subordinate species. It will now have
become a dominant genus, occupying an entire continent,
or perhaps even two or more continents, sprcmlmg m every
direction till it comes in contact with competing forms
better adapted to the different environments. Such a
genus may continue to exist during long geological
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epochs; but the time will generally come when ecither
physical changes, or competing forms, or new enemies are
too much for it, and it begins to lose its supremacy. First
one then another of its component species will dwindle
away and become extinct, till at last only a few species
remain. Sometimes these soon follow the others and the
whole genus dies out, as thousands of genera have died out
during the long course of the earth’s life-history ; but it
will also sometimes happen that a few species will con-
tinue to maintain themselves in areas where they are
removed from the influences that exterminated” their
fellows. ] .

Cause of the Extinction of Species—There is good reason
to believe that the most effective agent in the extinction
of species is the pressure of other species, whether as
enemies or merely as competitors. If therefore any portion
of the earth is cut off from the influx of new or more
highly organised animals, we may there expect to find the
remains of groups which have elsewhere become extinct.
In islands which have been long separated from their
parent continents these conditions are exactly fulfilled, and
it is in such places that we find the most striking
examples of the preservation of fragments of primeval
groups of animals, often widely separated from each other,
owing to their having been preserved at remote portions of
the area of the once widespread parental group. There
are many other ways in which portions of dying out groups
may besaved. Nocturnal or subterranean modes of life
may save a species from enemies or competitors, and many
of the ancient types still existing have such habits. The
dense gloom of equatorial forests also affords means of
concealment and protection, and we sometimes find in such
localities a few remnants of low types in the midst of a
general assemblage of higher forms. Some of the most
ancient types now living inhabit caves like the Proteus, or
bury themselves: in mud like the Lepidosiren, or in sand
like the Amphioxus, the last being the most primitive of
all vertebrates ; while the Galeopithecus and Tarsius of the
Malay islands and the potto of West Africa, survive amid
the higher mammalia of the Asiatic and African continents
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owing to their nocturnal habits and concealment in the
densest forests.

The Rise and Decay of Species and Gemera—The
preceding sketch of the mode in which species and genera
have arisen, have come to maturity, and then decay, leads
us to some very important conclusions as to the mode of
distribution of animals. When a species or a genus is
increasing and spreading, it necessarily-occupies a con-
tinuous area which gets larger and larger till it reaches a
maximum ; and we accordingly find that almost all exten-
sive groups are thus continuous. When decay commences,
and the group, ceasing to be in harmony with its environ-
ment, is encroached upon by other forms, the continuity
may frequently be broken. Sometimes the outlying
species may be the first to become extinet, and the group
may simply diminish in area while keeping a compact
central mass ; but more often the process of extinetion will
be very irregular, and may even divide the gronp into two
or more disconnected portions. This is the more likely to
be the case because the most recently formed species,
probably adapted to local conditions and therefore most
removed from the general type of the group, will have the
best chance of surviving, and these may exist at several
isolated points of the area once occupied by the whole
group. We may thus understand how the phenomenon of
discontinuous areas has come about, and we may be sure
that when allied species or varieties of the same species
are found widely separated from each other, they were
once connected by intervening forms or by each extending
till it overlapped the other's area.

Discontinuous Specific Areas, why Rare—But although
discontinuous generic areas, or the separation from each
othier of species whose ancestors must once have occupied
conterminous or overlapping areas, is of frequent oceur-
rence, yet undoubted cases of discontinuous specific areas
are very rare, except, as already stated, when one portion
of a species inhabits an island. A few examples among
mammalia have been referred to in our first chapter, but
1t may be said that these are examples of the very com-
mon phenomenon of a species being only found in the
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station for which its organisation adapts it ; so that forest
or marsh or mountain animals are of conrse only found
where there are forests, marshes, or mountains. This
may be true, and when the separate forests or mountains
inhabited by the same species are not far apart there is
little that needs explanation; but in one of the cases
referred to there was a gap of a thousand miles between
two of the areas occupied by the species, and this being
too far for the animal to traverse through an uncongenial
territory, we are forced to the conclusioh that it must
at some former periéd and under different conditions
have occupied a considerable portion of the intervening
area.

Among birds such cases of specific discontinuity are
very rare and hardly ever quite satisfactory. This may be
owing to birds being more rapidly influenced by changed
conditions, so that when a species is divided the two
portions almost always become modified into varieties
or distinct species; while another reason may be that
their powers of flight cause them to occupy on the average
wider and less precisely defined areas than do the species
of mammalia. It will be interesting therefore to examine
the few ecases on record, as we shall thereby obtain ad-

itional knowledge of the steps and processes by which
he distribution of varieties and species has been brought
about.

Discontinuity of the Area of Parus palustris—Mr. See-
bohm, who has travelled and collected in Europe, Siberia,
and India, and possesses extensive and accurate knowledge
of Palmarctic birds, has recently called attention to the
varieties and sub-species of the marsh tit (Parus palustris),
of which he has examined numerous specimens ranging
from England to Japan! The curious point is that those
of Southern Europe and of China are exactly alike, while
all over Siberia a very distinet form occurs, forming the
sub-species P. borealis? In Japan and Kamschatka other

) Ses Tbis, 1879, p. 82. ;

* In Mr. Seebohm’s latest work, Binds of the Japanese Empirs (1890),
he says, ““ Examples from North China are indistinguishable from those
obtained in Greeee ” (p. 82). X

1-“
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varieties are found, which have been named respectively
P. japonicus and P. camschatkensis and another P. songarus
in Turkestan and Mongol'a. Now it all depends upon
these forms being classed as sub-species or as true species
whether this is or is not a case of discontinuous specific
distribution. If Parus borealis is a distinct species from
Parus palustris, as it is reckoned in Gray's Hand IList of
Birds, and also in Sharpe and Dresser's Birds of Europe,
then Parus palustris has a most remarkable discontinuous
distribution, as shown in the accompanying map, one
portion of its area comprising Central and South Europe
and Asia Minor, the other an undefined tract in Northern
China, the two portions being thus situated in about the
same latitude and having a very similar climate, but with
a distance of about 4,000 miles between them. If, how-
ever, these two forms are reckoned as sub-species only,
then the area of the species becomes continuous, while
only one of its varieties or sub-species has a discontinuous
area. It is a curious fact that 2. palustris and P. borealis
are found together in Southern Secandinavia and in some
parts of Central Europe, and are said to differ somewhat
in their note and their habits, as well as in colouration.
Discontinuily of Emberiza schaniclus—The other case
is that of our reed bunting (Emberiza schamniclus), which
ranges over almost all Europe and Western Asia as far as
the Yenesai valley and North-west India. It is then
replaced by another smaller species, E. passerina, which
ranges eastwards to the Lena river, and in winter as far
south as Amoy in China ; but in Japan the original species
appears again, receiving a new name (Z. pyrriwling), but
Mr. Seebohim assures us that it is quite indistinguishable
from the European bird. Although the distance between
these two portions of the species is not so great as in the
last example, being about 2,000 miles, in other respects
the case is an interesting one, because the forms which
oceupy the intervening space are recognised by Mr,
Seebohm himself as undoubted species.!

* Ibis, 1879, P 40. In his Birds of the Japanese Empire (1890), Mr,
Seebohm classes the Japnnese and European forms as E. schomiclus,
ﬂnd’thinkq that their rango is probably continuous across the two
continents,
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The European and Japanese Jays—Another case some-
what resembling that of the marsh tit is afforded by the
European and Japanese jays (Garrulus glandarius and G.
Japonicus). Our common jay inhabits the whole of Europe
except the extreme north, but isnot known to extend any-
where into Asia, where it is represented by several quite
distinct species. (See Map, Frontispiece.) But the great
central island of Japan is inhabited by a jay (¢ japonicus)
which is very like ours, and was formerly classed as a sub-
species only, in which case our jay would be considered to
have a discontinuous “distribution. But the specific
distinctness of the Japanese bird is now universally
admitted, and it is certainly a very remarkable fact that
among the twelve species of jays which together range
over all temperate Europe and Asia, one which is so closely
allied to our English bird should be found at the remotest
possible point fromit. Looking at the map exhibiting the
distribution of the several species, we can hardly avoid the
conclusion that a bird very like our jay once occuipied the
whole area of the genus, that in various parts of Asia it
became gradually modified into a variety of distinct species
in the manner already explained, a remnant of the original
type being preserved almost unchanged in Japan, owing
probably. to favourable conditions of climate and protection
from competing forms. 2

Supposed  Eramples of Discontinuity among Nowth
American  Birds.—In North America, the eastern {Lnd
western provinces are so different in climate and vegetation,
and are besides separated by such remarkable physical
barriers—the arid central plains and the vast ranges of the
Rocky Mountains and Sierra Nevada, that we can hardly
expect to find species whose areas may be divided
maintaining their identity. Towards the north howe}'er
the above-named barriers disappear, the forests being
almost contiguous from east to west, while the mountain
range is broken up by passes and valleys. It thus happens
that most species of birds which inhabit both the eastern
and, western coasts of the North American continent
have maintained their continuity towards the north,
while c¢ven when differentiated into two or more allied
F2
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species their arens are often conterminous or over-
lapping.

+ Almost the only bird that seems to have a really discon-
tinuous range is the species of wren, Thryothorus bewicki,
of which the type form ranges from the east coast to
Kansas and Minnesota, while a longer-billed variety,
L. bewickii spilurus, 18 found in the wooded parts of
California and as far north as Puget Sound. If this
really represents the range of the species there remains a
gap of about 1,000 miles between its two disconnected areas.
Other cases are those of Vireo beilii of the middle United
States and the sub-species pusillus of California ; and of
the purple red-finch, Carpodacus purpureus, with its variety
C. californicus ; but unfortunately the exact limits of these
varieties are in neither case known, and though each one
18 characteristic of its own province, it is possible that they
may somewhere become conterminous, though in the case of
the red-finches this does not seem likely to be the fact.

In a later chapter we shall have to point out some re-
markable cases of this kind where one portion of the species
inhabits an island; but the facts now given are sufficient
to prove that the discontinuity of the area occupied by a
single homogeneous species, by two varieties of a species,
by two well-marked sub-species, and by two closely allied
but distinct species, are all different {Jhasgs of one phenome-
n&x—the decay of ill-adapted, and their replacement by
better-adapted forms, under the pressure of a change of
conditions either physical or organic. We may now proceed
with onr sketeh of the mode of distribution of higher
SrOups. : N

Distrilution and Antiquity of {"a,nm:lws.—Just-as genera,
are groups of allied species distinguished from all other
groups by some well-marked structural characters, so
Jamilies are groups of allied %enem distinguished by more
marked and more important characters, which, are generally
accompanied by a peculiar outward form and style of
colouration, and by distinctive habits and mode of life.
As a genus is usuaily more ancient than any of the species
of which it is composed, because during its growth and de-
velopment the original rudimentary species becomes sup-
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planted by more and more perfectly adapted forms, so a
family is usually older than its component genera, and
during the long period of its life-history may have survived
mau{ and great terrestrial and organic changes. Many
families of the higher animals have now an almost world-
wide extension, or at least range over several continents;
and it seems probable that all families which have survived
long enough to develop a considerable variety of generic
and specific forms have also at one time or other occupied
an extensive area.

Discontinuily a Proof of Antiguity.—Discontmuity will
therefore be an indication of antiquity, and the more widely
the fragments are scattered the more ancient we may
usually presume the parent group to be. A striking
example 1s furnished by the strange reptilian fishes form-
ing the order or sub-order Dipnoi, which includes the
Lepidosiren and its allies. Only three or four living
species are known, and these inhabit t-royicul rivers situated
in the remotest continents. The Lepidosiren paradoze is
only known from the Amazon and some other South
. American rivers. An allied species, Lepidosiren annectens,
sometimes placed in a distinet genus, inhabits the Gambia
in West Africa, while the recent discovery in Eastern
Australia of the Ceratodus or mud-fish of Queensland, adds
another form to the same isolated group. Numen#!s
fossil teeth, long known .from the Triassic beds of this
country, and also found in Germany and India in beds of
the same age, agree so closely with those of the living
Cleratodus that both are referred to the same genus. No
more recent traces of any such animal have been discovered,
but the Carboniferous Ctenodus and the Devonian Dip-
terus evidently belong to the same group, while in North
America the Devonian rocks have yielded a gigantic allied
form which lias been named Heliodusby Professor Newberry.
Thus an enormous range in time is accompanied by a very
wide and scattered distribution of the existing species.

Whenever, therefore, we find two or more Twmg genera
belonging to the same family or order but not very closely
allied to each other, we may be sure that they are the
remnants of a once extensive group of genera; and if we
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find them now isolated in remote parts of the globe, the
natural inference is that the family of which they are
fragments once had an area embracing the countries in
which they are found. Yet this simple and very obvious
explanation has rarely been adopted by naturalists, who
have instead imagined changes of land and sea to afford a
direct passage from the one fragment to the other. If
there were no cosmopolitan or very wide-spread families
still existing, or even if such cases were rare, there would
be some justification for such a proceeding ; but as about
one-fourth of the existing families of land mammalia have
a range extending to at least three or four continents, while
many which are now represented by disconnected genera
are known to have occupied intervening lands or to have
had an almost continuous distribution in tertiary times,
all the presumptions are in favour of the former continuity
of the group. We have also in many cases direct evidence
that this former continuity was effected by means of exist-

ing continents, while in no single case has it been shown

that such a continuity was impossible, and that it either
was or must have been effected by ineans of continents now
sunk beneath the ocean.

Concluding Remarks—When writing on the subject of
distribution it usually seems to have %een forgotten that
the theory of evolution absolutely necessitates the former
existence of a whole series of extinet genera filling up the
gap between the isolated genera which in many cases now
alone exist ; while it is almost an axiom of “ natural selee-
tion ” that such numerous forms of one type could only
have been developed in a wide area and under varied
conditions, implying a great lapse of time, In our
succeeding chapters we shall show that the known and
probable changes of sea and land, the known changes of
climate, and the actual powers of dispersal of the different

groups of animals, were such as would have enabled all the

now disconnected groups to have once formed parts of a
continuous series, Proofs of such former continuity are
continually being obtained by the discovery of allied extinet
forms in intervening lands, but the extreme imperfection
of the geological record as regards land animals renders it




cuAr. iv EVOLUTION THE KEY TO DISTRIBUTION i

unlikely that this proof will be forthcoming in the majority
of cases. The notion that if such animals ever existed
their remains would certainly be found, is a superstition
which, notwithstanding the efforts of Lyell and Darwin,
still largely prevails among naturalists ; but until it is got
rid of no true notions of the former distribution of life upon
the earth can be attained.




CHAPTER V
THE POWERS OF DISPERSAL OF ANIMALS AND PLANTS

Statement of the general question of Dispersal—The Ocean as & Barrier to
the Dispersal of Mammals—The Dispersal of Birds—The Dispersal of
Reptiles—The Dispersal of Insocts—'ﬁw Dispersal of Land Mollusca—
Great Antiquity of Land-shells—Causes favouring the Abundance of
Land-shells—The Dispersal of Plants—Special adaptability of Seeds for
Dispersal —Birds as ngents in the Dispersal of Seeds—Ocean Currents ns
agents in Plant Dispersal—Dispersal along Mountain-chains—Antiquity
of Plants as affecting their Distribution.

IN order to understand the many curious anomalies we
meet with in studying the distribution of animals and
plants, and to be able to explain how it is that some
species and genera have been able to spread widely over
the globe, while others are confined to one hemisphere, to
one continent, or even to a single mountain or a single
island, we must make some inquiry into the different
powers of dispersal of animals and plants, into the nature
of the barriers that limit their migrations, and into the
character of the geological or climatal changes which haye
favoured or checked such migrations.

The first portion of the subject—that which relates to
the various modes by which organisms can pass over wide
areas of sea and land—has been fully treated by Sip
Charles Lyell, by Mr. Darwin, and many other writers,
and it will only be necessary here to give a very brief
notice of the best known facts on the subject, which wil]
bo further referred to when we come to discuss the
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particular cases that arise in regard to the faunas and floras
of remote islands. But the other side of the question of
dispersal—that which depends on geological and climatal
changes—is in a far less satisfactory condition, for, though
much has been written upon it, the most contradictory
opinions still prevail, and at almost every step we find
ourselves on the battle-fiell of opposing schools in
geologicalt or physical science.  As, however, these
questions lie at the very root of any general solution of
the problems of distribution, I have given much time to a
carcful examination of the variousstheories that have been
advanced, and the discussions to which they have given
rise; and have arrived at some definite conclusions which
I venture to hope may serve as the foundation for a better
comprehension of these infricate problems. The four
chapters which follow this are devoted to o full examin-
ation of these profoundly interesting and important
questions, after which we sl'm]l enter upon our special .
inquiry—t.hc nature and origin of insulan 'faunas and
floras.

The Occan as a Barrier o the Dispersal of Mammals—A
wide extent of ocean forms an almost absolute barrier to
the dispersal of all land animals, and of most of those
which are aerial, since even birds cannot fly for thousands
of miles without rest and without food, unless they are
aquatic birds which can find both rest and food on the
surface of the ocean. We may be sure, therefore, that
without artificial help neither mammalia nor .lsmd birds can
pass over very wide oceans. The exact width they can
pass over is not determined, but we have a.fcw facts to
guide us. Contrary to the common notion, pigs can swim
very well, and have been known to swim_over five or six
miles of sea, and the wide distribution of pigsin the islands
of the Eastern Hemisphere may be due to this power. It
is almost certain, however, that they would never
voluntarily swim away from their native lz.md, and if
carried out to sea by a flood they would certainly endeav-
oursto return to the shore. We cannot therefore believe
that they wonld ever gwim over fifty or a hundred miles _of .
soa, and the same may be said of all the larger mammalie.
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Deer also swim well, but there is no reason to believe that
they would venture out of sight of land. With the smaller,
and especially with the arboreal mammalia, there is a
much more effectual way of passing over the sea, by means
of floating trees, or those Hoating islands which are often
formed at the mouths of great rivers. Sir Charles Lyell
describes such floating islands which were encountered
among the Moluccas, on which trees and shrubs were
growing on a stratum of soil which even formed a white
beach round the margin of each raft. Among the
Philippine Islands similar rafts with trees growing on them
have been seen after hurricanes ; and it 1s easy to under-
stand how, if the sea were tolerably calm, such a raft might
be carried along by a current, aided by the wind acting on
the trees, till after a passage of several weeks it might
arrive safely on the shores of some land hundreds of miles
away from its starting-point. Such small animals as
squirrels and field-mice might have been carried away on
the trees whieh formed part of such a raft, and might thus
colonise a new island ; though, as it would require & pair of
the same species to be thus conveyed at the same time, such
accidents would no doubt be rare. Tnsects, however, and
land-shells would almost certainly be abundant on such a
raft or island, and in this way we may account for the wide
dispersal of many species of both these groups.
Notwithstanding the occasional action of such causes, we
cannot suppose that they have been effective in the
dispersal of mammalia as a whole ; and whenever we find
that a considerable number of the mammals of two
countries exhibit distinct marks of relationship, we may
be sure that an actual land connection, or at all events an
approach to within a very few miles of each other, has at one
time existed. But a considerable number of identical
mammalian families and even genera are actually found in
all the great continents, and the present distribution of
land upon the globe renders it easy to see how they have
been able to disperse themselves so widely. All the great
land masses radiate from the arctic regions as a common
centre, the only break being at Behrings Strait, which is
50 shallow that a rise of less than a thousand feet would
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form a broad isthmus connecting Asia and America as far
south as the parallel of 60° N. Continuity of land there-
fore may be said to exist already for all parts of the world
(except Australia and a number of large islands, which
will be considered separately), and we have thus no
difficulty in the way of that former wide diffusion of many
groups, which we maintain to be the only explanation of
most anomalies of distribution other than such as may be
connected with unsuitability of climate.

The Dispersal of Birds—Wherever mammals ean mi-
grate other vertebrates can generally follow with even
greater facility. Birds, having the power of flight, can
pass over wide arms of the sea, or even over extensive
oceans, when these are, as in*the Pacific, studded with
islands to serve as resting places. Even the smaller land-
birds are often carried by violent gales of wind from
Europe to the Azores, a distance of nearly a thousand
miles, so that it becomes comparatively easy to explain
the exceptional distribution of certain species of birds.
Yet on the whole it ig remarkable how closely the
majority of birds follow the same laws of distribution as
mammals, showing that they generally require either
continuous land or an island-strewn sea as a means of
dispersal to new homes.

The Dispersal of Reptiles—Reptiles appear at first
sight to be as much dependent on land for their dispersal
as mammalia, but they possess two peculiarities which
favour their occasional transmission across the sea th_e.
one being their greater temacity of life, the other their
oviparou:i mode of reproduction, A large bou-mnst.r_lctor
was once floated to the island of St. Vincent, l.LW‘IStOd
round the trunk of a cedar tree, and was so little injured
by its voyage that it captured some sheep before it was
killed. The island is nearly two hundred miles from
Prinidad and the coast of South America, whence the
reptile almost certainly came! Snakes are, ho.\vever,
comparatively scarce on islands far from continents, but
lizards are often abundant, and though these might also
travel on floating trees, it seems more probable that there

1 Lyell's Principles of Geology, ii., p. 369,

’
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is some as yet unknown mode by which their eggs are
safely, though perhaps very rarely, conveyed from island
to island. Examples of their peculiar distribution will be
given when we treat of the fauna of some islands in which
they abound.

The Dispersal of Awmphibia and Fresh-water Fishes—
The two lower groups of vertebrates, Amphibia and fresh-
water fishes, possess special facilities for dispersal, in the
fact of their eggs being deposited in water, and in their
aquatic or semi-aquatic habits. They have: another ad-
vantage over reptiles in being capable of flourishing in
arctic regions, and in the power possessed by their eggs of
being frozen without injury. They have thus, no. doubt,
been assisted in their dispersal by floating ice, and by that
approximation of all the continents in high northern
latitudes which has been the chief agent in producing the
general uniformity in the animal productions of the globe.
Some genera of Batrachia have almost a world-wide dis-
tribution ; while the tailed Batrachia, such as the newts
and salamanders, are almost entirely confined to the
northern hemisphere, some of the genera spreading over
the whole of the north temperate zone. Fresh-water
fishes have often a very wide range, the same species
being sometimes found in all the rivers of a continent.
This is no doubt chiefly due to the want of permanence in
river basins, especially in their lower portions, where
streams belonging to distinct systems often approach each
other and may be made to change their course from one
to the other basin by very slight elevations or depressions
of the land. Hurricanes and water-spouts also often carry
considerable quantities of water from ponds and rivers,
and thus disperse eggs and even small fishes. As a rule,
however, the same species are not often found in countries
separated by a considerable extent of sea, and in the
tropics rarely the same genera. The exceptions are in
thq colder regions of the earth, where the transporting power
of ice may have come into play. High ranges of moun-
tains, if continuous for long distances, rarely have the
same species of fish in the rivers on their two sides,
Where exceptions oceur, it is often due to the areat
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antiquity of the group, which has survived so many
changes in physical geography that it has' been able, step
by step, to reach countries which are separated by barriers
impassable to more recent types. Yet another and more
efficient explanation of the distribution of this group of
animals is the fact that many families and genera inhabit
both fresh and salt water; and there is reason to believe
that many of the fishes now inhabiting the tropical rivers
of both hemispheres have arisen from allied marine forms
becoming gradually modified for a life in fresh water.
By some of these various causes, or a combination of them,
most of the facts in the distribution of fishes can be
explained without much difficulty.

The Dispersal of Insccts—In the enormous group of
insects the means of dispersal among land animals reach
their maximum. Many of them have great powers of
flight, and from their extreme lightness they can be carried
immense distances by gales of wind. Others can survive
exposure to salt water for many days, and may thus be
floated long distances by marine currents. The eggs and
larvee often inhabit solid timber, or lurk under bqu or
in crevices of logs, and may thus reach any countries to
which such logs are floated. Another important factor m
the problem is the immense antiquity of insects, and the
long persistence of many of the best marked types. The
rich insect fauna of the Miocene period in Switzerland con-
sisted largely of genera still inhabiting Europe, and even of
a considerable number identical, or almost so, with living
species.  Out of 156 genera of Swiss fossil beetles no less
than 114 are still living ; and the general character of the
species is exactly like that of the existing fauna of the
northern hemisphere in a somewhat more southern latitude.
There is, therefore, evidently no difficulty in accounting
for any amount of dispersal among insects ;and it is all the
more surprising that with such powers of migration they
should yet be often as restricted in their range as the
reptiles or even the mammalia. The cause of this
wonderful restriction to limited areas is, undoubtedly, the
extreme specialisation of most insects. They have become
so cxactly adapted to one set of conditions, that when
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carried into a new country they cannot live. Many
can only feed in the larva state on one species of plant;
others are bound up with certain groups of animals on
whom they are more or less parasitic. Climatal influences
have a great effect on their delicate bodies ; while, however
well a species may be adapted to cope with its enemies in
one locality, it may be quite unable to guard itself against
those which elsewhere attack it. From this peculiar
combination of characters it happens, that among imsects
are to be found examples of the widest and most erratic
dispersal and also of the extremest restriction to limited
areas ; and it is only by bearing these considerations in
mind that we can find a satisfactory explanation of the
many anomalies we meet with in studying their distribu-
tion.

The Dispersal of Land Mollusea—The only other group
of animals we need now refer to is that of the air-breathing
mollusca, commonly called land-shells. These are almost
as ubiquitous as insects, though far less numerous ; and
their wide distribution is by no means so easy to explain.
The genera have usually a very wide, and often a cosmo-
politan range, while the species are rather restricted, and
sometimes wonderfully so. Not only do single islands,
however small, often possess peculiar species of land-shells,
but sometimes single mountains or valleys, or even a
particular mountain side, possess species or varieties found
nowhere else upon the globe. Tt is pretty certain that
they have nomeans of passing over the sea but such as are
very rare and exceptional. Some which possess an
operculum, or which close the mouth of the shell with g
diaphragm of secreted mueus, may float across narrow
arms of the sea, especially when protected in the crevices
of logs of timber; while in the young state when attached
to leaves or twigs they may be carried long distances by
hurricanes!  Owing to their exceedingly slow motion,

o ' Mr. Darwin found that the large Helix pomatia lived after immersion
tu sea-water for twenty days. It is hardly likely that this is the extreme
limit of their powers of endurance, but even this would allow of their bein

!loulg-d many hundred miles at a streteh, and if we su pose the shell to he
partially protected in the crevice of o log of woud, nm’]’ to be thus out of
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their powers of voluntary dispersal, even on land, are very
limited, and this will explain the extreme restriction of their
range in many cases.

Great Antiquity of Land-Shells.—The clue to the almost
universal distribution of the several families and of many

enera, is to be found, however, in their immense antiquity.
n the Pliocene and Miocene formations most of the (}and-
shells are either identical with living species or closely
allied to them, while even in the Eocene almost all are of
living genera, and one British Eocene fossil still lives in
Texas. Strange to say, no true land-shells have been
discovered in the Secondary formations, but they must
certainly huve abounded, for in the far more ancient
Palmozoic coal measures of Nova Scotia two species
belonging to the living genera Pupa and Zonites have been
found in considerable abundunce.

Land-shells have therefore survived all the revolutions
the earth has undergone since Palmozoic times. They
have been able to spread slowly but surely into every land
that has ever been connected with a continent, while the
rare chances of transfer across the ocean, to which we have
referred as possible, have again and again occurred during
the almost unimaginable ages of their existence. The
remotest and most solitary of the islands of the mid-ocean
have thus become stocked with them, though the variety
of species and genera bears a direct relation to the facilities
of transfer, and the shell fauna is never very rich and
varied. except in countries which have at one time or other
been united to same continental land.

Causes Favouring the Abundance of Land-Shells—The
abundance and variety of land-shells is also, more than that
of any other class of animals, dependent on the nature of
the surface and the absence of enemies, and where these
conditions ave favourable their forms are wonderfully
luxuriant. The first condition is the presence of lime in
the soil, and a broken surface of country with much rugged

water in calm weather, the distance might extend to a thousand miles or
more.  The eggs of fresh-water mollusea, 43 well as the young animals, are
known to attach themselves to the feet of aquatic birds, and this is probably
the most efficient canse of their very wide ditfusion.
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rock offering crevices for concealment and hyhernation.
The second is a lmited bird and mammalian fauna, in
which such species as are especially shell-eaters shall he
rare or absent. Both these conditions are found in certain
large islands, and pre-eminently in the Antilles, which
possess more species of land-shells than any single continent.
If we take the whole globe, more species of land-shells are
found on the islands than on tlhe continents—a state of
things to which no approach is made in any other group of
animals whatever, but which is perhaps explained by the
considerations now suggested,

The Dispersal of Plants—The ways in which plants are
dispersed over the earth, and the special facilities they often
possess for migration have been pointed out by eminent
botanists, and a considerable space might be occupied in
giving a summary of what has been written on the subject,
In the present work, however, it is only in two or three
chapters that I discuss the origin of insular floras in any
detail ; and it will therefore be advisable to adduce any
special facts when they are required to support: the argu-
ment in particular cases. A few general remarks only will
therefore be made here.

Special Adaptability of Seeds for Dispersal—Plants pos-
sess many great advantages over animals as regards the
power of dispersal, since they are all propagated by seeds or
spores, which are hardier than the eggs of even insects, and
retain their vitality for a much longer time, Seeds may
lie dormant for many years and then vegetate, while they
endure extremes of heat, of cold, of drought, or of moisture
which would almost always be fatal to animal germs.
Among the causes of the dispersal of seeds De Candolle
enumerates the wind, rivers, ocean currents, icebergs, birds
and other animals, and human agency. Great numbers of
seeds are specially adapted for transport by one or other of
these agencies.  Many are very light, and have winged
appendages, pappus, or down, which enable them to he
carried enormous distances. It is true, as De Candolle
remarks, that we have no actual proofs of their being so
arried ; but this is not surprising when we consider how
small and inconspicuous most seeds are. Supposing every
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year a million seeds were brought by the wind to the
British Isles from the Continent, this would be only ten
to a square mile, and the observation of a life-time might
never detect one; yet a hundredth part of this number
would serve in a few centuries to stock an island like
Britain with a great variety of continental plants.

When, however, we consider the enormous quantity of
seeds produced by plants, that great numbers of these are
more or less adapted to be carried by the wind, and that
winds of great violence and long duration occur in most
parts of tlie world, we are as sure that seeds must be
carried to great distances as if we had seen them so carried.
Such storms carry leaves, hay, dust, and many small objects
to a great height in the air, while many insects have been
conveyed by them for hundreds of miles out to sea and
far beyond what their unaided powers of flight could have
effected. '

Birds as Agents in the Dispersal of Plants—Birds are
undoubtedly important agents in the dispersal of plants
over wide spaces of ocean, either by swallowing fruits and
rejecting the seeds in a state fit for germination, or by the
seeds becoming attached to the plumage of ground-
nesting birds, or to the feet of aquatic birds embedded in
small quantities of mud or earth. Illustrations of these
various modes of transport will be found in Chapter XII.
when discussing the origin of the flora’ of the Azores and
Bermuda.

Ocean-currents as Agents in Plant-dispersal—Ocean-cur-
rents are undoubtedly more important agents in conveying
seeds of plants than they are in the case of any other
organisms, and a considerable. body of facts and experi-
ments have been collected proving that seeds may some-
times be carried in this way many thousand Iplles and
afterwards germinate. Mr. Darwin made a series of in-
teresting experiments on this subject, some of which will
be given in the chapter above referred to. -

Dispersal along Mountain Chains.—These various modes
of transport are, as will be shown when discussing special
cases, amply sufficient to account for the vegetation found
on oceanic islands, which almost always bears a close

G
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relation to that of the nearest continent ; but there are
other phenomena presented by the dispersal of species and
genera of plants over very wide areas, especially when
they occur in widely separated portions of the northern
and southern hemispheres, that are not easily explained
by such causes alone. It is here that transmission along
mountains chains has probably been effective; and the
exact mode in which this has oceurred is discussed in
Chapter XXIII., where a considerable body of facts is
given, showing that extensive migrations may be effected
by a succession of moderate steps, owing to the frequent
exposure of fresh surfaces of soil or défris on mountain
sides and summits, offering stations on which foreign
plants can temporarily establish themselves.

Antiguity of Plants as affecting their Distribution—We
have already referred to the importance of great antiquity
in enabling us to account for the wide dispersal of some

enera and species of insects and land-shells, and recent

iscoveries in fossil botany show that this canse has also had
great influence in the case of plants. Rich floras have
been discovered in the Miocene, the Eocene, and the Upper
Cretaceous formations, and these consist almost wholly of
living genera, and many of them of species very closely
allied to existing forms. We have therefore every reason
“to believe that a large number of our plant-species have
survived great geological, geographical, and climatal
changes; and this fact, combined with the varied and
wonderful powers of dispersal many of them possess, ren-
ders it far less difficult to understand the examples of wide
distribution of the genera and species of plants than in the
case of similar instances among animals. This subject
will be further alluded to when discussing the origin of
the Néw Zealand flora, in Chapter XXTI.

,é



CHAPTER VI

GEOGRAPHICAL AND GEOLOGICAL CHANGES: THE
PERMANENCE OF CONTINENTS

Changes of Land and Sea, their Nature and Extent—Shore-deposits and
Stratified Rocks—The Movements of Continents—Supposed Oceanic
Formations ; the Origin of Chalk—Fresh-water and Shore-deposits as
proving the Pérmanence of Continents—Oceanic Islands as indications
of the Permanence of Continents and Occans—-General Stability of
Continents with constant Change of Form—Effect of Continental
Changes on the Distribution of Animals—Changed Distribution proved
by the Extinct Animals of Different Epochs—Summary of Evidence
for the general Permanence of Continents and Oceans.

THE changes of land and sea which have occurred in par-

ticular cases will be described when we discuss the origin

and relations of the faunas of the different classes of islands,

We have here only to consider the general character and

extent of such changes, and to correct some erroneous

ideas which are prevalent on the subject.
Changes of Land and Sea, their Nature and Bxvtent—1Tt is

a very common belief that geological evidence proves a

complete change of land and sea to have taken place over

and over again. Every foot of dry land has undoubtedly,
at one time or other, formed part of a sea-bottom, and we
can hardly exclude the surfaces occupied by volcanic and
fresh-water deposits, since, in many cases, if not in all,
these rest upon a substratum of marine formations. At
first sight, therefore, it seems a necessary inference that
when the present tontinents were under water there must

G 2
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have been other continents situated where we now find the
oceans, from which the sediments came to form the various
deposits we now see. This view was held by so acute and
learned a geologist as Sir Charles Lyell, who says:—
“(Continents, therefore, although permanent for whole
geological epochs, shift their positions entirely in the course
of ages.”® Mr.T. Mellard Reade, late President of the
Geological Society of Liverpool, so recently as 1878, says :—
“ While believing that the ocean-depths are of enormous
age, it is impossible to resist other evidences that they
have once been land. The very continuity of animal and
vegetable life on the globe points to it. The molluscous
fauna of the eastern coast of North America is very simi-
lar to that of Europe, and this could not have happened
without littoral continuity, yet there are depths of 1,500
fathoms between these continents.” It is certainly strange
that a geologist should not remember the recent and long-
continued warm climates of the Arctic regions, and see
that a connection of Northern Europe by Iceland with
Greenland and Labrador over a sea far less than a thousand
fathoms deep would furnish the “littoral continuity” re-
quired. Again, in the same pamphlet Mr. Reade says :— It
can be mathematically demonstrated that the whole, or
nearly the whole, of the sea-bottom has been at one time or
other dry land. If it were not so, and the oscillations, of the
Jevel of the land with respect to the sea were confined within
limits near the present continents, the results would have
been a gradual diminution instead of development of the
caleareons rocks.  To state the case in common language,
the calcarcous portion of the rocks would have been
washed out during the mutations, the destruction and re-
deposit of the continental rocks, and eventually deposited
in the depths of the immutable sea far from land.
Tmmense beds of limestone would now exist at the bottom
of the ocean, while the land would be composed of sand-
stones and argillaceous shales. The evidence of chemistry
thus confirms the inductions drawn from the distribution
of animal life upon the globe.”

! Principles of Geology, 11th Ed., Vo, I, 1. 258,
2 On Limestone as an Index of Geological Time,
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So far from this being a “mathematical demonstration,”
it appears to me to be a complete misinterpretation of
the facts. Animals did not create the lime which they
secrete from the sea-water, and therefore we have every
reason to believe that the imorganic sources which origin-
ally supplied it still keep up that supply, though perhaps
in diminished quantity. Again, the great lime-secreters—
corals—work in water of moderate depth, that is, near
land, while there is no proof whatever that there is any
considerable accumulation of limestone at the bottom of
the deep ocean. On the contrary, the fact ascertained by
the Challenger, that beyond a certain  depth the
“ calcareous” ooze ceases, and is replaced by red and grey
clays, although the calcareous organisms still abound in
the surface waters of the ocean, shows that the lime is
dissolved again by the excess of carbonic acid usually found
at great depths, and its accumulation thus prevented. As
to the increase of limestones in recent as compared with
older formations, it may be readily explained by two
considerations : in the first place, the growth and develop-
ment of the land in longer and more complex shore lines
and the increase of sedimentary over voleanic formations
may have offered more stations favourable to the growth
of coral ; while the solubility of limestone in rain-water
renders the destruction of such rocks more rapid than that
of sandstones and shales, and would thus, by supplying
more caleareous matter in solution for secretion by lhme-
stone-forming organisms, lead to their comparative
abundance in later as compared with earlier formations.

However weak we may consider the above-quoted argu-
ments against the permanence of oceans, the fact that
these arguments are so confidently and authoritatively put
forward, renders it advisable to show how many and what
weighty considerations can be adduced to justify the
opposite belief, which is now rapidly gaining ground among
students of earth-history.

Shore Deposits and Stratified Rocks—If we go round the
shoresbf any of our continents we shall almost always find a
considerable belt of shallow water, meaning thereby water
from 100 to 150 fathoms deep. The distance from the
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coast line at which such depths are reached is seldom less
than twenty miles, and is very frequently more than a
hundred, while in some cases such shallow seas extend
several hundred miles from existing continents. The great
depth of a thousand fathoms is often reached at thirty
miles from shore, but more frequently at about sixty or a
hundred miles. Round the entire African coast for
example, this depth is reached at distances varying from
forty to a hundred and fifty miles (except in the Red Sea
and the Straits of Mozambique), the average being about
eighty miles.

Now the numerous specimens of sea-bottoms collected
during the voyage of the Challenger show that true shore-
deposits—that is, materials denuded from the land and
carried down as sediment by rivers—are almost always
confined within a distance of 50 or 100 miles of the coast, the
finest mud only being sometimes carried 150 or rarely 200
miles. As the sediment varies in coarseness and density it
is evident that it will sink to the bottom at unequal
distances, the bulk of it sinking comparatively near shore,
while only the very finest and almost impalpable mud will
be carried out to ti:c furthest limits. Beyond these limits
the only deposits (with few exceptions) are organie, con-
sisting of the shells of minute calcarcous or siliceous
organisms with some decomposed pumice and voleanic dust
which floats out- to mid-ocean, It follows, therefore, that
by far the larger part of all stratified deposits, especially

“those which consist of sand or pebbles or any visible frag-
ments of rock, must have been formed within 50 or 100
miles of then existing continents, or if ata greater distance,
in shallow inland seas receiving deposits from more sides
than one, or in certain c.\'ceﬁ)tionul areas where deep ocean
currents carry the débris of land to greater distances?

1 Tn his Preliminary Report on Occanie Deposit, Mr. Mitrmay says :— ¢ [t
hias been found that the deposits taking place near continents and islands
have roceived their chief characteristies from the presence of the debris
of adjacent lands.  In some eases theso deposits extond to n distance of
over 150 miles from the coast.” (Proceedings of the Royal Socity,
Vol. XXIV, p. 510.)

“The materials in suspension appear to he almost entively Ueposited

within 200 miles of the land.”  (Proceedings of the Royal Society of Edin-
bargh, 1876-77, p. 253,) -
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If we now examine the stratified rocks found in the very
centre of all our great continents, we find them to consist
of sandstones, limestones, conglomerates, or shales, which
must, as we have seen, have been deposited within
a comparatively short distance of a sea-shore. Sir
Archibald Geikie says:—* Among the thickest masses of
sedimentary rock—those of the ancient Paliozoic systems
—no features recur more continually than the alternations
of different sediments, and the recurrence of surfaces
covered with well-preserved ripple-marks, trails and
burrows of annelides, polygonal and irregular desiceation
marks, like the cracks at the bottom of a sun-dried muddy
pool. These phenomena unequivocally point to shallow
and even littoral waters. They occur from bottom to top
of formations, which reach a thickness of several thousand
feet. They can be interpreted only in one way, viz, that
the formations in question began to be laid down in shallow
water; that during their formation the area of deposit
gradually subsided for thousands of feet ; yet that the rate
of accumulation of sediment kept pace on the whole with
this depression ; and hence that the original shallow-water
character of the deposits remained, even after the original
sea-bottom had been buried under a vast mass of sedi-
mentary matter.” He goes on to say, that this general
statement applies to the more recent as well as to the more
ancient formations, and concludes—"In short, the more
attentively the stratified rocks of the earth are studied, the
more striking becomes the absence of any formations among
them, which can legitimately be considered those of a deep
sea. {They have all been deposited in comparatively
shallow water.”1

The arrangement and succession of the stratified rocks
also indicate the mode and place of their formation. We
find them stretching across the country in one. general
direction, in belts of no great width though often of immense
length, just as we should expect in shore deposits ; and
they often thin out and change from coarse to fine in a
definite manner, indicating the position of the adjacent land

Y Qoographical Evolution. (Proceedings of the Rayal Geographical Secicty.
1879, p. 426.)
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from the débris of which they were originally formed.
Again quoting Sir Archibald Geikie :—“ The materials car-
ried down to the sea would arrange themselves then as they
do still, the coarser portions nearest the shore, the finer silt
and mud furthest from it. From the earliest geological
times the great area of deposit has been, as it still is, the
marginal belt of sea-floor skirting the land. Tt is there
that nature has always strewn the dust of continents to
be.I’

The Movements of Continents—As we find these stratified
rocks of different periods spread over almost the whole
surface of existing continents where not occupied by igne-
ous or metamorphic rocks, it follows that at one period’ or
another each part of the continent has been under the sea,
but at the same time not far from the shore. Geologists
now recognise two kinds of movements by which the
deposits so formed have been elevated into dry land—
in  the one case the strata remain almost level and
undisturbed, in the other they are contorted and crunmipled,
often to an enormous extent. The former often prevails in
plains and plateaus, while the latter is almost always found
in the great mountain ranges. We are thus led to picture
the land of the globe as a flexible area in a state of slow
but incessant change; the changes consisting of low
undulations which creep over the surface so as to elevate
and depress limited portions in succession without percep-
tibly affecting their nearly horizontal position ; and also of
intense lateral compression, supposed to be produced by
partial subsidence along certain lines of weakness in the
earth’s crust, the effect of which is to crumple the strata
and force up certain areas in great contorted masses, which,
when carved out by subairial denudation into peaks and
valleys, constitute our great mountain systems! In this

1 Professor Dana was, T helieve, the first to point ont that the regions
which, after long undergoing subsidence and nccumulpling vast piles of
sedimentary deposit have been elevated into mountain ranges, thereby
become stiff’ and unyiclding, and that the next depression and subisequent
upheaval will be situated on one or the other sides of it ; and he has 5 1own
that, in North America, this is the case with all the mountains of the
successive geological formations. Thus, depressions, and elevations of
extreme slowness but often of vast amount, have oceurred fuccessively in
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way every part of a continent may again and again have
sunk beneath the sea, and yet as a whole may never. have
ceased to exist as a continent or a vast continental archi-
pelago. And, as subsidence will always be accompanied
by deposition, of sediments from the adjacent land, piles of
marine strata many thousand feet thick may have been
formed in a sea which was never very deep, by means of a slow
depression either continuousorintermittent,or through alter-
nate subsidences and elevations, each of moderate amonnt.
Supposed Oceanic Formations ;—ithe Origin of Chalk—
There seems very good reason to believe that few, if any, of
the rocks known to geologists correspond exactly to the de-
posits now forming at the bottom of our great oceans. The
white oceanic mud,or Globigerina-ooze, found in all the great
oceans at depths varying from 250 to nearly 3,000 fathoms,
and ‘almost constantly in depths under 2,000 fathoms, has,
however, been supposed to be an exception, and to corre-
spond exactly to our white and grey chalk. Hence some
naturalists have maintained that there has probably been
one continuous formation of chalk in the Atlantic from the
Cretaceous epoch to the present day. This view has been
adopted chiefly on account of the similarity of the minute
organisms found to compose a considerable proportion of
both deposits, more especially the pelagic Foraminifera, of
which several species of Globigerina appear to be identical
in the chalk and the modern Atlantic mud. Other
"extremely minute organisms whose nature is doubtful,
called coccoliths and discoliths, are also found in both
formations, while there is a considerable gene_ml resem-
blance between the higher forms of life. Sir Wyville
Thomson tells us, that— Sponges are abundant in both,
and the recent chalk-mud has yielded a large number of
examples of the group porifera wvitrea, which find their

nearest representatives among the Ventriculites of .the

white chalk. The echinoderm fauna of the deeper parts of

restricted adjacent areas ; and the eflect has been to bring cach portion in
succession beneath the ocean but always bordered on one or both sides ?)y
the remainder of the continent, from the denndation of which the deposits
are formed which, on the subsequent upheaval, become mountain ranges.
(Manwal of Geology, 2nd Ed., p. 751.)
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the Atlantic basin is very characteristic, and yields an
assemblage of forms which represent in a remarkable
degree the corresponding group in the white chalk.
Sg)ecies of the genus Cidaris are numerous ; some remark-
able flexible forms of the Diademid® seem to approach
Echinothuria”* Now, as some explanation of the origin
of chalk had long been desired by geologists, it is not
surprising that the amount of resemblance shown to exist
- between it and some kinus of oceanic mud should have
been at once seized upon, and the conclusion arrived at
that chalk is a deép-sea oceanic formation exactly analogous
to that which has been shown to cover large areas of the
Atlantic, Pacific and Southern oceans.

But there are several objections to this view which seem
fatal to its acceptance. In the first place, no specimens of
Globigerina-ooze from the deep ocean-bed yet examined
agree even approximately with chalk in chemical compo-
sition, only containing from 44 to 79 per cent. of carbonate
of lime, with from 5 to 11 per cent of silica, and from 8 to
33 per cent. of alumina au(i oxide of iron.* Chalk, on the
other hand, ¢ontains usually from 94 to 99 per cent. of car-
bonate of lime, and a very minute quantity of alumina and
gilica. This large proportion of carbonate of lime implies
some other source of this mineral, and it is probably to be
found in the excessively fine mud produced by the decom-
position and denudation of coral reefs. Mr. Dana, the
geologist of the United States Exploring Expedition, found
in the elevated coral reef of Oaim, one of the Sandwich
Islands, a deposit closely resembling chalk in colour,
texture, &c.; while in several growing reefs a similar
formation of modern chalk undistinguishable from the
ancient, was observed® Sir Charles Lyell well remarks

1 Natwre, Yol. 1L, p. 297.

2 8ir W. Thomson, Voyage of Challenger, Vol. 11., p. 374,
# The following is the analysis of the chalk at Oaliu:—

) Carbonate of Lime......ooemvemiiariiin \o 92°800 per cont,
" Carbonate of Magnesio .....ooocooiooo, 29385 A
Aluming ......... AT Re e S, P e W 1)
Oxide of Iron.... S T RO 0543
B L R i S s o sty varavein O O
Phosphoric Acid and Floorine ......... 27113
Water and loss ..., ... s v 1-148

——
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that the pure calcareous mud produced by the decompo-
sition of the shelly coverings of mollusca and zoophytes
would be much lighter than argillaceous or arenaceous mud,
and being thus transported t* greater distances would be
completely separated from all impurities.

Now the Globigerina have been shown by the Challenger
explorations to abound in all moderately warm seas; living

This chalk consists simply of comminvted corals and shells of the reef. ®
It has been examined microscopically and found to be destitute of the
minute organisms abounding in the chalk of England. (Geology o the
United States Exploring Expedition, p. 150.) My, Guppy also found
chalk-like coral limestones containing 95 p.c. of carbonate of lime in the
Solomon Islands.

The absence of (lobigerine is a local phenomenon.” They are quite
absent in the Arafurn Sea, and no Globigerina-ooze was found in any of
the enclosed seas of the Pacific, but with these exceptions the Globigering
““are really found all over the bottom of the ocean.” (Murray on Oceanic
Deposits— Proceedings of Royal Socicty, Vol. XXIV., p. 523.)

he above analysis shows a far closer resemblance to chalk than that

of the Globilerina-ooze of the Atlantic, four specimens of which given by

Sir W. Thomson ( Voyage of the Challsnger  Vol. IL  Appendix, p?. 374-
follo

376, Nos. 9, 10, 11 and 12) from the mid-Atlantic, show the wing
proportions i—
Carbonate of Lime ............ 4393 to 79-17 per cent.
Carbonate of Magnesia ...... 1:40 7 toy WB:58 LB
Alumina and Oxide of Iron. 6001 to 3298 "
AT TR SRR 1 [V i b &' ¥

In nddition to the above there is a quantity of insoluble residne consist-
ing of small particles of sanidine, augite, hornblende, and magnetite,
supposed to be the product of voleanic dust or ashes carried eitherin the
air or by occan currents, This volcanic matter amounts to from 4°60
to 8:33 per cent. of the Globigerina-ooze of tho mid-Atlantic, where it
geems to be always present ; and the small proportion of similar matter
in true chalk is rmot]u-r proof that its origin 1s different, and that it was
deposited far more rapidly than the oceanie ooze. :

'l‘hc following analysis of chalk by Mr. D. Forbes will show the difference

between the two formations i X
Groy Chalk,  White Chalk,

Fuoikestore, Skorekam,
Carbonate of TAme......ci-co.ag 94709 08-40
Carbonato of Magnesia ...... . .. 031 008
Alnmina and Phosphoric A¢ill .. & trace 042
Chloride of Sodinm ... 1-20 -
Insoluble debris .. ocoverseaiisinne BRI 1°10

(From Quarterly Jowrnal of the Geologieal Seeizty, Vol. XXVIL)

"T'he largo proportion of carbonate of lime, and'the very small quantity
of silica, alumina, and insoluble débris, at once distinguish true chalk from
the beigerim.oozo of the lleep ocean bed,
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both at the surface, at various depths in the water, and at
the bottom. It was long thought that they were surface-
dwellers only, and that their dead tests sank to the bottom,
producing the Globigerina-ooze in those areas where other
deposits were absent or scanty. But the examination of
the whole of the dredgings and surface-gatherings of the
Challenger by Mr. H. B. Brady has led him to a different

« conclusion ; for he finds numerous forms at the bottom
quite distinet from those which inhabit the surface, while,
when the same species live both at surface and bottom, the
latter are always larger and have thicker and stronger cell-
walls.  This view is also supported by the fact that in
many stations not far from our own shores Globigerina
are abundant in bottom dredgings, but are never found on
the surface in the towing-nets! These organisms then
exist almost universally where the waters are pure and are
not too cold, and they would naturally abound most where
the diffusion of carbonate of lime both in suspension and
solution afforded them an abundant supply of material for
their shelly coverings. Dr. Wallich believes that they
flourish best where the warm waters of the Gulf Stream
bring organic matter from which they derive nutriment,
since they are wholly wanting in the course of the Arctic
current between Greenland and Labrador. Dr. Carpenter
also assures us that they are rigorously limited to warm
areas; but Mr. Brady says that a dwarf variety of Globi-
gerina was found in the soundings of the North Polar
Expedition in Lat. 83° 19" N.

Now with regard to the depth at which our chalk was
formed, we have evidence of several distinet kinds to show
that it was not profoundly oceanic. M. J Murray, in the
report already referred to, says: “The Globigerina-oozes
which we get in shallow water resemble the chalk much
more than those in deeper water, say over 1,000 fathoms.”2
This is important and weighty evidence, and it is supported
ina striking manner by the nature of the molluscan fauna
of the chalk. Dr. Gwyn Jeffreys, one of our greatest

1 Notes on Retionlarian Rhizopoda ; in Microscopieal Journal, Yol, X IX.,

New Series, p. 84,
2 Proceedings of the Royal Socicty, Vol. XXIV. p. 532.
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authorities on shells, who has himself dredged largely both
in deep and shallow water and who has no theory to support,
has carefully examined this question. Taking the whole
series of genera which are found in the Chalk formation,
seventy-one in number, he declared that they are all com-
paratively shallow-water forms, many living at depths not
exceeding 40 to 50 fathoms, while some are confined to
still shallower waters. Even more important is the fact
that the genera especially characteristic of. the deep
Atlantic ooze—Leda, Verticordia, Newra, and the Bulla
family—are either very rare or entirely wanting in the
ancient Cretaceous deposits.!

Let us now see how the various facts already adduced
will enable us to explain the peculiar characteristics of the
chalk formation. Sir Charles Lyell tells us that “pure
chalk, of nearly uniform aspect and composition, is met
with in a north-west and south-east direction, from the
north of Ireland to the Crimea, a distance of about 1,500
geographical miles ; and in an opposite direction it extends
from the south of Sweden to the south of Bordeaux, a
distance of about 840 geographical miles.” This marks
the extreme limits within which true chalk is found,
though it is by no means continuous. It probably implies,
however, the existence across Central Europe of a sea
somewhat larger than the Mediterranean. Il:‘ may have
been much larger, because this pure chalk formation
would only be formed at a considerable distance from land,
or in areas where there was no other shore deposit. This
sea was probably bounded on the north by the old Scan-
dinavian highlands, extending to Northern Germany and
North-western Russia, where Palwozoic and ancient
Secondary vocks have a wide extension, though now
partially concealed by late Tertiary deposits ; while on the
south it appears to have been limited by land extending
through Austria, South Germany, and the south of France,
as shown in the map of Central Europe during the
Cretaceous period in Professor Heer's Primeval World of
Switzerland, p. 175. To the north the sea may have had
181_8«0 Presidential Address in Sect. D. of British Association at Plymouth,

(it
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an outlet to the Arctic Ocean between the Ural range and
Finland. South of the Alps there was probably another
sea, which may have communicated with the northern one
just deseribed, and there was also a narrow strait across
Switzerland, north of the Alps, but, as might be expected,
in this only marls, clays, sandstones, and limestones were
deposited instead of true chalk. It is also a suggestive
fact that both above and below the true chalk, in almost
all the countries where it occurs, are extensive deposits of
marls, clays, and even pure sands and sandstones, charac-
terised by the same general types of fossil remains as the
chalk itself. These beds imply the vicinity of land, and
this is even more clearly proved by the occurrence, both
in the Upper and Lower Cretaceous, of deposits containing
the remains of land-plants in abundance, mdicating a rich
and varied flora.

Now all these facts are totally opposed to the idea of
anything like oceanic conditions having prevailed in
Europe during the Cretaceous period ; but they are quite
consistent with the existence of a great Mediterranean sea
of considerable depth in its central portions, and occupying,
either at one or successive periods, the whole area of the
Cretaceous formation. We may also note that the Maes-
tricht beds in Belgium and the Faxoe chalk in Denmark
are both highly coralline, the latter being, in fact, as com-
pletely composed of corals as a modern coral-reef; so that
we have here a clear indication of the source whence the
white calcareous mud was derived which forms the basis
of chalk. If we suppose that during this period the
comparatively shallow sea-bottom between Scandinayia
and Greenland was elevated, forming a land connection
between these countries, the result would be that a large
portion of the Gulf Stream would be (}ive{ted into the
inland European sea, and would bring with it that abun-
dance of Globigerin®, and other Foraminifera, which form
such an important constituent of chalk. This sea was
probably bordered with islands and coral-reefs, and if no
very large rivers flowed into it we should have all the con-
ditions for the production of the true chalk, as well as the
other members of the Cretaceons formation.  The products
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of the denudation of its shores and islands would form the
various sandstones, marls, and clays, which would be
deposited almost wholly within a few miles of its coasts;
while the great central sea, perhaps at no time more than
a few thousand feet deep and often much less, would
receive only the impalpable mud of the coral-reefs and the
constantly falling tests of Foraminifera. These would
imbed and preserve for us the numerous echinoderms,
sponges, and mollusca, which lived upon the bottom, the
fishes and turtles which swam in its waters, and some-
times the winged reptiles that flew overhead. The abun-
dance of ammonites, and other cephalopods, in the chalk,
is another indication that the water in which they lived
was not very deep, since Dr. S. P. Woodward thinks that
these organisms were limited to a depth of about thirty
fathoms. '

The best example of the modern formation of chalk is
perhaps to be found on the coasts of sub-tropical North
America, as described in the following passage :(—

“The observations of Pourtales show that the stee
banks of Bahama are covered with soft white lime mud.
The lime-bottom, which consists almost entirely of Poly-
thalamia, covers in greater depths the entire channel of
Florida. This formation extends without interruption
over the whole bed of the Gulf Stream in the Gulf of
Mexico, and is continued along the Atlantic coast of
America. The commonest genera met with in this
deposit are Globigerina, Rotalia cultrata in large numbers,
soveral Textilarize, Marginulinze, &e, Beside these, small
free corals, Aleyonidz, Ophiure, Mollusca, Crustacea, small
fishes, &c., are found living in these depths. The whole
sea-bottom appears to be covered with a vast deposit of
white chalk still in formation.” !

There is yet another consideration which seems to have
been altogether overlooked by those who suppose that a
deep and open island-studded ocean occupied the place of
Europe in Cretaceous times. No fact is more certain than
the considerable break, indicative of a great lapse_ of time,
intervening between the Cretaceous and Tertiary for-

1 Geological Mugasine, 1871, p. 426.
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mations. A few deposits of intermediate age have indeed
been found, but these have been generally allocated either
with the Chalk or the Eocene, leaving the gap almost as

ronounced as before. Now, what does this gap mean?
t implies that when the deposition of the various Creta-
ceous beds of Europe came to an end they were raised
above the sea-level and subject to extensive denudation,
and that for a long but unknown period no extensive
portion of what is now European Inm]l was below the sea-
level. It was only when this period terminated that large
areas in several parts of Europe became submerged and
received the earliest Tertiary deposits known as Eocene.
If, therefore, Europe at the close of the Cretaceous period
was generally identical with what it is now, and perhaps
even more extensive, it is absurd to suppose that it was all,
or nearly all, under water during that period; or in fact,
that any part of it was submerged, except those areas on
which we actually find Cretaceous deposits, or where we
have good reason to belicve they have existed’; and even
these need not have been all under water at the same
time.

The several considerations now adduced are, I think,
sufficient to show that the view put forth by some natural-
ists (and which has met with a somewhat hasty acceptance
by geologists) that our white chalk is an oceanic formation
strictly comparable with that now forming at depths of a
thousand fathoms and upwards in the centre of the
Atlantic, gives a totally erroneous idea of the actual con-
dition of Europe during that period. Instead of being a
wide ocean, with a few scattered islands, comz)arable to
some parts of the Pacific, it formed as truly a portion of the
great northern continent as it does now, although the in-
land seas of that epoch may have been more extensive
and more numerous than they are at the present day?

1 Tn his lecture on Geographical Krolution (which was {mbli.§hgd after the
greater part of this chapter had been written) Sir Archibal  Geikie expresses
viewsin camplete accordance with thase here advocated. He says :—*“The
next long e, the Cretaceous, was more remarkable for slow accumulation
of rock under the sea than for the formation of new land. During that
time the Atlantic sent its waters across the whole of Europe and into Asia,
But they were probably nowhere more than o few hundred feet deep over
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Lresh-water and Shore Deposits as Proving the Perinaneioe
of Continents—The view here maintained, that all known
marine deposits have been formed near the coasts of con-
tinents and islands, and that our actual continents have
been in continuous existence under variously modified
forms during the whole period of known geological history,
is further supported by another and totally distinct series
of facts. In almost every period of geology, and in all the
continents which have been well examined, there are found
lacustrine, estuarine, or shore deposits, containing the
remains of land animals or plants, thus demonstrating the
continuous existence of extensive land areas on or adjoining
the sites of our present continents. Beginning with the
Miocene, or Middle Tertiary period, we have such deposits
“with remains of land-animals, or plants,in Devonshire and
Scotland, in France, Switzerland, Germany, Croatia,
Vienna, Greece, North India, Central India. Burmah,
North America, both east and west of the Rocky
Mountains, Greenland, and other parts of the Arctic
regions. In the older Eocene period similar formations
are widely spread in the south of England, in France, and
to an enormous extent on the central platean of North
America ; while in the eastern states, from Maryland to
Alabama, there are extensive marine deposits of the same
age, which, from the abundance of fossil remains of a large
cetacean (Zeuglodon), must have been formed in shallow
gulfs or estuaries where these huge animals were stranded.
Going back to the Cretaceous formation we have the same
indieations of persisting lands in the rich plant-beds of
Aix-]a-(_}hapelle, and a few other localities on the Continent,
as well as in coniferous fruits from the Gault of Folkestone ;
while in North America cretaceous plant-beds occur in

the sité of our continent, even at their deepest part. U'DOH their bottom
there gathered a vast mass of caleareous mud, composed in great part of
foraminifers, corals, echinoderms, and molluscs. Our English chalk, which
ranges across the north of France, Belgium, Denmark, and the north of
.Germany, represents s portion of the deposits of that sea-floor.” The
weighty authority of the Director-General of -the Geological Survey may
perhaps cause some geologists to modify their views as to the deep-sea
origin of chalk, who would have treated any arguments advanced by myself
as not worthy of consideration. .
H
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New dJersey, Alabama, Kansas, the sources of the Missouri,
the Rocky Mountains from New Mexico to the Arectic
Ocean, Alaska, California, and in Greenland and Spitz-
bergen; while birds and land reptiles are found in the
Cretaceons deposits of Colorado and other districts near the
centre of the Continent.  Fresh-water deposits of this age
are also faund on the coast of Brazil. Inthe lower part of
this formation we have the fresh-water Wealden deposits
of England, extending into France, Hanover, and West-
phalia. In the older Oolite or Jurassic formation we have
abundant proofs of continental conditions in the fresh-water
and “dirt "-beds of the Purbecks in the south of England,
with plants, insects and mammals; the Bavarian litho-
graphic stone, with fossil birds and insects; the earlier
*forest, marble " of Wiltshire, with ripple-marks, wood, and
broken shells, indicative of an extensive beach ; the Stones-
field slate, with plants, insects, and marsupials ; and the
Oolitic coal of Yorkshire and Sutherlandshire. Beds of the
same age occur in the Rocky Mountains of North America,
containing abundance of Dinosaurians and other reptiles,
among which is the Atlantosaurus, the largest land-animal
yet known to have existed on the earth. Professor O. C.
Marsh describes it as having been between fifty and sixty
feet long, and when standing erect at least thirty feet
high !? Such monsters could hardly have been developed
except in an extensive land area. A small ms'tmmal,
Dryolestes, has been discovered in the same deposits. A
rich Jurassic flora has also been found in East Siberia and
the Amur valley. The older Triassic deposits are very
extensively developed in America, and both i the Con-
necticut valley and the Rocky Mountains show tracks or
remains of land reptiles, amphibians and mamlpalla, while
coalfields of the same age in Virginia and Carolina produce
abundance of plants. Here too are found the ancient
mammal, Microlestes, of Wurtemberg, with the ferns,
conifers, and Labyrinthodonts of the Bunter Sandstone
Germany ; while the beds of rock-salt in this formation,

Y Introduction and, Swccession of Vertebrate Lifs in Ameriea, by Professor
0. O, Marsh. Reprinted from the Popular Scieace Monthly, March, April,
1878, N
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both in England and in many parts of the Continent, conld
only have been formed in inland seas or lakes, and thus
equally demonstrate continental conditions.

We now pass into the oldest or Palmozoic formations,
but find no diminution in the proofs of continental condi-
tions. The Permian formation has a rich flora often pro-
ducing coal in England, France, Saxony, Thuringia, Silesia,
and Eastern Russia. Coalfields of the same age occur in
Ohio in North America. In the still more ancient Carbon-
iferons formation we find the most remarkable proofs of the
existence of our présent land massses at that remote epoch,
in the wonderful extension of coal beds in all the known
continents. We find them in Ireland, England, and
Scotland ; in France, Spain, Belgium, Saxony, Prussia,
Bohemia, Hungary, Sweden, Spitzbergen, Siberia, Russia,
Greece, Turkey, and Persia; i many parts of continental
India, extensively in China, and in Australia, Tasmania,
and New Zealand. In Narth America there are immense
coal fields, in Nova Scotia and New Brunswick, from Penn-
sylvania southward to Alabama, in Indiana and Illinois,
in Missouri, and even so far west as Colorado ; and there
is also a true coal formation in South Brazil. This wonder-
fully wide distribution of coal, implying, as it does, a rich
vegetation and extensive land areas, carries back the proof
of the persistence and general identity of our continents
to a period so remote that none of the higher animal types
had probably been developed.  But we can go even further
back than this, to the preceding Devonian formation, which
was almost certainly an inland deposit often contaming
remains of fresh-water shells, plants, and even insects;
while Professor Ramsay believes that he has found “ sun-
cracks and rain-pittings” in the Longmynd beds of the
still earlier Cambrian formation! If now, in addition to
the body of evidence here adduced, we take into consider-
ation the fresh-water deposits that still remain to be
discovered, and those extensive areas where they have
been destroyed by denudation or remain deeply covered up
by Jater marine or voleanic formations, we cannot but be
struck by the abounding proofs of the permanence of the

Y Physical Geography and Geology of Great Britain, bth Ed. p. 61.
o2
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great features of land and sea as they now exist; and we
shall see how utterly gratuitous, and how entirely opposed
to all the evidence at our command, are the hypothetical
continents bridging over the deep oceans, by the help
of which it is so often attempted to cut the Gordian
knot presented by some anomalous fact in geographical
distribution.

Oceanic Islands as Indications of the Permanence of Con-
tinents and Oceans—Coming to the question from the other
side, Mr, Darwin has adduced an argument of considerable
weight in favour of the permanence of the great oceans.
He says (Origin of Species, 6th Ed. p. 288) : “ Looking to
existing oceans, which are thrice as extensive as the land,
we see them studded with many islands; but hardly one
truly oceanic island (with the exception of New Zealand,
if this can be called a truly oceanic island) is as yet known
to afford even a fragment of any Palmozoic or Secondary
formation. Hence we may perhaps infer that during the
Palwozoic and Secondary periods neither continents nor
continental islands existed where our oceans now extend;
for had they existed, Palmozoic and Secondary formations
would in all probability have been accumulated from sedi-
ment derived from their wear and tear ; and these would
have been at least partially upheaved by the oscillations of
level, which must have intervened during these enormously
long periods. If then we may infer anything from these
facts, we may infer that, where our oceans now extend,
oceans have extended from the remotest period of which
we have any record ; and, on the other hand, that where
continents now exist, large tracts of land have existed,
subjected no doubt to great oscillations of level, since the
Cambrian period.” This argument standing by itself has
not received the attention it deserves, but coming in sup- -
port of the long series of facts of an ultugethgr distinet
nature, going to show the permanence of continents, the
eumulative effect of the whole must, I think, be admitted

to be irresistible.!
1 Of Jate it hae been the custom to quote the so-called “ridge* down

the centro of the Atlantic as indicating an extensive ancient land.  Even
Professor Judd st one time adopted this view, speaking of the great belt of
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General Stability of Continents with Constent Change of
Form.—It will be observed that the very same evidence
which has been adduced to prove the general stability and
permanence of our continental areas also goes to prove
that they have been subjected to wonderful and repeated
changes in detail. Every square mile of their surface has
been again and again under water, sometimes a few hundred
feet deep, sometimes perhaps several thousands. Lakes
and inland seas have been formed, have been filled up with
sediment, and been subsequently raised into hills or even
mountains. Arms of the sea have existed crossing the
continents in various directions, and thus completely
isolating the divided portions for varying intervals. Seas
have been changed into deserts and deserts into seas.
Volcanoes have grown into mountains, have been degraded
and sunk beneath the ocean, have been covcretf with
sedimentary deposits, and again raised up into mountain
ranges ; while other mountains have been formed by the

"Pertiary voleanoes  which extended through Greenland, Iceland, the Faroe
Islands, the Hebrides, Ireland, Central France, the Iberian Peninsula, the
Azores, Madeira, Canaries, Cape de Verde Islands, Ascension, St. Helena,
and Tristan d’Acunha, and which constituted as shown by the recent
soundings of H.M.S., Challenger a mountain-range, comparable in xt:s;
extent, elevation, and voleanic character with the Andes of South America’
(Geologizal Mag. 1874, p. 71). On examining the dingram of the Atlantic
Ocean in the Challenger Reports, No. 7, o considerable part of this ridge is
found to be more than 1,900 fathoms deep, while the portion called the
“ Connecting Ridge " scems to be due in [lmrt to the deposits carried out by
the River Amazon, In the neighbourhood of the Azores, St. Paul's Rocks,
Asconsion, and Tristan d"Acunha are considersble areas varying from 1,200
to 1,500 fathoms deep, while the rest of the ridge is nsnally 1,800 or 1,000
fathoms, 'The shallower water is no doubt due to voleanic upheaval and
the accumulation of volcanic ejections, and there may be many other
deeply submerged old voleanoes on the ridge ; but that it ever fo'r,'mcd a
chain of mountains *‘ comparable in elovation with the Andes,” there
seems not a particle of evidence to prove. It is however probable that
this ridge indicates tho former existenco of some considerable Atlantic
islands, which may serve to explain the presence of a few identical genera,
and even species of plants and insects in Africa and South America, while
the main y of the fauna and flora of these two continents remains
racdically distinet, =

In my Darwinism (pp. 344-5) I have given an additionsl argument
founded on the comparative height and area of land with the depth and
area of ocean, which seems to me to add considerably to the weight of the

ovidence here submitted for the permanence of oceanic and continental
areas,
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upraised coral reefs of inland seas. The mountains of one
period have disappeared. by denudation or subsidence,
while the mountamns of the succeeding period have been
rising from beneath the waves. The valleys, the ravines,
and the mountain peaks, have been carved out and filled
up again ; and all the vegetable forms which clothe the
earth and furnish food for the various classes of animals
have been completely changed again and again,

Effect of Continental Changes on the Distribution of Ani-
mals—It is impossible to exaggerate, or even adequately
to conceive, the effect of these endless mutations on the
animal world. Slowly but surely the whole population of
living things must have been driven backward and forward
from east to west, or from north to south, from one side of
a continent or a hemisphere to the other. Owing to the
remarkable continuity of all the land masses, animals and
plants must have often been compelled to migrate into
other continents, where in the struggle for existence under
new conditions many would succumb; while such as were
able to survive would constitute those wide-spread groups
whose distribution often puzzlesus. Owing to the repeated
isolation of portions of continents for long periods, special
forms of life would have time to be developed, which, when
again brought into competition with the fauna from which
they had been separated, would cause fresh struggles of
ever increasing complexity, and thus lead to the develop-
ment and preservation of every weapon, every habit, and
every instinet, which could in any way conduce to the
safety and preservation of the several species.

Changed Distrindion proved by the E.z'fznct Av@-ima.ls of
Different Epochs—We thus find that, while the inorganic
world has been in a state of continual though very gradual
change, the species of the o.rgzmic world have also been
slowly changing in form and in the localities they inhabit ;
and the records of these changes and these migrations are
everywhere to he found, in the actual distribution of the
species no less than in the fossil remains which are pre-
served in the rocks. Everywhere the animals which have
most recently become extinet resemble more or less closely
those which now live in the same country; and where
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there are exceptions to the rule, we can generally trace
them to some changed conditions which have led to the
extinction of certain types. But when we go a little
further back, to the late or middle Tertiary deposits, we
almost always. find, along with forms which might have
been the ancestors of some now living, others which are
only now found in remote regions and often in distinet
continents—clear indications of those extensive migrations
which have ever been going on. Every large island
contains in its animal inhabitants a record of the period
when it was last separated from the adjacent continent,
while some portions of existing continents still show by the
comparative poverty and speciality of their animals that
at no distant epoch they were cut off by arms of the sea
and formed islands. If the geological record were more
perfect, or even if we had as good a knowledge of that record
in all parts of the world as we have in Europe and North
America, we could arrive at much more accurate results
than we are able to do with our present very imperfect
knowledge of extinct forms of life; but even with our

resent scanty information we are able to throw ‘much
Eght upon the past history of our globe and its inhabitants,
_and can sketch out with confidence many of the changes
they must have undergone. )

Summary of Evidence for the General Permanence of
Continents and Oceans.—As this question of the permanence
of our continents or, rather, of the continental areas, lies at
the root of all our inquiries into the past changes of the
earth and its inhabitants, and as it is at present completely
ignored by many writers, and even by naturalists of
eminence, it will be well to summarise the various kinds of
evidence which go to establish it! We know as a fact

T In a review of Mr. T. Mecllard Reade's Chemical Denudation and

* Geological Time, in Natwre (Oct. 2nd, 1878), the writer remarks as [ollows ;—

“One of the funny notions of some seientific thinkers meets with no favour
from Mr. Reade, whose geological knowledge is practical as well as theoretieal
They consider that becanse the older rocks contain nothing like the present
red clays, &e., of the ocean floor, that the oceans have always been in their
present positions. Mr. Reade points out that the first proposition is not
yét proved, and the distribution of animals and plants and the fact that
the bulk of the stratn on land are of marine origin are-opposed to the hypo-

- v
= - -

il
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that all sedimentary deposits have been formed under
water, but we also know that they were largely formed in
lakes or inland seas, or near the coasts of continents or
great islands, and that deposits uniform in character and
more than 150 or 200 miles wide were rarely, if ever,
formed at the same time. The further we go from the
land the less rapidly deposition takes place, hence the
§reat bulk of all the strata must have been formed near
and. Some deposits are, it is true, continually forming in
the midst of the great oceans, but these are chiefly organic
and increase very slowly, and there is no proof that any
part of the series of known geological formations exactly
resembles them.  Chalk, which isstill believed tobe such a
deposit by many naturalists, has been shown, by its con-
tained fossils, to be a comparatively shallow water forma-
tion—that is, one formed at a depth measured by hundreds
rather than by thousands of fathoms. The nature of the
formations composing all our continents also proves the
continuity of those continents, Everywhere we find clearly
marked shore and estuarine deposits, showing that every
part of the existing land has in turn been on the sea-shore ;
and we also find In all periods lacustrine formations of
considerable extent with remains of plants and land
animals, proving the existence of continents or extensive
lands, in which such lakes or estuaries could be formed.
These lacustrine deposits can be traced back through
every period, from the newer Tertiary to the Devonian and .
Cambrian, and in every continent which has been geo-
logically explored; and thus complete the proof that our
continents have been in existence under ever changing

thesis.” We must leave it to our readers to decide whether the ““notion ”
developed in this clm]plcr is ““funny,” or whether such hastyand superficial
arguments as those hero quoted from a ““practical geologist” have any
ne as against the different classes of facts, all fpoinling to an opposite
conelusion, which have now been briefly laid before them, supported as
they are by the expressed opinion of so weighty an authority as Sir
Archibald Geikie, who, in the lecture already quoted says ;—* From all
* this evidence we may legitimately conclude that the present Iand of the
globe, though formed in great measure of marine formations, has never
lain under the deep sea; but that its site must always have heen near
land. Even its thick marine limestones are the deposits of comparatively
shallow water,” -
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forms throughout the whole of that enormous lapse of
time.

On the side of the oceans we have also a great weight
of evidence in favour of their permanence and stability.
In addition to their enormous depths and great extent,
and the circumstance that the deposits now forming in
them are distinet from anything found upon the land-
surface, we have the extraordinary fact that the countless
islands scattered over their whole area (with one or two
exceptions only and those comparatively near to continental
areas) never contain any Palmozoic or Secondary rocks—
that 1s, have not preserved any fragments of the supposed
ancient continents, nor of the deposits which must have
resulted from their denudation during the whole period of
their existence! The exceptions are New Zealand and
the Seychelles Islands, both situated near to continents and
not really oceanic, leaving almost the whole of the vast
areas of the Atlantic, Pacifie, Indian, and Southern oceans,

without a solitary relic of the great islands or continents

supposad to have sunk beneath their waves,



CHAPTER VII

CHANGES OF CLIMATE WHICH HAVE INFLUENCED THE
DISPERSAL OF ORGANISMS @ THE GLACIAL EPOCH

Proofs of the Recent Occurrence of a Glacial Epoch—Mornines—Travellud
Blocks—Glacial Deposits of Scotland : the **Till "—Inferenses from the

¢ Glacial Phienomena of Scotland—Glacial Phenomena of North America
—TfTects of the Glacial Epoch on' Animal Life—Warm and Cold Periods
—Palzontologieal Evidenco of Alternate Cold and Warm Periods—
Tvidence of Interglacial Warm Periods on the Continent and in North
America—Migrations and Extinctions of Organisms caused by the
Glacial Epoch.

We have now to consider another set of physical revolu-
tions which have profoundly affected the whole organic
world. Besides the wonderful geological changes to which,
as we have seen, all continents have been exposed, and
which must, with extreme slowness, have brought about
the greater features of the dispersal of animals and plants
throughout the world, there has been also a long suceession
of climatal changes, which, though very slow and gradual
when measured by centuries, may have sometimes been
rapid as compared with the slow march of geological
mutations. ’

These climatal changes may be divided into two classes,
which have been thought to be the opposite phases of the
same great phenomenon—cold or even glacial epochs in
the Temperate zones on the one hand, and mild or even
warm periods extending into the Arctic regions on the
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other. The evidence for both these changes having oc-
curred is conclusive ; and as they must be taken account of
whenever we endeavour to explain the past migrations and
actual distribution of the animal world, a brief outline of
the more important facts and of the conclusions they lead
to must be here given.

Proofs of the Recent Ocourrence of a Glacial Epoch.—The
phenomena that prove the recent occurrence of glacial
epochs in the temperate regions are exceedingly varied,
and extend over very wide areas. It will be well therefore
to state, first, what those facts are as exhibited in our own
country, referring afterwards to similar phenomena in
other parts of the world.

Perhaps the most striking of all the evidences of glacia-
tion are the grooved, scratched, or striated rocks. These
occur abundantly in Scotland, Cumberland, and North
Wales, and no rational explanation of them has ever been
given except that they were formed by glaciers. In many
valleys, as, for instance, that of Llanberris in North Wales,
hundreds of examples may be seen, consisting of deep
grooves several inches wide, smaller furrows, and strie of
extreme fineness wherever the rock is of sufficiently close
and hard texture to receive such marks. These grooves
or scratches are often many yards long, they are found in
the bed of the valley as well as high up on its sndcs,.a-nd
they are almost all without exception in one general direc-
tion—that of the valley itself, even though the particular
surface they are upon' slopes in another direction. When
the native covering of turf is cleared away from the rock
the grooves and stri@ are often found in great perfection, and
there is reason to believe that such markings cover, or have
once covered, a large part of the surface. Accompanying
these markings we find another, hardly less curious phe-
nomenon, the rounding off or planing down of the h:ml_est.
rocks to a smooth undulating surface. Hard crystalline
schists with their strata nearly vertical, and which one
would expect to find exposing jagged edges, are found
around off to a perfeetly smooth but never to a flat surface.
These rounded surfaces are found not only on single rocks
but over whole valleys and mountain sides, and form what
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are termed roches moutonnées, from their often having the
appearance at a distance of sheep lying down.

Now these two phenomena are actually produced by
existing glaciers, wgile there is no other knowr or even
conceivable cause that could have produced them. When-
ever the Swiss glaciers retreat a little, as they sometimes
do, the rocks in the bed of the valley they have passed
over are found to be rounded, grooved, and striated just as
are those of Wales and Scofland. The two sets of phe-
nomena are so exactly identical that no one who has ever
compared them can doubt that they are due to the same
causes. But we have further and even mere convincing
evidence. Glaciers produce many other effects besides
these two, and whatever effects they produce in Switzer-
land, in Norway, or in Greenland, we find examples of
similar effects having been produced in our own country.
The most striking of these are moraines and travelled
blocks.

Moraines—Almost every existing glacier carries down
with it great masses of rock, stones, and earth, which fall
on its surface from the precipices and mountain slopes
which hem it in, or the rocky peaks which rise above it.
As the glacier slowly moves downward, this délris forms
long lines on cach side, or on the centre whencver two
glacier-streams unite, and is deposited at i termination
m a huge mound called the terminal moraine. The de-
crease of a glacier may often be traced by successive old
moraines across the valley up which it has retreated.
When once seen and examined, these moraines can always
be distinguished almost at a glance. Their position is
most remarkable, having no apparent natural relation to
the form of the valley or the surrounding slopes, so that
they look like huge earthworks formed by man for pur-
poses of defence. Their composition is equally peculiar,
consisting of a mixture of earth and rocks of all sizes,
usually without any arrangement, the rocks often bein
huge angular masses just as they had fallen from the sur-
rounding precipices. Some of these rock masses often rest
on the very top of the moraine in positions where no other
nn,tu}'ﬂl force but that of ice could have placed them,
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Exactly similar mounds arve found in the valleys of North
Wales and Scotland, and always where the other evidences
of ice-action occur abundantly.

Travelled Blocks—The phenomenon of travelled or
perched blocks is also a common one in all glacier

A GLACIER WITH MORAINES,

countries, marking out very clearly the former extent of
the ice, When a glacier fills a lateral valley, its foot will
sometimes cross over the main valley and abut against its
opposite slope, and it will deposit there some portion of its
terminal moraine. But in these circumstances the end of
the glacier not being confined laterally will spread out,

s
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and the moraine matter will be distributed over a large
surface, so that the only well-marked token of its presence
will be the larger masses of rock that may have been
brought down. Such blocks are found abundantly in
many of the districts of our own country where other
marks of glaciation exist, and they often rest on ridges or
hillocks over which the ice has passed, these elevations
consisting sometimes of loose material and sometimes of
rock difierent from that of wihich the blocks are composed.
These are called travelled blocks, and can almost always be
traced to their source in one of the higher valleys from
which the glacier descended. Some of the most remarkable
examples of such travelled blocks are to be found on the
southern slopes of the Jura. These consist of enormous
angular blocks of granite, gneiss, and other crystalline
rocks, quite foreign to the Jura mountains, but exactly
agreeing with those of the Alpine range fifty miles away
across the great central valley of Switzerland. One of
the lar§cst of these blocks is forty feet diameter, and is
situated 900 feet above the level of the Lake of Neufchatel.
These blocks have been proved by Swiss geologists to have
been brought by the ancient glacier of the Rhone which
was fed by the whole Alpine range from Mont Blanc to
the Furka Pass. This glacier must have been many
thonsand feet thick at the mouth of the Rhone valley near
the head of the Lake of Geneva, since it spread over the
whole of the great valley of Switzerland, extending from
Geneva to Neufchatel, Berne, and Soleure, and even on the
flanks of the Jura, reached a maximum height of 2,015
feet above the valley. The numerous blocks scattered
over the Jura for a distance of about a hundred miles va
considerably in the material of which they are composel;.{
but they are found to be each traceable to a part of the
Alps corresponding to their position, on the theory that
they have been brought by a glacier spreading out from
the Rhone valley. Thus, all the blocks situated to the
cast of a central point G (see map) can be traced to the
eastern side of the Rhone valley (! ¢ d), while those found
towards Geneva have all come from the west side (p I).
It is also very suggestive that the highest blocks on the
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Jura at G have come from the eastern shoulder of Mont
Blanc in the direct line 2 B F G. Here the glacier would
naturally preserve its greatest thickness, while as it spread
out eastward and westward it would become thinner. We
accordingly find that the travelled blocks on either side of

MAP SHOWING THE COURSE OF THE ANCIENT G}L\(lt'ﬂ or '"!.K RIUOSE AND YHE
DISTRIEUTION OF ERRATIC NLOCES ON Tilx JURA.

the central point become lower and lower, till near Soleure
and Geneva they are not more than 500 fget above the
valley. The evidence is altogether so cmplumve that, after
personal examination of the district in company with
eminent Swiss geologists, Sir Charles Lyell gave up the

e
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view he had first adopted—that the blocks had been
carried by floating ice during a period of submergence—as
altogether untenable.!

The phenomena now described demonstrate a change of
climate sufficient to cover all our higher mountains with
perpetual snow, and fill the adjacent valleys with huge
glaciers at least as extensive as those now found in Switzer-
land. But there are other phenomena, best developed.in
the northern part of our islands, which show that even
this state of things was but the concluding ghase of the
glacial period, which, during its maximum development,
must have reduced the northern half of our island to a
condition only to be paralleled now in Greenland and the
Antarctic regions. As few persons besides professed geolo-
gists are acquainted with the weight of evidence for this
statement, and as it is most important for our purpose to
understand the amount of the climatal changes the northern
hemisphere has undergone, I will endeavour to make the
evidence intelligible, referring my readers for full details
to Dr. James Geikie's deseriptions and illustrations.?

Glacial Deposits of Scotland : the “ T'ill.”—Over almost all
the lowlands and in most of the highland valleys of Scotland
there are immense superficial deposits of clay, sand, gravel,
or drift, which can be traced more or less directly to
glacial action. Some of these are moraine matter, others
are lacustrine deposits, while others again have been
formed or modified by the sea during periods of sub-
mergence. But below them all, and often resting directly
on the rock-surface, there are extensive layers of a very
tough clayey deposit known as “till.” The till is very fine
in texture, very tenacious, and often of a rock-like hardness,
Tt is always full of stones, all of which are of rude form,
but with the angles rubbed off, and almost alwayfs covered
with scratches and strim often crossing each other in various
directions, Sometimes the stones are so numerous that
there seems to be only just enough clay to unite them into
a solid mass, and they are of all sizes, from mere grit up to

1 _Antiquity of Man, 4th Ed. pp. 340-348, o
2 The (iroat fee Age and ity Relation to the Antiquity of Man. By James
Geikie, F.R.S. (Ishister and Co., 1874.)
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rocks many feet in diameter. The “ till"” is found chiefly
in the low-lying districts, where it covers extensive areas
sometimes to a depth of a hundred. feet ; while in the
highlands it oceurs m much smaller patches, but in some
of the broader valleys forms terraces which have been cut
through by the streams. Occasionally it is found as high
as two thousand feet above the sea, in hollows or hill-sides,
where it seems to have been protected from denudation.
The “till " is totally unstratified, and the rock-surfaces
on which it almost always rests are invariably worn smooth,
and much grooved and striated when the rock is hard ;
but when it is soft or jointed, it frequently shows a greatly
broken surface. Its colour and texture, and the nature of
the stones it contains, all correspond to the character of
the rock of the district where it occurs, so that it is clearly
‘a local formation. It is often found underneath moraines,
drift, and other late glacial deposits, but never overlies
them (except in special cases to be hereafter referred to),
so that it is certainly an earlier deposit. '
Throughout Scotland, where * till” is found, the glacial
strize, perched blocks, roches noutonnées, and ot.h_c-r marks
of glacial action, occur very high up the mountains to at
least 8,000 and often even to 3,500 feet above the sea,
while all lower hills and mountains are rounded and
grooved on their very summits; and these grooves nlfvays
radiate outwards from the highest peaks and ridges towards
the valleys or the sea. '
Iu}::rcer)ufcs [from the Glacial ]‘/u‘umn,l‘?m of Sc;othznd.f-lflowt'
all these phenomena taken togethc'r repdcr it certmnf hat
the whole of Scotland was once buried in a vast Séa O llc?t
out of which only the highest mountains raised then
summits. There is absolutely no escape from this con'-l
clusion : for the facts which lead to it are not local-—ﬁimm
only in one spot or one valley—but geneml lthrngg 1.0111t
the entire length and breadth of .Scotland: and :'nre "clsu 09
supported by such a mass of detailed cprroboram e ev uhenc:(i.
as to amount to absolute demonstration. The weight o
this vast ice-sheet, at least three thm!szmd feet in maxi-
mum thickness, and continually moving seaward with a
slow grinding motion like that of all existing glaciers,
i
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must have ground down the whole surface of the country,
especially all the prominences, leaving the rounded rocks
as well as the grooves and strie we still see marking the
direction of its motion. All the loose stones and rock-
masses which lay on the surface would be pressed into the
ice ; the harder blocks would serve as scratching and grind-
ing tools, and would thus themselves become rounded,
seratched, and striated, as we see them, while all the softer
masses would be ground up into impalpable mud along
with the material planed off the rocky projections of
the country, leaving them in the condition of 7ockes
MOUTONNEES.

The peculiar characters of the “till,” its fineness and
tenacity, correspond closely with the fine matter which
now issues from under all glaciers, making the streams
milky white, yellow, or brown, according to the nature of
the rock. The sediment from such water is a fine unctuous,
sticky deposit, only needing pressure to form it into a
tenacious clay ; and when “ till " is exposed to the action
of water, it dissolves into a similar soft, sticky, unctuous
mud. The present glaciers of the Alps, being confined to
valleys which carry off a large quantity of drainage water,
lose this mud perhaps as rapidly as it is formed; but when
the ice covered the whole country, there was comparatively
little drainage water, and thus the mud and stones collected
in vast compact masses in all the hollows, and especially
in the lower flat valleys, so that, when the ice retreated,
the whole country was more or less covered with it. It
was then, no doubt, rapidly denuded by rain and rivers,
but, as we have seen, great quantities remain to the
present day to tell the tale of its wonderful formation?!

1 This view of the formation of *till" is that adopted by Dr. Geikie,
and upheld by almost all the Scotch, Swiss, and Seandinnvian geologists,
Theobjor:tion'howuver is made by many eminent English geologists, includ.
ing the late My, Searles V. Wood, Jun., that mud ;.:mlu.ul, ofl' the rocks
cannot remain beneath the ice, forming sheats of great thickness, becauss
the glacier cannot at the same time grind down solid rogk n}nl yot
pass over the surface of soft mud and loese stones. But this difficulty
will disappear if we consider the numerous fluctiations in the glacier
with increasing size, and the additions it munst have been constantly
receiving as the ice from one valley after auother joined together, and
at last produced an jce-shoot covering the whole country. The grind




CIAT. V1T THE GLACIAL EPOCH 115

There is good evidence that, when the ice was at its maxi-
mum, it extended not only over the land, but far out to
sea, covering all the Scottish islands, and stretching in one
connected sheet to Ireland and Wales, where all the

evidences of glaciation are as well marked as in Scotland,

though the ice did not of course attain quite so great a
thickness.!

ing power is the motion and pressure of the ice, and the pressure will
depend on its thickness. Now the points of maximum thickness must
have often changed their Ipositions, and the result would be that the
matter ground out in one place would be forced into another place where
the pressure was less, If there were no lateral escape for the mud, it
would necessarily support the ice over it just as a water-bed supports the
person lying on it ; and when thero was little drainage water, and the ice
extended, say, twenty miles in every direction from a given part of a valley
where tho ice was of less than the average thickness, the mud would
necessarily accumulate ot this part simply becanse there was no escape for
it. Whenever the pressure all round any area was greater than the pressure
on that area, the débris of the surrounding parts would be forced into if,
and would even raise up the ice to give it room. This is a necessary
result of hydrostatic pressure. During this process the superfluous water
would no doubt escape through fissures or pores of the ice, and would
leave thoe mud and stones in that excessively compressed and tenacious
condition in which the ‘“till” is found. ‘The uncqual thickness and
pressure of the ice above referred to wonld be a necessary consequence
of the inequalities in the valleys, now narrowing into gorges, now opening
out into wide plains, and again narrowed lower down ; and it is just in
these openings in the valleys that the “ till" is said to be found, and also
in the l‘(’)wlnnds where an ice-sheet must have extended for many miles in
every direction. In these lowland valleys the ““till * is both thickest and
most wide-spread, and this is what we might expect. At first, when the
glaciers from the mountains pushed out into these valleys, they wonld
grind out the surface beneath them into hollows, and the drainage-water
would carry away the débris. But when they spread all over the surfiace
from sea to sea, and there was little or no drainnge water compared to the
enormous arex covered with ice, the great bulk of the débris must have
gathered under the ice wherever the pressu
necessarily riso as it nccumulated.  Some of the mud would no doubt be
forced out along lines of: least resistance to the sea, but the friction of the
stone-charged ““till” would be so enormous that it would be impossible for
‘“’F large part of it to be disposed of in this way. A

That the jea.sheet was continuous from Scotland to Ireland is proved
by the glacial phenomena in the Isle of Man, where till ” similar to that
in Scotland abounds, and rocks are found in it which must have come from
Cumberland and Scotland, as well as from the north of Ireland. This
wonld show that glaciers from each of these districts reached the Isle of
Man, where they met and flowed sonthwards down the Irish Sea. Tce-
marks are traced over the tops of the mountains which are nearly 2,000 feet
high  (See A Sketeh of the Geology of the Tsle of Man, by John Horne,
F.G.8.  Trans. of the Edin. Geol. Soc. Vol. 1L pt. 3, 1874.)

12

.

re was least, and the ice would °
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It i3 evident that the change of climate requisite to
produce such marvellous effects in the British Is‘es could
not have been local, and we accordingly find strikingly
similar proofs that Scandinavia and all northern Europe
have also been covered with a huge ice-sheet ; while we
have already seen that a similar gigantic glacier buried the
Alps, carrying granitic blocks to the Jura, where it de-
posited them at a height of 3,450 feet above the sea;
while to the south, in the plains of Italy, the terminal
moraines left by the retreating glaciers have formed exten-
sive hills, those of Ivrea the work of the great glacier from
the Val d’Aosta being fifteen miles across and from 700 to
1,500 feet high. _

Glacial Phenomena  in Noyth Awmerica—In  North
America the marks of glaciation are even more extensive
and striking than in Europe, stretching over the whole of
Canada and to the south of the great lakes as far as
latitude 39°. Thereis, in all these countries, a wide-spread
deposit like the “ till” of Scotland, produced by the grind-
g of the great ice-sheet when it was at its maximum
thickness; and also extensive beds of moraine-matter, true
moraines, and travelled blocks, left by the glaciers as they
retreated towards the mountains and finally withdrew into
the upland valleys. There are, also, in Britain, Scandin-
avia, and North America, proofs of the submersion of the
land beneath the sea to a depth of upwards of a thousand
feet ; but this is a subject we need not here enter upon, as
our special abject is to show the reality and amount of that
wonderful and comparatively recent change of climite

.termed the glacial epoch.

Many persons, even among scientific men, who have not
given much attention to the question, look upon the whole
subject of the glacial epoch asa geological theory made to
explain certain phenomena which are otherwise a puzzle ;
and they would not be much surprised if they were some
day told that it was all a delusion, and that Mr. So-and-so
had explained the whole thing in a much more simple way,
It is to prevent my readers being imposed upon by any such
statements or doubts, that T have given this very brief and
imperfect outline of the nature, extent, and completeness
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of the evidenee on which the existence of the glacial epoch
depends.  There is perhaps no great conclusion in any
science which rests upon a surer foundation than this; and
if we are to be guided by our reason at all in deducing the
unknown from the known, the past from the present, we
cannot refuse our assent to the reality of the glacial
epoch of the northern hemisphere inall its more important
features.

Effects of the Glacial Epoch on Anvimal Life : Warm and
Clold Periods—It is hardly necessary to point out what an
important effect this great climatal cycle must have had
upon all living things. When an icy mantle crept gradu-
ally over much of the northern hemisphere till large
portions of Europe and North America srere reduced to
the condition of Greenland now, the greater part of the
animal life must have been driven southward, causing a
struggle for existence which must have led to the exter-
mination of many forms,and the migration of othersinto new
areas. But these effects must have been greatly multiplied
and intensified if, as there is very good reason to believe,
the glacial epoch itself—or at least the earlier and later
phases of it—consisted of two or more alternations of warm
and cold periods.

The evidence that such was the case is very remarkable.
The “ till,” as we have seen, could only have been foru}ed
when the country was entirely buried under a large ice-
sheet of enormous thickness, and when it must therefore
have been, in all the parts so covered, almost entirely
destitute of animal and vegetable life. But in_several
places in Scotland fine layers of sand and gravel w_ltlr' beds
of peaty matter, have been found resting on “ till and
again covered by “till.” Sometimes these intercalated
beds are very thin, but in other cases they are twenty or
thirty feet thick, and iw them have been found remains of

the extinet ox, the Irish elk, the horse, reindeer and
mammoth. Here we have evidence of two distinet periods
of intense cold, and an intervening milder period suffi-
ciently prolonged for the country to become covered with
vegetation and stocked with animal life. Insome districts
borings have proved the existence of no less than four
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distinet formations of “ till * separated from each other by
beds of sand from two to twenty feet in thickness.! Facts
of a similar nature have been observed in other parts of our
islands. In the east of England, Mr. Skertchly (of the
Geological Survey) enumerates foug distinet boulder clays
with intervening deposits of gravels and sands® Me.
Searles V. Wood, Jun,, classes the most recent (Hessle)
boulder clay as “ post-glacial,” but he admits an inter-
vening warmer period, characterised by southern forms of
mollusca and insects, after which glacial conditions again
prevailed with northern types of mollusca® Elsewhere he
says: “ Looking at the presence of such fluviatile mollusca
as Cyrena fluminalis and Unio littoralis and of such
mammalia as the hippopotamus and other great pachy-
derms, and of such a littoral Lusitanian fauna as that of the
Selsea bed where it is mixed up with the remains of some of
those pachyderms, as well as of some other features, it has
seemed to me that the climate of the earlier part of the
post-glacial period in England was possibly even warmer
than our present climate ; and that it was succeeded by a
refrigeration sufficiently severe to cause ice to form all
round our coasts, and glaciers to accumulate in the valleys
of the mountain districts ; and that this increased severity
of climate was preceded, and partially accompanied, by a
limited submergence, which nowhere apparently exceeded
300 feet, and reached that amount only in the northern
counties of England.”* This decided admission of an
alternation of warm and cold climates since the height of
the glacial epoch by so cautious a geologist as Mr. Wood is
very important, as is his statement of an accompanying
depression of the land, accompanying the increased cold,
because many geologists maintain that a greater elevation
of the land is the true and sufficient explanation of glacial

periods. '

) The Great Iee Age, 1. 177.

% These are named, in desceniding order, Hessle Boulder Clay, Purple
Boulder Clay, Chalky Boulder Clay, and Lower Boulder Clay—below which
is the Norwich Crag. o

3“0 the Climate of the Post-Glacial Period.” Geologicnl Magasine,
1872, pp. 158, 160,

* Geological Magaszine, 1876, p. 396,
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Further evidence of this alternation is found both in the
Isle of Man and in Ireland, where two distinet boulder
clays have been described with intervening beds of gravels
and sands. =
Palwontological Evidence of Alternate Cold and Warm
Periods.—Especially suggestive of a period warmer than
the present, immediately following glacial conditions, 1s
the occurrence of the hippopotamus in caves, brick-earths,
and gravels of palmolithic age. Entire skeletons of this
animal have been found at Leeds in a bed of dark blue
clay overlaid by gravel, Further north at Kirkdale cave,
in N, Lat. 54° 15', remains of the hippopotamus occur abun-
dantly along with those of the Elephas antiquus, Rhino-
ceros hemitachus, reindeer, bear, horse, and other quadru-
peds, and with countless remains of the hyznas which
devoured them ; while it has also been found in cave de-
posits in Glamorganshire, at Durdham Down near Bristol,
and in the post-Pliocene drifts of England and France.
The fact of the hippopotamus having lived at 54° N. Lat.
in England immediately after the glacial period seems
quite nconsistent with a mere gms‘ual amelioration of
climate from that time till the present day. The entirely
tropical distribution of the existing animal and the large
quantity of vegetable food which it requires both indicate
a much warmer climate than now prevails in any part of
Europe. The problem, however, is complicated by the fact
that, both in the cave-deposits and river gravels, its remains
are often found associated with those of animals that
imply a cold climate, such as the reindeer, the mx}mmoth,
or the woolly rhinoceros. At this time the British Isles
were joined to the Continent, and a great river formed by
the union of the Rhine, the Elbe and all the castern rivers
of England, flowed northward through what is now the
German Ocean. The hippopotamus appears to have been
abundant in Central Europe before the glacial epoch, but
during the height of the cold was probably driven to the
south of France, whence it may have returned by way of
the Rhone valley, some of the tributaries of that river
approaching those of the Rhine within a mile or two a
little south-west of Mulhausen, whence it would easily
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reach Yorkshire, Professor Boyd Dawking supposes that
at this time our summers were warm, as in Middle Asia
and the United States, while the winters were cold, and
that the southern and northern animals migrated to and
fro over the great plains which extended fromr Britain to
the Continent. The following extract indicates how such
a migration was calenlated to bring about the peculiar
association of sub-tropical and arctie forms.

“It must not, however, be supposed that the southern
animals migrated from the Mediterranean area as far
north as Yorkshire in the same year, or the northern as
far south as the Mediterranean. There were, as we shall
see presently, secular changes of climate in Pleistocene
Europe, and while the cold was at its maximum the
arctic animals arrived at the southern limit, and while
it was at its minimum the spotted hyzna and hippo-
potamus and other, southern animuls roamed to their
northern limit. Thus every part of the middle zone has
been successively the frontier between the northern and
southern groups, and consequently their remains are
mingled together in the caverns and river-deposits, under
conditions which prove them to have been contemporaries
in the same region. In some of the eaverns, such as that
of Kirkdale, the hyana preyed upon the reindeer at one
time of the year and the hippopotamus at another. In
this manuer the association of morthern and southern
animals may be explained by their migration according to
the seasons ; and their association over so wide an area as
the middle zone, by the secular changes of climate by
which each part of the zone in turn was traversed by the
advancing and retreating animals.” ! -

When we consider that remains of the hippopotamus
have been found in the caves of North Wales and Bristol
as well as in those of Yorkshire, associated in all with
the reindeer and in some with the woelly rhinoceros or
the mammoth, and that the animal must have reached
these localities by means of slow-flowing rivers or flooded
marshes by very circuitous routes, we shall be convineed
that these long journeys from the warmer regions of South

v Early Maw in Britain and his Place in the Lertiary Poriod, p. 113,
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Europe could not have been made during the short sum-
mers of the glacial period. Thus the very existence of
such an animal in such remote localities closely associated
with those implying almost an avctic winter climate ap-
pears to afford a strong support to the argument for the
existence of warm inter-glacial or post-glacial periods.

Lridence of Interglacial Warm Periods on the Continent and
in North America—Besides the evidence already adduced
from our own islands, many similar facts have been noted
in other countries. In Switzerland two glacial periods are
distinetly recognised, between which was a warm period
when vegetation was so luxuriant as to form beds of lig-
nite sufficiently thick to be worked for coal. The plants
found in these deposits are similar to those now inhnEiting
Switzerland—pines, ouks, birches, larch, ete., but numer-
ous animal remains are also found, showing that the
country was then inhabited by an elephant (Elephas
antiguus), a thinoceros (Rhinoceros megarhinus), the urus
(Bos primigenius), the red deer (Cervus elephas), and the
cave-bear, (Ursus speleus); and there were also abundance
of insecis.

In Sweden also there are two ‘“tills,” the lower one
having been in places partly broken up and denuded
before the upper one was deposited, but no interglacial
deposits have yet been found, In North America more
complete evidence has been obtained. On the shares of
Lake Ontario sections are exposed showing three separate
beds of “till” with intervening stratified deposits, the
lower one of which has yielded many plant remains and
fresh-water organisms, These deposits are scen to extend
continuously for more than nine miles, and the fossiliferous
interglacial beds attain a thickness of 140 feet. Similar
beds have been discovered near Cleveland, Ohio, consl_stl‘ng,
first of “till” at the lake-level, secondly of about _4-8" fect,
of sand and loam, and thirdly of unstratified “till full_
of striated stones—six fect thick? On the other side of
the continent, in British Columbia, Mr. G. M. Da.wgoll.
geologist to the North American Boundary Commission,

1 Heer's Primaval World of Switzerland 'Vﬂ!_- IL, rp- 148-168.
% Dr. James Geikie in Geological Magasine, 1878, . 77.
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has discovered similar evidence of two glaciations divided
from ecach other by a warm period.

This remarkable series of observations, spread over
so wide an area, seems to afford ample proof that the
glacial epoch did not consist merely of one process of
change, from a temperate to a cold and arctic climate,
which having reached a maximum, then passed slowly and
completely away; but that there were certainly two, and
probably several more alternations of arctic and temperate
climates.

1t is evident, however, that if there have been, not two
only, but a series of such alternations of climate, we
could not possibly expect to find more than the most
slender indications of them, because each succeeding ice-
sheet would necessarily grind down or otherwise destroy
much of the superficial deposits left by its predecessors,
while the torrents that must always have accompanied the
melting of these huge masses of ice would wash away
even such fragments as might have escaped the ice itself.
It is'a fortunate thing therefore, that we should find any
fragments of these interglacial deposits containing animal
and vegetable remains ; and just as we should expect, the
evidence they afford seems to show that the later phase
of the cold period was less severe than the earlier. Of
such deposits as were formed on land during the coming
on of the glacial epoch when it was continually increasin
in severity hardly a trace has been preserved, because eacg
succeeding extension of the ice being greater and thicker
than the last, destroyed what had gone before it till the
maximum was reached.

Migrations and Ertinetion of Organisms caused by the
(lacial Epoch.—Onur last glacial epoch was accompanied
by at least two considerable submergences and elevations
of the land, and there is some reason to think, as we have
already explained, that the two classes of phenomena are
connected as cause and effect,  We can easily see how such
repeated submergences and elevations would increase and
aggravate the migrations and extinctions that a glacial
epoch is caleulated to produce. We can therefore hardly
fail to be right in attributing the wonderful changes in

L= 1
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animal and vegetable life that have occurred in Europe
and N. America between the Miocene Period and the
present day, in part at least, to the two or more cold
epochs that have probably intervened. These changes
consist, first, in the extinction of a whole host of the higher
animal forms, and secondly, in a complete change of types
due to extinction and migration, leading to a much greater
difference between the vegetable and animal forms of the
castern and western hemisphere than Dbefore existed.
Many large and powerful mammalia lived in our own
country in Pliocene times and apparently survived a part
of the glacial epoch ; but when it finally passed away they s
too had disappeared, some having become altogether ex-

! tinet while others continued to exist in more southern
: lands. Among the first class are the sabre-toothed tiger,
b the extinet Siberian camel (Merycotherium), three species
b of elephant, two of rhinoceros, two bears, five species of

deer, and the gigantic beaver ; among the latter are the
hywna, bear, and lion, which are considered to be only

i varieties of those which once inhabited Britain. Down to
' Pliocene times the flora of Europe was very similar to that
Yy which now prevails in Eastern Asia and Eastern North

America. The late Professor Asa Gray has pointed out
that hundreds of species of trees and shrubs of peculiar
enera which still flourish in those countries are now com-
pletely wanting in Europe, and there is good reason to
believe that these were exterminated during the glacial
period, being cut off from a sonthern migration, first l?y
the Alps, and then by the Mediterranean; whereas m
eastern America and Asia the mountain chains run in a
north and south direction, and there is nothing to prevent
the flora from having been preserved by a sonthward

migration into a milder region.!
-

Our next two chapters will be devoted to a discussion
of the causes which brought about t}w glacial epoch, and
that still more extraordinary climatic phenomenon—the

1 Thie subject is admirably diseussed in Professor ‘.-\sn Gray’s Lecture on
L8 or('lsl: (}:m':z:a ll?vanml Archmology ™ in the American Jowrnal of Science
and Arts, Vol. XV 1878.
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mild climate and luxuriant vegetation of the Arctic zone.

If my readers will follow me with the care and attention

o difficult and interesting a problem requires and deserves,

they will find that I have grappled with all the more im-
portant facts which have to be accounted for, and have

offered what I believe is the first complete and sufficient

explanation of them. The important influence of climatal

changes on the dispersal of animals and plants is a suffi-

cient justifieation for introducing such a discussion into

the present volume, ;




CHAPTER VIII
THE CAUSES OF GLACIAL EPOCHS

Various Suggested Causes—Astronomical Canses of Changes of Chmunte-—
Difference of Temperature caused by Varying Distance of the Sun—
Properties of Air and Water, Snow and lee, in Relation to Climate—
Effects of Snow on Climate—High Land and Great Moisture Essential to
the Initiation®of a Glacial Epoch—Perpetual Snow nowhers Exists on
Lowlands—Conditions Deterniining the Presence or Absence of Perpetual
Snow—LEfficiency of Astronomical Causes in Producing Glaciation—
Action of Meteorological causes in Intensilying (Glaciation—Summary
of Causes of Glaciation—Effect of Clouds and Fog in cutting off the
Sun's Heat—South Temperate America as Ilustrating the Intluence of
Astronomical Causes on Climate—Geographical Changes how far a
Canse of Glaciation—Land acting asa Barrier to Ocean-currents—The
theory of Interglacial Periods and their Probable Character—Probable
Effect of Winter in .phelion on the Climate of Britain—The Essantial
Principle of Climum{ Change Restated—Probable Date of the last
Glacial Epoch—Changes of the Sea-level dependent on Glacintion—The
Planct Mars ng bearing on the Theory of Excentricity asa (Cause of

Glacial Epochs.

No less than seven different causes have been at various
times advanced to account for the glacial epoch and other
changes of climate which the geological record proves fo
have taken place, These, ag enumerated by Mz, Searles V.
Wood, Jun., are as follows :—

1. A decrease in the original heat of our planet.

2. Changes in the obliquity of the ecliptic.

3. The combined effect of the precession of the equinoxes
and of the excentricity of the earth's orbit.

4. Changes in the distribution of land and water.
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5. Changes in the position of the earth’s axis of rota-
tion.

6. A variation in the amount of heat radiated by the
sun.

7. A variation in the temperature of space.

Of the above, causes (1) and (2) are undoubted realities ;
but it is now generally admitted that they are utterly in-
adequate to produce the observed effects. Causes (5) (6)
and (7) are a{)l purely hypothetical, for though such changes
may have occurred there is no evidence that they have
occurred during geological time ; and it is besides certain
that they would not, either singly or combined, be adequate
to explain the whole of the phenomena. There remain
causes (3) and (4), which have the advantage of being de-
monstrated facts, and which are universally admitted to be
capable of producing some effect of the nature required, the
only question being whether, either alone or in combination,
they are adequate to produce all the observed effects. Tt
is therefore to these two causes that we shall confine our
inquiry, taking first those astronomical causes whose com-
plex and wide reaching effects have been so admirably ex-
plained and discussed by Dr. Croll in numerous papers and
in his work—* Climate and Time in their Geological
Relations.”

Astronomicgl Causes of Changes of Climate~The earth
moves in an elliptical orbit round the sun, which is situated
in one of the foci of the ellipse, so that the distance of the
sun from us varies during the year to a considerable
amount. Strange to say we are now three millions of
miles nearer to the sun in winter than in summer, while
the reverse is the case in the southern hemisphere; and
this must have some effect in making our northern winters
less severe than those of the south temperate zone. But
the earth moves more rapidly in that part of its orbit which
i8 nearer to the sun, so that our winter is not only milder,
but several days shorter, than that of the southern hemi-
sphere. The distribution of land and sea and other local
causes prevent us from making any accurate estimate of
the effeets due to these differences; but there can be no
doubt that if our winter were as long as our summer is now
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and we were also three million miles further from the sun
at the former period, a very decided difference of climate
would result—our winter would be colder and longer, our
summer hotter and shorter. Now ‘there is a combination
of astronomical revolutions (the precession of the equinoxes
and the motion of the aphelion) which &ctually brings this
change about every 10,500 years, so that after this interval
the condition of the two hemispheres is reversed as regards
nearness to the sun in summer, and comparative duration
. of summer and winter; and this change has been going
on throughout all geological periods. (See Diagram.) The
influence of the present phage of precession is perhaps

N.HEMISPHERE WINTER IN APHELION S HEMISPHERE WINTER IN APHELION

© & %
% ] s
GLACIAL EPOCH IN GLAGIAL EPOGH IN
N.HEMISPHERE S.MEMIEPHERE

DIAGRAM SHOWING THE ALTERED POSITION OF THE FOLES AT INTERVALS OF 10,500 YEAKS
PRODUCED DY THE PRECESSION OF THE EQUINOXES AND THE MOTION OF TIE APAELION §
AND ITS EFFECT ON CLIMATE DURING A PERIOD OF JUGH BXCENTHICITY.

seen in the great extension of the antarctic ice-fields, and
the exisience of glaciers at the sea-level in the southern
hemisphere, in latitudes corresponding to that of England ;
but it is not supposed that similar effects were produced
with us at the ]ast cold period, 10,500 years ago, because
we are exceptionally favoured, by the Gulf-stream warming
.the whole North Atlantic ocean and by the prevalence of
westerly winds which convey that warmth to our shores ;
and also by the comparatively small quantity of high land
around the North Pole which does not encourage great
accurnulations of ice. But besides this change in the re-
lation of our seasons to the earth’s aphelion and perikelion
there is another and still more important astronomical
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factor in the change of magnitude of the excentricity itself,
This varies very largely, though very slowly, and it is now
nearly at a minimum. Tt also varies very irregularly ; but
its amount has been ealculated for several million years
back. Fifty thousand years ago it was rather less than it
1s now, but it themt increased, and when we come to a hun-
dred thousand years ago there is a difference of eight and
a half millions of miles between our distance from the sun
in aphelion and perikelion (as the most distant and nearest

P:OBABLE DURATION OF THE GLACIAL Epog'
g " H

AN

100 50, o
THOUSAND YEARS AGO FROM
A.D.1800.

DIAGRAM OF EXCENTRICITY AND IMRECESSION.

fha dark and Jight bands wark the phases of precession, the dark showing short mild
winters, and the light long eold winters, the contrast being greater as the execn
tricity (4 higher. The horizontal dotted line shows the amount of the present
excentricity. The flgures show the maxima and meinima of excentricity during the
Jast 200,000 years from Dr. Croll’s Tables,

points of the earth’s orbit are termed). At a hundred and
fifty thousand years back it had decreased somewhat—to
six millions of miles; but then it increased again, till at
two hundred thousand years ago it was ten and a quarter,
and at two hundred and ten thousand years ten and a half
millions of miles. By reference to the accompanying
diagram, which includes the last great period of excentricity,
we find, that for the immense period of a hundred and
sixty thousand years (commencing about eighty thousand

»
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years ago) the excentricity was very great, reaching a
maximum of three and a half times its present amount at
almost the remotest part of this period, at which time the
length of summer in one hemisphere and of winter in the
other would be nearly twenty-eight days in excess. Now,
during' all this time, our position would change, as above
described (and as indicated on the diagram), every ten
thousand five hundred years; so that we should have
alternate periods of very long and cold winters with short
hot summers, and short mild winters with long cool
summers. In order to understand the important effects
avhich this would produce we must ascertain two things—
first, what actual difference of temperature would be caused
by varying distances of the sun, and, secondly, what are the
properties of snow and ice in regard to climate.

Differences of Temperature Caused by Varying Distances of
the Sun.—On this subject comparatively few persons have
correct ideas owing to the unscientific manner in which we
reckon heat by our thermometers, The zero of Fahren-
heit’s thermometer is thirty-two degrees below the freezing
point of water, and that of the centigrade thermometer;
the freezing point itself, both of which are equally
misleading when applied to cosmical problems. If we say
that the mean temperature of a place is 50° F., or 10° C,,
these figures tell us nothing of how much the sun warms
that place, because if the sun were withdrawn the temper-
ature would fall far below either of the zero points. In
the last Arctic Expedition a temperature of —74° F. was
registered, or 106° below the freezing point of water; and
as at the same time the earth, at a depth of two feet, was
only, —13° F. and the sea water+ 28° F., both influencing
the temperature of the air, we may be sure that even this
intense cold was not near the possible minimum tempera-
ture. By various calculations and experiments which
cannot be entered upon here, it has been determined that
the temperature of space, independent of solar (but not of
stellar) mfluence, is about —239° F., and physicists almost
universally adopt this quantity in all estimates of cosmical
temperature, [t follows, that if the mean temperature of
the earth's surface at any time is 50° F. it is really warmed

I
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by the sun to an amount measured by 504239 = 280° I,
- which is hence termed its absolute temperature.  Now
during the time of the glacial epoch the greatest distance
of the sun in winter was 98} millions of miles, whereas it
is now, in winter, only 914 millions of miles, the mean
distance being taken as 93 million miles. But the quantity
of heat received from the sun is inversely as the square ‘'of
the distance, so that it would then be in the proportion of
8,372 to 9,613 now, or nearly one seventh less than its
present amount. The mean temperature of England in
January is about 37° F., which equals 276° F. of absolute
femperature. But the above-named fraction of 276° is 237,
the difference, 39, representing the amount which must be
deducted to obtain the January temperature during the
glacial epoch, which will therefore be —2° F. But this is
a purely theoretic result. The actual temperature at that
time might have heen very different from this, because
the temperature of a place does not depend so much on the
amount of heat it receives directly from the sun, as on the
amount brought to it or carried away from it by warm or
cold winds. We often have it bitterly cold in the middle
of May when we are receiving as much sun heat as many
parts of the tropics, but ‘we get cold winds from the
iceberg-laden North Atlantic, and this largely neutralises
the effect of the sun. So we often have it very mild in
December if south-westerly winds bring us warm moist air
from the Gulf-stream. But though the above method does
not give correct results for any one time or place, it will be
more nearly correct for very large areas, because all the
sensible surface-heat which produces climates necessarily
comes from the sun, and its proportionate amount may be
very nearly calculated in the manner above described. We
may therefore say, generally, that during our winter,
at the time of the glacial epoch, the northern hemi-
sphere was receiving so much less heat from the sun
as was caleulated to lower its surface temperature on an
average about 39° F,, while during the height of summer
of the same period it would be receiving so much more
heat as would suffice, other conditions being equal, to raise
1ts mean temperature about 48° above what it is now.
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The winter, moreover, would be long and the summer
short, the difference being twenty-six days.

We have here certainly an amount of cold in winter
amply sufficient to produce a glacial period! especially as
this cold would be {ong continued ; but at the same time
we should have almost tropical heat in summer, although
that season would be somewhat shorter. How then, it
may be asked,could such a climate have the effectsupposed ?
Would not the snow that fell in winter be all melted by
the excessively hot summer? In order to answer this
question we must take account of certain properties of water
and air, snow and ice, to which due weight has not been

given by writers on this subject.

Propertics of Air and Water, Snow and Ice, in Relation to
Climate—The great aerial ocean which surrounds us has
the wonderful property of allowing the heat-rays from the
sun to pass through it without its being warmed by them;
but when the earth is heated the air gets warmed by con-
tact with it, and also to a considerable extent by the heat
radiated from the warm earth, because, although pure dry

1 In a letter to Nafure of October 30th, 1879, the Rev, O. Fisher calls
attention to a resnlt arrived at by Pouillet, that the temperature which the
surface of the ground would assume if the sun wero extinguishod would
be — 128° F. instead of — 239° F. If this corrected amount were used in
our caleulations, the January temperature of England during the glacial
epoch would come out 17° F., and this Mr. Fisher thinks not low enough
to cause any éxtreme difference from the present elimate. In this opinion,
however, I cannot agree with him. On the contrary, it would, 1 think, bo
a rolief to the theory were the amounts of decrcase of temperature in
winter and increase in summer rendered more moderate, since according
to the usual calenlation (which I have adopted) the differences are un-
necessarily great. I cannot therefore think that this modification of the
temperatures, should it be ultimately proved to be corrcct (which is
altogether denied by Dr. Croll), would be any serious objection to the
adoption of Dr. Croll's theory of the Astronomical and Physical causes of

¢ Glacial Epoch. =

The reason of the theoretical increase of summer heat being greater than
the decrease of winter cold is becauss we are now nearest the sun in winter
and farthest in summer, whereas we calculate the temperatures of the
glacial epoch for the phase of precession when the aplelion was in winter,
A lnrﬁe part of the increase of temperature would no doubt be used up
in melting ice and evaporating water, so that there would hc_ & much less
increase of sensible heat ; while only a portion of the theoretical lowering
of temperature in winter would be actually prodnced owing to equalising
effect of winds and currents, and the storing up of heat by the earth and
oceall.

K 2
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air allows such dark heat-rays to pass freely, yet the
aqueous vapour and carbonic acid in the air intercept and
absorb them. But the air thus warmed by the earth is in
continual motion owing to changes of density. It rises up
and flows off, owing to the greater weight of the cooler air
which forces it up and takes its place; and thus heat can
never accumulate in the atmosphere beyond a very mode-
rate degree, the excessive sun-heat of the tropics being
much of it carried away to the upper atmosphere and
radiated into space. Water also is very mobile; and
although it receives and stores up a great deal of heat, it
18 for ever dispersing it over the earth. The rain which
brings down a certain portion of heat from the atmosphere,
and which often absorbs heat from the earth on which it
falls, flows away in streams to the ocean; while the ocean
itself, constantly impelled by the winds, forms great cur-
rents, which carry off the surplus heated water of the
tropics to the temperate and even to the polar regions,
while colder water flows from the poles to ameliorate the
heat of the tropics. An immense quantity of sun-heat is
also used up in evaporating water, and t?;e vapour thus
produced is conveyed by the aerial currents to distant
countries, where, on being condensed info rain, it gives up
much of this heat to the earth and atmosphere.

The power of water in carrying away heat is well
exhibited by the fact of the abnormally high temperature
of arid deserts and of very dry countries generally ; while
the still more powerful influence of moving air may be
appreciated, by considering the effects of even our northern
sun in heating a tightly-closed glass house to far above the
temperature produced by the vertical sun of the equator
where the free air and abundance of moisture exert their
beneficial influence. Were it not for the large proportion
of the sun’s heat carried away by air and water the tropics
would become uninhabitable furnaces—as would indeed
ony part of the earth where the sun shone brightly
throughont a summer’s day.

We see, therefore, that the excess of heat derived from
the sun at any place cannot be stored up to an important
amount owing to the wonderful dispersing agency: of air
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and water ; and though some heat does penetrate the
ground and is stored up there, this is solittle in proportion
to the whole amount received, and the larger part of it is
50 soon given out from the surface layers, that any surplus
heat that may be thus preserved during one summer of the
temperate zones rarely or never remains in sufficient
quantity to affect the temperature of the succeeding
summer, so that there is no such thing as an accumulation
of earth-heat from year to year. But, though heat cannot,
cold can be stored up to an almost unlimited amount, owing
to the peculiar property water possesses of becoming solid
at a moderately low temperature ; and as this is a subject
of the very greatest importance to our inquiry—the whole
question of the possibility of glacial epochs and warm periods
depending on it—we must consider it in some detail.
Effects of Snow on Climate—Let us then examine the
very different effects produced by water falling as a liquid
in the form of rain, or as a solid in the form of snow,
although the two may not differ from each other more than
two or three degrees in temperature. The rain, however
much of it may fall, runs off rapidly into streams and rivers,
and soon reaches the ocean, a small portion only sinking
into the earth and another portion evaporating into the
atmosphere. If cold it cools the air and the earth some-
what while passing through or over them, but produces no
permanent effect on temperature, because a few hours of
sunshine restore to the air or the surface-soil all the heat
they had lost. But if snow falls for a long time, the effect,
as we all know, is very different, becawse ¢ has no mobility.
Tt remains where it fell and becomes compacted into a
mass, and it then keeps the earth below it and the air
above, at or near the freezing-point till it is all melted. If
the quantity is great it may take days or weeks to_melt;
and if snow continues falling it goes on accumulating all
over the surface of a country (which water cannot do), and
may thus form such a mass that the warmth o_f the whole
succeeding summer may not be able to melt it. It th(_zn
produces perpetual snow, such as we find above a certain
altitude onall the great mountains of the globe ; and when
this takes place cold is rendered permanent, no amount of
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sun-heat warming the air or the earth much above the
freezing-point. This is illustrated by the often-quoted fact
that, at 8(” N. Lat., Captain Scoresby had the pitch melted
on one side of his ship by the heat of the sun,while water was
freezing on the other side owing to the coldness of the air.

The quantity of heat required to melt ice or snow is very
great, as we all know by experience of the long time masses
of snow will remain unmelted even in warm weather. We
shall however be better able to appreciate the great effect
this has upon climate, by a'few figures showing what this
amount really is. In order to melt one cubic foot of ice,
as much heat is required as would heat a cubic foot of
water from the freezing point to 176° F., or two cubic feet
to 88° F. To melt a layer of ice a foot thick will therefore
use up as much heat as would raise a layer of ice-cold water
two feet thick to the temperature of 88° F. ; and the effect
becomes still more easily understood if we estimate it as
applied to air, for to melt a layer of ice only 1% inches
thick would require as much heat as would raise a stratum
of air 800 feet thick from the freezing point to the tropical
heat of 88° F.! We thus obtain a good idea, both of the
wonderful power of snow and ice in keeping down tempera-
ture, and also of the reason why it requires so long a time
to melt away, and is able to go on accumulating to such an
extent as to become permanent. These properties would,
however, be of no avail if it were liquid, like water ; hence
it is the state of solidity and almost complete immobility
of ice that enables it to produce by its accumulation such
extraordinary effects in physical geography and in climate,
as we see in the glaciers of Switzerland and the ice-capped
interior of Greenland.

High Land and great Moisture Essentval to. the Initiation
of a (lacial Epoch.—Another point of greatimportance in
connection with this subject, 1s the fact, that this perma-
nent storing up of cold depends entirely on the annual
amount of snow-fall in proportion to that of the sun and
air-heat, and not on the actual cold of winter, or even on
the average cold of the year! A place may be intensely
cold in winter and may have a short arctic summer, yet, 1f

1 Dr, Croll says this **is one of the most widespread and fundamental
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so little snow falls that it is quickly melted by the return-
ing sun, there is nothing to prevent the summer being hot
and the earth producing a. luxuriant vegetation. As an
example of this we have great forests in the extreme north
of Asia and America where the winters are colder and the
summers shorter than in Greenland in Lat. 62° N., or than
in Heard Island and South Georgia, both in Lat. 53° S. in
the Southern Ocean, and almost wholly covered with per-
petual snow and ice. At the “Jardin” on the Mount
Blanc range, above the line of fperpetual snow, a thermo-
meter in an exposed situation marked — 6°F. as the lowest
winter temperature : while in many parts of Siberia mer-
cury freezes during several weeks in winter, showing a
temperature below — 40° F.; yet here the summers are
hot, all the snow disappears, and there is a luxuriant
vegetation. Tven in the very highest latitudes reached
by our last Arctic Expedition there is very little perpetual
snow or ice, for Captain Nares tells us that north of Haye's
Sound, in Lat. 79° N., the mountains were remarkably free
from ice-cap, while extensive tragts of land were free
from snow Am'ing summer, and covered with a rich vege-
tation with abundance of bright flowers. The reason of
this is evidently the scanty snow-fall, which rendered it
sometimes difficult to obtain enough to form shelter-banks
around the ships; and this was northe of 80° N. Lat,, where
the sun was absent for 142 days. :
Perpetual Snow Nowhere Exists on Lowland Areas—1t is
a very remarkable and most suggestive fact, that nowhere
in the world at the present time are there any extensive
lowlands covered with perpetual snow. The Tundras of
Siberia and the barren grounds of N. America are all
clothed with some kind of summer vegetation;? and itis

orrors withi whole range of geological c-limntology." The gcl_upcmtum
of the s:;g:'l ‘its-lflis. he §:ys. £,c')’nu of the main factors. ((.lzm«.l'r; and
Cosmology, p. 85.) But gurely the temperature of the snow must depend
on the temperature of the air throngh which it falls. o

1 Iy an account of Prof. Nordenskjold’s recent expedition round the
northern coast of Asia, given in Nature, November 20th, 1879, we have
the following passage, fully supporting the utnt&cm’cnt in _the text. *‘ Along
the whole coast, from the White Sea to Beliring’s Straits, no glacier was
sten,  During autumn the Siberian coast is nearly fre_o of ice and snow.
There sre no mountains covered all the year round with snow, although
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only where there are lofty mountains or plateaus—as in
Greenland, Spitzbergen, and Grinnell’s Land—that glaciers,
accompanied by perpetual snowy cover the conntry, and de-
scend 1n places to the level of the sea. In the Antaretic
regions there are extensive highlands and lofty mountains,
and these are everywhere exposed to the influence of moist
sea-air ; and it is here, accordingly, that we find the nearest
approach to a true ice-cap covering the whole circum-
ference of the Antarctic continent, and forming a girdle of
ice-cliffs which almost evdrywhere descend to the sea.
Such Antarctic islands as South Georgia, South Shetland,
and Heard Island, are often said to have perpetual snow at
sea-level ; but they are all very mountainous, and send down
glaciers into the sea, and as they are exposed to moist sea-
air on every side, the precipitation, almost all of which
takes the form of snow even in summer, is of course
unusually large.!

That high land in an area of great precipitation is the
necessary condition of glaciation, is well shown by the
general state of the twe polar areas at the present time.
The northern part of the north temperate zone is almost
all land, mostly low but with elevated borders; while the
polar area is, with the exception of Greenland and a fow
other considerable islands, almost all water. In the
southern hemisphere the temperate zone is almost all
water, while the polar area is almost all land, or is at least
inclosed by a ring of high and mountainous land. The
result is that in the north the polar area is free from any
accumulation of permanent ice (except on the highlands
of Greenland and Grinnell’s Land), while in the south a
complete barrier of ice of enormous thickness appears to
surround the pole. Dr. Croll shows, from the measured
height of numerous Antarctic icebergs (often miles in
length) that the ice-sheet from which they are the broken
outer fragments must be from a mile to a mile and a half

some of them rise to a height of more than 2,000 feet.” It must bo
remembered that the north coast of Eastern Siberia is in the area of
su{»poacd greatest winter cold on the globe.

Dr. Croll ohjects to this argument on the ground that Greenland and
the Auntarctic continent are probably lowlands or groups of islands.
(Climate and Cosmology, Chap, V.) :
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in thickness.! As this is the thickness of the outer edge
of the ice it must be far thicker inland ; and we thus find
that the Antarctic continent-is at this very time suffering
glaciation to quite as great an extent as we have reason to
believe occurred in the same latitudes of the northern
hemisphere during the last glacial epoch.

The accompanying diagrams show the comparative state
of the two polar areas both as regards the distribution of
land and sea, and the extent of the ice-sheet and floating
icebergs. The much greater quantity of ice at the south
pole'is undoubtedly due to the presence of a large extent
of high land, which acts as a condenser, and an unbroken
surrounding ocean, which affords a constant supply of
vapour; and the effect is intensified by winter being
there in aphelion, and thus several days longer than
with us, while the whole southern hemisphere is at
that time farther from the sun, and therefore receives
less heat.

We see, however, that with less favourable conditions for
the production and accumulation of ice, Greenland is
glaciated down to Lat. 61° What, then, would be the
effect if the Antarctic continent, instead of being confined
almost wholly within the south polar circle, were to extend
in one or two great mountainous promontories far into the
temperate zone ? The comparatively small Heard Island
in S. Lat. 53°is even now glaciated down to the sea. What
would be its condition were it a northerly extension of a
lofty Auntarctic continent? We may be quite sure that
glaciation would then be far more severe, and that an 1ce-
sheet corresponding to that of Greenland might extend to
beyond the parallel of 50° S. Lat. Even this is probably
much too low an estimate, for on the west coast of New
Zealand in S. Lat. 43° 35’ a glacier even now descends to
within 705 feet of the sea-level; and if those islands were
the northern extension of an Antarctic continent, we may
be pretty sure that they would be nearly in the ice-
covered condition of Greenland, although situated in the
latitude of Marseilles. ‘

! “On the Glacial Epoch,” by James Croll.  Geol. Mag. July, August,
1874. _
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Conditions Determining the Presence or Absence of Perpet-
ual Snow.~—1Itis clear, then, that the vicinity of a sea or ocean
to supply moisture, together with high land to serve as a
condenser of that moisture into snow, are the prime essen-
tials of a great accumulation of ice; and it is fully in
accordance with this view that we find the most undoubted
signs of extensive glaciation in the west of Europe and the
east of North America, both washed by the Atlantic and
both having abundance of high land to condense the
moisture which it supplies. Without these conditions
cold alone, however great, can produce no glacial epoclh.
This is strikingly shown by the fact, that in the very
coldest portions of the two northern continents—HEastern
Siberia and the north-western shores of Hudson’s Bay—
there is no perennial covering of snow or ice whatever.
No less remarkable is the coincidence of the districts of
greatest glaciation with those of greatest rainfall at the
present time. Looking at a rain-map of the British Isles,
we see that.the greatest area of excessive rainfall is the
Highlands of Scotland, then follows the west of Ireland,
Wales, and the north of England; and these were glaciated
pretty nearly in proportion to the area of country over
which there is an abundant supply of moisture. So in
Europe, the Alps and the Scandinavian mountains have
excessive rainfai)lé, and have been areas of cxcgssn'e'glacm-
tion, while the Ural and Caucasian mountains, with less
rain, never seem to have been proport,lonnlly glaciated.
In North America the eastern coast has an abundant
rainfall, and New England with North-eastern Canada
seems to have been the source of much of the glaciation

of that continent.!

! “Tha general absence of recent m_nrki of glu:v)_al n,:‘tl?n] in F:As::‘erﬁ
Eutrope is well known ; and the series of changes W hich ll:,‘tc-"im _(:‘ cl
traced and described by Prof. Szabt as occurring it E}go:m distric "qt ;scc‘ Fla' .’o
leave no room for those pcriodxcul extensions of 'lce-cn[;«ﬂ ‘T'l th .x;:.j_,
some authors in this country have axquseul thomsqh ‘esnni '1'urr l::lnlh
Mr. Campbell, whose ability to recognise the physical evidence of glaciers
v i o same ahsence of the yproof of

e % : Is quite th
will scarcely be ‘]“"’“m’"“.l‘;ri:{:‘ A?nz-lrit:m. westward of the meridian of

extensive ice-action in N o
C‘h;';;‘;’?. (Prof. . W. Judd in Geol. Mag. 1576, p. B35.) y
The same author notes the diminution of marks of ice-action on going

castward in the Alps ; and the Altai Mountains far in Central Asia show
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The reason’ why no accumulation of snow or ice ever
takes place on Arctic lowlands is explained by the observa-
tions of Lieut. Payer of the Austrian Polar Expedition, who
found that during the short Arctie summer ot the highest
latitudes the ice-fields diminished four feet in thickness
under the influence of the sun and wind. To replace this
would require a precipitation of snow equivalent to about
45 inches of rain, an amount which rarely occurs in low-
lands out of the tropics. In Siberia, within and near the
Arctic circle, about six feet of snow covers the country all
the winter and spring, and is not sensibly diminished by
the powerful sun so long as northerly winds keep the.air
below the freezing-point and occasional snow-storms occur,
But early in June the wind usually changes to southerly,
probably the south-western anti-trades overcoming the
northern inflow; and under its influence the snow all dis-
appears in a few days and the vegetable kingdom bursts
into full luxuriance. This is very important as showing
the impotence of mere sun-heat to get rid of asthick mass
of snow so long as the air remains cold, while currents of
warm air are in the highest degree effective. If, however,
they are not of sufficiently high temperature or do not
last long enough to melt the snow, they are likely to
inerease it, from the quantity of moisture they bring with
them which will be condensed into snow by coming into
contact with the frozen surface, We may therefore expect
the transition from perpetual snow to a luxuriant arctic
vegetation to be very abrupt, depending as it must on a
few degrees more or less in the summer temperature of
the air; and this is quite in accordance with the fact of
corn ripening by the sides of alpine glaciers.

Efiiciency of Astronomical Causes in Producing Glacia-
tion.—Having now collected a sufficient body of facts, let
us endeavour to ascertain what would be the state to
which the northern hemisphere would be reduced by a
1o igns of having heen largely glaciated. West of the Rocky Mountains,
Rowever, in the Sierra Nevada and the coast ranges further north, signs-
of extensive old glaciers again appear ; all which phenomena are strikingly
in accordance with the theory here advocated, of the absolute dependence

of glaciation on abundant Tainfall and elevated snow-condensers and
accummulators,
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high degree of excentricity and a winter in aphelion.
When the glacial epoch is supposed to have been at its
maximum, about 210,000 years ago, the excentricity was
more than three times as great as it is now, and, according

to Dr. Croll's caleulations, the mid-winter temperature of

the northern hemisphere would have been lowered 36° F.,
while the winter half of the year would have been twenty-
six days longer than the summer half. This would brin
the January mean temperature of England and Scot-la.ng
almost down to zero or about 30° F. of frost, a winter
climate corresponding to that of Labrador, or the coast of
Greenland on the Arctic circle. But we must remember
that the summer would be very much hotter than it is
now, and the problem to be solved is, whether, supposing
the geography of the northern hemisphere to have been
identical with what it is now, the snow that fell in winter
would accumulate to such an extent that it would not be
melted in summer, and so go on increasing year by year
till it covered the whole of Scotland, Ireland, and Wales,
and much of England. Dr. Croll and Dr. Geikie answer
that it would. Sir Charles Lyell maintained that it
would only do so if geographical conditions were then
more fayourable than they are now; while the late Mr.
Belt has argued, that excentricity alone would not produce
the effect unless aided by increased obliquity of the ecliptic,
which, by extending the width of the polar regions, would
increase the duration and severity of the winter 1o such
an extent that snow and ice would be fm_'mcd in the
Arctic and Antarctic regions at the same time whether
the winter were in perthelion or aphelion.! !
The problem we have now to solve is a very difficult one,
because we have no case at all parallel to 1% from which
we oan draw direct conclusions. It iz, however, clear from
the various considerations we have already adduced, that
the increased cold of winter when the excentricity was
great and the sun in aphelion during that season, would
not of itself produce a glacial epoch unless the amount of

1 - wodified this whole passage in tho endeavour to
I have somewhat moc the views of Dr. Crolland

represent more accurately the difference between
Sir Charles Lyell.
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vapour supplied for condensation was also exceptionally
great. The greatest quantity of snow falls in the Arctic
regions in summer and autumn, and with us the greatest
quantity of rain falls in the autumnal months. It seems
~ probable, then, that in all northern lands glaciation would
commence when autumn occurred in aphelion. All the
rain which falls on our mountains at that season would
then fall as snow, and, being further increased by the snow
of winter, would form accumulations which the summer
might not be able to melt. As time went on, and the
aphelion occurred in winter, the perennial snow on the
mountains would have accumulated to such an extent as
to chill the spring and summer vapours, so that they too
would fall as snow, and thus increase the amount of de-
position ; but it is probable that this would never in our
latitudes have been sufficient to produce glaciation, were
it not for a series of climatal reactions which tend still
further to increase the production of snow.

Action of Meteorological Causes in intensifying Glaciation.
—The tradeswinds owe their existence to the great differ-
' ence between the temperature of the equator and the
poles, which causes a constant flow of air towards the
equator. The strength of this flow depends on the differ-
ence of temperature and the extent of the cooled and
heated masses of air, and this effect is now greatest be-
tween the south pole and the equator, owing to the much
greater accumulation of ice in the Antarctic regions. The
consequence is, that the south-east trades are stronger than
the north-east, the neutral zone or belt of calms between
them not being on the equator but several degrees to the
north of it. But just in proportion to the strength of the
trade-winds is the strength of the anti-trades, that is, the
upper return current which carries the warm moisture-
laden air of the tropics towards the poles, descending in
t}le t(ﬂnpenltc zone as west aud south-west \Vu]ds. These
are now strongest in the southern hemisphere, and, passing
everywhere over a wide ocean, they supply Phe moisture
necessary to produce the enormous quantity of snow which
falls in the Antaretic area. During the period we are now
discussing, however, this state of things would have been
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partially reversed. The south polar arvea, having its winter
m perihelion, would probably have had less ice, while the
north-temperate and Arctic regions would have been
largely ice-clad ; and the north-east trades would therefore
be stronger than they are now. The south-westerly anti-
trades would also be stronger in the same proportion, and
would bring with them a greatly increased quantity of
moisture, which is the prime necessity to produce a con-
dition of glaciation.

But this is only one-half of the effect that would be
produced, for the increased force of the trades sets up
another action which: still further helps on the accumula-
tion of snow and ice. It is now generally admitted that
we owe much of our mild climate and our comparative
freedom from snow to the influence of the Gulf Stream,
which also ameliorates the climate of Scandinavia and
Spitzbergen, as shown by the remarkable northward cur-
vature of the isothermal lines, so that Drontheim in N.
Lat. 62° has the same mean temperature as Halifax (Nova
Scotia) in N. Lat. 45°. The quantity of heat now brought
into the North Atlantic by the Gulf Stream depends mainly
on the superior strength of the south-east trades. When
the north-east trades were the more powerful, the Gulf
Stream would certainly be of much less magnitude and

velocity ; while it is possible, as Dr. Croll thinks, that a
large portion of it might be diverted southward owing to
the peculiar form of the east coast of South America, and
0 go to swell the Brazilian current and ameliorate the
climate of the southern hemisphere. :

That effects of this nature would follow from any m-
crease of the Arctic, and decrease of the Antarctic ice, may
be considered certain ; and Dr. Croll has clearly shown that
in this case cause and effect act and react on eacl} other in
a remarkable way. The increase of snow and ice in the
northern hemisphere is the cause of an ill(’!‘C{lSCd sgpply of
moisture being brought by the more powerful anti-trades,
and this greater supply of moisture leads to an extension
of the ice, which reacts in still further increasing the
supply of moisture. The same increase of snow and ice,
by causing the north-east to be stronger than the south-east

],
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trade-winds, diminishes the force of the Gulf Stream, and
this diminution lowers the temperature of the North
Atlantic both in summer and winter, and thus helps on
still further the formation and perpetuation of the icy
mantle. It must also be remembered that these agencies
are at the same time acting in a reverse way in the
southern. hemisphere, diminishing the supply of the
moisture carried by the anti-trades, and increasing the
temperature by means of more powerful southward ocean-
currents ;—and all this again reacts on the northern hemi-
Sﬁhere, increasing yet further the supply of moisture by
the more powerful south-westerly winds, while still fur-
ther lowering the temperature by the southward diversion
of the Gulf Stream.

Summary of Principal Causes of Glaciation—I have now
sufficiently answered the question, why the short hot
summer would not melt the snow which accumulated
during the long cold winter (produced by high excentricity
and winter in aplelion), although the annual amount of
heat received from the sun was exactly the same as it is
now, and equal in the two hemispheres. It may be well,
before going further, briefly to summarise the essential
causes of this apparent paradox. These are—primarily,
the fact that solar heat cannot be stored up owing to its
being continually carried away by air and water, while

~cold can be so stored up owing to the comparative
immobility of snow and ice; and, in the second place,
because the two great heat-distributing agencies, the
winds and the ocean-currents, are so affected by an
increase of the snow and ice towards one pole and its
diminution towards the other, as to help on the process
when it has once begun, and by their action and reaction
produce a maximum of effect which, without their aid,
would be altogether unattainable,

But ‘even this does not exhaust the causes at work, all
tending in one direction. Snow and ice reflect heat toa
much greater degree than do land or water. The heat,
therefore, of the short summer would have far less effoct
than is due to its caleulated amount in melting the snow,
because so much of it would be lost by mﬁection. A
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ortion of the reflected heat would no doubt warm the
yapour in the atmosphere, but this heat would be carried
off to other parts of the earth, while a considerable portion
of the whole would be lost in space. It must also be
remembered that an enormous quantity of heat is used up -
in meltm_g snow and ice, without raising its temperature ;
each cubic foot of ice requiring as much heat to melt it as
would raise nearly six cubic feet of water 30° F. It has,
however, been argued that because when water is frozen
it evolves just as much heat as it requires to melt it again,
there is no loss of heat on the whole; and as this is ad-
duced over and over again as a valid argument in every
criticism of Dr. Croll's thebry, it may be well to consider it
a little more closely. In the act of freezing no doubt
water gives up some of its heat to the surrounding air ; but
that aar still remains below the freezing point or freezing
would not take place. The heat liberated by freezing is,
therefore, what may be termed low-grade heat—heat
incapable of melting snow or ice; while the heat absorbed
while ice or snow is melting is high-grade heat, such as is
capable of melting snow and supporting vegetable growth.
Moreover, the low-grade heat liberated in the formation of
snow is usually liberated high up in the atmosphere, where
it may be carried off by winds to more southern latitudes,
while the heat absorbed in melting the surface of snow and
jee is absorbed close to the earth and is thus prevented
from warming the lower atmosphere, which is in contact
with vegetation. The two phenomena, therefore, by no
means counterbalance or counteract each other, as it 1s so
constantly and superficially asserted that they do.

Effect of Clouds and Fog in culting of the Sun's Heat—
Another very important cause of diminution of heat during
summer in a glaciated country would be the intervention
of clouds and fogs, which would reflect or absorb a large
proportion of the sun-heat and prevent it reaching the
surface of the earth: and such a cloudy atmosphere would
be a necessary result of large areas of high land covered
with snow and ice. That such a prevalence of fogs and
cloud is an actual fact in all ice-clad countries has been
shown by Dr, Croll most conclusively, and he has further

L
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shown that the existence of perpetual snow often depends
upon it. South Georgia in the latitude of Yorkshire is
almost, and Sandwich Tand in the latitude of the north of
Scotland, is entirely covered with perpetual snow ; yet in
their summer the sun is three million miles nearer the
earth than it is in our summer, and the heat actually
received from the sun must be sufficient to raise the
temperature 20° F. higher than in the same latitudes in
the northern hemisphere, were the conditions equal—in-
stead of which their summer temperature is probably full
20° lower. The chief cause of this can only be that the
heat of the sun does not reach the surface of the earth;
and that this is the fact is testified by all Antarctic
voyagers. Darwin notes the cloudy sky and constant
moisture of the southern part of Chile, and in his remarks
on the climate and productions of the Antarctic islands he
says:. “In the Southern Ocean the winter is not so
excessively cold, but the summer is far less hot (than in
the north), for the clouded sky seldom allows the sun to warm
the ocean, itself a bad absorbent of heat; and hence the
mean temperature of the year, which regulates the zone
of perpetually congealed under-soil, is low.”  Sir James
Ross, Lieutenant Wilkes, and other Antarctic voyagers
speak of the snow-storms, the absence of sunshine, and the
freezing temperature in the height of summer;: and Dr,
Croll shows that this is a constant phenomenon accom-
panying the presence of large masses of ice in every part
of the world.!

In reply to the objections of a recent critic Dr. Croll
has given a new proof of this important fact by comparing
the known amount of snow-fall with the equally well-
known melting power of direct sun-heat in different
latitudes, He says: “The annual precipitation on
Greenland in the form of snow and rain, according to .
Rink, amounts to only twelve inches, and two inches of
this he considers is never melted, but is carried away in
the form of icebergs. The quantity of heat received gt the

! For numerous details and illustrations see the paper—“ () Ocenn

Currents in Relation to the Physical Theory of Secular Chan s 0f (1 n
—in the Philosophical Magazine, 1870, ges of Climata




e

E~

P, b ol

CHAF. VIII THE CAUSES OF GLACIAL EPOCHS 147

equator from sunrise to sunset, if none were cut off by the
atmosphere, would melt 81 inches of ice, or 100 feet in a
year. The quantity received between latitude 60° and 80°,
which is that of Greenland, is, according to Meech, one-half
that received at the equator. The ‘heat received by
Greenland from the sun, if none were cut off by the
atmosphere, would therefore melt fifty feet of ice per
annum, or fifty times the amount of snow which falls on
that continent. What then cuts off the ninety-eight per
cent. of the sun’s heat ?” The only possible answer is,
that it is the clouds and fog during a great part of the
summer, and reflection from the surface of the snow and ice

+ when these are absent.

South Temperate America as Illustrating the Influence of
Astronomical Causes on Climate.—~Those persons who still
doubt the effect of winter in aphelion with a high degree
of excentricity in producing glaciation, should consider how
the condition of south temperate America at the present
day js explicable if they reject this agency. The line of
perpetun{)snow in the Southern Andes is so low as 6,000
feet in the same latitude as the Pyrenees; in the latitude
of the Swiss Alps mountains only 6,200 feet high produce
immense glaciers which descend to the sea-level; while in
the latitude of Cumberland mountains only from 8,000 to
4,000 feet high have every valley filled with streams of ice
descending to the sea-coast and giving off abundance of
huge icebergs? Here we have exactly the condition of
things to which England and Western Europe were sub-
jected during the latter portion of the glacial epoch, whpn
every valley in Wales, Cumberland, and Scotland had its
alacier; and to what can this state of things be imputed
if not to the fact that there is now a moderate amount of
excentricity, and the winter of the southern hemisphere is
in aphelion? The mere geographical position of the
southern extremity of America does not seem especially
favourable to the production of such a state of glaciation.
The land narrows from the tropics southwards and termin-
ates altogether in about the latitude of Edmburgh; the

1 See Darwin’s Naluralist's Voyage Round the World, 2nd Edition, pp.
244-251,

L2
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mountains are of moderate height ; while during summer
the sun is three millions of miles nearer, and the heat,
received from it is equivalent to a rise of 20° F. as compared
with the same season in the northern hemisphere. The
only important differences are : the open southern ocgan,
the longer and colder winter, and the general low tempera-
ture caused by the south polar ice. But the .great ac-
cumulation of south polar ice is itself due to the great
extent of high land within the Antarctic circle acted upon
by the long cold winter and furnished with moisture by
the surrounding wide ocean. These conditions of high
land and open ocean we know did not prevail to so great
an extent in the northern hemisphere during the glacial
epoch, as they do in the southern homispcilere at the
present time ; but the other acting cause—the long cold
winter—existed in a far higher degree, owing to the ex-
centricity being about three times as much as it is now.
It is, so far as we know or are justified in believing, the
only efficient cause of glaciation which was undougtcdly
much more powerful at that time; and we are therefore

compelled to accept it as the most probable cause of the

much greater glaciation which then prevailed.

Geographical Changes, how far o Cause of Glaciation.—
Mesars. Croll and Geikie have both cbjected to the views
of Sir Charles Lyell as to the preponderating influence of
the distribution of land and sea on climate; and they
maintain that if the land were accumulated almost wholly in
the equatorial regions, the temperature of the earth's surface
as a whole would be lowered, not raised, as Sir Charles Lyell
maintained. The reason given is, that the land being
heated heats the air, which rises and thus gives off much
of the heat to space, while the same area covered with
water would retain more of the heat, and by means of cur-
rents carry it to other parts of the earth’s surface. Bug
although the mean temperature of the whole earth might
be.somewhat lowered by such a disposition of the land,
there can be little doubt that it would render all extremes
of temperature impossible, and that even during a period
of high excentricity there would be no glacial epochs, and
perhaps no such thing as ice anywhere produced. This
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would result from there being no land near the poles to
retain snow, while the constant interchange of water by
means of currents between the polar and tropical regions

‘would most likely prevent ice from ever forming in the

sea. On the other hand, were all the land accumulated in
the polar and temperate regions there can be little doubt
that a state of almost perpetual glaciation of much of the
land would result, notwithstanding that the whole earth
should thoretically be at a somewhat higher temperature.
Two main causes would bring about this glaciation. = A
very large area of elevated land in high latitudes would act
as a powerful condenser of the enormous quantity of vapour
produced by the whole of the equatorial and much of the
temperate regions being areas of evaporation, and thus a
greater accumulation of snow and ice would take place
around both poles than would be possible under any other
conditions, In the second place there would be little or no
check to this accumulation of ice, because, owing to the
quantity of land around the polar areas, warm oceanic cur-
rents could not reach them, while the warm winds would
necessarily bring so much moisture that they would help
on instead of checking the process of ice-accumulation.
If we suppose the continents to be of the same total area
and to have the same extent and altitude of mountain
ranges as the present ones, these mountains must neces-
sarily offer an almost continuous barrier to the vapour-
bearing winds from the south, and the result would probably
be that three-fourths of the land would be in the ice-clad
condition of Greenland, while a comparatively narrow belt
of the more southern lowlands would alone afiord habitable
surfaces or produce any woody vegetation.
Notwithstanding, therefore, the criticism above referred
to, I believe that Sir Charles Lyell was substantially right,
and that the two ideal maps given in the Principles of
Geology (11th ed.Vol. i. p. 270), if somewhat mpdlbed S0 as
to allow a freer passage of currents in the tropics, do really
exhibit a condition of the earth which, by geographical
changes alone, would bring about a perpetual SUmIMer or an
almost universal winter. But we have seen in our sixth
chapter that there is the strongest cumulative evidence,
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almost amounting to demonstration, that for all known
geological periods our continents and oceans have occupied
the same general position they do now, and that no such
radical changes in the distribution of sea and land as
imagined by way of hypothesis by Sir Charles Lyell, have
ever occurred. Such an hypothesis, however, is not with-
out its use in our present inquiry, for if we obtain thereby
a clear conception of the influence of such great changes
on climate, we are the better able to appreciate the tendency
of lesser changes such as have undoubtedly often occurred.
Land as a Barrier to Occan Currents—We have seen
already the great importance of elevated land to serve as
condensers and ice-accumulators ; but there is another and
hardly less important effect that may be produced by an
extension of land in high latitudes, which is, to act as a
barrier to the flow of ocean currents. In the region with
which we are more immediately interested it is easy to see
how a comparatively slight alteration of land and sea, such
as has uncloubt-edly occurred, would produce an enormous
effect on climate. Let us suppose, for instance, that the
British Isles again became continental, and that this con-
tinental land extended across the Fiiroe Islands and Ieeland
to Greenland. The whole of the warm waters of the
" Atlantic, with the Gulf Stream, would then be shut out
from Northern Europe, and the result would almost cer-
tainly be that snow would accumulate on the high moun-
tains of Scandinavia till they became glaciated to as great
an extent as Greenland, and the cold thus produced would
react on our own country and cover the Grampians with
perpetual snow, like mountains of the same height at even
a lower latitude in South America. w5 h
If a similar change were to occur on the opposite side of
the Atlantic very different effects would be produced.
Suppose, for instance, the east side of Greenland were to
sink considerably, while on the west the sea bottom were
to rise in Davis Strait so as to unite Greenland with
Baffin's Land, thus stopping altogether the cold Arctic
current with its enormous stream of icebergs from the west
const of Greenland. Such a change might cause a great
accumulation of ice in the higher polar latitudes, but it
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would certainly produce a wonderful ameliorating effect on
the climate of the east coast of North America, and might
raise the temperature of Labrador to that of Scotland.
Now these two changes have almost certainly occurred,
either together or separately, during the Tertiary period,
and they must have had a considerable effect either in
aiding or checking the action of the terrestrial and astro-
nomical causes affecting climate which were then in
operation.

It would be easy to suggest other probable changes
which would produce a marked effect on climate; but we
will only refer to the subsidence of the Isthmus of Panama,
which has certainly happened more than once in Tertiary
times. If this subsidence were considerable it would have
allowed much of the accumulated warm water which
initiates the Gulf Stream to pass into the Pacific; and if
this occurred while astronomical causes were tending to
bring about a cold period in the northern hemisphere, the
resulting glaciation might be exceptionally severe. The
effect of this change would however be neutralised if at
the same epoch the Lesser and Greater Antilles formed a
connected land. y

Now, as such possible and even probable geographical
changes are very numerous, they must have produced im-
portant effects; and though we may admit that the astro-
nomical causes already explained were the most 1mportant
in determining the last glacial epoch, we must also allow
that geographical changes must often have had an equally
important and perhaps even a prependerating influence on
climate. We must also remember that changes of land
and sea are almost always accompanied by elevation or
depression of the pre-existing land: and whereas the
former produces its chief effect by diverting the course of
warm or cold oceanic currents, the latter 1s of not less
importance in adding to or diminishing those areas of con-
densation and ice-accumulation which, as we have seen,
are the most efficient agents in producing glaciation,

If then Sir Charles Lyell may lave somewhat erred_ in
attaching too exclusive an importance to geographical
changss as bringing about mutations of elimate, his critics
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have, I think, attached far too little importance to these
changes. We know that they have always been in pro-
gress to a sufficient extent to produce important climatal
effects; and we shall probably be nearest the truth if we
consider, that great extremes of cold have only occurred
when astronomical and geographical causes wereacting in the
same direction and thus produced a cumulative result, while,
through the agency of warm oceanic currents, the latter
alone have been the chief cause of mild climates in high
latitudes, as we shall attempt to prove in our next chapter?

On the Theory of Inter-glacial Periods and their Prolable
Character.—The theory by which the glacial epoch is here
explained is one which apparently necessitates repeated
changes from glacial to warm periods, with all the conse-
quences and modifications both of climate and physical
geography which follow or accompany such changes. It is
essentially a theory of alternation; and it is certainly

1 The influence of geographical changes on climate is now held by
many geologists who oppose what they consider the extravagant hypothesey
of Dr. Croll, Thus, Prof, Dana imputes the glacial epoch chicfly, if not
wholly, to elevation of the land cansed by the lateral pressure due to
shrinking of the earth’s crust that has caused all other elevations and
depressions, He says: “ Now, that elevation of the land over the higher
latitudes which brought on the glacial era is & natural result of the same
agency, and a natural, and almost necessary, counterpart of the coral-island
subsidence which must have been then in progress, The accummulating,
folding, solidification, and erystallization of rocks attending all the rock-
making and mountain-making through the Palmeozoic, Mesozoic, and
Cenozoic eras, had greatly stiffened the crust in these parts ; and hence in
after times, the continental movements resulting from the lateral pressurs
neeessarily appeared over the more northern portions of the continent,
where the accumulations and other changes had been relatively small. To
the subsidence which followed the elevation the weight of the ice-cap may
have contributed in some small degree. But the great balancing move-
ments of the crust of the continental and oceanic arcas then going forward
must have had a greatly preponderating effect in the oscillating agency of
all time—lateral pressure within the crust.” (American Jowrnal of Seiencs
and Arts, 3rd Series, Vol 1X. p. 818.)

*“In the 2nd edition of his Manual of Geology, Professor Dana suggests
elevation of Arctic lands sufficient to exclude the Gulf Stream, as a sonrce
of cold during glacial epochs. This, he thinks, would have made an
epach of cold at any era of the globe. A deep submergence of Behring's
Strait, letting in the Pacific warm current to the }mlnr area, would have
produced o mild Arctie climate like that of the Miocene period. When
the warm current was shut out from the polar area it would yet reach
near to it, and bring with it that abundant moisture necessary for glacia-
tion.™  (Manual of Geology, 2nd Edition, pp. 541-755, 766.)
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remarkable in how many cases geologists have independ-
ently deduced some alternations of climate as probable.
Such are the interglacial deposits indicating a mild climate,
both in Europe and America; an early phase of very
severe glaciation when the “till” was deposited, with
later less extensive glaciation when moraines were left in
the valleys; several successive periods of submergence and
elevation, the later ones becoming less and less in amount,
as indicated by the raised beaches slightly elevated above
our present coast line; and lastly, the occurrence in the
same deposits of animal remains indicating both a warm
and a cold climate, and especially the existence of the
hippopotamus in Yorkshire not long after the period of
extreme glaciation.

But although the evidence of some alternations of climate
seems indisputable, and no suggestion of any adequate
cause for them other than the alternating phases of
precession during high excentricity has been made, it by
no means follows that these changes were always very
great—that is to say, that the ice completely disappeared
and a warm climate prevailed throughout the whole year.
It is quite evident that during the height of the glacial
epoch there was a combination of causes at work which led
to a large portion of North-western Europe and Eastern
America being buried in ice to a greater extent even than
Greenland is now, since it certainly extended beyond the
land and filled up all the shallow seas between our islands
and Scandinavia. Among these causes we must reckon a
diminution of the force of the Gulf Stream, or its being
diverted from the north-western coasts of Europe; and
what we have to consider is, whether the alteration from
a long cold winter and short hot summer to a short
mild winter and long cool summer would grent!y affect
the amount of ice if the occan currents vemained the
same. The force of these currents is, it is true, by our
hypothesis, modified by the increase or diminution of the
ice in the two hemispheres alternately, and they the_n
react upon climate ; but they cannot be thus changed till
after the ice-accumulation has been considerably affected
by other causes. Their direction may, indeed, be greatly
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[
changed by slight alterations in the outline of the land,
while they may be barred out altogether by other alterations
of not very great amount ; but such changes as these have
no relation to the alteration of climates caused by the
changing phases of precession.

Now, the existence at the present time of an ice-clad
Greenland is an anomaly in the northern hemisphere, only
to be explained by the fact that cold currents from the
polar area flow down both sides of it. In Eastern Asia we
have the lofty Stanivoi Mountains in the same latitude as
the southern part of Greenland, which, though their
summits are covered with perpetual snow, give rise to no
ice-sheet, and, apparently, even to no important glaciers;
—a fact undoubtedly connected with the warm Japan
current flowing partially into the Sea of Okhotsk. So in
North-west America we have the lofty coast range, culmi-
nating in Mt. St. Elias, nearly 15,000 feet high, and an
extensive tract of high land to the north and north-west,
with glaciers comparable in size with those of New Zealand,
although situated in Lat. 60° instead of in Lat. 45°. Here,
too, we have the main body of the Japan current turning
east and south, and thus producing a mild climate, little
inferior to that of Norway, warmed by the:Gulf Stream.
We thus have it made clear that could the two Arctic
currents be diverted from Greenland, that country would
become free from ice, and might even be completely forest-
clad and inhabitable ; while, if the Japan current were to
be diverted from the coast of North America and a cold
current come out of Behring’s Strait, the entire north-
western extremity of America would even now become
buried in ice. i :

Now it is the opinion of the best American geologists
that during the height of the glacial epqch N ort}x-castem
America was considerably elevated! This elevation would
bring the wide area of the banks of Newfoundland far
above water, causing the American coast to stretch out in
an immense curve to & point more than 600 miles east of
Halifax ; and this would certainly divert much of the
greatly reduced Gulf Stream straight across to the coast of

1 Dana's Manual of Geology, 2nd Edition, p. 540.




CHAT. VIII THE CAUSES OF GLACIAL EPOCHS 1556

Spain. The consequence of such a state of things would
probably be that the southward flowing Arctic currents
would be much reduced in velocity; and the enormous
quantity of icebergs continually produced by the ice-sheets
of all the lands bordering the North Atlantic would hang
about their shores and the adjacent seas, filling them with
a dense ice-pack, equalling that of the Antarctic regions,
and chilling the atmosphere so as to produce constant
clouds and fog with almost perpetual snowstorms, even at
midsummer, such as now prevail in the worst portions of
the Southern Ocean.

But when such was the state of the North Atlantic (and,
however caused, such must have been its state during the
height of the glacial epoch), can we suppose that the mere
change from the distant sun in winter and near sun in
summer, to the reverse, could bring about any important
alteration— the physical and geographical causes of glaciation
remaining unchanged ! For, certainly, the less powerful
sun of summer, even though lasting somewhat longer,
could not do more than the much more powerful sun did
during the phase of summer in perihelion, while during the
less severe winters the sun would have far less power than
when it was equally near and at a very much greater
altitude in summer. It seems to me, therefore, quite
certain that whenever eztreme glaciation has been brought
about by high excentricity combined with favourable
geographical and physical causes (and without this combina-
tion it is doubtfuﬁ) whether eaxtreme glaciation would ever
oceur), then the ice-sheet will not be removed during the
alternate phases of precession, so long as these geographical
and physical causes remain unaltered. It is true that the
warm and cold oceanic currents, which are the most
important agents in increasing or diminishing glaciation,
depend for their strength and efficiency upon the compara-
tive extents of the northern and southern ice-sheets; but
these ice-sheets cannot, I believe, increase or dlmnnsh' to
any important extent unless some geographical or physical
change first occurs.!

1 Dr. Croll says that I heré assume an impossible state of things. Ha
maintains ** that the change from the distant sun in winter, and near sun
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If this argument is valid, then it would follow that, so
long as excentricity was high, whatever condition of
climate was brought about by it in combination with
geographical causes, would persist through several phases
of precession ; but this would not necessarily be the case
when the excentricity itself changed, and became more
moderate. It would then depend upon the proportionate
effect of climatal and geographical causes in producing
glaciation as to what change would be produced by the
changing phases of precession ; and we can best examine
this question by considering the probable effect of the
change in precession during the next period of 10,500
years, with the present moderate degree of excentricity.
Probable Effect of Winter in’ Aphelion cn the Climate of
Britain—Let us then suppose the winters of the northern
hemisphere to become longer and much colder, the

in summer to the near sun in winter and distant sun in summer, aided by
the change in the physical canses which this wounld necessarily bring about,
would certainly be sufficient to cause the snow and ice to disappear.'
(Ctimats and Comnology, p. 106,) But I demur to his “*necessarily.” It
is not the direct effcet of the nearer sun in winter that is supposed to melt
the snow and ice, but the ‘ physical canses,” such as absence of fogs and
increase of warm equatorial eurrents. But the near sun in winter acting
on an ice-clad surface would only increase the fogs and snow, while the
currents could only change if a large portion of the ice were first melted,
in which case they wonld no doubt be wodified £o as to cause a further
melting of the ice. Dr. Croll says: “The warm and equable conditions
of climate which would then prevail, and the enormous quantity of
intertropical water carried into the Southern Ocean, would soon produce a
melting of theice.” (Loe, cit. p. 111.) Thisseems to me to be nssumini‘:he
vary point at issue. He has himself shown that the presence of large
quantities of ice prevents ‘“‘a warm and equable climate " however great
may be the sun-heat ; the ice therefore would not be melted, and there
would be no increased flow of intertropical water to the Southern Ocean,
The ocean currents are mainly due to the difference of temperature
of the polar and equatorial arcas combined with the peculiar form and

osition of the continents, and some one or more of these factors must
Be altered defore the ocean currents towards the mnorth pole can be
inereased. The only factor available is the Antarctic ice, and if this
wero largely increased, the northward-flowing currents might he g
increased as to melt some of the Arctic ice. But the very same argument
applies to both poles, Without some geographical change the Antarctie
ice could not materisdly diminish during its winter in gerifielion, nor in-
crease to any important extent during the opposite phase. We thersfore
seem to huve no available ageney by which to get rid of the ice over g
glaciated hemisphere, so long as the geographical eonditions remained
unchanged and the excentricity continued high.
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summers being proportionately shorter and hotter, without
any other change whatever. The long cold winter would
certainly bring down the snow-line considerably, covering
large areas of high land with snow during the winter
months, apd causing all glaciers and ice-fields to become
larger. This would chill the superincumbent atmosphere
to such an extent that the warm sun and winds of spring
and early summer would bring clouds and fog, so that the
sun-heat would be cut off and much vapour be condensed
assnow. The greater sun-heat of summer would no doubt
considerably reduce the snow and ice; but it is, I think,
quite certain that the extra accumulation would not be all
melted, and that therefore the snow-line would be per-
manently lowered. This would be a necessary result,
because the greater part of the increased cold of winter
would be stored up in snow and ice, while the increased
heat of summer could not be in any way stored up, but
would be largely prevented from producing any effect, by
reflection from the surface of the snow and by the inter-
vention of clonds and fog which would carry much of the
heat they received to other regions. It follows that 10,000
years hence, when our winter will occur in aphelion (instead
of, as now, in perihelion), there will be produced a colder
climate, independently of any change of land and sea, of
heights of mountains, or in the force of oceanic currents.
But if this is true, then the reverse change, bringing the
sun back into exactly the same position with regard to us
as it is in now (all geographical and physical conditions
remaining unchanged), would certainly bring back again
our present milder climate. The change either way would
not probably be very great, but it might be sufficient to
‘bring the snow-line down to 3,000 feet in Scotland, so that
‘all the higher mountains would have their tops covered
with perpetual snow. This perpetual snow, down to a
fixed Ime, would be kept up by the needful supply of snow
falling during autumn, winter, and spring, and this would,
as we have seen, depend mainly on the increased length
and greatly increased cold of the winter. As both the dura-
tion and the cold of winter decreased the amount of snow
would certainly decrease, and of this lesser quantity of snow
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a larger proportion would be melted by the longer, though
somewhat cooler summer. This would follow because the
total amount of sun-heat received during the summer
would be the same as before, while it would act on a less
quantity of snow ; there would thus be a smaller surface to
refiect the heat, and a smaller condensing area to produce
fogs, while the diminished intensity of the sun would
produce a less dense canopy of clouds, which have been
shown to be of prime importance in checking the melting
of snow by the sun. We have considered this case, for
simplicity of reasoning, on the supposition that all geo-
graphical and physical causes remained unchanged. But
if an alteration of the climate of the whole north temperate
and Arctic zones occurred, as here indicated, this would
certainly affect both the winds and currents, in the manner
already explained (see p. 142), so as to react upon climate
and increase the differences produced by phases of
precession. How far that effect would be again increased
by corresponding but opposite changes in the southern
hemisphere it is impossible to say. It may be that
existing geographical and physical * conditions are there

+such potent agents in producing a state of glaciation that

no change in the phases of precession would materially
affect it. Still, as the climate of the whole southern
hemisphere is dominated by the great mass of ice within
the Antarctic circle, it seems probable that if the winter
were shorter and the summer longer the quantity of ice,
would slightly diminish ; and this would again react on
the northern climate as already fully explained.

The Essential Principle of Climatal Change Restated.—
The preceding discussion has been somewhat lengthy,
owing to the varied nature of the facts and arguments
adduced, and the extreme complexity of the sqh_lect. ‘But
if, as T venture to urge, the principle here laid down is a
gound one, it will be of the greatest assistance in clearing
away some of the many difficulties that beset the whole

uestion of geolngical climates. This principle is, briefly,
;‘hnt the great features of climate are determined by a
combination of causes, of which geographical conditions
and the degree of excentricity of the earth’s orbit are by
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far the most important ; that, when these combine to pro-
duce a severe glacial epoch, the changing phases of pre-
cession every 10,500 years have very little, if any, effect on
the character of the climate, as mild or glacial, though it
may modify the seasons; but when the excentricity be-
comes moderate and the resulting glaciation less severe,
then the changing phases of precession bring about a con-
siderable alteration, and even a partial reversal of the
glacial conditions. /

The reason of this may perhaps be made clearer by con-
sidering the stability of either extreme glacial conditions
or the entire absence of perpetual ice and snow, and the
comparative instability of an intermediate state of climate.
When a country is largely covered with ice, we may look
upon it as possessing the accumulated or stored-up cold of
a long series of preceding winters; and however much
heat 1s poured upon it, its temperature cannot be raised
above the freezing point till that store of cold is got rid of
—that is, till the ice is all melted. But the ice itself, when
extensive, tends to its own preservation, even under the
influence of heat; for the chilled atmosphere becomes
filled with fog, and this keeps off the sun-heat, and then
snow falls even during summer, and the stored-up cold
does not diminish during the year. When, however, only:
a small portion of the surface is covered with ice, the ex-
posed earth becomes heated by the hot sun, this warms
the air, and the warm air melts the adjacent ice. It fol-
lows, that towards the equatorial limits of a glucmged
country alternations of climate may occur during a period
of high excentricity, while nearer the pole, where the sur-
face 1s almost completely ice-clad, no amelioration may
take place. The same argument will, to some extent
apply, inversely, with mild Arctic climates; but this is n
subject which will be discussed in the next chapter.

This view of the character of the last glacial epoch ap-
pears to correspond very closely with the facts adduced by
geologists. The inter-glacial deposits never exhibit any
indication of a climate whose warmth corresponded to the
severity of the preceding cold, but rather of a partial
amelioration of that cold : while it is only the very latest
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of them, which we may suppose to have occurred when the
excentricity was considerably diminished, that exhibit any
indications of a climate at all warmer than that which now
prevails?!

Probable Date of the Glacial Epoch.—The state of extreme
glaciation in the northern hemisphere, of which we gave
a geneml description at the commencement of the pre-
ceding chapter, 1s a fact of which there can be no doubt
whatever, and it occurred at a period so recent geologically
that all the mollusca were the same as species still living,
There is clear geological proof, however, that considerable
changes of sea and land, and a large amount of valley
denudation, took place during and since the glacial epoch,

! In the Geological Magazine, April, 1880, Mr. Searles V. Wood
ndduces what he considersto be the ‘“conclusive objection” to Dr. Croll's
excentricity theory, which is, that during the last glacial epoch Europe
and North America were glaciated very much in proportion to their
respective climates now, which are generally admitted to be due to the
distribution of oveanic currents. But Dr. Uroll admits his theory “‘to
be bascless unless there was a complete diversion of the warm ocean
currents from the hemisphere glacinted,” in which case there ought to be
no difference in the extent of glaciation in Europe and North America.
Whether or not this is a correct statement of Dr. Croll's theory, the above
objection certainly does not apply to the views here advocated ; but as I
also hold the *“excentricity theory ” in o modified form, it may be as well
to show why it does not u&nply. In the first place I do not believe that the
Gulf Stream was “‘completely diverted” during the glacial epoch, but
that it was diminished in force, and (as describedat p. 144) partly diverted
southward. A portion of its influence would, however, still remain to
cause & difference between the climates of the two sides of the Atlantie ;
and to this must be added two other caunses—the far greater penctration
of warm sea-water into the Buropean than into the North American conti-
nent, and the proximity to America of the enormous ice-prodncing mass
of Greepland.  We have thus three distinct causes, all combining to
produce a more severs winter climate on the west than on the ecast of the
Atlantic during the glacial epoch, and though the first of these—the Gulf
Stream—was not nearly so powerful as it is now, neither is the difference
indicated by the ice-extension in the two counfries so great as the present
difforence of winter-tempernture, which is the essential point to be con.
sidered. The ico-sheet of the United States is usually supposed to have

extended about ten, or, at most, twelve, degrees further south than it did.

in Western Europe, whereas we must go twenty degrees further south in
the former country to obtain the same mean winter-temperature we find
in the latter, ns may be seen by examining any map qf winter isothermals,
This difference very fairly corresponds to the diflerence of conditions
existing during the glacial epoch and the present time, so far a3 we aro
able to estimate them, and it certainly nflords no grounds of objection to
tho theory by which the glaciation is here explained.
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while on the other hand the surface markings produced
by the ice have been extensively preserved ; and taking
all these facts into consideration, the period of about
200,000 years since it reached its maximum, and about
80,000 years since it passed away, is generally considered
by geologists to be ample. There seems, therefore, to be
little doubt that in increased excentricity we have found
one of the chief exciting causes of the glacial epoch, and
that we are therefore able to fix its date with a consider-
able probability of being correct. The enormous duration
of the glacial epoch itself (including its interglacial mild
or warm phases), as compared with the lapse of time since
it finally passed away, is a consideration of the greatest
importance, and has not yet been taken fully into account
in the interpretation given by geologists of the physical
and biological changes that were coincident with, and
probably dependent on, it.

Chanyes of the Sea-level Dependent on Glaciation.—It has
been pointed out by Dr. Croll, that many of the changes
of level of sea and land which occurred about the time of
the glacial epoch may be due to an alteration of the sea-
level caused by a shifting of the earth’s centre of gravity ;
and physicists have generally admitted that the cause is a
real one, and must have produced some effect of the kind
indicated. It is evident that if ice-sheets several miles in
thickness were removed from one polar area and placed on

“the other, the centre of gravity of the earth would shift
towards the heavier pole, and the sea would necessarily
follow 1%, and wonld rise accordingly. Extreme glacialists
have maintained that during the height of the glacifxl
epoch, an ice-cap extended from about 50° N. Lat. in
Europe, and 40° N. Lat. in America, continually increasing
in thickness, till it reached at least six miles thick at the
pole; but this view is now generally given up. A similar
1ce-cap is however believed to exist on the Antarctic pole
at the present day, and its transference to the northern
hemisphere would, it is caleulated, produce a rise of the
ocean to the extent of 800 or 1,000 feet. We have, how-
ever, shown that the production of any such ice-cap is
improbable if not impossible, because snow and ice can

M
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only accumulate where precipitation is greater than melt-
ing and evaporation, and this is never the case except in
areas exposed to the full influence of the vapour-bearin
winds. The outer rim of the ice-sheet would inevitably
exhaust the air of so much of its moisture that what
reached the inner parts would produce far less snow than
would be melted by the long hot days of summer.! The
accumulations of ice were therefore probably confined, in
the northern hemisphere, to the coasts exposed to moist
winds, and where elevated land and mountain ranges
afforded condensers to initiate the process of glaciation;
and we have already seen that the evidence strongly sup-
ports this view. Even with this limitation, however, the
mass of accumulated ice would be enormous, as indeed we
have positive evidence that it was, and might have caused
a sufficient shifting of the centre of gravity of the earth to
produce a submergence of about 150 or 200 feet.

But this would only be the case if the accumulation of
1ce on one pole was accompanied by a diminution on the
other, and this may have occurred to a limited extent
during the carlier stages of the glacial epoch, when alter-
nations of warmer and colder periods would be caused by
winter ocenrring in perikelion or aphelion. If, however, as
is here maintained, no such alternations occurred when
the excentricity was near its maximum, then the ice
would accumulate in the southern hemisphere at the same
fime as in the northern, unless changed geographical condi-
tions, of which we have no evidence whatever, prevented
such accumulations. That there was such a greater ac-
cumulation of ice is shown by the traces of ancient glaciers
in the Southern Andes and in New Zealand, and also,
according to several writers, in South Africa ;. and the in-
dications in all these localities point to a period so recent
that it must almost certainly have been contemporaneous
with the glacial period of the northern hemisphere.®

1 Dr, Croll objects to this argument, and adduces the case of Greenland
as showing that ice may accumulate far from sea. But the width of
Greenland is small compared with that of the supposed Antarctic ice-cap.
(Climate and Cosmology, p. 78.) |

% The recent extensive glaciation of New Zealand is generally imputed by
the local geologists to a greater elevation of the land ; but I cannot help
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This greater accumulation of ice in both hemispheres
would lower the whole ocean by the quantity of water

believing that the high phase of excentricity which caused our own glacial
epoch was at all events an assisting cause. This is rendered more prob-
able if taken in connection with the following very definite statement of
lacial markings in South Africa. Captain Aylward in his Tvansvaal of
To-day (p. 171) says :—“ It will be interesting to geologists and others to
learn that the entire country, fiom the summits of the Quathlamba to the
Junction of the Vaal and Orange rivers, shows marks of having been swept
over, and that at no very distant period, by vast masses of ice from east to
west. The striations are plainly visible, scarring the older rocks, and
marking the hill-sides—getting lower and lower and less visible as, descend-
ing from the mountains, the Kopjies (small hills) stand wider apart ; but
wherever the hills narrow towards each other, again showing how the vast
ice-fields wera checked, thrown up, and raised against their ecastern
extremities.”

This passage is evidently written by a person familiar with the phe-
nomena of glaciation, and as Captain Aylward's preface is dated from
Edinburgh, he has probably seen similar markings in Scotland. The
eountry described consists of the most extensive and lofty plateau in South
Africa, rising to a mountain knot with peaks more than 10,000 feet high,
thus offering an appropriate area for the condensation of vapour and the
tocumulation of snow. At present, however, the mountains do not reach
the snow-line, and there is no proof that they have been much higher in
racent times, since the coast of Natal is now said to be rising. It is evi-
dent that no slight elevation would now lead to the accumulation of snaw
and ice in these mountains, situated as they are between 27° and 30° 8. Lat.
since the Andes, which in 327 S. Lat. reach 23,300 feet high, and in 28
S. Lat. 20,000, with far more extensive plateaus, produce no ice-fields.
We cannot, therefore, believe that a few thousand feet of additional eleva-
tion, even if it ocenrred so recently as indicated by the presence of stria-
tions, would have produced the remarkable amount of glwahon above
deseribed ; while from the analogy of the northern hémisphers, we may
well believe that it was mainly due to the same high excentricity that led to
the glaciation of Western and Central Europe, and Eastern North America.

These observations confirm those of Mr. G. W, Stow, who, in a paper
published in the Quarterly Jowrnal of the Geological Society Vol. XXVIL p.
539), deseribes similar phenomena in the same mounteing, and also monnds
and ridges of unstratified eluy packed with angular boulders while ‘furt.)wr
south the Stormberg mountains are suid to bo similarl{ g]ncmtgd. with im-
mense necumulations of morainic matter in all the valleys. We have here
mhost of the surface phenomena characteristic of a glncmted country, o.nl_v
a few degrees south of the tropic ; and taken in connection with the indica-
tions of recent glaciation in New Zealand, and those discovered by Dr. R,
von Lendenfeld in the Australisn Alps between 6,000 and 7,000 feet cle-
vation (Nafure, Vol. xxx11. p. 69), we can hardly doubt the occurrence of
some general and wide-spread cause of glaciation in the southern hemisphere
at a period 8o rocent that the superficial phenomena are almost as well pre-
served as in Europe, Such evidences of recent glaciation in the southern
hemisphere nre quite inexplicable without calling in the aid of the recent

hase of high exccntrici? ; and they may be fairly claimed as adling another

ink to the longwhain of argument in favour of the theory here advocated.
M2
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abstracted from it, while any want of perfect synchronism
between the decrease of the ice at the two poles would
cause a movement of the centre of gravity of the earth,
and a slight rise of the sea-level at one pole and depression
at the other. It is also generally believed that a great
accumulation of ice would cause subsidence by its pressurc
on the flexible crust of the earth, and we thus have a very
complex series of agents leading to elevations and sub-
sidences of limited amount, such as seem always to have
accompanied glaciation. This complexity of the causes at
work may explain the somewhat contradictory evidence as
to rise and fall of land, some authors maintaining that
it stood higher, and others lower, during the glacial
period.

The State of the Planet Mars, as Bearing on the Theory of
Eaeentricity as o Cause of Glacial Periods—It is well known

_ that the polar regions of the planet Mars are covered with

white patches or dises, which undergo considerable altera-
tions of size according as they are more or less exposed to
the sun’s rays. They have therefore been generally con-
sidered to be snow or ice-caps, and to prove that Mars is
now undergoing something like a glacial period. It must
always be remembered, however, that we are very ignorant
of the exact physical conditions of the surface of Mars.
It appears to have a cloudy atmosphere like our own, but
the gaseous composition of that atmosphere may be dif-
ferent, and the clouds may be formed of other matter
besides aqueous vapour. Its much smaller mass and
attractive power must have an effect on the nature and
extent of these clouds, and the heat of the sun may con-
sequently be modified in a way quite different from any-
thing that obtains upon our earth. Bearing these diffi-
culties and uncertainties in mind, let us see what are the
actual facts connected with the supposed polar snows of
Mars!

1 The astronomical facts connected with the motions and uﬁpcnmncc of
the planct are taken from a paper by Mr. Edward Carpenter, M.A., in the
Geological Magazine of March, 1877, entitled, * Evidence Afforded by Mars
on the Subject of Glacial Periods,” but I arrive ot somewhat different con-
clusions from those of the writer of the paper. . :
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Mars offers an excellent subject for comparison with the
Earth as regards this question, because its excentricity is
now a little greater than the maximum excentricity of the
Earth during the last million years,—(Mars excentricity
0:0931, Earth excentricity, 850,000 years back, 0:0707);
the inclination of its axis is also a little greater than ours
(Mars 28° 51/, Earth 23° 27°), and both Mars and the Earth
are so situated that they now have the winter of their
northern hemispheres in perifielion, that of their southern
hemisphere being in aphelion. If, therefore, the physical
condition of Mars were the same or nearly the same as that
of the Earth, all circumstances combine, according to Dr.

Jroll's hypothesis, to produce a severe glacial epoch in its
southern, with a perpetual spring or summer in its northern,
hemisphere; while on the hypothesis here advocated we
should expect glaciation at both poles. Asamatter of fact
Mars has two snow-caps, of nearly equal magnitude at their
maximum in winter, but varying very unequally. The
northern cap variesslowly and little, the southern varies
rapidly and largely. "

In the year 1830 the southern snow was observed, during
the midsummer of Mars, to diminish to half its former
diameter in a fortnight (the duration of such phenomena
on Mars being reckoned in Martian months equivalent to
one-twelfth of a Martian year). Thus on June 23rd it
was 11° 30" in diameter, and on July 9th had diminished
to 5° 46/, after which it rapidly increased again. In 1837
the same cap was observed near its maximum in winter,
and was found to be about 35° in diameter.

In the same year the northern snow-cap was observed
during its summer, and was found to vary as follows :—

May 4th. Diameter of spot 31: 2.1:
June 4th. 33 o .EQ r()'
sy 17th. " 33 22 "'l,
July dth. & 3 18° 24/
s 19th: *" » 15,20
o 20th. A " 18" 0

We thus see that Mars has two permanent snow-caps, of
nearly equal size in winter but diminishing very unequally
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in summer, when the southern cap is reduced to nearly
one-third the size of the northern ; and this fact is held
by Mr. Carpenter, as it was by the late Mr. Belt, to be
opposed to the view of the hemisphere which has winter in
aphelion (as the southern now has both in the Earth and
Mars), having been alone glaciated during periods of high
excentricity.!

Before, however, we can draw any conclusion from the
case of Mars, we must carefully scrutinise the facts, and
the conditions they imply. In the first place, there is
evidently this radical difference between the state of Mars
now and of the Earth during a glacial period—that Mars
has no great ice-sheets spreading over its temperate zone,
as the Earth undoubtedly had. This we know from the
fact of the rapid disappearance of the white patches over
a belt three degrees wide in a fortnight (equal to a width
of about 100 miles of our measure), and in the northern
hemisphere of eight degrees wide (abont 280 miles) be-
tween May 4th and July 12th. Even with our much
more powerful sun, which gives us more than twice as
much heat ag Mars receives, no such diminution of an ice-
sheet, or of glaciers of even moderate thickness, could
possibly oceur; but the phenomenon is on the contrary
exactly analogous to what actually takes place on the plains
of Siberia in summer. These, as I am informed by Mr.
Seebohm, are covered with snow during winter and spring
to a depth of six or eight feet, which diminishes very little
even under the hot suns of May, till warm winds combine
with the sun in June, when in about a fortnight the whole
of it disappears, and a little later the whole of northern
Asia is free from its winter covering. As, however, the
sun of Mars is so much less powerful than ours, we may be

! Imanarticlein Nature of Jan. 1, 1880, the Rev. T. W. Webl states that
in 1877 the pole of Mars (1 the south pole) was, according to Schiaparelli,
entirely froe of snow. He remarks also on the regular contonr of the sup-
posed snows of Mars as offering a great contrast to owrs, and also t}w
strongly marked dark border which has often been observed,  On the whole
Mr, Webh seems to be of opinion that there ean be no really close resem-
blance hetween the pliysical condition of the Earth and Marg, and that
any A;rgumants founded on such supposed similarity are therefore untrust-
worthy.
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sure that the snow (if it is real snow) is much less thick
—a mere surface-coating in faect, such as occurs in parts
of Russia where the preeipitation is less, and the snow
accordingly does not exceed two or three feet in thickness.

We now see the reason why the southern pole of Mars
parts with its white covering so much more quickly and to
so much greater an extent than the northern, for the south
pole during summer is nearest the sun, and, owing to the
great excentricity of Mars, would have about one-third
more heat than during the summer of the northern hemi-
sphere ; and this greater heat would cause the winds from
the equator to be both warmer and more powerful, and able
to produce the same effects on the scanty Martian snows as
they produce on our northern snow-plains, The reason
why both poles of Mars are almost equally snow-covered in
winter isnot difficult to understand. Owing to the greater
obliquity of the ecliptic, and the much greater length of
the year, the polar regions will be subject to winter
darkness fully twice as long as with us, and the fact that
one pole is nearer the sun during this period than the
other at a corresponding period, will therefore make no
perceptible difference. It is also probable that the two
poles of Mars are approximately alike as regards their
geographical features, and that neither of them is sur-
rounded by very high land on which ice may accumulate.
With us at, the present time, on the other hand, geograph-
ical conditions completely mask and even reverse the
influence of excentricity, and that of winter in perihelion
in the northern, and summer in perikelion in the southern,
hemisphere. In the north we have a preponderance of
sea within the Arctic circle, and of lowlands in the temperate
zone. In the south exactly opposite conditions prevail,
for there we have a prcpondemuce of land (and muc.h of it
high land) within the Antarctic circle, and of sea in the
temperate zone, Ice, therefore, accumulates in the south,
while a thin coating of snow, easily melted in summer, is
the prevalent feature in the north; and these contrasts
react upon climate to such an extent, that in the southern
ocean, 1slands in the latitude of Ireland have glaciers
descending to the level of the sea, and constant snowstorms
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in the height of summer, although the sunis then actually
nearer the earth than it is during our northern summer !
It is evident, therefore, that the phenomena presented
by the varying polar snows of Mars are in no way opposed
to that modification of Dr. Croll's theory of the conditions
which brought about the glacial epochs of our northern
hemisphere, which is here advocated ; but are perfectly
explicable on the same general principles, if we keep in
mind the distinction between an ice-sheet—which a
summer’s sun cannot materially diminish, but may even
increase by bringing vapour to be condensed into snow—
and a thin snowy covering which may be annually melted
and annually renewed, with great rapidity and over large
areas. Kxcept within the small circles of perpetual polar
snow there can at the present time be no ice-sheets in
Mars ; and the reason why this permanent snowy area is
more extensive around the northern than around the
southern pole may be partly due to higher land at the
north, but is perhaps sufficiently explained by the dimi-
nished power of the summer sun, owing to its greatly
increased distance at that season in the northern hemi-
sphere, so that it is not able to melt so much of the snow
which has accumulated during the long night of winter.
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CHAPTER IX

ANCIENT GLACIAL EPOCHS, AND MILD CLIMATES IN THE
ARCTIC REGIONS

Dr. Croll’s Views on Ancient Glacial Epochs—Effects of Denudation in
Destroying the Evidence of Remote Glacial Epochs—Rise of Sea-level
Connected with Glacial Epochs a Chuge of Further Denudation—What
BEyidenco of Early Glacial Epochs may he Expected-—Evidences of Ice-
action During the Tertiary Period—The \\'eight of the Negative Evi-
dence-—~Temperate Climates in the Arctic Regions—The Miocene Arctie
Flora——Mild Arctic Climates of the Cretaceous Period—Stratigraphical
Evidence of Long-continued Mild Arctic Conditions—Thoe Canses of Mild
Arctic Climates—Geographical Conditions Favouring Mild Northern
Climates in Tertinry Times—The Indian Ocean as a Source of Heat in
Tertiary Times—Condition of North America During the Tertiary Period
—Effect of High Excontricity on Warm Polar Climates—Evidences as to
(limate in the Secondary and Palmozoie Epochs—Warth Arctic Climates
in Early Secondary and Palazozoic Times—Conelusions as to the Climates
of Secondary and Tertiary Periods—General View of Geological Climates
as Dependent on the Physical Featurés of the Earth’s Surface—Estimate
of the Comparative Effects of Geographical and Physical Causes in Pro-
ducing Changes of Climate.

Ir we adopt the view set forth in the preceding chapter as
to the character of the glacial epoch and of the accom-
panying alternations of climate, it must have been a very
important agent in producing changes in the distribution
of animal and vegetable life. The intervening mild

eriods, which almost certainly occurred during its earlier
and later phases, may have been sometimes more equable
than even our present insular climate, and severc frosts
were probably then unknown. During the four or five
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thousand years that each specially mild peried may have
lasted, some portions of the north temperate zone, which
had been buried in snow or ice, would become again
clothed with vegetation and stocked with animal life, both
of which, as the cold again came on, would be driven
southward, or perhaps partially exterminated. Forms
usually separated would thus be crowded together, and a
struggle for existence would follow, which must have led
to the modification or the extinction of many species.
When the survivors in the struggle had reached a state of
equilibrium, a fresh field would be opened to them by the
later ameliorations of climate ; the more successful of the
survivors would spread and multiply ; and after this had
gone on for thousands of generations, another change of
climate, another southward migration, another struggle of
northern and southern forms would take place.

But if the last glacial epoch has coincided with, and has
been to a considerable extent caused by, a high excen-
tricity of the earth’s orbit, we are naturally led to expect
that earlier glacial epochs would have ocenrred whenever
the excentricity was unusually large. Dr. Croll has
published tables showing the varying amounts of excen-
tricity for three million years back ; and from these it
appears that there have been many periods of high excen-
tricity, which has often been far greater than at the time
of the last glacial epoch.! The accompanying diagram has
been drawn from these tables, and it will be seen that the
highest excentricity occurred 850,000 years ago, at which
time the difference between the sun’s distance at aphelion
and perikelion was thirteen and a half millions of miles,
whereas during the last glacial period the maximum
difference was ten and a half million miles.

Now, judging by the amount of organic and physical
change that occurred during and since the glacial epoch,
and that which has occurred since the Miocene period, it
is considered probable that this maximum of excentricity
coincided with some part of the latter period ; and Dr.
Croll maintains that a glacial epoch must then have

Y Londan, Edinburgh and Dublin Philosophienl Magazine, Vol. XXXVI.,
PP 144:150 (1868),
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oceurred surpassing in severity
that of which we have such con-
vineing proofs, and consisting like
it of alternations of cold and
warm phases every 10,500 years.
The diagram also shows us another
long-continued period of high ex-
centricity from 1,750,000 to
1,950,000 years ago, and yet
another almost equal to the maxi-
mum 2,500,000 years back. These
may perhaps have occurred during
the Kocene and Cretaceous epochs
respectively, or all may have been
included within the lhimits of the
Tertiary period. As two of these
high excentricities greatly exceed
that which caused our glacial
epoch, while the third is almost
equal to it and of longer duration,
they seem to afford us the means
of testing rival theories of the
causes of glaciation, If, as Dr.
Croll argues, high excentricity is
the great and dominating agency
in bringing on glacial epochs, geo-
graphical changes being subor-
dinate, then there must have
been glacial epochs .of great
severity at all these three periods;
while if he is also correct in sup-
posing that the alternate phases
of (E:‘eccssion would inevitably
produce glaciation in one hemi-
sphere, and a proportionately
mild and equable climate in the
opposite hemisphcrc, then we
should have to lopk for evidence
of exceptionally warm and excep-
tionally cold periods, occurring
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alternately and with several repetitions, within a space of
time which, geologically speaking, is very short indeed.

Let us then inquire first into the character of the
evidence we shouI:]{ expect to find of such changes of
climate, if they have occurred ; we shall then be in a
better position to estimate at its proper value the evidence
that actually exists, and, after giving it due weight, to
arrive at some conclusion as to the theory that best
explains and harmonises it.

Effects of Denudation’in Destroying the Eridence of Remote
Glaciel Epochs—Tt may be supposed, that if earlier glacial
epochs than the last did really occur, we ought to meet
with some evidence of the fact corresponding to that which
has satisfied us of the extensive recent glaciation of the
northern hemisphere ; but Dr. Croll and other writers have
ably argued that no such evidence is likely to be found.
It is now generally admitted that sub-agrial denudation is
a much more powerful agent in lowering and modifying
the surface of a country than was formerly supposed. Tt
has in fact been proved to be so powerful that the diffi-
culty now felt is, not to account for the denudation which
can be proved to have occurred, but to explain the apparent
yersistence of superficial features which ought long ago to
{mve been destroyed.

A proof of the lowering and eating away of the land-
surface which every one can understand, is to be found in
the quantity of solid matter carried down to the sea and to
low grounds by rivers. This is capable of pretty accurate
measurement, and it has been carefully measured for
several rivers, large and small, in different parts of the
world. The details of these measurements will be given
in a future chapter, and it is only necessary here to state
that the average of them all gives us this result—that one
foot must, on an average, be taken off the entire surface of
the land each 8,000 years in order to produce the amount
of sediment and matter in solution which is actually carried
into the sea. To give an idea of the limits of variation in
different rivers it may be mentioned that the Mississippi is
one which denudes its valley at a slow rate, taking 6,000
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years to remove one foot ; while the Po is the most ra id,
taking only 729 years to do the same work in its valley.
The cause of this difference is very easy to understand.
A large part of the area of the Mississipp1 basin consists of
the almost rainless prairie and desert regions of the west,
while its sources are in comparatively arid mountains with
scanty snow-fields, or in a low forest-clad plateau. The Po,
on the other hand, is wholly in a district of abundant rain-
fall, while its sources are spread over a great amphitheatre
of snowy Alps nearly 400 miles in extent, where the
denuding forces are at a maximum. As Scotland is a
mountain region of rather abundant rainfall, the denuding
power of its rains and rivers is probably rather above than
under the average, but to avoid any possible exaggeration
we will take it at a foot in 4,000 years.

Now if the end of the glacial epoch be taken to coin-
cide with the termination of the last period of high
excentricity, which occurred about 80,000 years ago (and
no geologist will consider this too long for the changes
which have since taken place), it follows that the entire
surface of Scotland must have been since lowered an
average amount of twenty feet. But over large areas of
alluvial plains, and wherever the rivers have spregul during
floods, the ground will have been raised instead of lowered ;
and on all nearly level ground and gentle slopes there
will have been comparatively little denudation; so that
proportionally much more must have been taken away
from mountain sides and from the bottoms of valleys
having a considerable downward slope. One of the very
highest authorities on the subject of denudation, 'er.
Archibald Geikie, estimates the area of these more rapidly
denuded portions as only one-tenth of the comparatively
level grounds, and he further estimates that the former
will be denuded about ten times as fast as the I.u.t,ter. It
follows that the valleys will be deepened and wgdcncd on
the average about five feet in the 4,000 years instead of
one foot; and thus many valleys must have been deepened
and widened 100 feet, and some even Inore, smce the
glacial epoch, while the more level portions of the country
will have been lowered on the average only about two feet.
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Now Dr. Croll gives us the following account of the
present aspect of the surface of a large part of the coun-

“Go where one will in the lowlands of Scotland and he
shall hardly find a single acre whose upper surface bears
the marks of being formed by the denuding agents now in
operation. He will observe everywhere mounds and
hollows which “cannot be accounted for by the present
agencies at work. . . . In regard to the general sur-
face of the country the present agencies may be said to be
Jjust beginning to carve a new line of features out of the
old glacially-formed surface. But so little progress has

et been made, that the kames, gravel-mounds, knolls of

ulder clay, &e., still retain in most cases their original
form.” 1

The facts here seem a little inconsistent, and we must
suppose that Dr, Croll has somewhat exaggerated the uni-
versality and complete preservation of the glaciated sur-
face. The amount of average denudation, however, 18 not
a matter of opinion but of measurement ; and its conse-
quences can in no way be evaded. They are, moreover,
strictly proportionate to the time elapsed ; and if so much
of the old surface of the country has certainly been re-
modelled or carried into the sea since the last glacial epoch,
it becomes evident that any surface-phenomena produced
by still earlier glacial epochs must have long since entirely
disappeared.

Rise of the Sea-level Conmected with Glacial Epochs, a Cause
of Further Denudation—There is also another powerful
agent that must have assisted in the destruction of any
such surface deposits or markings. During the last glacial
epoch itself there were several oscillations of the land, one
at least of considerable extent, during which shell-bearing
gravels were deposited on the flanks of the Welsh and
Irish mountains, now 1,300 feet above sea-level ; and there
i8 reason to believe that other subsidences of the same area
though perhaps of less extent, may have occurred at
various times during the Tertiary period. Many writers,
as we have seen, connect this subsidence with the glacial
Y Climate and Time in their Geological Relations, p. 8341,
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period itself, the unequal amount of ice at the two poles
causing the centre of gravity of the earth to be displaced
when, of course, the surface of the ocean will conform to it
and appear to rise in the one hemisphere and sink in the
other. If this is the case, subsidences of the land are
natural concomitants of a glacial period, and will power-
fully aid in removing all evidence of its occurrence. We
have seen reason to believe, however, that during the
height of the glacial epoch the extreme cold persisted
through the successive phases of precession, and if so, both
polar areas would probably be glaciated at once. This
would cause the abstraction of a large quantity of water
from the ocean, and a proportionate elevation of the land,
which would react on the accumulation of snow and ice,
and thus add another to that wonderful series of physical
agents which act and react on each other so as to intensify
glacial epochs.

But whether or not these causes would produce any
important fluctuations of the sea-level is of comparatively
little importance to our present inquiry, because the wide
extent of marine Tertiary deposits in the northern hemi-
sphere and their oceurrence at considerable elevations above
the present sea-level, afford the most conclusive proofs that
great changes of sea and land have occurred throughout
the entire Tertiary period; and these repeated sub-
mergences and emergences of the land combined with
sub-aérial and marine denudation, would undoqbtedly
destroy all those superficial evidences of ice-action on
which we mainly depend for proofs of the occurrence of the
last glacial epoch. !

What Evidence of Barly Glacial Epochs may be Expected.—
Althongh we may admit the foree of the preced:mg argument
as to the extreme improbability of our ﬁndmg any clear
evidence of the superficial action of ice during remote
glacial epochs, there is nevertheless one lu‘nd of evidence
that we ought to find, because it is both wide-spread and
practically indestrnctible.

One of the most constant of all the phenomena of a
glaciated country is the abundance of icebergs produced by
the breaking off of the ends of glaciers which terminate
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in arms of the sea, or of the terminal face of the ice-sheet
which passes beyond the land into the ocean. In both
these eases abundance of rocks and débris, such as form the
terminal moraines of glaciers on land, are éarried out to
sea and deposited over the sea-bottom of the area occupied
by icebergs. In the case of an ice-sheet it is almost certain
that much of the ground-moraine, consisting of mud and
imbedded stones, similar to that which forms the * till”
w})eu deposited on land, will be carried out to sea with the
ice and form a deposit of marine “ till ” near the shore.

It has indeed been objected that when an ice-sheet
covered an entire country there would be no moraines, and
that rocks or débris are very rarely seen on icebergs.
But during every glacial epoch there will be a southern
limit to the glaciated area, and everywhere near this limig
the mountain-tops will rise far above the ice and deposit
on it great masses of débris ; and as the ice-sheet spreads,
and again as it passes away, this moraine-forming area
will successively occupy the whole country. But even
such an ice-clad country as Greenland is now known to
have protruding peaks and rocky masses which give rise
to moraines on its surface ; ! and, as rocks from Cumberland
and Ireland were carried by the ice-sheet to the Isle of
Man, there must have been a very long period during
which the ice-sheets of Britain and Ireland terminated in
the ocean and sent off abundance of rock-laden bergs into
the surrounding seas; and the same thing must have
oceurred along all the coasts of Northern Europe and
Eastern America.

We cannot therefore doubt that throughout the greater
part of the duration of a glacial epoch the seas adjacent to
the glaciated countries would receive cuntmt}al_depomt.s of
large rocks, rock-fragments, and gravel, similar to the
material of modern and ancient moraines, and analogous
to the drift and the numerous travelled blocks which the
ice has undoubtedly scattered broadcast over every glaciated
country ; and these rocks and boulders wou[d be mmbedded
in whatever deposits were then forming, either from the
matter carried down by rivers or from the mud ground off

1 Nafiere, Vol. XXL., p. 845, * The Interior of Greenland.™
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the rocks and carried out to sea by the glaciers themselves.
Moreover, as icebergs float far beyond the limits of the
countries which gave them birth, these ice-borne materials
would be largely imbedded in deposits forming from the
denudation of countries which had never been glaciated, or
from which the ice had already disappeared.

But if every period of high excentricity produced a
glacial epoch of greater or less extent and severity, then,
on account of the frequent oceurrence of a high phase of
excentricity during the three million years for wEich we
have the tables, these boulder and rock-strewn deposits
would be both numerous and extensive. Four hundred
thousand years ago the excentricity was almost exactly the
same as it is now, and it continually increased from that
time up to the glacial epoch. Now if we take dounble the
present excentricity as being: sufficient to produce some
glaciation in the temperate zone, we find (by drawing out
the diagram at p. 171 on a larger scale) that during 1,150,000
years out of the 2,400,000 years immediately preceding -
the last glacial epoch, the excentricity reached or exceeded
this amonnt, consisting of sixteen separate epochs, divided
from each other by periods varying from 30,000 to 200,000
years. But if the last glacial epoch was at its maximum
200,000 years ago, a space of three million years will
certainly include much, if not all, of the Tertiary period ;
and even if it does not, we have no reason to suppose that
the character of the excentricity would suddenly change
beyond the three million years. o0

1t follows, therefore, that if periods of high excentricity,
like that which appears to have been synchronous with our
last glacial epoch and is generally admitted to have been
one of its efficient causes, always produced glacial tpochs -
(with or without alternating warm periods), then the whole
of the Tertiary deposits in the north temperate and Arctic
zones should exhibit frequent alternations of boulder and
rock-bearing beds, or coarse rock-strewn gravels analogous
to our existing glacial drift, and with some corresponding
change of organic remains. Tet us then see what
evidence can be adduced of the existence of such

deposits, and whether it is adequate to support the
N
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theory of repeated glacial epochs during the Tertiary
riod. '

PcE’DfllchCS of Ice-action during the Tertiary Period—The
Tertiary fossils both of Europe and North America indicate
throunghout warm or temperate climates, except those of
the more recent Pliocene deposits which merge into the
earlier glacial beds. The Miocene deposits of Central and
Southern Europe, for example, contain marine shells of
some genera now only found farther south, while the fossil
plants often resemble those of Madeira and the southern
states of North America. Targe reptiles, too, abounded,
and man-like apes lived in the south of France and in
Germany. Yet in Northern Italy, near Turin, there are
beds of sandstone and conglomerate full of characteristic
Miocene shells, but containing in an intercalated deposit
angular blocks of serpentine and greenstone often of
enormous size, one being fourteen feet long, and another
twenty-six feet. Some of the blocks were observed by Sir
Charles Lyell to be faintly striuted and partly ];)(gished on
one side, and they are scattered through the beds for a
thickness of nearly 150 feet. It is interesting that the
particular bed in which the blocks accur yields no or;i;&nic
remaing, though these are plentiful both in the underlying
and overlying beds, as if the cold of the icebergs, combined
with the turbidity produced by the glacial mud, had driven
away the organisms adapted to live only in a comparatively
warm sea. Rock similar in kind to these erraties oceurs
aboyt twenty miles distant in the Alps.

The Bocene period is even more characteristically tropical
in its flora and fauna, since palms and Cycadacee, turtles,
snakes, and crocodiles then inhabited England. Yet on
the north side of the Alps, extending from Switzerland to
Vienna, and also south of the Alps near Genoa, there is a
deposit of finely-stratified sandstone several thousand feet
in thickness, quite destitute of organic remains, but con-
taining in several places in Switzerland enormous blocks
either angular or partly rounded, and composed of oolitie
limestone or of granite. Near thé Lake of Thun some of
the granite blocks found in this deposit are of enormous
gize, one’ of them being 105 feet long, ninety feet wide,
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and forty-five feet thick! The granite is red, and of a
peculiar kind which cannot be matched anywhere in the
Alps, or indeed elsewhere. Similar erratics have also been
found in beds of the same age in the Carpathians and in
the Apennines, indicating probably an extensive inland
European sea into which glaciers descended from the sar-
rounding mountains, depositing these erratics, and cooling
the water so as to destroy the mollusca and other organisms
which had previously inhabited it. It is to be observed
that wherever these erratics occur they are always in the
vicinity of great mountain ranges; and although these
can be proved to have been in great part elevated during
the Tertiary period, we must also remember that they
must have been since very much lowered by denudation, of
the amount of which, the enormously thick Eocene and
Miocene beds now forming portions of them is in some
degree a measure as well as a proof. It is not therefore at
all improbable that during some part of the Tertiary period
these mountains may have been far higher than they
are now, and this we know might be sufficient for the pro-
duction of glaciers descending to the sea-level, even were
the climate of the lowlands somewhat warmer than at
present.?

The Weight of the Negative Evidence— But when we
proceed to examine the Tertiary deposits of other parts of

! Prof. J, W. Judd says: “In the case of the Alps I know of no glacial
shenomena which are not capable of being explained, like those of New
Zealand, by a great extension of the area of the tracts above the snow-line
which wounld collect ‘more ample supplies for the glaciers ]vrotrnde(! into
surrounding plains,  And when we survey the grand panoramas of _rulgns,
pinnacles, aml peaks produced for the mest purt _by :ml;-n‘orm] action, we
may well be llhelml‘H]( to admit that before the intervening ravines and
villeys were oxcavated, the glaciers shed from the clevated l)].'l(('lllllx st
have been of vastly greater magnitude than at present.”  (Contributions
to the Study of Voleanoes, Gealpgical Magazie, 1876, p. 536.) Trofessor
Judd applics these remarks to the last as well as to previous glacial periods
in the Alps; bat surely thers has been no snch extensive alteration and
lowering of the surface of the country since the erratic blocks were de-
posited on the Jura and the great moraines formed in North Italy, as this
theory would imply, We can hardly suppose wide areas to have been
lowered thousands of feet by denudation, and yet have left other adjacent
areas apparently untounched ; and it is even very doubtful whether such
an extension of the snow-fields would alone suffice for the effects which were

certainly prodaced.

N 2
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Europe, and especially of our own country, for evidence of
this kind, not only is such evidence completely wanting, but
the facts are of so definite a character as to satisfy most
geologists that it can never have existed; and the same
may be said of temperate North America and of the Arctic
regions generally.

In his carefully written paper on “The Climate Con-
troversy ” the late Mr. Searles V. Wood, Jun., remarks on
this point as follows: “Now the Eocene formation is
complete in England, and is exposed in continuous section
along the north coast of the Isle of Wight from its base to
its junction with the Oligocene (or Lower Miocene ac-
cording to some), and along the northern coast of Kent
from its base to the Lower Bagshot Sand. It has been
intersected by railway and other cuttings in all directions
and at all horizons, and pierced by wells innumerable;
while from its strata in England, France, and Belgium,
the most extensive collections of organic remains have
been made of any formation yet explored, and from nearly
all its horizons, for at one place or another in these three
countries nearly every horizon may be said to have yielded
fossils of some kind. These fossils, however, whether they
be the remains of a flora such as that of Sheppey, or of a
vertebrate fauna containing the crocodile and alligator,
such as is yielded by beds indicative of terrestrial condi-
tions, or of & molluscan assemblage such as is present in
marine or fluvio-marine beds of the formation, are of
unmistakably tropical or sub-tropical character through-
out; and no trace whatever has appeared of the inter-
calation of a glacial period, much less of successive inter-
calations indicative of more than one period of 10,500
years' glaciation, Nor can it be urged 1..lmt the glacial
epochs of the Bocene in England were intervals of dry
land, and so bave left no evidence of their existence
behind them, because a large part of the continuous
sequence of Bocene deposits in this country consists of
alternations of fluviatile, fluvio-marine, and purely marine
strata; so that it seems impossible that during the ae-
cumulation of the Eocene formation in England a glacial
period could have occurred without its evidences being
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abundauntly apparent. The Oligocene of Northern' Ger-
many and Belgium, and the Miocene of those countries
and of France, have also afforded a rich molluscan fauna,
which, like that of the Focene, has as yet presented no
indication of the intrusion of anything to interfere with its
uniformly sub-tropical character.”?

This is sufficiently striking ; but when we consider that
this enormous series of deposits, many thousand feet in
thickness, consists wholly of alternations of clays, sands,
marls, shales, or limestones, with a few beds of pebbles or
conglomerate, not one of the whole series containing
irregular blocks of foreign material, boulders or gravel, such
as we have seen to be the essential characteristic of a glacial
epoch; and when we find that this same general character
pervades all the extensive Tertiary deposits of temperate
North America, we shall, I think, be forced to the con-
clusion that no general glacial epochs could have oceurred
during their formation. It must be remembered that the
“imperfection of the geological record” will not help us
here, because the series of Tertiary deposits is unusnally
complete, and we must suppose some destructive agency
to have selected all the intercalated glacial beds and to
have so completely made away with them that not a
fragment remains, while 1}])rescrviu" all or almost all the
anderglacial beds; and to have acted thus ca riciously, not
in one limited area only, but over the whole northern
hemisphere, with the local exceptions on the flanks of great
mountain ranges already referred to. \ 3

Temperate Climates in the Aretic Regions.—As we have
just seen, the geological evidence of the persistence of sub-
tropical or warm climates in the north temperate zone
during the greater -part of the Tertml_’y period is almost
irresistible, and we have now fo consudc.r the still more
extraordinary series of observations which demonstrate
that this amelioration of climate extended into the Arctic
zone, and into countries now almost wholly buried in snow
and ice. These warm Arctic climates have been explained
by Dr. Croll as due to periods of high excentricity with
winter in perifelion, a theory which implies alternating

! Geolagical Majyazine, 1876, p. 302
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epochs of glaciation far exceeding what now prevails ; and
it 1s therefore necessary to examine the evidence pretty
closely in order to see if this view is more tenable in the
case of the north polar regions than we have found it to
be in that of the north temperate zone.

The most recent of these milder climates is perhaps
indicated by the abundant remains of large mammalia—
such as the mammoth, woolly rhinoceros, bison and horse,
in the icy alluvial plains of Northern Siberia, and especially
in the Liakhov Islands in the same latitude as the North
Cape of Asia. These remains occur not in one or two
spots only, as if collected by eddies at the mouth of a
river, but along the whole borders of the Arctic Ocean;
and it is generally admitted that the animals must have
lived upon the adjacent plains, and that a considerably
milder climate than now prevails could alone have enabled
them to do so. How long ago this occurred we do not
know, but one of the last intercalated mild periods of the
glacial epoch itself seems to offer all the necessary condi-
tions. Again, Sir Edward Belcher discovered on the dreary
shores of Wellington Channel in 751° N, Lat,, the trunk
and root of a fir tree which had evidently grown where it
was found. Itappeared to belong to the species Abies alla,
or white fir, which now reaches 68° N. Lat, and is the most
northerly conifer known. Similar trees, one four feet in
circumference and thirty feet long, were found by Lieut.
Mecham in Prince Patrick’s Island in Lat. 76° 12° N., and
other Arctic explorérs have found remains of trees in high
latitudes which may all probably be referred to the same
mild period as that of the ice-preserved Arctic mammalia.

Similar indications of a recent milder climate are found
in Spitzbergen. Professor Nordenskjold says: “ At various

laces on Spitzbergen, at the bottom of Lomme Bay, at
Cape Thordsen, in Blomstrand’s strata in Adven@ Bay,
there are found large and well-developed shells of a bivalve,
Mytilus edulis, which is not now found living on the coast
of Spitzbergen, though on the west coast of Scandinavia it
everywhere covers the rocks near the sea-shore, These
shells occur most plentifully in the bed of a river which
runs through Reindeer Valley at Cape Thordsen. They
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are probably washed out of a thin bed of sand at a height
of about twenty or thirty feet above the present sea-level,
which is intersected by the river. The geological age of
this bed ecannot be very great, and it has clearly been
formed since the present basin of the Ice Sound, or at
least the greater part of it, has been hollowed out by
glacial action.™ S
 The Miccene Aretic Flora—One of the. most startling
and important of the scientific discoveries of the last
forty years has been that of the relics of a luxuriant
Miocene flora in various parts of the Arctic regions. It is
a discovery that was totally unexpected, and 1s even now
considered by many men of science to be completely un-
intelligible ; but it is so thoroughly established, and 1t has
such a direct and important bearing on the subjects we are
discussing in the present volume, that it is necessary to
lay a tolerably complete outline of the facts before our
readers. :

The Miocene flora of temperate Europe was very like
that of Eastern Asia, Japan, and the warmer part of East-
ern North America of the present day. It is very richly
represented in Switzerland by well preserved fossil remains,
and after a close comparison with the flora of other coun-
tries Professor Heer concludes that the Swiss Lower Mio-
cene flora indicates a climate corresponding to that of
Louisiana, North Africa, and South China, while the
Upper Miocene climate of the same country would corre-
spond to that of the south of Spain, Southern Japan, and
Georgin (U.S. of America). Of this latter flora, found
chiefly at (Eninghen in the northern extremity of Switzer-
land, 465 species are known, of which 166 species are trees
or shrubs, half of them being evergreens. They comprise
sequoias like the (alifornian giant trees, gunphor-trQes,
cinnamons, sassafras, bignonias, cassias, gleditschias, tulip-
trees, and many other American genera, towether with
maples, ashes, planes, oaks, popl:u:s, and OtT.ICI' famil.iar
European trees mpresentcr.l by a variety of extinet speeies.
If we now go to the west coast of Greenland in 70° N. Lat.
we find abundant remains of a flora of the same general

1 Geologival Aagasine, 1876, ** Gealogy of Spitzbergen,”™ p. 267,
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type as that of (Bninghen but of a more northern character.
‘We have a sequoia identical with one of the species found
at (Eninghen, a chestnut, salisburia, liquid!;mbar, sas-
safras, and even a magnolia. We have also seven species
of oaks, two planes, two vines, three beeches, four poplars,
two willows, a walnut, a plum, and several shrubs supposed
to be evergreens; altogether 137 species, mostly well and
abundantly preserved !

But even further north, in Spitzbergen, in 78° and 79° N,
Lat. and one of the most barren and inhospitable regions
on the globe, an almost equally rich fossil flora has been
discovered including several of the Greenland species, and
others peculiar, but mostly of the same genera. There
seem to be no evergreens here exeept coniferee, one of
which is identical with the swamp-cypress (Zazodium
distichuwm) now found living in the Southern United States !
There are also eleven pines, two Libocedrus, two sequoias,
with oaks, poplars, birches, Flanes, limes, a hazel, an ash,
and a walnut ; also water-lilies, pond-weeds, and an iris—
altogether about a hundred species of flowering plants.
Even in Grinnell Land, within 81 degrees of the pole, a
similar flora existed, twenty-five species of fossil plants
having been collected by the last Arctic expedition, of
which eighteen were identical with the species from other
Arctic localities. This flora comprised poplars, birches,
hazels, elms, viburnums, and eight species of conifers
including the swamp cypress and the Norway spruce
(Pinus abics) which last does not now exten beyond
69)° N.

%"ossil plants closely resembling those just mentioned
have been found at many other Arctic localities, especially
in Ieeland, on the Mackenzie River in 65° N, Lat. and in
Alaska, As an intermediate station we have, in the neigh-
bourhood of Dantzic in Lat. 55° N, a similar flora, with
the swamp-cypress, sequoias, oaks, p‘oplars, and some
cinnamons, laurels, and figs. A little further south, near
Breslau, north of the Carpathians, a rw:h f?Ol‘a has been
found allied to that of (Eninghen, but wanting in some of the
more tropical forms. Again, in the Isle of Mull in Scotland,
in about 561> N, Lat., a plant-bed has been discovered con-
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taining a hazel, a plane, and a sequoia, apparently identical
with a Swiss Miocene species.

We thus find one well-marked type of vegetation spread
from Switzerland and Vienna to North Germany, Scotland,
Iceland, Greenland, Alaska, and Spitzbergen, some few of
the species even ranging over the extremes of latitude
between (Eninghen and Spitzbergen, but the great ma-
jority being distinet, and exhibiting decided indications
of a decrease of temperature according to latitude, though
much less in amount than now exists. Some writers have
thought that the great similarity of the floras of Greenland
and(Eninghen is a proof that they were not contemporane-
ous, but successive; and that of Greenland has been sup-

o

posed to be as old as the Eocene. But the arguments yet
adduced do not seem to prove such a difference of age,
because there is only that amount of specific and generic
diversity between the two which might be produced by dis-
tance and difference of temperature, under the exceptionally
equable climate of the period. We have even now
examples of an equally wide range of well-marked types;
as in temperate South America, where many of the genera
and some of the species range from the Straits of Magellan
to Valparaiso—places differing as much in latitude as Swit-
zerland and West Greenland ; and the same may be said
of North Australia and Tasmania, where, at a greater lati-
tudinal distance apart, closely allied forms of Eucalyptus,
Acacia, Casuarina, Stylidium, Goedenia, and many other
genera would certainly form a prominent feature in any
fossil flora now being preserved. .

Mild Arctic Climates of the Cretaceous Poriod.—In the
Upper Cretaceous deposits of Greenland (in a locality not
far from those of the Miocene age last described) another
remarkable flora has been discovered, agrecing generally
with that of Europe and North America of the same geo-
logical age. Sixty-five species of plants have been identi-
fied, of which there are fifteen ferns, two cycads, eleven
coniferm, three monocotyledons, and thirty-four dicotyledons.
One of the ferns is a tree-fern with thick stems, which has
also been found in the Upper Greensand of England.
Amongthe conifers the giant sequoias are found, and among
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the dicotyledons the genera Populus, Myrica, Ficus, Sassa-
fras, Andromeda, Diospyros, Myrsine, Panax, as well as
magnolias, myrtles, and leguminose. Several of these
groups oceur also in the much richer deposits of the same
age in North America’ and Central Europe; but all of
them evidently afford such fragmentary records of the
actual flora of the period, that it is impossible to say that
any genus found in one locality was absent from the other
merely because it has not yet been found there. On the
whole, there seems to be less difference between the floras
of Arctic and temperate latitudes in Upper Cretaceous
than in Miocene times.

In the same locality in Greenland (70° 33' N. Lat. and
52° W. Long.), and also in Spitzbergen, a more ancient
flora, of Lower Cretaceous age, has been found; but it
differs widely from the other in the great abundance of
cycads and conifers and the scarcity of exogens, which
latter are represented by a single poplar. Of the thirty-
eight ferns, fifteen belong to the genus Gleichenia now
almost entirely tropical. There are four genera of cycads,
and three extinet genera of conifers, besides Glyptos-
trobus and Torreya now found only in China and Cali-
fornia, six species of true pines, and five of the genus
Sequoia, one of which occurs also in Spitzbergen. The
European deposits of the same age closely agree with
these in their general character, conifers, cycads, and ferns
forming the mass of the vegetation, while exogens are
entirely absent, the above-named Greenland poplar being
the oldest known dicotyledonous plant.!

If we take these facts as really representing the flora of
the period, we shall be forced to conclude that, measured
by the change effected in its plants, the lapse of time be-
tween the Lower and Upper Cretaceous deposits was far
greater than between the Upper Cretaceous and the
Miocene—a, conclusion quite opposed to the indications
afforded by the mollusca and the higher animals of the
two periods. 1t seems probable, therefore, that these
Lower Cretaccous plants represent local peculiarities of

! Tho preceding account is mostly derived from Professor Heer's great
work Flora Fossilis Arctica.
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vegetation such _as now sometimes occur in tropical
countries. On sandy or coralline islands in the Malay
Archipelago there will often be found a vegetation con-
sisting almost wholly of cycads, pandani, and palms, while
a few miles off, on moderately elevated land, not a single
specimen of either of these families may be seen, but a
dense forest of dicotyledonous trees covering the whole
country. A lowland vegetation, such as that above de-
scribed, might be destroyed and its remains preserved by a
slight depression, allowing it to be covered up by the de-
tritus of some adjacent river, while not only would the
subsidence of high land be a less frequent occurrence, but
when it did occur the steep banks would be undermined
by the waves, and the trees falling down would be floated
away, and would either be cast on some distant shore or
slowly decay on the surface or in the depths of the ocean.

From the remarkable series of facts now briefly sum-
marized, we learn, that whenever plant-remains have been
discovered within the Arctic regions, either in Tertiary
or Cretaceous deposits, they show that the climate was one
capable of supporting a rich vegetation of trees, shrubs,
and herbaceous plants, similar in general character to that
which prevailed in the temperate zone at the same periods,
but showing the influence of a less congenial climate,
These deposits belong to at least four distinct geological
horizons, and have been found widely scattered within the
Arctic circle, yet nowhere has any proof been obtained of
intercalated cold periods, such as would be indicated by
the remains of a stunted vegetation, or a molluscan fauna
similar to that which now prevails there.

Stratigraphical Evidence of Long-Continued Mild Aretic
Conditions.—Letusnow turn to thestratigraphical evidence,
which, as we have already shown, offers a crucial test of
the occurrence or non-occurrence of glaciation during any
extensive geological period ; and here we have the testimony
of perhaps the greatest living authority on Arctic ieology
— Professor Nordenskjold. In his lecture on “The Former
Climate of the Polar Regions,” he says: “The character
of the coasts in the Arctic regions is especially favourable
to geological investigations. While the valleys are for the
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most part filled with ice, the sides of the mountains in
surmmer, even in the 80th degree of latitide, and to a height
of 1,000 or 1,500 feet above the level of the sea, are almost
wholly free from snow. Nor are the rocks covered with
any amount of vegetation worth mentioning ; and, moreover,
the sides of the mountains on the shore itself frequently
present perpendicular sections, which everywhere expose
their bare surfaces to the investigator. The knowledge of
a mountain’s geognostic character, at which one, in the
more southerly countries, can’ only arrive after long and
laborious researches, removal of soil and the like, is here
gained almost at the first glance; and as we have never
seen in Spitzbergen nor in Greenland, in these sections
often many miles in length, and including one may say all
formations from the Silurian to the Tertiary, any boulders
even as large as a child’s head, there is not the smallest
probability that strata of any considerable extent, contain-
ing boulders, are to be found in the polar tracts previous to
the middle of the Tertiary period. Since, then, both an
examination of the geognostic condition, and aun investiga-
tion of the fossil flora and fauna of the polar lands, show
no signs of a glacial era having existed in those parts before
the termination of the Miocene period, we are fully jus-
tified in rejecting, on the evidence of actual obscrva_tion,
the hypotheses founded on purely theoretical speculations,
which assume the many times repeated alternation of warm
and glacial climates between the present time and the
earliest geological ages.”* And again, in his Sketeh of the
Geology of Spitzbergen, after deseribing the various forma-
tions down to the Miocene, he says: “ All the fossils found
in the foregoing strata show that Spitzbergen, during former
geological ages, enjoyed a magnificent climate, which
indeed was somewhat colder during the Miocene period,
but was still favourable for an éxtraordinarily abundant
vegetation, much more luxuriant than that which now
occurs even in the southern part of Scnndlqawa: and T
have in these strata sought in vain for any sign, that, as
some geologists have of late endeavoured to render probable,
these favourable climatic conditions have been broken off
1 Geological Magazine, 1875, p. 531
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by intervals of ancient glacial periods. The profilesI have
had the opportunity to examine during my various Spitz-
bergen expeditions would certainly, if Ta.id down on a line,
occupy an extent of a thousand English miles ; and if any
former glacial period had existed in this region, there
ought to have been some trace to be observed of erratic
blocks, or other formations which distinguish glacial action.
But this has not been the case. In the strata, whose length
I have reckoned alone, I have not found a single fragment
of a foreign rock so large as a child’s head.”?

Now it is quite impossible to ignore or evade the force of
this testimony as to the continuous warm climates of the
north temperate and polar zones throughout Tertiary
times. The evidence extends over a vast area, both in
space and time, it is derived from the work of the most
competent living geologists, and it is absolutely consistent
in its general tendency. We have in the Lower Cretaceous
period an almost tropical climate in France and England,
a somewhat lower temperature in the United States, and
a mild insular climate in the Arctic regions. In each
successive period the climate becomes somewhat less
tropical ; but down to the Upper Miocene it remains warm
temperate in Central Europe, and cold temperate within
the polar area, with not a trace of any intervening periods
of Arctic cold. It then gradually cools down and merges
through the Plioeene into the glacial epoch in Europe,
while in the Arctic zone there is a break in the record
between the Miocene and the recent glacial deposits.®

1 (feological Magezine, 1876, p. 266, In his recent work—Climate amd
Cosinology (pp. 164, 172)—the late Dr. Croll has appealed to the imperfection
of the geological recond as a reply to these arguments; in this case, as it
appeats to me, a very unsuccessful one. :

* It is interesting to observe that the Creteceous flora of the United
States (that of the Dakota group), indicates & somewhat cooler climate
than that of the following Eoceno period. Mr, De Rance (in the geological
appendix to Capt. Sir G. Nares’s Narrative of a Voyage to the FPolay Sea)
remarks as follows: ““In the overlying American Eocenes oceur types of
ploaes oconrring in the EumPcan Miocenes and still living, proving the
trath of Professor Lesquercux’s postulate, that the plant types appear in
America # stage in advance of their advent in Europe. These plants
point to'n far higher mean temperature than those of the Dakota group,
to & dense atmosphere of vapour, and n luxurinnce of ferns and palms.”
This is very important as ndding further proof to the view that the
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Accepting this as a substantially correct account of the
general climatic aspect of the Tertiary period in the
northern hemisphere, let us see whether the principles we
have already laid down will enable us to give a satisfactory
explanation of its causes,

The Causes of mild Aretic Climates—In his remarkable
series of papers on “Ocean Currents,” the late Dr. James
Croll has proved, with a wealth of argument and illustra-
tion whose cogency is irresistible, that the very habitability
of our globe is due to the equalizing climatic effects of the
waters of the ocean ; and that it is to the same cause that
we owe, either directly or indirectly, almost all the chief
diversities of climate between places situated in the same
latitude. Owing to the peculiar distribution of land and®
sea upon the globe, more than its fair proportion of the
warm equatorial waters is directed towards the western
shores of Europe, the result being that the British Isles,
Norway, and Spitzbergen, have all a milder climate than
any other parts of the globe in corresponding latitudes. A
very small portion of the Arctic regions, however, obtains
this benefit, and it thus remains, generally speaking, a land
of snow and ice, with too short a summer to nourish more
than a very scanty and fugitive vegetation. The only
other opening than that between Iceland and Britain by
which warm water penetrates within the Arctie circle, 1s
throngh Behring’s Straits; but this is both shallow and
limited in width, and the consequence is that the larger
part of the warm currents of the Pacific turns back along
the shores of the Aleutian Islands and North-west
America, while a very small quantity enters the icy
Oeenn,

But if there were other and wider openings into the
Arectic Ocean, a vast quantity of the heated water which is
now turned backward would enter it, and would produce an
amelioration of the climate of which we can hardly form a
conception. A great amelioration of climate would also

caused by the breaking up or the lowering of such

climates of former periods are not due o any goneral refrigeration, but
to canses which were subject to change and alternation in former nges
4% 1Now,
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Arctic highlands as now favour the accumulation of ice ;
while the interpenetration of the sea into any part of the
great continents in the tropical or temperate zones would
again tend to raise the winter temperature, and render any
long continuance of snow in their vicinity almost
impossible. :

Now geologists have proved, quite independently of any
such questions as we are here discussing, that changes of
the very kinds above referred to have occurred during the
Tertiary period ; and that there has been, speaking broadly,
a steady change from a comparatively fragmentary and
insular condition of the great north temperate lands in
early Tertiary times, to that more compact and continental
condition which now prevails. It is, no doubt, difficult and
often impossible to determine how long any particular
geographical condition lasted, or whether the changes in
one country were exactly coincident with those in another;
but it will be sufficient for our purpose briefly to indicate
those more important changes of land and sea during the

“Pertiary period, which must have produced a deecided
effect on the climate of the northern hemisphere,

Geographical Changes Favouring Mild Northern Climates
in Pertiary Times—The distribution of the Eocene and
Miocene formations shows, that during a considerable
portion of the Tertiary period, an inland sea, more or less
occupied by an archipelago of islands, extended across
Central Europe between the Baltic and the Black and
Caspian Seas, and thence by narrower channels south-
castward to the valley of the Euphrates and the Persian
Gulf, thus opening a communication between the North
Atlantic and the Indian Oceans.  From the Caspian also a
wide arm of the sea extended during some part of the
Pertiary epoch northwards to the Arctie Ocean, and there
is nothing to show that this séa may not have been in
existence during the whole Tertiary period. Another
channel probably existed over Egypt! into the eastern

! My 8. B. J. Skertchley informs me that he has himself observed thick
Tertiary deposits, consisting of clays and anhydrous gypsum, at Berenice
on the borders of Egypt and Nubia, at a height of about 600 feet above the

sea-lovel ; but these may have boen of fresh-water origin.
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basin of the Mediterranean and the Black Sea; while it is
probable that there was a communication between the
Baltic and the White Sea, leaving Scandinavia as an
extensive island. Turning to India, we find that an arm
of the sea of great width and depth extended from the Bay
of Bengal to the mouths of the Indus; while the enormous
depression indicated by the presence of marine fossils of
Eocene age at a height of 16,500 feet in Western Tibet,
renders it not improbable that a more direct channel across
Afghanistan may have opened a communication between
the West Asiatic and Polar seas.

It may be said that the changes here indicated are not
warranted by an actual knowledge of continuous Tertiary
deposits over the situations of the alleged marine channels ;
but it is no less certain that the seas in which any partic-
ular strata were deposited were always more extensive
than the fragments of those strata now existing, and often
immensely more extensive. The Eocene deposits of
Europe, for example, have certainly undergone enormous
denudation both marine and subaérial, and may have once
covered areas where we now find older deposits (as the
chalk once covered the weald), while a portion of them
may lie concealed under Miocene, Pliocene, or recent beds,
We find them widely scattered over Europe and Asia, and
often elevated into lofty mountain ranges; and we should
certainly err far more seriously in confining the Eocene
seas to the exact areas where we now find Kocene rocks,
than in liberally extending them, so as to connect the
several detached portions of the formation whenever there
is no valid argument against our doing so. Considering
then, that some one or more of the sea-communications
here indicated almost certainly existed during Kocene and
Miocene times, let us endeavour to estimate the probable
effect such communications would have upon the climate
of the northern hemisphere.

The Indian Ocean as a Sowrce of Heat in Tertiary Times,
—If we compare the Indian Occan with the South
Atlantic we shall see that the position and outline of the
former are very favourable for the accumulation of a large
body of warm water moving northwards. Tts southern
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opening between South Africa and Australia is very wide,
and the tendency of the trade-winds would be to concen-
trate the currents towards its north-western extremity,
Jjust where the two great channels above deseribed formed
an outlet to the northern seas. As will be shown in our
nineteenth chapter, there was probably, during the earlier
portion of the Tertiary period at least, several large islands
m the space between Madagascar and South India; but
these had wide and deep channels between them, and
their existence may have been favourable to thé con-
veyance of heated water northward, by concentrating
the currents, and thus producing massive bodies of moving
water analogous to the Gulf Stream of the Atlantic!
Less heat would thus be lost by evaporation and radiation
in the tropical zone, and an impulse would be acquired
which would carry the warm water into the north polar
area. About the same period Australia was probably
divided into two islands, separated by a wide channel in a
north and south direction (see Chapter XXIL), and
through this another current would almost certainly set
northwards, and be directed to the north-west by the
southern extension of Malayan Asia. The more insular
condition at this period of Australia, India, and North
Africa, with the depression and probable fertility’ of the
Central Asiatic plateau, would lead to the Indian Océan
being traversed by regular trade-winds instead of by
variable monsoons, and thus the constant wis @ fergo,
which is so efficient in the Atlantic, would keep up a
steady and powerful current towards the northern parts
of the Indian Ocean, and thence through the midst of
the European archipelago to the northern seas.

Now it is quite certain that such a condition as we have
here sketched out would produce a wonderful effect on the
climate of Central Europe and Western and Northern Asia.
Owing to the warm currents being concentrated in inland
seas instead of being dispersed over a wide ocean like the

! By referring to our map of the Indian Ocean showing the submarine
banks indicating ancient iﬁ‘umla (Chap. XIX.), it will be evident that the
south-east trade-winds—then exceptionally powerful—wounld canse a vast
body of water to enter the deep Arabinn Sea,

(8
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North Atlantic, much more heat would be conveyed into
the Arctic Ocean, and this would altogether prevent the
formation of ice on the northern shores of Asia, which
continent did not then extend nearly so far north and was
probably deeply inter-penetrated by the sea. This open
ocean to the north, and the warm currents along all the
northern lands, would so equalise temperature, that even
the northern parts of Europe might then have enjoyed a
climate fully equal to that of the warmer parts of New
Zealand at the present day, and might have well supported
the luxuriant vegetation of the Miocene period, even with-
out any help from similar changes in the western hemi-
sphere.! '
qu’muI'ition of North America during the Tertiary Period.
—But changes of a somewhat similar character have also
taken place in America and the Pacific. An enormous
area west of the Mississippi, extending over much of the
" Rocky Mountains, consists of marine Cretaceous beds
10,000 feet thick, indicating great and long-continued sub-
sidence, and an insular condition of Western America with
a sea probably extending northwards to the Arctic Ocean.
As marine Tertiary deposits are found conformably over-
lying these Cretaceous strata, Professor Dana is of opinion
that the great elevation of this part of America did not
bedin till carly Tertiary times. Other Tertiary beds in
(lalifornia, Alaska, Kamschatka, the Mackenzie River, the
Parry Islands, and Greenland, indicate partial submergence

1 In his recently published Zeetures on Physical Geography, Professor
Haughton calculates, that more than half the solar heat of the tom(l_zonc
ig carried to the temperate zones by ocean currents. The Gulf Stream itself
carries one-twelfth of the total amount, but it is probable that a very small
fraction of this quantity of heat reaches the po}ar seas owing to the wide
area over which the current spreads in the North Atlantic. The corre-
sponding stream of the Indian Ocean in Miocene times would hgwe been
fully equal to the Guif Stream in heating power, while, owing to its being
%o much more concentrated, a large proportion of its heat may have
reached the polar area.  But the Arctic Ocean occupies less than one-tenth
of the area of the tropical seas ; so that, whatever proportion of the heat
of the tropical zone was conveyed to it, would, by being concentrated into
one-tenth of the surface, produco an cnormonusly inereased effect. Taking
this into consideration, we can hardly doubt that the Opcmn¥ of a sufficient
passage from the Indian Ocean to the Arctic seas would produce the effects
above indicated,

o
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of all these lands with the possible influx of warm water
from the Pacific; and the considerable elevation of some
of the Miocene beds in Greenland and Spitzbergen renders
it probable that these countries were then much less
elevated, in which case only their higher summits would
be covered with perpetual snow, and no glaciers would
descend to the sea.

In the Pacific there was probably an elevation of land
counterbalancing, to some extent, the great depression of
so much of the northern continents. Our map in Chapter
XV. shows the islands that would be produced by an cleva-
tion of the great shoals under a thousand fathoms deep,
and it is seen that these all trend in a south-east and north-
west direction, and would thus facilitate the production of
definite currents impelled by the south-east trades towards
the north-west Pacific, where they would gain access to the
polar seas through Behring’s Straits, which were, perhaps,
sometimes both wider and deeper than at present.

Effect of these Changes on the Climate of the Arctic Rogions.
—These various changes of sea and land, all tending to-
wards a transference of heat from the equator to the north
temperate zone, were not improbably still further anugmented
by the existence of a great inland South American sea
occupying what are now the extensive valleys of the
Amazon and Orinoco, and forming an additional reservoir
of super-heated water to add to the supply poured into the
North Atlantic. ea g

It is not of course supposed that all the modifications
here indicated co-existed at the same time. We have good
reason to believe, from the known distribution of animals
in the Tertiary period, that land-communications have at
times existed between Europe or Asia and North America,
either by way of Behring's Straits, or by Iceland, Green-
land, and Labrador. But the same evidence shows that
these land-communications were the exception rather than
the rule, and that they occurred only at long intervals and
for short periods, so as at no time to bring about anything
like a complete interchange of the productions of the two
continents! We may therefore admit that the communi-

1 For an account of the resemblances and differences of the mammalia
0 2
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cation between the tropical and Arctic oceans was occasion-
ally interrupted in one or other direction; but if we look
at a globe instead of a Mercator’s chart of the world, we shall
see that the disproportion between the extent of the polar
and tropical seas is so enormous that a single wide opening,
with an adequate impulse to carry in a considerable stream
of warm water, would be amply sufficient for the complete
abolition of polar snow and ice, when aided by the absence
of any great areas of high land within the polar circle, such
high land being, as we have seen, essential to the production
of perpetual snow even at the present time.

hose who wish to understand the effect of oceanic cur-
rents in conveying heat to the north temperate and polar
regions, should study the papers of Dr. Croll already re-
ferred to. But the same thing is equally well shown by
the facts of the actual distribution of heat due to the Gulf
Stream. The difference between the mean annual tem-
peratures of the opposite coasts of Europe and America is
well known and has been already quoted, but the difference
of their mean winter temperature is still more striking, and
it is this which concerns us as more especially affecting the
distribution of vegetable and animal life. Our mean
winter temperature in the west of England is the same as
that of the Southern United States, as well as that of
Shanghai in China, both about twenty degrees of latitude
further south ; and as we go northward the difference in-
creases, so that the winter climate of Nova Scotia in Lat,
45° is found within the Arctic circle on the coast of Norway ;
and if the latter country did not consist almost wholly of
precipitous snow-clad mountains, it would be capable of
supporting most of the vegetable products of the American
coast in the latitude of Bordeaux.

of the two continents during the Tertiary epoch, see my Geographical
Distritution of Animals, Vol. I. pp. 140-156. ; e

1 Professor Haughton has made an elaborate c_:alculnhpn of the differ-
enea between existing climates and those of Miocene times, for all the
places where a Miocene flora has been discovered, by means of the actul}l
range of corresponding species and geners of plants. Although this
methad is open to the objection that the ranges of plants and animals are
not determined by temperature only, yet the vesults may be approxi.
mately correct, and are very interesting. The following table which
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With these astounding facts before us, due wholly to the
transference of a portion of the warm currents of the
Atlantic to the shores of Europe, even with all the disad-
vantages of an icy sea to the north-east and ice-covered
Greenland to the north-west, how can we doubt the enor-
mously greater effect of such a condition of things as has
been shown to have existed during the Tertiary epoch?
Instead of one great stream of warm water spreading widely
over the North Atlantic and thus losing the greater part
of its store of heat lefore it reaches the Arctic seas, we
should have several streams conyeying the heat of far more
extensive tropical oceans by comparatively narrow inland
channels, thus being able to transfer a large proportion of
their heat info the northern and Arctic seas. The heat
that they gave out during the passage, instead of being
widely dispersed by winds and much of it lostin the higher
atmosphere, would directly ameliorate the climate of the
continents they passed through, and prevent all accumu-
lation of snow except on the loftiest mountains. The
formation of ice in the Arctic seas would then be impos-
sible ; and the mild winter climate of the latitude of North

summarizes these results is taken from his Zeetires on Physical Geography
(p. 844) :—

I nt Miocene .

I Latituds. QTﬂfn‘]r::;turc. Temperatare, | Diference.

| ! |
1. Switzerland . . | 47700 | 536 F. 60%8F. | 16°2F. |
2. Dantzig . .- .| 54%21 | 48%7;, | 6226, | 1639, |
3. Iceland . . . | 6530 | 85%6 ,, 48%2 000 | A

| 4. Mackenzio River | 65200 | 104, | 48%2 28°.8,, |
5. Disco (Greenland)| 70%.00 | 19%6 ,, 55%6 ,, 36%.0 ,,
6. Spitzbergen . . | 78%00 | 16%5. | 5158, | 35%3,,
7. Grinnell Land . | 81°44 i S BT 4420 ,,

1t is interesting to note that Iccland, which is now exposed to the full
influence of the Gulf Stream, was only 12°'6 F. warmer in Miocene times,
while Mackenzie River, now totally removed from its influence was
28" warmer. This, as well as the greater inerease of temperature as we
go northward and the polar area becomes more limited, is quite in accord-
ance with the view of the causes which brought about the Miocene climate
which is here advocated.
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Carolina, which by the Gulf Stream is transferred 20°
northwards to our islands, might certainly, under the
favourable conditions which prevailed during the Creta-
ceous, Kocene, and Miocene periods, have been carried
another 20° north to Greenland and Spitzbergen ; and this
would bring about exactly the climate indicated by the
fossil Arctic vegetation. For it must be remembered that
the Arctic summers are, even now, really hotter than ours,
and if the winter’s cold were abolished and all ice-accumu-
lation prevented, the high northern lands would be able to
support a far more luxuriant summer vegetation than is
possible in our unequal and cloudy climate.!

Effeet of High Excentricity on the Warm Polar Climates—
If the explanation of the cause of the glacial epoch given
in the last chapter is a correct one, it will, I believe, follow
that changes in the amount of excentricity will produce no
important alteration of the climates of the temperate and
Arctic zones so long as favourable geographical conditions,
such as have been now sketched out, render the accumu-
lation of ice impossible. The effect of a high excentricity
in producing a glacial epoch was shown to be due to the
capacity of snow and ice for storing up cold, and its
singular power (when in large masses) of preserving itself
unmelted under a hot sun by itself causing the inter-
position of a protective covering of cloud and vapour.
But mobile currents of water have no such power of

1 The ohjection has been made, that the long polar night would of itself
be fatal to the existence of such a luxuriant vegetation as we know to have
existed as fur as 80° N. Lat., and that there mnst have been some altera-
tion of the position of the pole, or diminution of the obliquity of the
ecliptic, to permit such plants as magnolins and large-leaved maples to
flourish, But there appears to be really no valid grounds for such an
objection. Not only are numbers of Alpine and Arctic evergreens deeply
buried in the snow for many months without injury, but a variety of
tropical and sub-tropical plants are preserved in the hot-houses of St.
Petersburg and other northern cities, which are closely matted during
winter, and are thus exposed to ss much darkness as the night of the
Aretic rogions,  We have besides no proof that any of the Arctic trees or
larga shrubs were evergreens, and the darkness would certainly not be
prejudical to deciduons plants, With a suitable temperiture there is
nothing to prevent a luxuriant vegetation up to the pole, and the ]onguion-
tinued day 1s known to be highly favonrable to the development of fo 3
which in the same species is larger and better developed in Norway than in
the south of England,




- e g g e

CHAF, 1% MILD ARCTIC CLIMATES 199

accumulating and storing up heat or cold from one year to
another, though they do in a pre-eminent degree possess
the power of equalising the temperature of winter and
summer and of conveying the superabundant heat of the
tropics to ameliorate the rigour of the Arctic winters.
However great was the difference between the amount of
heat received from the sun in winter and summer in the
Arctic zone during a period of high excentricity and
winter in aphelion, the inequality would be greatly dim-
inished by the free ingress of warm currents to the polar
avea; and if this was sufficient to prevent any accumu-
lation of ice, the summers would be warmed to the full
extent of the powers of the sun during the long polar day,
which is such as to give the pole at midsummer actually
more heat during the twenty-four hours than the equator
receives during its day of twelve hours. The only
difference, then, that would be directly produced by the
changes of excentricity and precession would be, that the
summers wonld be at one period almost tropical, at the
other of a more mild and uniform temperate character;
while the winters would be at one time somewhat longer
and colder, but never, probably, more severe than they are
now in the west of Scotland. .
But though high excentricity would not directly modify
the mild climates produced by the state of the northern
Liemisphere which prevailed during Cretaceous, Eocepe,
and Miocene times, it might indirectly affect it by in-
creasing the mass of Antarctic ice, and thus increasing the
force of the trade-winds and the resulting northward-
flowing warm currents. Now there are many pecuha}'lbnes
in the distribution of plants and of some groups of animals
in the southern hemisphere, which render it almost certain
that there has sometimes been a greater extension of the
Antarctic lands during Tertiary times; and it 18 .tl'\erefore
not improbable that a mére or less glaciated condition may
have been a long persistent feature of the southern hemi-
sphere, due to the peculiar distribution of land and sea
which favours the production of ice-fields and glaciers.
And as we hayve seen that during the last three million years
the excentricity has been almost always much higher than
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it is now, we should expect that the quantity of ice in the
southern hemisphere will usually have been greater, and
will thus have tended to increase the force of those oceanic
currents which produce the mild climates of the northern
hemisphere.

Evidences of Climate in the Secondary and Palwozoie
Epochs.—We have already seen, that so far back as the
Cretaceous period there is the most conclusive evidence of
the prevalence of a very mild climate not only in temperate
but also in Arctic lands, while there is no proof whatever,
or even any clear indication, of early glacial epochs at all com-
parable in extent and severity with that which has so
recently occurred ; and we have seen reason to connect this
state of things with a distribution of land ‘and sea highly
tavourable to the transference of warm water from equatorial
to polar latitudes. So far as we can judge by the plant-
remains of our own country, the climate appears to have
been almost tropical in the Lower Eocene period ; and as
we go further back we find no clear indications of a higher,
but often of a lower temperature, though always warmer
or more equable than our present climate.. The abundant
corals and reptiles of the Oolite and Lias indicate equally
tropical conditions; but further back, in the Trias, the
flora and fauna, in the Brittish area, become poorer, and
there is nothing incompatible with a climate no warmer
than that of the Upper Miocene. This poverty is still more
marked in the Permian formation, and 1t is here that some
indications of ice-action are found in the Lower Permian
conglomerates of the west of England. These beds contain
abundant fragments of various rocks, often angular and
sometimes weighing half a ton, while others are partially
rounded, and have polished and striated surfaces, just like
the stones of the “till.” They lie confusedly bedded in a
red unstratified marl, and some of them can be traced to
the Welsh hills from twenty, to fifty miles distant. This
remarkable formation was first pointed out as proving a
remote glacial period, by Professor Ramsay ; and Sir Charles
Lyell agreed that this is the only possible explanation
that, with our present knowledge, we can give of them.,

Permian breceias are also found in Ireland, containinge

o
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blocks of Silurian and Old Red sandstone rocks which
Professor Hull believes could only have been carried by
floating ice. Similar breccias occur in the south of Scotland,
and these are stated to be “ overlain by a deposit of glacial
age, so similar to the breceia below as to be with difficulty
distinguished from it.” !

These numerous physical indications of ice-action over
a considerable area during the same geological period,
coinciding with just such a poverty of organic remains as
might be produced by a very cold climate, are very import-
ant, and seem clearly to indicate that at this remote
period geographical conditions were such as to bring about
a glacial epoch, or perhaps only local glaciation, in our part
of the world.

Boulder-beds also oceur in the Carboniferous formation,
both in Scotland, on the conlinent of Europe, and in North
America ; and Professor Dawson considers that he has
detected true glacial deposits of the same age in Nova
Scotia. Boulder-beds also occur in the Silurian rocks of
Scotland and North America, and according to Professor
Dawson, even in the Huronian, older than our Cambrian.
None of these indications are however so satisfactory as
those of Permian age, where we have the very kind of
evidence we looked for in vain throughout the whole of
the Tertiary and Secondary periods. Its presence in
several localities in such ancient rocks as the Permian is
not only most important as indicating a glacial epoch of
somekind in Pal@ozoic times, but confirms us in the validity
of our conclusion, that the tolal absence of any such evidence
throughout the Tertiary and Secondary epochs demon-
strates the absence of recurring glacial epochs in the
northern hemisphere, notwithstanding the frequent recur-
rence of periods of high excentricity.

Warm Arctic Climates in Early Secondary and Paleozoic
Times—The evidence we have already adduced of the mild
climates prevailing in the Arctic regions throughout the
Miocene, Eocene, and Cretaceous periods is supplemented
by a considerable body of facts relating to still earlier
epochs,

1 Geological Magazineg, 1873, p. 320,




202 ISLAND LIFE PART I

In the Jurassic period, for example, we have proofs of a
mild Arctic climate, in the abundant plant-remains of
East Siberia and Amurland, with less productive deposits
in Spitzbergen, and at Ando in Norway just within the
Arctic circle. But even more remarkable are the marine
remains found in many places in high northern latitudes,
among which we may especially mention the numerous
ammonites and the vertebrm of huge reptiles of the
genem Ichthyosaurus and Teleosaurus found in the

urassic deposits of the Parry Islands in 77° N. Lat.

In the still earlier Triassic age, nautili and ammonites
inhabited the seas of Spitzbergen, where their fossil re-
mains are now found.

In the Carboniferous formation we again meet with
plant-remains and beds of true coal in the Arctic regions,
Lepidodendrons and Calamites, together with large spread-
ing ferns, are found at Spitzbergen, and at Bear Island in
the extreme north of Eastern Siberia; while marine
deposits of the same age contain abundance of large stony
corals.

Lastly, the ancient Silurian limestones, which are
widely spread in the high Arctic regions, contain abund-
ance of corals and cephalopodous mollusca resembling
those from the same deposits in more temperate lands.

Conclusions as to the Climates of Tertiary and Secondary
Periods—If now we look at the whole series of geological
facts as to the animal and vegetable productions of the
Arctic regions in past ages, it is certainly difficult to avoid
the conclusion that they indicate a climate of a uniformly
temperate or warm character. Whether in Miocene,
Upper or Lower Cretaceous, Jurassic, Triassie, Carbonif-
erous or Silurian times, and in all the numerous localities
extending over more than half the polar regions, we find
one uniform climatic aspect in the fossils, This is quite
inconsistent with the theory of alternate cold and mild
epochs during phases of high excentricity, and persistent
cold epochs when the excentricity was as low as it is now
or lower, for that would imply that the duration of cold
conditions was greafer than that of warm. Why then
should the fauna and flora of the cold epochs never be
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preserved ¢ Mollusea and many other forms of life are
abundant in the Arctic geas, and there iz often a luxuriant
dwarf woody vegetation on the land, yet in no one case has
a single example of such a fauna or flora been discovered
of a date anterior to the last glacial epoch. And this
argument is very much strengthened when we remember
that an exactly analogous series of facts is found over all
the temperate zones. Everywhere we have abundant
floras and faunas indicating warmer conditions than such
as now prevail, but never in a single instance one which
as clearly indicates colder conditions. The fact that drift
with Arctic shells was deposited during the last glacial
epoch, as well as gravels and crag with the remains of
arctic animals and plants, shows us that there is nothing
to prevent such deposits being formed in cold as well as in
warm periods ; and it is quite impossible to believe that
in every place and at all epochs all records of the former
have been destroyed, while in a considerable number of
instances those of the latter have been preserved. When
to this uniform testimony of the palontological evidence
we add the equally uniform absence of any indication of
those ice-borne rocks, boulders, and drift, which are the
constant and necessary accompaniment of every period of
glaciation, and which must inevitably pervade all the
marine deposits formed over a wide area so long as the
state of glaciation continues, we are driven to the f:oncln-
sion that the last glacial epoch of the northern hemisphere
was exceptional, and was not preceded by numerous
similar glacial epochs throughout Tertiary and Second-
ary time. i

But although glacial epochs (with the one or two excep-
tions already referred to) were certainly absent, consider-
able changes of climate may have frequently occurred, and
these would lead to important changes in the organic
world. We c¢an hardly doubt that some such change
occurred between the Lower and Upper Cretageous
periods, the floras of which exhibit such an cxlraordmar_y
contrast in general character. We have also the testi-
mony of Mr. J. 8. Gardner, who has long worked at the
fossil floras of the Tertiary deposits, and who states, that
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there is strong negative and some positive evidence of
alternating warmer and colder conchtions, not. glacial,
contained not only in English Eocene, but all Tertiary
beds throughout the world.! 1In the case of marine faunas
it is more difficult to judge, but the numerous changes in
the fossil remains from bed to bed only a few feet and
sometimes a few inches apart, may be sometimes due to
change of climate ; and when it is recognised that such
changes have probably occurred at all geological epochs
and their effects are systematically searched for, many
peculiarities in the distribution of organisms through
the different members of one deposit may be traced to
this cause,

General View of Geological Climates as dependent on the
Physical Features of the Earth’s Surface.— In the pre-
ceding chapters I have carnestly endeavoured to arrive at
an explanation of geological climates in the temperate and
Arctic zones, which should be in harmony with the great
body of geological facts now available for their eluci-
dation. If my conclusions as here set forth diverge consid-
erably from those of Dr. Croll, it is not from any want of
appreciation of his facts and arguments, since for many
years I have upheld and enforced his views to the best of
my ability. But a careful re-examination of the whole
question has now convinced me that an error has been
made in estimating the comparative effect of geographical
and astronomical causes on changes of climate, and that,
while the latter have undoubtedly played an important
part in bringing about the glacial epoch, it is to the former
that the mild climates of the Arctic regions are almost
entirely due. If I have now succeeded in approaching to
a true solution of this difficult problem, I owe it mainly to
the study of Dr. Croll's writings, since my theory is entirely
based on the facts and principles so clearly set forth in his
admirable papers on “ Occan Currents in relation to the
Disiribution of Heat over the Globe.” The main features
of this theory as distinet from that of Dr. Croll I will now
endeavour to summarise.

Looking at the subject broadly, we see that the climatic

3 Geological Magazine, 1877, p. 137,
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condition of the northern hemisphere is the result of the
peculiar distribution of land and water upon the globe;
and the general permanence of the position of the con-
tinental and oceanic areas—which we have shown to bo
proved by so many distinct lines of evidence—is also im-
plied by the general stability of climate throughout long
geological periods. The land surface of our earth appears
to have always consisted of three great masses m the
north temperate zone, narrowing southward, and termi-
nating in three comparatively narrow extremities re-
presented by Southern America, South Africa, and Aus-
tralia. Towards the north these masses have approached
each other, and have sometimes become united ; leaving
beyond them a considerable area of open polar sea,
Towards the south they have mever been much further
prolonged than at present, but far beyond their extremities
an extensive mass of land has occupied the south polar
area.

This arrangement is such as would cause the northern
hemisphere to be always (as it is now) warmer than the
southern, and this would lead to the preponderance of
northward winds and ocean currents, and would bring
about the concentration of the latter in three great streams
carrying warmth to the north-polar regions. These streams
would, as Dr. Croll has so well shown, be greatly increased
in power by the glaciation of the south polar land ; and
whenever any considerable portion of this land was ele-
vated. such a condition of glaciation would certainly be
broug’ht about, and would be heightened whenever a high

degree of excentricity prevailed.

L

1t is now the general opinion of geologists that the
great continents have undergone a process of development
from earlier to later times. Professor Dana appears to
have been the first who taught it explicitly in the case of
the North American continent, and he has continued the
development of his views from 1856, when he dlscp%sed
the subject in the American Jr:m'nal, to the lfltel‘ editions
of his Manual of Geology in which the same views are ex-
tended to all the great continents. He says:—

«The North American continent, which since early
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time had been gradually expanding in each direction from
the northern Azoic, eastward, westward, and southward,
and which, after the Palmozoic, was finished in its rocky
foundation, excepting on the borders of the Atlantic and
Pacific and the area of the Rocky Mountains, had reached
its full expansion at the close of the Tertiary period. The
progress from the first was uniform and systematic : the
land was at all times simple in outline ; and its enlarge-
ment took place with almost the regularity of an ex-
ogenous plant.”*

A similar development undoubtedly took place in the
European area, which was apparently never so compact and
so little interpenetrated by the sea as it is now, while
Europe and Asia have only become united into one un-
broken mass since late Tertiary times.

If, however, the greater continents have become more
compact and massive from age to age, and have received
their chief extensions northward at a comparatively recent
period, while the Antarctic lands had a corresponding but
somewhat earlier development, we have all the conditions
requisite to explain the persistence, with slight fluctua-
tions, of warm climates far into the north-polar area
throughout Pal®ozoic, Mesozoic, and Tertiary times. At
length, during the latter part of the Tertiary epoch, a con-
siderable elevation took place, closing up several of the
water passages to the north, and raising up extensive areas
in the Arctic regions to become the receptacle of snow and
ice-fields. This elevation is indicated by the abundance of
Miocene and the absence of Pliocene deposits in the Arctic
zone and the considerable altitude of many Miocene rocks
in Europe and N orth America; and the occurrence at this
time of a long-continued period of high excentricity
necessarily brought on the glacial epoch in the manner
already describe(ji in our last chapter. A depression seems
to have occurred during the glacial period itself in North
America as in Britain, but this may have been due partly
to the weight of the ice and partly to a rise of the ocean

! Manval of Geology, 2nd Ed. p. 625, See also letter in Nature, Vol.
XXIIL p, 410.
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level caused by the earth’s centre of gravity being shifted
towards the north.

We thus see that the last glacial epoch was the climax
of a great process of continental development which had
been going on throughout long geological ages ; and that it
was the direct consequence of the north temperate and
polar land having attained a great extension and a con-
siderable altitude just at the time when a phase of very
high excentricity was coming on. Throughout earlier
Tertiary and Secondary times an equally high excentricity
often occurred, but it never produced a glacial epoch, be-
cause the north temperate and polar areas had less high
land, and were more freely open to the influx of warm
oceanic currents. But wherever great plateaux with lofty
mountains occurred in the temperate zone a congiderable
local glaciation might be produced, which would be
specially intense during periods of high excentricity; and
it is to such causes we must impute the indications of ice-
action in the vicinity of the Alps during the Tertiary
period. The Permian glaciation appears to have been
more extensive, and it is quite possible that at this remote
epoch a sufficient mass of high land existed in our area
and northwards towards the pole, to have brought on a
true glacial period comparable with that which has so
recently passed away. .

Estimate of the comparative cffects of Geographical and
Astronomical Causes in producing Changes of Climate—It
appears then, that while geographical and physical causes
alone, by their influence on ocean currents, hn\{e been the
main agents in producing the mild climates which for such
long periods prevailed in the Arctic regions, the con-
currence of astronomical causes—high excentricity with
winter in aphelion—wasnecessary to the production of the
great glacial epoch. If we reject this latter agency, we
shall be abliged to imagine a concurrence of geographical
changes at a very recent period of which we have no
evidence. We must suppose, for example, that a large
part of the British Isles—Scotland, Treland, and Wales at
all events—iwere simultaneously elevated so as to bring
extensive areas above the line of perpetual snow; that
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about the same time Scandinavia, the Alps, and the
Pyrenees received a similar increase of altitude ; and that,
almost simultancously, Eastern North America, the Sierra
Nevada of California, the Caucasus, Lebanon, the sonthemn
mountains of Spain, the Atlas range, and the Himalayas,
were each some thousands of feet higher than they are
now ; for all these mountains present us with indications
of a recent extension of their glaciers, in superficial phe-
nomena so similar o those which oceur in our own country
and in Western Europe, that we cannot suppose them to
belong to a different epoch. Such a supposition is
rendered more difficult by the general concurrence of
scientific testimony to a partial submergence during the
glacial epoch, not only in all parts of Britain, but in North
America, Scandinavia, and, as shown by the wide extension
of the drift, in Northern Europe ; and when to this we add
the difficulty of understanding how any probable addition
to the altitude of our islands could have brought about
the extreme amount of glaciation which they certainly
underwent, and when, further, we know that a phase of
very high excentricity did occur at a period which is
generally admitted to agree well with physical evidence of
the time elapsed since the cold passecll) away, there seems
no sufficient reason why such an agency should be
ignored.

No doubt a prejudice has been excited against it in the
minds of many geologists, by its being thonght to lead
necessarily to frequently recurring glacial epochs throngh-
out all geological time. But I have here endeavoured to
show that this is 20t a necessary consequence of the theory,
because a concurrence of favourable geographical con-
ditions is essential to the initiation of a glaciation, which
when once initiated has a tendency to maintain itself
throughout the varying phases of precession occurring
during a period of high excentricity. When, however,
geographical conditions favour warm Arctic climates—as
it has been shown they have done throughout the larger
portion of geological time—then changes of excentricity, to
however great an extent, have no tendency to bring about
a state of glaciation, because warm oceanic currents have a
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preponderating influence, and withont very large areas of
high northern land to act as condensers, no perpetual snow
is possible, and hence the initial process of glaciation does
not oceur.

The theory as now set forth should commend itself to
geologists, since it shows the direct dependence of climate
on physical processes, which are guided and modified by
those changes in the earth’s surface which geology alone
can trace out. It is in perfect accord with the most recent
teachings of the science as to the gradual and progressive
development of the earth’s crust from the rudimentary
formations of the Azoic age, and it lends support to the
view that no inportant departure from the great lines of
elevation and depression originally marked out on the
earth’s surface has ever taken place.

It also shows us how important an agent in the pro-
duction of a habitable globe with comparatively small
extremes of climates over its whole area, is the great dis-
proportion between the extent of the land and the water
surfaces. For if these proportions had been reversed, large
areas of land would necessarily have been removed from
the beneficial influence of aqueous currents or moisture-
laden winds; and slight gcoiogical changes might easily
have led to half the land surface becoming covered with
perpetual snow and ice, or being exposed to extremes of
summer heat and winter cold, of which our water-
permeated globe at present affords no example. We thus
see that what are usually regarded as geographical
anomalies—the disproportion of land :\.ud water, the
gathering of the land mainly into one hemisphere, and the
singular arrangement of the land in three great southward-
pointing masses—are really facts of the greatest signific-
ance and importance, since it is to these very anomalies
that the universal spre:ul of vegetation and the adapt-
ability of so large a portion of the earth’s surface for
human habitation is directly due.




CHAPTER X

THE EARTH'S AGE, AND THE RATE OF DEVELOPMENT OF
ANIMALS AND PLANTS

Varions Estimates of Geological Time—Denudation and Deposition of
Strata as o Measure of Time—How to Estimate the Thickness of the
Sedimentary Rocks—THow to Estimate the Average Rate of Deposition of
the Sedimentary Rocks—The Rato of Geological Change Probably greater
iu very Remote Times—Value of the Preceding Estimate of Geological
Time—Organic Modification Dependent on Change of Conditions—
Jeographical Mutations as o Motive Power in Dbringing about Organic
Changes—Climatal Revolutions as an Agent in ’n}ducmg Organic
Changes—Present Conlition of the Earth oue of Exceptional Stability as
Regards Climate—Date of last Glacial F,sxonh and its Bearing on the
Measurement of Geological Time—Concluding Remarks.

TuE subjects discussed in the last three chapters intro-
duce us to a difficulty which has hitherto been considered
a very formidable one—that the maximum age of the
habitable earth, as deduced from physical considerations,
does not afford sufficient time either for the geological or
the organic changes of which we have evidence, Geolo-
gists continually dwell on the slowness of the processes of
upheaval and subsidence, of denudation of the earth’s sur-
face, and of the formation 'of new strata: while on the
theory of development, as expounded by Mr. Darwin, the
variation and modification of organic forms is also a very
slow process, and has usually been considered to require an
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even longer series of ages than might satisfy the require-
ments of physical geology alone.

As an indication of the periods usually contemplated by
geologists, we may refer to Sir Charles Lyell’s caleulation
in the tenth edition of his Principles of Geology (omitted
in later editions), by which he arrived at 240 millions of
years as having probably elapsed since the Cambrian period
—a very moderate estimate in the opinion of most geolo-
gists. This calculation was founded on the rate of modi-
fication of the species of mollusca; but much more recently
Professor Haughton has arrived at nearly similar figures
from a consideration of the rate of formation of rocks and
their known maximum thickness, whence he deduces a
maximum of 200 millions of years for the whole duration
of geological time, as indicated by the series of stratified
formations! But in the opinion of all our first naturalists
and geologists, the period occupied in the formation of the
known stratified rocks only represents a portion, and per-
haps a small portion, of geological time. In the sixth edition
of the Origin of Specics (\1).0286), AMr. Darwin says : “Con-
sequently, if the theory true, it is indisputable that
before the lowest Cambrian stratum was deposited long
periods elapsed, as long as, or probably far longer than, the
whole interval from the Cambrian age to the present day ;
and that during these vast periods the world swarmed with
living creatures” Professor Huxley, in his anniversary
address to the Geological Society in 1870, adduced a num-
ber of special cases showing that, on the theory of dcvglop-
ment, almost all the higher forms of life must have existed
during the Palaozoic period. Thus, from the fact that almost
the whole of the Tertiary period has been required to convert
the ancestral Orohippus into the true horse, he believes
that, in order to have time for the much greater change of
the ancestral Ungulata into the two great odd-toed and
even-toed divisions (of which change there is no trace even
among the carliest Eocene mammals), we should require a
lnrge portion, if not the whole, of the Mesozoic or Second-
ary period. Another case is furnished by the bats and
whales, both of which strange modifications of the mam-

! Nature, Vol, XVIII. (July, 1878), p. 268, :
P2




.

12 ISLAND LIFE PART 1

malian type occur perfectly developed in the Eocene for-
mation. What countless ages back must we then go for
the origin of these groups, the whales from some ancestral
carnivorous animal, and the bats from the insectivora! And
even then we have to seek for the common origin of car-
nivora, insectivora, ungulata, and marsupials at a far earlier
period ; so that, on the lowest estimate, we must place the
origin of the mammalia very far back in Pal®ozoic times.
Similar evidence is afforded by reptiles, of which Professor
Huxley says: “If the very small differences which are
observable between the crocodiles of the older Secondary
formations and those of the present day furnish any sort
of an approximation towards an estimate of the average
rate of change among reptiles, it is almost appalling to
reflect how far back in Paliozoic times we must go before
we can hope to arrive at that common stock from which
the crocodiles, lizards, Ormithoscelida, and Plesiosauria,
which had attained so great a devekil)ment in the Triassic
epoch, must have been derived.” Professor Ramsay has
expressed similar views, derived from a general study of
the whole series of geological formations and .their con-
tained fossils. He says, speaking of the abundant, varied,
and well-developed fauna of the Cambrian period : “In
this earliest known varied life we find no evidence of its
having lived near the beginuing of the zoological series.
In o broad sense, compared with what must have gone
before, both biologically and physically, all the phenomena
connected with this old period seem, to my mind, to be of
quite a recent description ; and the climates of seas and
lands were of the very same kind as those the world enjoys
at the present day.”? { ,
These opinions, and the facts on which they are foun(.led,
are so weighty, that we can hardly doubt that, if the time
since the Cambrian epoch is correctly estimated at 200
millions of years, the date of the commencement of life on
the earth cannot be much less than 500 millions ; while it
maynot improbab!y have been longer, because the reaction of

1 <Oy the Comparative Value of certain Genlngiff*l Ages considered as
items of Gcologinr:}ll Mime.” (Proceedings of the Royal Socicty, 1874, p.
334.)
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the organism under changes of the environment is believed
to have been less active in low and simple, than in high
and complex forms of life, and thus the processes of organic
dlevelopment may for countless ages have been excessively
slow.

But according to the physicists, no such periods as are
here contemplated can be granted. From a consideration
of the possible sources of the heat of the sun, as well as
from calculations of the period during which the earth can
have been cooling to bring about the present rate of in-
crease of temperature as we descend beneath the surface,
Sir William Thomson concludes that the crust of the
carth cannot have been solidified much longer than 100
million years (the maximum possible being 400 millions),
and this conclusion is held by Dr. Croll and other men of
eminence to be almost indisputable.! It will therefore be
well to consider on what data the caleulations of geologists
have been founded, and how far the views here set forth,
as to frequent changes of climate thronghout all geological
time, may affect the rate of biological change.

Denudation and Deposition of Strata as a Measure of
Time~—The materials of all the stratified rocks of the
globe have been obtained from the dry land. Every point
of the surface is exposed to the destructive influences of
sun and wind, frost, snow, and rain, which break up qml
wear away the hardest rocks as well as the softer deposits,
and by means of rivers convey the worn material to the
sea. The existence of a considerable depth of soil over the
greater part of the earth’s surface ; of vast heaps of rocky
déliris at the foot of every inland cliff; of enormous deposits
of gravel, sand, and loam ; as well as the shingle, pebbles,
sand or mud, of every sea-shore, alike attest the univer-
sality of this destructive agency. Itisnoless clgarly shown
by the way in which almost every drop of running water—
whether in gutter, brooklet, stream or large river—Dbecomes
discoloured after each heavy rainfall, since the matter which
canges this discolouration must be derived from the surface

! Trans, Royal Socicty of Edinbirgh, Vol, XXIIL p. 161.  Quarteriy
Journal of Scicnce, 1877. (Croll on the ** Probable Origin and Age of the
Sun."”)
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of the country, must always pass from a higher to a lower
level, and must ultimately reach the sea, unless it is first
deposited in some lake, or by the overflowing of a river
goes to form an alluvial plain. The universality of this
subaérial denudation, both as regards space and time,
renders it certain that its cumulative effects must be very
great; but no attempt seems to have been made to deter-
mine the magnitude of these effects till Mr. Alfred Tylor,
in 1853, pointed out that by measuring the quantity of
solid matter brought down by rivers (which can be done
with considerable accuracy), we may obtain the amount of
lowering of the land-area, and also the rise of the ocean
level, owing to the quantity of matter deposited on its
floor. A few years later Dr. Croll applied the same method
in more detail to an estimate of the amount by which the
land is lowered in a given period ; and the validity of this
method has been upheld by Sir A. Geikie, Sir Charles Lyell,
and all our best geologists, as affording a means of actually
determining with some approach to accuracy, the time
occupied by one important phase of geological chzm%c.

The quantity of matter carried away from the land by a
river is greater than at first sight appears, and is more
likely to be under- than over-estimated. By taking
samples of water near the month of a river (but above the
influence of the tide) at a sufficient, number of points in
its channel and at different depths, and repeating this
daily or at other short intervals throughout the year, it is
ensi to determine the quantity of solid matter hclq in
suspension and solution ; and if correspor_uhn;",‘r observations
determine the quantity of water that is discharged, the
total amount of solid matter brought down annually may
be caleulated, But besides this, a considerable quantity
of sand or even gravel is carried along the bottom or bed
of the river, and this has rarely been estimated, so that
the figures hitherto obtained are usually under the real

uantities. There is also another source of error caused by
the quantity of matter the river may deposit in lakes or
in flooded lands during its course, for this adds to the
amount of denudation performed by the river, although
\ Philosophical Magasine, April, 1853,
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the matter so deposited does not come down to the sea.
After a careful examination of all the best records,
Sir A. Geikie arrives at the following results, as to the
quantity of matter removed by seven rivers from their
basins, estimated by the number of years required to lower
the whole surface an average of one foot : .

The Mississippi removes one foot in 6,000 years,

o Ganges 33 = 2,358,
,» Hoang Ho ,, 73 1,464 -,
.+ Rhone + 4 1,628° ,,
.+ Danube T i 6,846,
S 5y o< 29: 5
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Here we see an intelligible relation between the
character of the river basin and the amount of denudation.
The Mississippi has a large portion of its basin in an arid
country, and its sources are either in forest-clad plateaux
or in mountains free from glaciers and with a scanty
rainfall. The Danube flows through Bastern Europe
where the rainfall is considerably less than in the west,
while comparatively few of its tributaries rise among the
loftiest Alps. The proportionate amounts of denudation
being then what we might expect, and as all are probably
under rather than over the truth, we may safely take the
average of them all as representing an amount of denuda-
tion which, if not true for the whole land surface of the
globe, will certainly be so for a very considerable propor-
tion of it. This average is almost exactly one foot 1n
three thousand years! The mean altitude of the several

' It has usually been the practice to take the amount of denudation in
the -.\Iimaissippi yalley, or one foot in six thonsand years, as n measure of the
rate of denudation in Europe, from an idea apparently ef being on the
“safe side,” and of not over-estimating the mte of change. But this
appears to me a most unphilosophical mode of proceeding a_n(l unworthy
of scientific inquiry. What shonlid we think of astronomers if they always
took the lowest estimates of planetary or stellar distances, _instmml of the
mean results of observation, **in order to be on the safe side!"? As if
error in one direetion were any worse than error in another. Yet this is
what geologists do systematically. Whenever any calenlations are made
involving the antiquity of man, it is those that give the Imwest results that
are always taken, for no reason apparently except thfzt there was, for 50 long
n time, a prejudice, both popular and scientifie, against the gréet antiquity
of man ; and now that a means has been found of measnring the rate of
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continents has been recently estimated by Mr. John
Murray,! to be as follows: Europe 939 feet, Asia 3,189
feet, Africa 2020 feet, North America 1,888 feet, and South
America 2,078 feet. At the rate of denudation above given,
it results that, were no other forces at work, Europe would be
planed down to the sea-level in about two million eight
hundred thousand years; while if we take a somewhat
slower rate for North America, that continent might last
about four or five million years® This also implies that
the mean height of these continents would have been
about double \\ﬁmt. it is now three million and five million
years ago respectively: and as we have no reason to
suppose this to have been the case, we are led to infer
the constant action of that upheaving force which the
presence of sedimentary formations even on the highest
mountains alzo demonstrates,

We have already discussed the unequal rate of denuda-
tion on hills, valleys, and lowlands, in connection with the
evidence of remote glacial epochs (p. 173)5 what we have
now to consider is, what becomes of all this denuded
matter, and how far the known rate of denudation affords
us a measure of the rate of deposition, and thus gives us
some indication of the lapse of geological time from a
comparison of this rate with the observed thickness of
stratified rocks on the earth’s surface.

denudation, they take the slowest rate instead of the mean rate, apparently
only becatuse there is now a scientific prejudice in favonr of extremely slow
geological change. I take the mean of the whole; and as this is almost
exactly the same as the mean of the three great European rivers—the
Rlione, Danube, and Po—I cannot believe that tlus_wﬂl not be nearer the
truth for Europe than taking one North American river as the standand,

1 ¢¢On the Height of the Land and the Depth of the Ocean,” in the
Seottish Geographical Magazine, 1888, :
* 2 These fignres are merely used to give an idea of the rate at which de-
nudation is actually going on now; but if no elevatory forces were at
work, the rate of deénudation would certainly diminish ns the mountains
were lowered and the slope of the ground everywhere rendered flatter.
This would follow not only frém the diminished power of ruin and rivers,
Ik hecavse the elimate would become more uniform, the rainfall probably
less, and no rocky peaks would be left to be fractured and broken up by
the action of frosts. It is certain, however, that no continent has ever
remained long subject to the influences of dvnudat!ou alone, for, as woe
Im_vc-msu in‘our sixth chapter, elevation and depression haye always been
going on in one part or other of the surface,
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How to Estimate the Thickness of the Sedimentary Rocks.
—The sedimentary rocks of which the earth's erust is
mainly composed consist, according to Sir Charles Lyell's
classification, of fourteen great formations, of which the
most ancient 18 the Laurentian, and the most recent the
Post-Tertiary or Pleistocene; with thirty important sub-
divisions, each of which again consists of a more or less
considerable number of distinet beds or strata. Thus, the
Silurian formation is divided into Upper and Lower
Silurian, each characterized by a distinet set of fossil
remains, and the Upper Silurian again consists of a large
number of separate beds, such as the Wenlock Limestone,
the Upper Llandovery Smldstm}e the Lower Llandovery
Slates, &c., each usually characterised by a difference of min-
eral composition or mechanical structure, as well as by some
peculiar fossils. These beds and formations vary greatly in
extent, both above and beneath the surche, and are also of
very various thicknesses in different localities. A thick bed
or series of beds often thins out in a given direction, and
sometimes disappears altogether, so that two beds which
were respectivelyabove and beneath it may comeinto contact.
As an example of this thinning out, American geologists
adduce the Palieozoic formations of the Appalachian Moun-
tains, which have a total thi}-kncss qf 42,000 feet, but as
they are traced westward thin out till they become only
4,000 feet in total thickness. In like xnaqner.the '(Jurbopl-
ferous grits and shales are 18,000 feet thick in Yorkshire
and Lancashire, but they thin out southwards, so that in
Leicestershire they are ouly 3,000 feet thick ; and similar
phenomena oceur in all strata and in every part of the
world. It must be observed that this thinning out has
nothing to do with denudation (which acts upon the
surface of a country so as to pmdu.cc great irregularities of
contour), but is a regular attenuation of the‘ laye.rs of rock,
due to a deficiency of scdlmeut- in certain dxrectgons at @he
original formation of the deposit. Owing to this thinning
out of stratified rocks, they are on the whole of far less
extent than is usually slxpl{()se(l. \\'h'on we see a geologi-
cal map showing successive formations following each
other in long irregular belts across the country (as is well

.
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seen in the case of the Secondary rocks of England), and a
corresponding section showing each bed dipping beneath

its predecessor, we are apt to imagine that beneath the "

uppermost bed we should find all the others following in
succession like the coats of an onion. But this is far
from being the case, and a remarkable proof of the narrow
limitation of these formations has been recently obtained
by a boring at Ware through the Chalk and Gault Clay,
which latter immediately rests on the Upper Silurian
Wenlock Limestone full of characteristic fossils, at a depth
of only 800 feet. Here we have an enormous gap, show-
ing that none of earlier Secondary or late Palwozoic
formations extend to this part of England, unless indeed
they had been all once elevated and entirely swept away
by denudation.!

But if we consider how such deposits are now formiu%
we shall find that the thinning out of the beds of each
formation, and their restriction to irregular bands and
patches, is exactly what we should expect. The enormous
quantity of sediment continually poured into the sea by
rivers, gradually subsides to the bottom as soon as the
motion of the water is checked. All the heavier material
must be deposited near the shore or in those areas over
which it is first spread by the tides or currents of the
ocean ; while only the very fine mud and clay is carried
out to considerable distances. Thus all stratified deposits

! The following statement of the depths at which the Palwozoic forma-
tions have been reached in varions localities in and rpum! London was
given by Mr. H. B. Woodward in his address to the Norwich Geological
Society 1n 1879 i—

Decp Wells throwgh the Tertiary and Cretaceons Foriations,

Harwich. cooooiiareaions at 1,022 fect renched Carboniferous Roek.

Kentish Town ....oooee 5, 1,114, s Old Red Sandstone.
Tottenham Court Road ,, 1,064 ., Devonian.

Blackwall ..o o 1,004 ,» Devonian or Old Red Sandstone.

N v g 18007 13 .y Silurian (Wenlock Shale),

We thus find that over a wide aren, extending from London to Ware and
Harwich, the whole of the formations from the thte to the Permian are
wanting, the Cretaceous resting on the Carboniferons or plulpr Palivozoic
rocks ; and the same deficiency extends across to Belgium, where the
Egg}lw beds are found resting on Carboniferous at a depth of less than

eet,
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will form most quickly near the shores, and will thin out
rapidly at greater distances, little or none being formed in
the depths of the great oceans. This important fact was
demonstrated by the specimens of sea-bottom examined
during the voyage of the Challenger, all the *shore
deposits " being usually confined within a distance of 100
or 150 miles from the coast ; while the “deep-sea deposits”
are either purely organic, being formed of the caleareous or
siliceous skeletons of globigerine, radiolarians, and
diatomacew®, or are clays formed of undissolved portions of
these, together with the disintegrated or dissolved
materials of pumice and voleanic dust, which being very
light are carried by wind or by water over the widest
oceans.

From the preceding considerations we shall be better
able to appreciate the calculations as to the thickness of
stratified deposits made by geologists. Professor Ramsay
has calculated that the sedimentary rocks of Britain alone
have a total mazimuwm thickness of 72,600 feet; while
Professor Haughton, from a survey of the whole world,
estimates the mazimum thickness of the known stratified
tocks at 177,200 feet. Now these mazimum thicknesses of
each deposit will have been produced only where the con-
ditions were exceptionally favourable, either in deep water
near the mouths of great rivers, or in inland seas, or
places to which the drainage of extensive countries was
conveyed by ocean currents; and this great thickness will
necessarily be accompanied by a corresponding thinness, or
complete absence of deposit, elsewhere. How far the
series of rocks found in any extensive area, as Kurope or
North America, represents the whole series of deposits
which have been made there we cannot tell ; but there is
no reason to think that it is a very inadequate representa-
tion of their mazimum thickness, though 1t undoubtedly is
of their cztent and bulk. When we see in how many
distinet localities patches of the same format‘lo.n oceur, 1t
seems improbable that the whole of the deposits formed
during any one period slxoul(] have been destroyyd, even in
such an area as Europe, while it is still more improbable
that they should be so destroyed over the whole world ; and
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if any considerable portion of them is left, that portion may
give a fair idea of their average, or even of their maximum,
thickness. In his admirable paper on “ The Mean Thick-
ness of the Sedimentary Rocks,”! Dr. James Croll has
dwelt on the extent of denudation in diminishing the mean
thickness of the rocks that have been formed, remarking,
“Whateverthe present mean thicknessof all the sedimentary
rocks of our globe may be, it must be small in comparison
to the mean thickness of all the sedimentary rocks which
have been formed. This is obvious from the fact that the
sedimentary rocks of one age are partly formed from the
destruction of the sedimentary rocks of former ages.
From the Laurentian age down to the present day the
stratified rocks have been undergoing constant denuda-
tion.” This is perfectly true, and yet the mean thickness
of that portion of the sedimentary rocks which remains
may not be very different from that of the entire mass,
because denudation acts only on those rocks which are
exposed on the surface of a country, and most largely on
those that are upheaved ; while, except in the rare case of
an extensive formation being quite horizontal, and wholly
exposed to the sea or to the atmosphere, denudation can
have no tendency to diminish the thickness of any entire
deposit? Unless, therefore, a formation is completely
destroyed by denudation in every part of the world (a thing
very improbable), we may have in existing rocks a not
very inadequate representation of the mean thickness of all
that have been formed, and even of the maximum thick-
ness of the larger portion. This will be the more likely
because it is almost certain that many rocks contempor-
aneously formed are counted by geologists as distinet for-
mations, whenever they differ in lithological character or
in organic remains. But we know .that limestones, s‘and-
stones, and shales, are always forming at the same time ;

1 Grological Magasine, Vol. VIIL., March, 1871. ;

2 Mr. (%, Lloyd Morgan has well illustrated this point by comparing the
generally tilted-up strata denuded on their edges, to o library in which a
firo had neted on the exposed edges of the books, destroying a great mass
of literature but leaving o portion of cach book in its place, 1'vhlch portion
;";El‘:mmﬁ the thickness but not the size of the book. (Geological Magazinz,

29y . 161, )
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while a great difference in organic remains may arise from
comparatively slight changes of geographical features, or
from difference in the dept?x or purity of the water in which
the animals lived.!

How to Estimate the Average Rate of Deposition of the
Sedimentary Rocks—But if we take the estimate of
Professor Haughton (177,200 feet), which, as we have seen,
is probably excessive, for the maximum thickness of the
sedimentary rocks of the globe of all known geological
ages, can we arrive at any estimate of the rate at which
they were formed ? Dr. Croll has attempted to make such
an estimate, but he has taken for his basis the mean
thickness of the rocks, which we have no means whatever
of arriving at, and which he guesses, allowing for denuda-
tion, to be equal to the mawimum thickness as measured
by geologists. The land-area of the globe is, according to
Dr. Croll, 57,000,0002 square miles, and he gives the
coast-line as 116,000 miles. This, however, is, for our
purpose, rather too much, as it allows for bays, inlets, and
the smaller islands. An approximate measurement on &
globe shows that 100,000 miles will be nearer the mark,
and this has the advantage of being an easily remembered
even number. The distance from the coast, to which
shore-deposits usually extend, may be reckoned at about
100 or 150 miles, but by far the larger portion of the
matter brought down from the land will be eposited com-
paratively close to the shore; that is, within twenty or
thirty miles. If we suppose the portion depomt‘cd‘beyond
thirty miles to be added to the deposits within that
distance, and the whole reduced to a uniform thickness in
a direction at right angles to the coast, we should probably
include all areas where deposits of the maximum thickness

! ProfessorJ. Young thinks it highly probable that—** the Lower Green-
sand iz contemporancons with part of the Chalk, so were parts of the
Wealden ; nay, even of the Purbeck a portion must have been forming
while the Cretaceous sea was gradually decpening southward and west-
ward.” Yot these deposits are always arranged successively, and their
several thicknesses added together to obtain the total thickness of the
formations of the country. (Ses Presidentinl Address, Sect. C. British
Association, 1876.) : ;

2 Mr. John Murray in his more careful estimate mokes it about 51%
millions,
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are forming at the present time, along with a large but
unknown proportion of surface where the deposits were far
below the maximum thickness. This follows, if we con-
sider that deposit must go on very unequally along
different parts of a coast, owing to the distance from each
other of the mouths of great rivers and the limitations of
ocean currents ; and because, compared with the areas over
which a thick deposit is forming annually, those where
there is little or none are probably at least twice as exten-
sive. If, therefore, we take a width of thirty miles along
the whole coast-line of the globe as representing the area
over which deposits are forming, corresponding to the
maximum thickness as measured by geologists, we shall
certainly over rather than under-estimate the possible rate
of deposit.!

Now a coast line of 100,000 miles with a width of 30
gives an area of 3,000,000 square miles, on which the
denuded matter of the whole land-area of 57,000,000 square

1 As by far the larger portion of the dénuded matter of the globe passes
to the sea through comparatively few great rivers, the deposits must
often be confined to very limited areas. Thus the denudation of the vast
Mississippi basin must bo almost all deposited in a limited portion of the
Gulf of klexico, that of the Nile within a small area of the Eastern
Mediterranean, and that of the great rivers of China—the Hoang Ho and
Yang-tse-kiang, in & small portion of the Eastern Sca. Enormous lengths
of coast, like t'imsc of Western America and Eastern Africa, receive very
seanty deposits : so that thirty miles in width along the whole of the coasts
of the globe will probably give ah area greater then that of the area of
average deposit, and certainly greater than that gf warinwm deposit, which
is the basis on which I have here made my estimates. In the case of the
Mississippi, it is stated by Count Pourtales that alupg the )late'au hetween
the mouth of the river and the southern extremity of 'londa' for two
hundred and fifty miles in width the bottom consists of clay with some
sand and but few Rhizopeds; but beyond this distance the soundings
brought up either Rhizopod shells alone, or these 1gnxcd with coral sand,
Nullipores, and other calearcons organisms (Dana’s Hanval of Geology,
9 K. p. 671). It is probable, therefore, that a large proportion of the
entire mass of sediment brought down by the Mississippi is deposited on
the limited arca above indicated. o ’

Professor Dana further remarks : *° Over interior oceame basins ng well
a8 ofl & coust in quict depths, fiftcen or twenty fathoms and beyond, the
deposits are mostly of fine silt, fitted for making fine argitlaceons rocks,
as shales or slates. When, however, the depth of the ocean falls off
below a hundred fathoms, the deposition of silt in our existing oceans
mostly eeases, unless in the case of a great bank along the border of a
continent,”
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miles is deposited. As these two areas are as 1 to 19, it
follows that deposition, as measured by maximum thickness,
goes on at least nineteen times as fast as denudation—
probably very much faster. But the mean rate of denuda-
tion over the whole earth is about one foot in three thousand
years; therefore the rate of maximum deposition will be at
least 19 feet in the same time ; and as the total maximum
thickness of all the stratified rocks of the globe is, according
to Professor Haughton, 177,200 feet, the time required to
produce this thickness of rock, at the present rate of
denudation and deposition, is only 28,000,000 years.?

The Rate of Geological Change Probably Greater in very
Remote Times.—The opinion that denudation and deposition
went on more rapidly in earlier times owing to the frequent
occurrence of vast convulsions and cataclysms was strenu-
ously opposed by Sir Charles Lyell, who so well showed
that causes of the very same nature as those now in action
were sufficient to account for all the phenomena presented
by the rocks throughout the whole series of geological
formations. But while upholding the soundness of the
views of the “uniformitarians” as opposed to the “con-
vulsionists,” we must yet admit that there is reason for
believing in a gradually increasing intensity of all telluric
action as we go back into past time. This subject has
been well treated by Mr. W. J. Sollas* who shows that, if,
as all physicists maintain, the sun gave out perceptibly
more heat in past ages than now, this alone would cause an
increase in almost all the forces that have brought about
geological phenomena. With greater heat there would be
a more extensive aqueous atmosphere, and, perhaps, a
greater difference between equatorial and polar tempera-
tures ; hence more violent winds, heavier rains and snows,

1 From the game data Professor Haughton estimates a minimum of 200
million years for the durstion of geological time ; but he arvives at this
conclusion b supposing the products of denudation to be uniformly
spread over the whole sea-bottom instead of over a narrow belt near the
consts, a suppasition entirel opposed to all the known facts, and which
had been shown by Dr. Oroll, five vears previously, to be altogether errvo-
neous. (Ses Nature, Vol. XVIIL, p. 268, where Professor Huughton's
paper is given as read before the R(:yal Saciety. )

4 See Geological Magasine for 1877, p. 1.
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and more powerful oceanic currents, all producing more
rapid denudation. At the same time, the internal heat of
the earth being greater, it would be cooling more rapidly,
and thus the forces of contraction—which cause the
upheaving of mountains, the eruption of volcanoes, and the
subsidence of extensive areas—would be more powerful
and would still further aid the process of denudation.
Yet again, the earth’s rotation was certainly more rapid
in very remote times, and this would cause more impetuous
tides and still further add to the denuding power of the
ocean. It thus appears that, as we go back into the past,
all the forces tending to the continued destruction and
renewal of the earth’s surface would be in more powerful
action, and must therefore tend to reduce the time required
for the deposition and upheaval of the various geological
formations. It may be true, as many geologists assert,
that the changes here indicated are so slow that they would
produce comparatively little effect within the time
occupied by the known sedimentary rocks, yet, whatever
effect they did produce would certainly be in the direction
here indicated, and as several causes are acting together,
their combined effects may have been by no means un-

important. It must also be remembered that such an

increase of the primary forces on which all geologic change

depends would act with great effect in still further in-

tensifying those alternations of cold and warm periods in

cach hemisphere, or, more frequently, of excessive and

equable seasons, which have been show_‘n to be the' result of
astronomical, combined with geographical, revolutions; and

this would again increase the rapidity of denudation and

deposition, and thus still further reduce the time required

for the production of the known sedimentary rocks. It is

evident therefore that these various considerations all

combine to prove that, in supposing that th.e rate of
denudation has been on the average only what it is now,

we are alinost certainly over-estimating the time required

to have produced the whole series of formations from the

Cambrian upwards. : )

Value of the Preceding Estimate of Geological Time—Tt
is not of course supposed that the calculation here given
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makes any approach to accuracy, but it is believed that it
does indicate the order of magnitude of the time required.
We have a certain number of data, which are not guessed
but the result of actual measurement ; such are, the amount’
of solid matter carried down by rivers, the width of the
belt within which this matter is mainly deposited, and the
maximum thickness of the known stratified rocks! A
considerable but unknown amount of denudation is effected
by the waves of the ocean eating away coast lines. This
was once thought to be of more importance than sub-aérial
denudation, but it is now believed to be comparatively
slow in its action.* Whatever it may be, however, it adds
to the rate of formation of new strata, and its omission
from the calculation is again on the side of making the
lapse of time greater rather than less than the true amount.
Tiven if a considerable modification should be needed in
some of the assumptions it has been necessary to make,
the result must still show that, so far as the time required
for the formation of the known stratified rocks, the
hundred million years allowed by physicists is not only
ample, but will permit of even more than an_equal period
anterior to the lowest Cambrian rocks, as demanded by
Mr. Darwin—a demand supported and enforced by the
arguments, taken from independent standpoints, of Pro-
fessor Huxley and Professor Ramsay. e
Organic Modification Dependent on Change of Conditions.

I In his reply to Sir W. Thomson, Professor Huxley assumed ono foot
in a thousand years as a not improbable mto of deposition. The above
estimato indicates a far higher rato ; and this follows from the well-ascer-
tained fact, that the area of deposition is many times smaller than the area
of denudation, . J

* Dr. Croll and Sir Archibald Geikie have shown that marine donudation
is very small in amount as compared with sub-agrial, since it acts only locally
on the edge of the land, whereas the latter acts over every foot of the
surface, Mr, W, T. Blanfonl argues that the difference is still greater in
tropical than in temperate latitudes, and arrives at the conclusion that—
*“If over British India the cffects of matine to those of fresh-water denu-
dation in removing the rocks of the country be estimated at 1 to 100, T
believe that the result of marine action will be greatly overstated ? (Geo-
logy and Zsology of Abyssinia, p. 168, note), Now, as our cstimate of
the rate of sub.périal denndation cannot pretend to any l})remso aceuracy,
we are justified in neglecting marine denudation nltogut'wr, especially as
we bave no method of estimating it for the whole earth with any approach
to correctness,

Q




226 ISLAND LIFE PART

—Having thus shown that the physical changes of the
earth’s surface may have gone on much more rapidly and
occupied much less time than has generally been supposed,
we have now to inquire whether there are any considera-
tions which lead to the conclusion that organic changes
may have gone on with corresponding rapidity.

There is no part of the theory of natural selection which
is more clear and satisfactory than that which connects
changes of specific forms with changes of external con-
ditions or environment. If the external world remains
for a moderate period unchanged, the organic world soon
reaches a state of equilibrium through the struggle for
existence ; each species occupies its place in nature, and
there is then no inherent tendency to change. But almost
any change whatever in the external world disturbs this
equilibrium, and may set in motion a whole series of
organic revolutions before it is restored. A change of
climate in any direction will be sure to injure some and
benefit other species. The one will consequently diminish,
the other increase in number; and the former may even
become extinct, But the extinction of a species will
certainly affect other species which it either preyed upon,
or competed with, or served for food ; wlxil_c t!le inerease
of any one animal may soon lead to the extinction of some
other to which it was inimical. These changes will in
their turn bring other changes ; and before an equilibrium
is again established, the proportions, ranges, and numl_)ers,
of the species inhabiting the country may be materially
altered. The complex manner in which animals are
related to each other is well exhibited by the importance
of insects, which in many parts of the world limit the
numbers or determine the very existence of some of the
higher animals. Mr. Darwin says:—*“ PerhaEs Paraguay
offers the most curious instance of this; for here neither
cattle, nor horses, nor dogs have ever run.wild, though
they swarm southward and northward ina wild state ; and
Azara and Rengger have shown that this is caused by the
greater number in Paraguay of a certain fly, which lays
its eggs in the navels of theSe animals when first born.
The increase of these flies, numerous as they are, must be
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habitually checked by some means, probably by other
parasitic insects. Hence, if certain insectivorous birds were
to decrease in Paraguay, the parasitic insects would
probably increase ; and this would lessen the number of
navel-frequenting flies—then cattle and horses would run
wild; and this- would certainly alter (as indeed I have
observed in parts of South America) the vegetation : this
again would largely affect the insects, and this, as we have
seen in Staffordshire, the insectivorous birds, and so on-
wards in ever increasing circles of complexity.”

Geographical changes would be still more important,
and it 1s almost impossible to exaggerate the modifications
of the organic world that might result from them. A sub-
sidence of land separating a large island from a continent
would affect the animals and plants in a variety of ways.
It would at once modify the climate, and so produce a
series of changes from this cause alone ; but more import-
ant would be its effect by isolating small groups of in-
dividuals of many species and thus altering their relations
to the rest of the organic world. Many of these would at
once be exterminated, while others, being relieved from
competition, might flourish and become modified into new
species,» Even more striking would be the effects when
two continents, or any two land areas which had been long
separated, were united by an upheaval of the strait which
divided them. Numbers of animals would now be brought
into competition for the first time. New enemies and new
competitors would appear in every part of the country;
and a struggle would commence which, after many flue-
tuations, would certainly result in the extinction 'of some
species, the modification of others, and a considerable
alteration in the proportionate numbers and the geograph-
ical distribution of almost all. y bl

Any other changes which led to the intermingling of
species whose ranges were usually separate wo_uld produce
corresponding results. Thus, increased severity of winter
or summer temperature, causing southward r_mgmtmns_and
the crowding together of the sroductions of d}sunct regions,
must inevitably produce a truggle for existence, which
would lead to many changes both in the characters and

Q 2
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the distribution of animals. Slow elevations of the land
would produce another set of changes, by affording an ex-
tended area in which the more dominant species might in-
crease their numbers; and by a greater range and variety
of alpine climates and mountain stations, affording room
for the development of new forms of life.

Geographical Mutations as a Motive Power in Bringing
about Organic Changes—Now, if we consider the various
geographical changes which, as we have seen, there is
good reason to believe have ever been going on in the
world, we shall find that the motive power to initiate and
urge on organic changes has never been wanting. In the
first place, every continent, though permanent in a
general sense, has been ever subjéct to innumerable
physical and geographical modifications. At one time the
total area has increased, and at another has diminished;
great plateaus have gradually risen up, and have been
eaten out by denudation into mountain and valley;
voleanoes have burst forth, and, after accumulating vast
masses of eruptive matter, have sunk down beneath the
ocean, to be covered up with sedimentary rocks, and at a
subsequent period again raised above the surface ; and the
loct of all these grand revolutions of the earth’s: surface
have changed their position age after age, so that each
portion of every continent has again and again been sunk
under the ocean waves, formed the bed of some inland sea,
or risen high into plateaus and mountain ranges. How
great must have been the effects of such changes on every
form of organic life! And it is to such as these we may
perhaps trace those great changes of the animal world
which have seemed to revolutionise it, and have led us to
class one geological period as the age of reptiles, another
as the age of fishes, and a third as the age of mammals.

But such changes as these must necessarily have led to
repeated unions and separations of the land masses of
the globe, joining together continents which were before
divided, and breaking up others into great islands or
extensive archipelagoes. Such alterations of the means
of transit would probably affect the organic world even
more profoundly than the changes of area, of altitude, or
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of climate, since they afforded the means, at long intervals,
of bringing the most diverse forms into competition, and
of spreading all the great animal and vegetable types
widely over the globe. But the isolation of considerable
masses of land for long periods also afforded the means
of preservation to many of the lower types, which thus
had time to become modified into a variety of distinet
forms, some of which became so well adapted to special
modes of life that they have continued to exist to the
present day, thus affording us examples of the life of early
ages which would probably long since have become extinct
had they been always subject to the competition of the
more highly organised animals. As examples of such
excessively archaic forms, we may mention the mud-fishes
and the ganoids, confined to limited fresh-water areas;
the frogs and toads, which sti}l maintain themselves
vigorously in competition with higher forms; and among
mammals the Ornithorhynchus and Echidna of Australia;
the whole order of Marsupials—which, out of Australia,
where they are quite free from competition, ogllf' exist
abundantly in South America, which was certainly long
isolated from the northern continents; the Insectivora,
which, though widely scattered, are generally nocturnal or
subterranean in their habits; and the Lemurs, which are
most abundant in Madagascar, where they have long been
isolated, and almost removed from the competition of
higher forms, \ g

Climatal Revolutions as an Agent in I’-)_'od-ncmg Organic
Changes.—The cogmphicul and geologlcal. changes we
have been considering are probably those which have been
most effective in bringing about the great features of the
distribution of animals, as well as the larger movements
in the development of organised beings; but it is to 'fhe
alternations of warm and cold, or of uniform and excessive
climates—of almost perpetunl_spring in arctic as well as
in temperate lands, with occasional phases of cold culmin-
ating at remote intervals in glacial epochs,—that we must
impute some of the more rel}mrl_mb].e changes both in the
specific characters and in the distribution of organisms!

1 Agussiz appears to have been the first to suggest that the principal
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Although the geological evidence is opposed to the belief
in carI{ glacial epochs exce})t at very remote and distant
intervals, there is nothing which contradiets the occurrence
of repeated changes of climate; which, though too small in
amount to produce any well-marked physical or organic
change, would yet be amply sufficient to keep the organic
world in a constant state of movement, and which, by
subjecting the whole flora and fauna of a country at
comparatively short intervals to decided changes of
physical conditions, would supply that stimulus and
motive power which, as we have seen, is all that is
necessary to keep the processes of “natural selection” in
constant operation.

The frequent recurrence of periods of high and of low
excentricity must certainly have produced changes of
climate of considerable importance to the life of animals
and plants, During periods of high excentricity with
summer in perikelion, that season would be certainly very
much hotter, while the winters would be longer and
colder than at present; and although geographical con-
ditions might prevent any permanent increase of snow
and ice even in the extreme north, yet we cannot doubt
that the whole northern hemisphere would then have a
very different climate than when the changing phase of
precession brought a very cool summer and a very mild
winter—a perpetual spring, in fact. Now, such a change
of climate would certainly be calculated to bring about a
considerable change of speefes, both by modification and
migration, without any such_dccidcd change of #ype either
in the vegetation or the animals that we could say from
their fossil remains that any change of climate had taken
lace. Let us suppose, for instance, that the climate of
England and that of (lanada were to be mutually ex-
changed, and that the change took five or six thousand
years to bring about, it cannot be doubted that consider-
able modifications in the fauna and flora of both countries
would be the result, although it is impossible to predict
epochs of life extermination were epochs of cold ; and Dana thinks that

two at least such epochs may be recognised, at the closs of the Palwozoic
and of the Cretaceous periods—to which we may add the last glacial epoch.
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what the precise changes would be. We can safely say,
however, that some species would stand the change better
than others, while it 1s highly probable that some would be
actually benefited by it, and that others would be injured.
But the benefited” would certainly increase, and the
injured decrease, in consequence, and thus a series of
changes would be initiated that might lead to most
important results. Again, we are sure that some species
would become modified in adaptation to the change of
climate more readily than others, and these modified
species would therefore increase at the expense of others
not so readily modified ; and hence would arise on the one
hand extinction of species, and on the other the pro-
duction of new forms.

But this is the very least amount of change of climate
that would certainly occur every 10,500 years when there
was a high excentricity, for it 1s impossible to doubt that
a varying distance of the sun in summer from 86 to 99
millions of miles (which is what occurred during—as
sup’s)osed——the Miocene period, 850,000 years ago) would
produce an important difference in the summer tem-
perature and in the actinic influence of sunshine on
vegetation. For the intensity of the sun’s rays would
vary as the square of the distance, or nearly as T4 to 98,
so that the earth would be actually receiving one-fourth
less sun-heat during summer at one time than at the
other. An equally high excentricity occurred 2,500,000
years back, and no doubt was often reached during still
earlier epochs, while a lower but still very high excen-
tricity has frequently prevailed, and is probably near its
average value. Changes of climate, therefore, every
10,500 years, of the character above indicated and of
varying intensity, have been the rule rather than the
exception in past time; and these changes must have
been variously modified by changing geographical condi-
tions so as to produce climatic alterations in different
directions, giving to the ancient lands either dry or wet
seasons, storms or calms, equable or excessive temperatures,
in a variety of combinations of which the earth perhaps
affords no example under the present low phase of
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excentricity and consequent ' slight inequality of sun-
heat.

Present Condition of the Earth One of Exceptional Stability
as Regards Climate—It will be seen, by a reference to the
diagram at page 171, that during the last three million
years the excentricity has been less than it is now on eight
occasjons, for short periods only, making up a total of
about 280,000 years; while it has been more than it is
now for many long periods, of from 300,000 to 700,000
years each, making a total of 2,720,000 years; or
nearly as 10 to 1. For nearly half the entire period, or
1,400,000 years, the excentricity has been nearly double
what it is now, and this is not far from its mean
condition. We have no reason for supposing that this
long period of three million years, for which we have
tables, was in any way exceptional as regards the de-
gree or variation of exeentricity; but, on the contrary,
we may pretty safely assume*that its variations during
this time fairly represent its average state of increase and
decrease during all known geological time. But when the
glacial epoch ended, 72,000 years ago, the excentricity was
about double its present amount ; it then rapidly decreased
till, at 60,000 years back, it was very little greater than it
is now, and since then it has been uniformly small. Tt
follows that, for about 60,000 years before our time,
the mutations of climate every 10,500 years have been
comparatively unimportant, and th.at the tt_:mpemte zones
have enjoyed an exceptional stalrlity of climate. During
this time those powerful causes of organic change which
depend on considerable changes of climate and the con-
sequent modifications, migrations, and ex.tinctions of
species, will not have been at work ; the slight changes
that did occur would probably be so slow and so little
marked that the various species would be able to adapt
themselves to them without much disturbance; and
the result would be an epoch of exceptional stalility of
species.

But it is from this very period of exzceptional stability
that we obtain our only scale for measuring the rate of

- organic change. Tt includes not only the historical period,
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but that of the Swiss Lake dwellings, the Danish shell-
mounds, our peat-bogs, our sunken forests, and many of our
superficial alluvial deposits—the whole in fact, of the iron,
bronze, and neolithic ages., Even some portion of the
pal@olithic age, and of the more recent gravels and cave-
earths may come into the same general period if they
were formed when the glacial epoch was passing away.
Now throughout all these ages we find no indication of
change of species, and but little, comparatively, of migra-
tion. We thus get an erroneous idea of the perimanence
and stability of specific forms, due to the period immediately
antecedent to our own being a period of exceptional per-
manence and, stability as regards climatic and geographical
conditions.!

Date of Last Glacial Epoch and its Bearing on the
Measurement of Geological Time—Directly we go back
from this stable period we come upon changes both in the
forms and in the cistribufion of species; and when we
pass beyond the last glacial epoch into the Pliocene period
we find ourselves in a comparatively new world, surrounded
by a considerable number of species altogether different
from any which now exist, together with many others
which, though still living, now inhabit distant regions.
Tt seems not improbable that what is termed the Pliocene

period, was really the coming on of the glacial epoch, and ©

this is the opinion of Professor Jules Marcou.® According to
our views, a_considerable amount of geographical change
must have oceurred at the change from the Miocene to
the Pliocene, favouring the refrigeration of the northern
hemisphere, and leading, in the way already pointed out,
to the glacial epoch whenever a high degree of excentricity

! This view wae I beliove, first yut forth by myself in & paper read
befog;h l:h:"a:'o;\nl;i,l‘,j] Section of t)]w I}ritish Ascociation in 1869, and
subsequently in an article in Nature, Vol. I. p. 454. It :\'u:s also stated
by Mr, 8. B. K. Skertehley in his Plysical Systewm of l{w Universe, p. 363
(f’SFS); but we both fonnded it on what T now consider the orroneons
doctrine that actual glacial epochs recurred cach 10,500 years during

weriods of high excentricity. ]
A 2 Explicnlc‘folrl' d"‘lemu sl-‘;cn':ondc\ édition de la Carle Géologique de la Terre

(1875}, p. G4.
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prevailed. As many reasons combine to make us fix the
height of the glacial epoch at the period of high excen-
tricity which oceurred 200,000 years back, and as the Plio-
cene period was probably not of long duration, we must
suppose the next great phase of very high “excentricity
(850,000 years ago) to fall within the Miocene epoch.
Dr. Croll believes that this must have produced a gfacial
period, but we have shown strong reasons for believing
that, in concurrence with favourable geographical condi-
tions, it led to uninterrupted warm climates in the
temperate and northern zones. This, however, did not
prevent the occurrence of local glaciation wherever other
conditions led to its initiation, and the most powerful of
such conditions is a great extent of high land. Now we
know that the Alps acquired a considerable part of their
elevation during the latter part of the Miocene period,
since Miocene rocks occur at an elevation of over 6,000
feet, while Eocene beds occur at nearly 10,000 feet. But
since that time there has been a vast amount of denuda-
tion, so that these rocks may have been at first raised much
higher than we now find them, and thus a considerable
portion of the Alps may have been more elevated than
they are now. This would certainly lead to an enormous
accumulation of snow, which would be increased when
the excentricity reached a maximum, as already fully
explained, and may then have caused glaciers to descend
into the adjacent sea, carrying those enormous masses of
rock which are buried in the Upper Miocene of the Superga
in Northern Italy. An earlier epoch of great altitude
in the Alps coinciding with the very high excentricity
2,500,000 years ago, may have caused the local glaciation
of the Middle Eocene period when the enormous erratics
of the Flysch conglomerate were deposited in the inland
seas of Northern Switzerland, the Carpathians, and the
Apennines, This is quite in harmony with the indie-
tions of an uninterrupted warm climate and rich vegetation
during the very same period in the adjacent low countries,
Just as we find at the present day in New Zealand a
delightful climate and a rich vegetation of Metrosideros,
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fuchsias and tree-ferns on the very borders of huge
glaciers, descending to within 700 feet of the sea-level.
It is not pretended that these estimates of geological time
have any more value than probable guesses; but it is
certainly a curious coincidence that two remarkable
periods of high excentricity should have occurred, at such
periods and at such intervals apart, as very well accord
with the comparative remoteness of the two deposits in
which undoubted signs of ice-action have been found, and
that both these are localised in the vicinity of mountains
which are known to have acquired a considerable elevation
at about the same period of time,

In the tenth edition of the Principles of Geology, Sir
Charles Lyell, taking the amount of change in the species
of mollusca as a guide, estimated the time elapsed since
the commencement of the Miocene as one-third that of the
whole Tertiary epoch, and the latter at one-fourth that of

eological time since the Cambrian period. Professor

ana, on the other hand, estimates the Tertiary as only
one-fifteenth of the Mesozoic and Palaozoic combined. On
the estimate above given, founded on the dates of phases
of high excentricity, we shall arrive at about four million
years for the Tertiary epoch, and sixteen million years for
the time clapsed since the Cambrian, according to Lyell,
or sixty millions according to Dana. The estimate arrived
at from the rate of denudation and deposition (twenty-
eight million years) is nearly midway between these, and
it is, at all events, satisfactory that the various measures
result in figures of the same order of magnitude, which is
all one can cxpect when discussing so difficult and ex-
ceedingly specu}l):ttive a subject. )

The only value of such estimates 1s to define our notions
of geological time, and to show that the enormous periods,
of hundreds of millions of years, which have sometimes
been indicated by geologists, are neither necessary nor
warranted by the facts at our command ; while the present
result places us more in harmony with the caleulations of
physicists, by leaving a very wide_murgm between geo-
logical time as defined by the fossiliferous rocks, and that
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far more extensive period which includes all possibility of
life upon the earth.

Concluding Remarks—In the present chapter T have
endeavoured to show that, combining the measured rate of
denudation with the estimated thickness and probable
extent of the known series of sedimentary rocks, we may
arrive at a rude estimate of the time oceupied in the for-
mation of those rocks. TFrom another point of departure—
that of the probable date of the Miocene period, as deter-
mined by the epoch of high excentricity supposed to have
aided in the production of the Alpine glaciation during
that period, and taking the estimate of geologists as to the
proportionate amount of change in the animal world since
that epoch—we obtain another estimate of the duration of
geological time, which, though founded on far less secure
data, agrees pretty nearly with the former estimate. The
time thus arrived at is immensely less than the usual
estimates of geologists, and is so far within the limits of
the duration of the earth as calculated by Sir William
Thomson, as to allow for the development of the lower
organisms an amount of time anterior to the Cambrian
period several times greater than has elapsed between that
period and the present day. I have further shown that, in
the continued mutations of climate produced by high
excentricity and opposite phases of precession, even though
these did not lead to glacial epochs, we have a motive
power well calculated to produce far more rapid organic
changes than have hitherto been thought possible;
while in the enormous amount of specific variation (as
demonstrated in an earlier chapter), we have ample
material for that power to act upon, so as to keep the
organic world in a state of rapid c}mnge and development
proportioned to the comparatively rapid changes i the
earth's surface.

We have now finished the series of Prelimin:lry studies
of the biological conditions and physical changes which
have affected the modification and dispersal of organisms,
and have thus brought about their actual distribution on
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the surface of the earth. These studies will, it is believed,
place us in a condition to solve most of the problems
presented by the distribution of animals and plants, when-
ever the necessary facts, both as to their distribution and
their affinities, are sufficiently well known; and we now
proceed to apply the principles we have established to the
interpretation of the phenomena presented by some of the
more important and best known of the islands of our globe,
limiting ourselves to these for reasons which have been
already sufficiently explained in our preface.
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far more extensive period which includes all possibility of
life upon the earth. A

Concluding Remarls—In the present chapter I have
endeavoured to show that, combining the measured rate of
denudation with the estimated thickness and probable
extent of the known series of sedimentary rocks, we may
arrive at a rude estimate of the time occupied in the for-
mation of those rocks. From another point of departure—
that of the probable date of the Miocene period, as deter-
mined by the epoch of high excentricity supposed to have
aided in the production of the Alpine glaciation during
that period, and taking the estimate of geologists as to the
proportionate amount of change in the animal world since
that epoch—we obtain another estimate of the duration of
geological time, which, though founded on far less secure
data, agrees pretty nearly with the former estimate. The
time thus arrived at is immensely less than the usual
estimates of geologists, and is so far within the limits of
the duration of the earth as calculated by Sir William
Thomson, as to alow for the development of the lower
organisms an amount of time anterior to the Cambrian
period several times greater than has elapsed between that
period and the present day. I have further shown that, in
the continued mutations of climate produced by high
excentricity and opposite phases of precession, even though
these did not lead to glacial epochs, we have a motive
power well ealculated to produce far more rapid organic
changes than have hitherto been thought possible;
while in the enormous amount of specific variation (as
demonstrated in an earlier chapter), we have ample
material for that power to act upon, so as to keep the
organic world in a state of rapid change and development
proportioned to the comparatively rapid changes in the
earth’s surface,

We have now finished the series of prdinﬁn:u-y studies
of the biological conditions and physxcal changes which
have affected the modification and dispersal of organisme,
and have thus brought about their actual distribution on
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the surface of the earth. These studies will, it 18 believed,
place us in a condition to solve most of the problems
presented by the distribution of animals and plants, when-
ever the necessary facts, both as to their distribution and
their affinities, are sufficiently well known; and we now
proceed to apply the principles we have established to the
interpretation of the phenomena presented by some of the
more important and best known of the islands of our globe,
limiting ourselves to these for reasons which have been
already sufficiently explained in our preface.
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CHAPTER XI
THE CLASSIFICATION OF ISLANDS

Importance of Islands in the Study of the Distribution of Organisms—
Classification of Islands with Reference to Distribution—Continental
Islands—Oceanic Islands.

IN the preceding chapters, forming the first part of our
work, we have discussed, more or less fully, the general®
features presented by animal distribution, as well as the
various physical and biological changes which have been
the most important agents in bringing about the present
condition of the organic world.

We now proceed to apply these principles to the solution
of the numerous problems presented by the distribution
of animals; and in order to limit the field of our inquiry,
and at the same time to deal only with such facts as may
be rendered intelligible and interesting to those readers
who have not much acquaintance with the details of
natural history, we propose to consider only such phenom-
ena as are presented by the islands of the globe.

Importance of Islands in the Study of the Distribution of
Organisms.—Islands possess many advantages for the study
of the laws and phenomena of distribution. As compared
with continents they have a restricted area and definite
boundaries, and in most cases their geographical and
biological limits coincide. The number of species and of
genera they contain is always much smaller than in the

R
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case of continents, and their peculiar species and groups
are usually well defined and strictly limited in range.
Again, their relations with other lands are often direct
and simple, and even when more complex are far easier to
comprehend than those of continents; and they exhibit
besides certain influences on the forms of life and certain
peculiarities in their distribution which continents do not
present, and whose study offers many points of interest.

In islands we have the facts of distribution pre-
sented to us, sometimes in their simplest forms, in other
cases becoming gradually more and more complex ; and we
are therefore able to proceed step by step in the solution
of the problems they present. But as in studying these
problems we have necessarily to take into account the
relations of the insular and continental faunas, we also get
some knowledge of the latter, and acquire besides so much
command over the general principles which underlie all
problems of distribution, that it 1s not too much to say
that when we have mastered the difficulties presented by
the peculiarities of island life we shall find it comparatively
easy to deal with the more complex and less clearly de-
fined problems of continental distribution. |

Classification of Islands with Reference to Distribution.—
Tslands have had two distinet modes of origin—they have
either been separated from continents of which they are
but detached fragments, or they have originated in the
ocean and have never formed part of a continent or any
large mass of land. This difference of origin is funda-
mental, and leads to a most important difference 1n thpir
animal inhabitants : and we may therefore first distinguish
the two classes—oceanic and continental islands.

Mr. Darwin appears to have been the first writer who
called attention to the number and importance, both from
a geological and biological point of view, of oceanie
islands. He showed that with very few exceptions all the
remoter islands of the great oceans were of voleanic or
coralline formation, and that none of them contained
indigenous mammalia or amphibia. He also showed the
connection of these two phenomena, and maintained
that none of the islands so characterised had ever formed
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part of a continent. This was quite opposed to the
opinions of the scientific men of the day, who almost all
held the idea of continental extensions, and of oceanic
islands being their fragments, and it was long before Mr.
Darwin’s views obtained general acceptance. KEven now
the belief still lingers; and we continually hear of old
Atlantic or Pacific continents, of “ Atlantis ” or “ Lemuria,”
of which hypothetical lands many existing islands, although
wholly voleanie, are thought to be the remnants. We
have already seen that Darwin connected the peculiar
geological structure of oceanic islands with the permanence
of the great oceans which contain them, and we have
shown that several distinct lines of evidence all point to
the same conclusion. We may therefore define oceanic
islands, as follows :—Islands of volcanic or coralling
formation, usually far from continents and always separated
from them by very deep sea, entirely without indigenous
land mammalia or amphibia, but with a fair number of
birds and insects, and usually with some reptiles. This
definition will exclude only two islands which have been
sometimes classed as oceanic—New Zealand and the
Seychelles. Rodriguez, which was once thought to be
another exception, has been shown by the explorations
during the Transit of Venus Expedition to be essentially
voleanic, with some upraised coralline limestone.

Continenial Islands—Continental islands are always
more varied in their geological formation, containing both
ancient and recent stratified rocks. They are rarely very
remote from a continent, and they always contain some
land mammals and amphibia, as well as representatives of
the other classes and orders in considerable variety. They
may, however, be divided into two well-marked groups—
ancient and recent continental islands—the characters of
which may be ecasily defined.

Recent continental islands are always situated on sub-
merged banks connecting them with a continent, and the
depth of the intervening sea rarely exceeds 100 fathoms.
They resemble the continent in their geological structure,
while their animal and vegetable productions arve either
almost identical with those of the continent, or if other-
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wise, the difference consists in the presence of closely allied
species of the same types, with occasionally a very few
peculiar genera. They possess in fact all the character-
istics of a portion of the continent, separated from it at a
recent geological period,

Ancient continental islands differ greatly from the pre-
ceding in many respects. They are not united to the adja-
cent continent by a shallow bank, but are usually separated
from it by a depth of sea of several hundreds to more than
a thousand fathoms. In geological structure they agree
generally with the more recent islands; like them they
possess mammalia and amphibia, usually in considerable
abundance, as well as all other classes of animals ; but
these are highly peculiar, almost all being distinct species,
and many forming distinct and peculiar genera or families,
They are also well characterised by the fragmentary nature
of their fauna, many of the most characteristic continental
orders or families being quite unrepresented, while some
of their animals are allied, not to such forms as inhabit
the adjacent continent, but to others found only in remote
parts of the world. This very remarkable set of characters
marks off the islands which exhibit them as a distinet
class, which often present the greatest anomalies and most
difficult problems to the student of distribution.

Oceanie Islands.—The total absence of warm-blooded
terrestrial animals in an island otherwise well suited to
maintain them, is held to prove that such island is no mere
fragment of any existing or suhmcrge_d continent, b}xt one
that has been actually produced in mid-ocean. It is true
that if a continental island were to be completely sub-
merged for a single day and then again elevated, its higher
terrestrial animals would be all destroyed, am'l if it were
situated at a considerable distance from land it would be
reduced to the same zoological condition as an oceanic
island, But such a complete submergence and re-e.levu-
tion appears never to have taken place, for there is no
single 1sland on the globe which has the physical and geo-
logical features of a continental, combm'cd with the zoo-
logical features of an oceanic island. It i8 true that some
of the coral-islands may be formed upon submerged lands

Th AT »




OHAP. X1 OCEANIC ISLANDS. 245

of a continental character, but we have no proof of this;
and even if it were so, the existing islands are to all intents
and purposes oceanic.

We will now pass on to'a consideration of some of the
more interesting examples of these three classes, beginning
with oceanic islands. X

All the animals which now inhabit such oceanic islands
must either themselves have reached them by crossing the
ocean, or be the descendants of ancestors who did so. Let
us then see what are, in fact, the animal and vegetable in-
habitants of these islands, and how far their presence can
be accounted for. We will begin with the Azores, or
Western Islands, because they have been thoroughly well
explored by naturalists, and in their peculiarities afford us
an important clue to some of the most efficient means of
distribution among several classes of animals.

w
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CHAPTER XTI
OCEANIC ISLANDS :—THE AZORES AND BERMUDA

Tur Azongs, o WesTERN ISLANDS

Pasition and Physical Features—Chicl Zoological Features of the Azores —
Birds—Origin of the Azorean Bird Fauna—Insects of the Azores—
Land-Shells of the Azores—The Flora of the Azores—The Dispersal of
Seeds—Birds 15 Seed-Carriers—Fuacilities for Dispersal of Azorean Plants
—Tmportant Deduction from the Peculiaritic? of the Azorean Fauna
and Flor.

BErMubA

Position and Physical Features—The Red Clay of Bermuda—Zoology of
Bermuda—DBirds of Bermuda—Coniparison of the Bird Faunas of Bey.
muda and the Azores—Insects of Bermmda—TLand Mollusca—Flora of
Bermuda—Conelnding Remarks on the Azores and Bermuda.

Ld

WE will commence our investigation into the phenomena
presented by oceanic islands, with two groups of the North
Atlantic, in which the facts are of a comparatively simple
nature and such as to afford us a valuable clue to a solu-
tion of the more difficult problems we shall have to deal
with further on. The Azores and Bermuda offer great
contrasts in physical features, but striking similarities in
%eogmphicnl osition, The one is volcanic, the other coral-
ine ; but both are surrounded by a wide expanse of ocean
of enormous depth, the one being about as far from BEuro

as the other is from America. Both are situated in the
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temperate zone, and they differ less than six degrees
in latitude, yet the vegetation of the one is wholl
temperate, while that of the other is almost t.ropicn{
The productions of the one are related to Europe, as those
of the other are to America, but they present instructive
differences ; and both afford evidence of the highest value
as to the means of dispersal of various groups of organisms
across a wide expanse of ocean.

THE AZORES, OR WESTERN ISLANDS.

These islands, nine in number, form a widely scattered
group, situated between 37° and 39° 40" N. Lat. and
stretching in a south-east and north-west direction over a
distance of nearly 400 miles. The largest of the islands,
San Miguel, is about forty miles long, and is one of the
nearest to Europe, being rather under 900 miles from the
coast of Portugal, from which it is separated by an ocean
9,500 fathoms deep. The depth between the islands does
not seem to be known, but the 1,000 fathom line encloses
the whole group pretty closely, while a depth of about
1,800 fathoms is reached within 300 miles in all directions,
These great depths renderit in the highest degree improb-
able that the Azores have ever been united with the
European continent; while their being wholly voleanic is
equally opposed to the view of their having formed part of
an extensive Atlantis including Madeira and the Canaries,
The only exception to their volcanic structure Is the
oceurrence in one small island only (Santa Maria) of some
marine deposits of Upper Miocene age—a fact which
proves some alterations of level, and perh:}ps a greater
extension of this island at some former period, but in no
way indicates a former union of the islands, or any greater
extension of the whole group. Tt proves, hpwevcr, that
the group is of considerable antiquity, since 1t must d_ate
back to Miocene, times; and this fact may be of im-
portance in considering the origin and pccul.mr fenturc.? of
the fauna and flora. 1t thus appears that in all physical
features the Azores correspond strictly with our physical
definition of “oceanic islands,” while their great distance
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from any other land, and the depth of the ocean around
them, make them typical examples of the class. We
ghould therefore expect them te be equally typical in their
fauna and flora ; and this is the casé as regards the most
important characteristics, although in some points of detail
they present exceptional phenomena.

MADEIRA
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v 1e4s than 1,000 fathoms deep.
N(‘/Tt.-—'!l"?:f:' 1‘{?‘1;{ :5:: shows where the ":A - l‘,l,(,m than 1,000 futhoms desp,

The figures nhongd«ptlm"m fathoms.

~ VYO e 5
Chicf Zoological Features of the Az “‘-‘__“'l} great
feature of oceanic islands—the absence of all indigenous
land-mammalia and amphibia—is well shown in this
Y For most of the facts as to the zoology and botany of these islands, T
am indebtod to Mr. Godman’s valunble work—Nafural History of the

Azores or Western Islands, by Froderick Du Cane Godman, F.L.S., F.Z.8,,
&eo, London, 1870,
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group ; and it is even carried further, so as to include all
terrestrial vertebrata, there being no snake, lizard, frog, or
fresh-water fish, although the islands are sufficiently exten-
sive, possess a mild and equable climate, and are n every
way adapted to support all these groups. On the other
hand, flying creatures, as birds and insects, are abundant ;
and there 1s also one flying mammal—a small European
bat. Tt is true that rabbits, weasels, rats and mice, and a
small lizard peculiar to Madeira and Teneriffe, are now
found wild in the Azores, but there is good reason to
believe that these have all been introduced by human
agency. The same may be said of the gold-fish and eels
now found in some of the lakes, there being not a single
fresh-water fish which is truly indigenous to the islands.
When we consider'that the nearest part of the group is
about 900 miles from Portugal, and more than 550 miles
from Madeira, it is not surprising that none of these
terrestrial animals can have passed over such a wide
expanse of ocean unassisted by man. )

Let us now see what animals are believed to have
reached the group by natural means, and thus constitute
its indigenous fauna. These consist of birds, insects, and
land-shells, each of which must be considered separately.

Birds—Fifty-three species of birds have been observed
at the Azores, but the larger proportion (thirty-one) are
either aquatic or waders—Dbirds of: great powers of flight,
whose presence in the remotest islands is by no means
remarkable, Of these two groups twenty are residents,
breeding in the islands, while eleven are stragglers only
visiting the islands occasiom}lly, and all are common
European species. The Jand-birds, twenty-two in pumbgr,
are more interesting, four only being stragglers, while
eighteen are permanent residents. The following is a list
of these resident land-birds :—

1. Common Buzzanl (Buteo vulgaris)

2. Long-eared Owl (Asio otus)

3 Barn Owl (Striz fammen)

4. Blackbird ( Turdiws merile)

5. Robin ( Erythacus rubeculn)

6. Blackeap e (Sylvia atricapilia)
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7. Gold-crest ( Reguius cristaiis)

8. Wheatear (Saxicola enantic)

9. Grey Wagtail o (Motacilla sulphirea)
10. Atlantic Chaffinch e (Fringille tintillon)
11. Azorean Bullfinch ( Pyrrhuda murina)
12. Canary (Serinus eanarius)
13. Common Starling (Staernus vilgaris)
14. Lesser Spotted Woodpecker ... (Dryobates minor)

15. Wood-pigeon (Columba palumbis)
16. Rock Dove (Coliumba livia)
17. Red-legged Partridge .. (Caccabis rufa)
18. Common Quail A A (Coturniz commiunis)

All the above-named birds are common in Europe and
North Africa except three—the Atlantic chaffinch and the
canary which inhabit Madeira and the Canary Islands, and
the Azorean bullfinch, which is peculiar to the islands we
are considering.

Origin of the Azorean Bird-founa.—The questions we

‘have now before us are—how did these eighteen species of

birds first reach the Azores, and how are we to explain the
presence of a single peculiar species while all the rest are
identical with European birds ?  In order to answer them, *
let us first see what stragglers now actually visit the
Azores from the nearest continents. The four species
given in Mr, Godman's list are the kestrel, the oriole, the
snow-bunting, and the hoopoe; but he also tells us that
there afe certainly others, and adds: “Scarcely a storm
occurs in spring or autumn without bringing one or more
species foreign to the islands ; and I have frequently been
told that swallows, larks, grebes, and other species not
referred to here, are not uncommonly seen at those seasons
of the year.”

We have, therefore, every reason to believe that the
birds which are now residents originated as stragglers,
which oceasionally found a haven in these remote islands
when driven out to sea by storms.. Some of them, no
doubt, still often arrive from the continent, but these
cannot casily be distinguished as new arrivals among those
which are permanent inhabitants. Many facts mentioned
by Mr. Godman show that this is the case. A barn-owl,
much exhausted, flew on board a whaling-ship when 500
miles S.W. of the Azores; and even if it had come from

SR—— e S
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Madeira it must have travelled quite as far as from
Portugal to the islands, Mr. Godman also shot a single
specimen of the wheatear in Flores after a strong gale of
wind, and as no one on the island knew the bird, it was
almost certainly a recent arrival. Subsequently a few
were found breeding in the old crater of Corvo, a small
adjacent island ; and as the species is not found in any
other island of the group, we may infer that this bird is a
recent immigrant in process of establishing itself.

Another fact which is almost conclusive in favour of the
bird-population having arrived as stragglers is, that they
are most abundant in the islands nearest to Europe and
Africa. The Azores consist of three divisions-—an eastern,
consisting of two islands, St. Michael’s and St. Mary’s; a
central of five, Terceira, Graciosa, St. George's, Pico, and
Fayal ; and a western of two, Flores and Corvo. Now had
the whole group once been united to the continent, or even
formed parts of one extensive Atlantic island, we should
certainly expect the central group, which is more compact
and has a much larger arca than all the rest, to have the
greatest number ang variety of birds. But the fact that
birds are most numerous in the eastern group, and diminish
as we go westward, is entirely opposed to this theory, while
it is strictly in accordance with the view that they are all
stragglers from Europe, Africa, or the otl.\er A.tlnnt.zc
islands. Omitting oceanic wanderers, ..'md including all
birds which have probably arrived lu\:ollnrntal'lly, the
numbers are found to be lbrtf species in the eastern
group, thirty-six in the central, and twenty-nine in the
western. \ :

To account for the presence of one peculiar species—
the bullfinch (which, however, does not differ from the
common European bullfinch more than dp some of .the
varictics of North American birds from their type-species)
is not difficult; the wonder rather being that there are
not more peculiar forms. In our t:-lnr'd.clm ter we have
seen how great is the amount of 1_ndlv1duu variation in
birds, and how readily local varieties be(‘:o.mO cstal;hghed
wherever the pln,'sical conditions are s‘ufhcxcntly dls_tl'nct-.
Now we can hardly have a greater difference of conditions
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than between the continent of Europe or North Africa,”

and a group of rocky islands in mid-Atlantie, situated in
the full course of the Gulf Stream and with an excessively
mild though stormy climate. We have every reason to

", believe that special modifications would soon become

established in any animals completely isolated under such
conditions. But they are not, as a rule, thus completely
isolated, because, as we have seen, stragglers arrive at short
intervals; and these, mixing with the residents, keep up
the purity of the breed. It follows, that only those species
which reach the Azores at very remote intervals will be
likely to acquire well-marked distinctive characters; and
this appears to have happened with the bullfinch alone, a
bird which does not migrate, and is therefore less likely
to be blown out to sea, more especially as it inhabits woody
districts. A few other Azorean birds, however, exhibit
slight differences from their European allies.

There is another reason for the very slight amount of
peculiarity presented by the fauna of the Azores as com-
pared with many other oceanic islands, dependent on its
comparatively recent origin. The islands themselves may
be of considerable antiquity, since a few small deposits,
believed to be of Miocene age, have been found on them,
but there can be little doubt that their present fauna, at
all events as concerns the birds, had its origin since the
date of the last glacial epoch. Even now icebergs reach
the latitude of the Azores but a little to the west of them;
and when we consider the proofs of extensive ice-action in
North America and Europe, we can hardly doubt that
these islands were at that time surrounded with pack-ice,
while their own mountains, reaching 7,600 feet high in
Pico, would almost certainly have been covered with per-
petual snow and have sent down glaciers to the sea. They
might then have had a climate almost as bad as that now
endured by the Prince Edward Islands in the southern
hemisphere, nearly ten degrees farther from the equator,
where there are no land-birds whatever, although the
distance from Africa is not much greater than that of the
Azores from Europe, while the vegetation is limited to a
few alpine plants and mosses. This recent origin of the
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*birds accounts in a great measure for their identity with
those of Europe, because, whatever change has oceurred
must have been effected in the islands themselves, and in
a time limited to that which has elapsed since the glacial
epoch passed away.

Insects of the Azores—Having thus found no difficulty
in accounting for the peculiarities presented by the birds
of these islands, we have only to see how far the same
general principles will apply to the insects and land-shells,
The butterflies, moths, and hymenoptera, are few in num-
ber, and almost all seem to be common European species,
whose presence is explained by the same causes as those
which have introduced the birds. Beetles, however, are
more numerous, and have been better studied, and these
present some features of interest. The total number of
species yet known is 212, of which 175 are European ; but
out of these 101 are believed to have been introduced by
human agency, leaving seventy-four really indigenous.
Twenty-three of these indigenous species are not found in
any of the other Atlantic islands, showing that they have
been introduced directly from Europe by causes which
have acted more powerfully here than farther south.
Besides these there are thirty-six species not found in
Europe, of which nineteen are natives of Madeira or the
(anaries, three are American, and fourteen are altogether
peculiar to the Azores. These latter are mostly al_lled to
species found in Europe or in the other Atlantic islands,

. while one is allied to an American species, and two are so
distinet as to constitute new genera, ‘The following list of
these peculiar species will be interesting :—

CARABIDE.
_Allied to a species from the Canaries.

2/ inoides .
ﬁ::fzmﬁ'ﬁ%ﬂm Cf . Allied to the European Z. letwn.
DyTiscIDA,
Agabus  godmanni ......... Allied to the European A, dispar,

CoLyDIIDE

Qarphius wollastoni ......A genns nlmost peculiar to the Atlantic islands
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ELATERIDA. . ® ¢
Heteroderes azoricus.........Allied to a Brazilian sﬁ:ﬂcios. )
Llastrus dolosus ...i..o.ooin Belongs to a peculinr Madagascar genus | §
kg
Mzerynmz. :

Altalns miniaticollis ...... Allied to o Canarian species,

RuyNCOPHORA.

Plleophagus variekilis .. Allied to European and Atlantic species.

Aealles droveli.............. A Mediterranean and Atlantic genus.

Laparoceris azoricus ...... Allied to Madeiran speeies.

Agynomychun godmansi ... A peenliar genus, allied to Brackyderes; of the
south of Europe.

Neoenemis occidentelis . A peculiar genus, allied to the European genus

Strophosomins,
HETEROMERA,
Helops azoricus ... ... ...Allied to . vuleanus of Madeira.
STAPHYLINIDA.

Xenomma melanocephala.. Allied to X. filiforme from the Canaries,

P

This greater amount of speciality in the beetles than in :
the birds may be due to two causes. In the first place
many of these small insects have no doubt survived the
glacial epoch, and may, in that case, represent very ancient
forms which have become extinet in their native country ;
and in the second place, insccts have many more chances
of reaching remote islands than birds, for not only may

they be carried by gales of wind, but sometimes, m the |
egg or larva state or even as perfect insects, they may be !
drifted safely for weeks over the ocean, buried in the light 3
stems of plants or in the solid wood of trees in which many '

of them undergo their transformations. Thus we may
explain the presence of three common South American
species (two elaters and a longicorn), all ‘wood-eaters, and
therefore liable to be oceasionally brought in floating timber
by the Gulf Stream. But insects are also immensely -
more numerons in sgpecies than are land-birds, and their
transmission would be in most cases qlutc_mvoluutary,
and not dependent on their own powers of flight as with {
birds; and thus the chances against the same species 8
being frequently carried to the same island would be
considerable. If we add to this the dependence of so

1
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fnany insects on local conditions of climate and vegetation,
and their liability to be destroyed by insectivorous birds,
we shall see that, although there may be a greater proba-
bility of insects asa whole reaching the islands, the chance
against any particular species arriving there, or against the
same species arriving frequently, is much greater than in
the case of birds. The result is, that (as compared with
Britain for example) the birds are, proportionately, much
more numerous than the beetles, while the peculiar species
of beetles are much more numerous than among birds,
both faets being guite in accordance with what we know
of the habits of the two groups. We may also remark,
that the small size and obscure characters of many of the
beetles renders it probable that species now supposed to
be peculiar, really inhabit some parts of Europe or North
Africa. y

Tt is interesting to note that the two families which are
pre-eminently wood, root, or seed eaters, are those which
present the greatest amount of speciality. The two
Rlateridae alone exhibit remote affinities, the one with a
Brazilian the other with a Madagascar group; while the
only peculiar genera belong to the Rhyncophora, but are
allied to European forms. These last almost certainly
form a portion of the more ancient fauna of the islands
which migrated to them in pre-glacial times, while the
Brazilian clater appears to be the solitary example of a
living inscet brought by the Gulf Stream to these remote
shores. The elater, having its nearest living ally in
Madagasecar (Elastrus dolosus), cannot be held to 111(.lxcatc
any independent communication between these distant
islands ; but is more probably a relic of a once more mdg-
spread type which has only been able to maintain itself in
these localitics. Mr. Crotch states that there are some
speetes of beetles common to Madagascar and the Canary
Islands, while there are several genera, common to Mada-
gasear and South America, and some to l\{ada‘gas_mr_ and
Australia. The clue to these apparent anomalies is found
in other genera being common to Madagascar, Africa, and
South America, while others are Asiu.tlc. or Australian.
Madagasear, in fact, has insect relations with every part of
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the globe, and the only rational explanation of such facts
is, that they are indications of very ancient and once wide-
spread groups, maintaining themselves only in a few
widely separated portions of what was at one time or
another the area of their distribution.

Loand-shells of the Azores—Like the insects and birds,
the land-shells of these islands have a generally European
aspect, but with a larger proportion of peculiar species.
This was to be expected, because the means by which
molluses are carried over the sea are far less numerous and
varied than in the case of insects ;! and we may therefore
conclude that their introduction is a very rare event, and
that a species once arrived remains for long periods un-
disturbed by new arrivals, and is therefore more likely to
become modified by the new conditions, and then fixed as
a distinct type. Out of the sixty-nine known species,
thirty-seven are common to Europe or the other Atlantic
islands, while thirty-two are peculiar, though almost all
are distinctly allied to European types. The majority of
these shells, especially the peculiar forms, are very small,
and many of them may date back to beyond the glacial
epoch. The eggs of these would be exceedingly minute,
and might occasionally be carried on leaves or other
materials during gales of exceptional violence and duration,
while others might be conveyed with the earth that often
sticks to the feet of birds. There are also, probably, other
unknown means of conveyance ; but however this may be,
the general character of the land-molluses is such as to
confirm the conclusions we have arrived at from a study of
the birds and insects,—that these islands have never been
connected with a continent, and have been peopled with
living things by such forms. only as in some way or other
have been able to reach them across many hundred miles
of ocean. :

The Flora of the Azores—The ﬂm\'el‘l_ng-plzmhs of the
Azores have been studied by one of our first botanists, Mr,
H. C. Watson, who has himself visited the islands and
made extensive collections; and he has given a complete
catalogue of the species in Mr, Godman’s volume.  As our

1 See Chap. V. p. 78




—— i

CHAP, XIT THE AZORES 257

object in the present work is to trace the past history of
the more important islands by means of the forms of life
that inhabit them, and as for this purpose plants are some-
times of more value than any class of animals, it will be
well to take advantage of the valuable materials here avail-
able, in order to ascertain how far the evidence derived
from' the two organic kingdoms agrees in character; and
also to obtain some general results which may be of service
in our discussion of more difficult and more complex
problems. '

There are in the Azores 480 known species of flowering-
plants and ferns, of which no less than 440 are found also
in Europe, Madeira, or the Canary Islands ; while forty are
peculiar to the Azores, but are more or less closely allied
to European species.  As botanists are no less prone than
zoologists to invoke former land-connections and conti-
nental extensions to account for the wide dispersal of
objects of their study, it will be well to examine somewhat
closely what these facts really imply.

The Dispersal of Seeds—The seeds of plants are liable
to be dispersed by a greater variety of agents than any
other organisms, while their tenacity of life, under varying
conditions of heat and cold, drought and moisture, is also
exceptionally great. They have also an advantage, in that
the great majority of flowering plants have the sexes united
in the same individual, so that a single seed in a state fit
to germinate may easily stock a whole island. The dis-
persal of seeds has been studied by Sir Joseph Hooker,
Mr. Darwin, and many other writers, who have made it
sufficiently clear that they are in many cases liable to be
carried enormous distances. An immense number are
specially adapted to be carried by the wind, through the
possession of down or hairs, or membranous wings or pro-
cesses ; while others are so minute, and produced in such
profusion, that it is difficult to place alimit to the distance
théy might be carried by gales of wind or hurricanes,
Another class of somewhat heavier seeds or dry fruits are
capable of being exposed for a long time to sea-water with-
out injury. My, Darwin made many experiments on this
point, and he found that many seeds, especially of Atriplex,

S
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Beta, oats, Capsicum, and the potato, grew after 100 days’
immersion, while a large number survived fifty days. But
he also found that most of them sink after a few days’ im-
mersion, and this would certainly prevent them being
floated to very great distances. It is very possible, how-
ever, that dried branches or flower-heads containing seeds
would float longer, while it is quite certain that many
tropical seeds do float for enormous distances, as witness
the double cocoa-nuts which cross the Indian ocean from
the Seychelle Islands to the coast of Sumatra, and the
West Indian beans which frequently reach the west coast
of Scotland. There is therefore ample evidence of the
possibility of seeds being conveyed across the sea for great
distances by winds and surface currents.!

Birds as Seed-carriers—The great variety of fruits that
are eaten by birds afford a means of plant-dispersal in the
fact that seeds often pass through the bodies of birds in a
state well-fitted for germination; and such seeds may
oceasionally be carried long distances by this means. Of
the twenty-two land-birds found in the Azores, half are,
more or less, fruit-eaters, and these may have been the
means of introducing many plants into the islands.

Birds also frequently have small portions of earth on
their feet; and Mr. Darwin has shown by actual experi-
ment that almost all such earth contains seeds. Thus in

1 Some of Mr, Darwin’s experiments are very intercstin and suggestive,
Ripe hazel-nuts sank immediately, but when dried they f oated for nincty
days, and afterwards germinated.  An nspnmgmi:lﬂﬂn‘ with ripe berries,
when dried, floated for eighty-five days, and the seeds afterwards germi-
nated.  Out of ninety-four dried plantsexperimented with, eighteen flonted
for more than a month, and some for three months, and their powers of
gormination seem never to have been wholly destroyed., Now, as oceanie
currents vary from thirty to sixty miles a day, such plants under the most
favourable conditions might be carried 90 x 60="5,400 miles | Buteven half
of this is ample to enable them to reach any oceame island, and we must re-
member that till completely water-logged they mi ht be driven along at a
much greater rate by the wind, Mr. Darwin calculates the distance by the
average time of flotation to be 924 miles ; but in such a caso as this we
are entitled to take the extreme cases, because such countless thonsands of
plunts and seeds must be carried ont to sea annually that the extreme cases
in ngingle experiment with only ninety-four plants, must happen hundreds
or thousands of times and with ?mndmls or thousands of species, naturally,
and thus afford amplo opportunities for successful migration.  (See Origin
of Specizs, 6th Edition, p. 325.)
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nine grains of earth on the leg of a woodeock a seed of the
toad-rush was found which germinated; while a wounded
red-legged partridge had a ball of earth weighing six and
a half ounces adhering to its leg, and from this earth Mr.
Darwin raised no less than eighty-two separate plants of
about five distinct species.  Still more remarkable was the
experiment with six and three-quarter ounces of mud from
the edge of a little pond, which, carefully treated under
glass, produced 537 distinct plants! This is equal to a
seed for every six grains of mud, and when we consider
how many birds frequent the edges of ponds in search of
food, or come there to drink, it is evident that great
numbers of seeds may be dispersed by this means.

Many seeds have hispid awns, hooks, or prickles which
readily attach them to the feathers of birds, and a great
number of aquatic birds nest inland on the ground; and
as these are pre-eminently wanderers, they must often aid
in the dispersal of such plants.

! The following remarks, kindly communicated to me by Mr. H, N.
Moseley, naturalist to the Challenger, throw much light on the sgency of
birds in the distribution of plants :—*‘ Griscbach (Feg. der Erds, Vol. 11, p.
496) lays much stress on tho wide ranging of the albatross (Diomedea)
neross the equator from Cape Horn to the Kurile Islands, mul"thmks that
the presence of the same plants in Arctic and Antarctie regions may be
accounted for, possibly, by this fact. I was much struck at Marion Island
of the Prince Edward gronp, by observing that the great albatross breeds
in the midst of a dense, Jow herbage, and constructs its nest of a mound
of turf and herbage. Some of the indigenons plants, ¢.g. Acena, have
flower-heads which stick like burrs to feathers, &e., and seem specially
adapted  for transporation by binds Besides the albatrosses, various
pecies of Procelluria and Pulfinuu, birds which range over immense dis-
tances may, I think, have played a great partin the distribution of u]])lnnts,
and especially account, in some measure, for the otherwise difficnlt fact
(wWhen ocourring in the tropics), that widely distant islands have similar
mountain plants. The Procellaria and Puflinus in nesting, burrow in gho
ground, as far as I have seen choosing often places where the vegetation
18 the thickest. The birds in burrowing get their feathers covered with
vegetable mould, which must include spores, and often sceds, In high
latitudes the birds often burrow near the sea-level, as at Tristan d'Acunha
or Kerguelen's Land, but in the tropics they choose the mountains for their
nesting-place (Finsch and Hartlaub, O, der Viti-und Tonga-Inseln, 1867,
Einleitang, p. xviii.). Thus, Pufinis megasi nests at the top of the Koro-
basa bosagn wountain, Viti Levn, fifty miles from the sea. A Procellaria
breeds in like manner in the high mountains of Jamaica, I believe at 7,000
feet. Peale describes the samo habit of Procellaria rostrata at Tahiti, and
I saw the burrows myself amidst a dense growth of fern, &o., at 4,400 feot
elevation in that island, I'hiacthon has o similar halit. It nests at the

82
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Facilities for Disporsal of Azorean Plants—Now in the
course of very long periods of time the various causes
here enumerated wouh be sufficient to stock the remotest
islands with vegetation, and a considerable part of the
Azorean flora appears well adapted to be so conveyed. Of
the 439 flowering-plants in Mr. Watson’s list, I find that
about forty-five belong to genera that have either pappus
or winged seeds; sixty-five to such as have very minute
seeds ; thirty have fleshy fruits such as are greedily eaten
by birds ; several have hispid seeds; and eightf'—four are
glumaceous plants, which are all probably well-adapted
tor being carried partly by winds and partly by currents,
as well as by some of the other causes mentioned. On
the other hand we have a very suggestive fact in the
absence from the Azores of most of the trees and shrubs
with large and heavy fruits, however common they may
be in Europe. Such are oaks, chestnuts, hazels, apples,
beeches, alders, and firs; while the only trees or large
shrubs are the Portugal laurel, myrtle, laurestinus, elder,
Laurus canariensis, Myrice faya, and a doubtfully peculiar
juniper—all small berry-bearers, and therefore likely to
have beer conveyed by one or other of the modes suggested
above.

There can be little doubt that the truly indigenous flora
of the islands is far more scanty than the number of
plants recorded would imply, because a large but unknown
proportion of the species are certainly importations, yol-
untary or involuntary, by man. As, however, the general
character of the whole flora is that of the south-western
seninsula of Europe, and as most of the introduced plants
§1ave come from the same country, it is almost impossible
now to separate them, and Mr. Watson has not atte_mpted
to do so. The whele flora contains representafives of
eighty natural orders and 250 genera:and even if we
suppose that one-half the species only are truly indigenous,
erater of Kilaues, Hawaii, at 4,000 feet elevation, and also high up in Tahiti.
In order to account for the transporation of the plants, it is not of course
nepessary. that the same species of Procellaria or, Diomedes should now
range between the distant points where the ,lthw oceur, The ancestor of
the now differing gpecies might have carried the seeds, The mange of the
genus is suflivient.”

-
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there will still remain a wonderfully rich and varied flora
to have been carried, by the various natural means above
indicated, over 900 miles of ocean, more especially as the
large proportion of species identical with those of Europe
shows that their introduction has been comparatively recent,
and that it is, probably (as in the case of the birds) still
going on. We may therefore feel sure that we have here
by no means reached the limit of distance to which plants
can be conveyed by natural means across the ocean ; and
this conclusion will be of great value to us in investigating
other cases where the evidence at our command is loss
complete, and the indications of origin more obscure or
conflicting.

Of the forty species which are considered to be peculiar
to the islands, all are allied to European plants except six,
whose nearest affinities are in the Canaries or Madeira.
Two of the Composita: are considered to be distinet genera,
but in this,order generie divisions rest on slight technical
distinctions ; and the Campanula vidalii is very distinet
from any other known species. With these exceptions,
most of the peculiar Azorean species are closely allied to
European plants, and are in several cases little more than
varieties of them. While therefore we may believe that
the larger part of the existing flora reached the islands
since the glacial epoch, a portion of it may be more ancient,
as there is no doubt that a majority of the species could
withstand some lowering of temperature ; while in such a
warm latitude and surrounded with sea, there would always
be many sunny and sheltered spots in which even tender
plants might Hourish.

Impertant Deduction from the Peewliarities of the Azop-
can Fauna and Flora.—There is one conclusion to be
drawn from the almost wholly European character of the
Azorean fauna and flora which deserves special attention,
namely, that the peopling of remote islands is not due
so much to ordinary or normal, as to extraordinary and
exceptional canses, These islands lie in the course of the
south-westerly return trades and also of the Gulf Stream,
and we should: therefore naturally expect that American
birds, insects, and plants would preponderate if they were
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conveyed by the regular winds and currents, which are
both such as to prevent European species from reaching
the islands. But the violent storms to which the Azores
are liable blow from all points of the compass; and it is
evidently to these, combined with the greater proximity
and more favourable situation of the coasts of Kurope and
North Africa, that the presence of a fauna and flora so
decidedly European is to be traced.

The other North Atlantic Tslands—Madeira, the Can-
aries, and the Cape de Verdes—present analogous phen-
omena to those of the Azores, but with some peculiarities
dependent on their more southern position, théir richer
vegetation, and perhaps their greater antiquity. These
have been sufficiently discussed in my Geographical Dis-
tribution of Animals (Vol. I. pp. 208-215) ; and as we are
now dealing with what may be termed typical examples
of oceanic islands, for the purpose of illustratimg the laws,
and solving the problems presented by the dispersal of
animals, we will pass on to other cases which have been
less fully discussed in that work.

BERMUDA.

The Bermudas are a small group of low islands formed
of coral, and blown coral-sand consolidated into rock,
They are situated in 32° N. Lat., about 700 miles from
North Carolina, and somewhat farther from the Bahama
Islands, and are thus rather more favourably placed for
receiving immigrants from America and its islands than the
Azores are with respect to Europe. There are about 100
islands and islets in all, but their total area does not ex-
ceed fifty square miles. They are surrounded by reefs,
some at a distance of thirty miles from the main group;
and the discovery of a layer of earth with remains of
cedar-trees forty-cight feet below the present high-water
mark ghows that the islands have once been more extensive
and probably included the whole area now occupied by
shoals and reefs! Tmnediately beyond these reefs, how-

! Nature, Vol. V1. p. 262, ' Recent Observations in the Bermudas,” by
Mr, J, Matthow Jones, s
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ever, extends a very deep ocean, while about 450 miles
distant in a south-east direction, the deepest part of the
North Atlantic is reached, where soundings of 3,825 and

@u EAMUOA

MAF OF DERMUDA AND TIE AMERICAN COAST.

A\'U":._";:hl! light tint indicatos ses less than 1,000 fathoms deep
The dark tint 5 w _more than 1,000 fathoms docp. 4
The figures show the depth in fatlioms.

3,875 fathoms have been obtained., It is clear therefore
that these islands are typically oceanic.
Soundings were taken by the Challenger in four difier-
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ent directions around Bermuda, and always showed arapid
deepening of the sea to about 2,500 fathoms. This was
so remarkable, that in his reports to the Admiralty, Captain
Nares spoke of Bermuda as * a solitary peak rising abruptly
from a base only 120 miles in diameter;” and- in another
place as “an isolated peak rising abruptly from a very
small base.” These expressions show that Bermuda is
looked upon as a typical example of an “ oceanic peak ™%
and on examining the series of official reports of the
Challenger soundings, I can find no similar case, although
some coasts, both of continents and islands, descend more
abruptly. In order to show, therefore, what is the real
character of this peak, I have drawn a section of it on a

BERMUDA

PRt i S R T SR [ e e s (S
<55 MILES§—>€ 18 MILESD€E—46 MILES.—m@8—>

SECTION OF RERMUDA AND ADJACENT SEA NOTTOM.

The figures show the deplh in fathoms at ifty-five miles north and forty-six miles gouth
of the islands respectively,

true seale from the soundings taken in a north and south
direction where the descent is steepest. It will be seen
that the slope is on both sides very easy, being 1 in 16 ‘on
the south, and 1 in 19 on the north. The portion nearest
“the islands will slope more rapidly, perhaps reaching in
~places 1 in 10 ; but even this 1s not steeper than many
country roads in hilly countries, while the remainder would
be a hardly perceptible slope. Although generally very
low, some parts of these islands rise to 250 feet above the
sea-level, consisting of various kinds of limestone rock,
sometimes soft and friable, but often very hard and even
crystalline. It consists of beds which sometimes dip as
much as 30°, and which also show great contortions, so that
at firs sight the islands appear te exhibiton a small scale the
henomena of a disturhm‘ Palwozoic district. It has however
ong been known that these rocks are all due to the wind,
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which blows up the fine calcareous sand, the product of the
disintegration of coral, shells, serpul, and other organisms,
forming sand-hills forty and fifty feet high, which move
gradually along, overwhelmning the lower tracts of land be-
hind them. These are conusolidated by the percolation of
rain-water, which dissolves some of the lime from the more
porous tracts and deposits it lower down, filling every
fissure with stalagmite.

The Red Clay of Bermuda—Besides the calcarcous
rocks there is found in many parts of the islands a layer of
red earth or clay, containing about thirty per cent. of
oxide of iron. This very closely resembles, both in colour
and chemical composition, the red clay of the ocean floor,
found widely spread in the Atlantic at depths of from 2,300
to 3,150 fathoms, and occurring abundantly all round
Bermuda. It appears, therefore, at first sight, as if the”
ocean bed itself has been here raised to the surface, and a
portion of its covering of red clay preserved; and this is
the view adopted by Mr. Jones in his paper on the “ Botany
of Bermuda.” He says, after giving the analysis: “This
analysis tends to convince us that the deep chocolate-
coloured red clay of the islands found in the lower levels,
and from high-water mark some distance into the sea,
originally came from the ocean floor, and that when by
volcanic agency the Bermuda column was raised from the
depths of the sea, its summit, most probably broken in
outline, appearcd above the surface covered with this red
mud, which in the course of ages has buit slightly changed
its composition, and yet possesses sufficient evidence to
prove its identity with that now lying contiguous to the
base of the Bermuda column.” But in his Guide o
Bermuda Mr. Jones tells us that this same red earth  has
been found, two feet thick, under coral rock at a depth of
forty-two feet below low-water mark, and that it “ rested
on a bed of compact calcareous sandstone.” Now it is
quite certain that this “ calcarcous sandstone ” was never
formed at the bottom of the deep ocean 700 miles from
land; and the occurrence of the red carth at differcent
levels upon coralline sand rock is therefore more probably
due to some process of decomposition of the rock itself,
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or of the minute organisms which abound in the
blown sand.?

Zoology of Bermuda—As might be expected from their
extreme isolation, these islands possess no indigenous
terrestrial mammalia, frogs, or snakes® There is' however
one lizard, which Professor Cope considers to be distinct
from any American species, and which he has named
Plestiodon (Eumeces) longirostris. It is said to be most
nearly allied to Fumeces quinguelincatus of the south-
eastern States, from which it differs in having nearly ten
more rows of scales, the tail thicker, and the muzzle longer.
In colour it is ashy brown above, greenish blue beneath,
with a white line black-margined on the sides, and it
seems to be tolerably abundant in the islands. This lizaxd
is especially interesting as being the only vertebrate animal
which exhibits any peculiarity.

Birds—Notwithstanding its small size, low altitude and

! “The late Sir €. Wyville Thomson was of opinion that the ‘red
eart?® which largely forms the soil of Bermudn had an organic origin, as
well as the “red clay ® which the Challenger discovered in all the greater
depths of the ocean basins. He regarded the rod earth and red clay as an
nsh Ieft behind after the gradual removal of the lime by water charged with
carbonic acid. This ash he regarded as a constituent part of the shells of
Foraminifera, skeletons of Corals, and Molluses, [vide Voyage of the
Challenger, Atlantic, Vol I. p. 816]. This theory does not seem to be in
any way tenable. Analysis of carefully selected shells of Foraminifera,
Heteropods, and Pteropods, did not show the slightest trace of alumina,
and none has as yet been discovered in coral skeletons, Tt is most
probable that a large part of the clayey matter found in red clay and the
red earth of Bermudasis derived from the disintegration of pumice, which
is continually found floating on the surface of the sea, [Sea Murray, *“On
the Distribution of Voleanic Débris Over the Floor of the Ocea!l s Proe,
Roy. Soc. Edin. Yol. IX. pp. 247-261, 1876-1877.] The naturalists of the
Challenger found it among the flonting masses of gulf weed, and it is
frequently picked up on the reefs of Bermuda and other coral islands.
The red earth contains a good many fragments of magnetite, augite, felspar,
and glassy fragments, and when a large quantity of the rock of Bermuda
is dissolved away with acid, a small number of fragments are also met with,
These mineral particles most probably eame originally from the pumice
which had been cast up on the island for long ages (for it is known that
these minerals are present in pumice), although anbly some of them may
have come from the voleanio rock, which is believed to form the nuclens
of the island.” The Voyage of .M, 8. Challenger, Narrative of the Cruise,
Vol. I. 1885, pp. 141—142. ; ‘

% Four bats occur rarely, two being N. American, and two West Tndinn
* Species.  The Bermuda  Istands, bl-y- Aungelo  Heilprin, Philadelphia,
1889,
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remote position, a great number of birds visit Bermuda
annually, some in large numbers, others only as accidental
stragglers.  Altogether, over 180 species have been
recorded, rather more than half being wading and swim-
ming birds, whose presence is not so much to be wondered
at as they are great wanderers; while about eighty-five
are land birds, many of which would hardly be supposed
capable of flying so great a distance, Of the 180 species,
however, about thirty have only been seen once, and a
great many more are very rare; but about twenty species
of land birds are recorded as tolerably frequent visitors, and
nearly half these appear to come every year.

There are only eleven species which are permanent
residents on thé island—eight land, and three water birds,
and of these one has been almost certainly introduced.
These resident birds are as follows :—

. Galeoscoples carolinensis.  (The Cat bird.) Migrates along the east
woast of the United States, ,

. Sialin sialis.  (The Blue binl.) Migrates along the east coust.

Vireo novaboracensis. (The White-eyed green Tit.) Migmtes along

the east coast.

. Passer domesticus, (The English Sparrow.) ? Introduced.

. Corvus americanus. (The American Crow.) Common over all
North Ameriea.

#R o

AN

6. Cardinalis wvirginianus, (The Cardinal bird.) Migrates from
Carolina southward. A

7. Chamapelia passerina, (The ground Dove.) Lowisians, W. Indies,
and Mexico,

8. Ortye virginianus. (The. American Quail)) New England  to
Florida. A

9. Ardece 7xcr&;h‘(m. (The Great Blne Heron,) All North America,

10. Gallinuia galeata, (The Florida Gallinule.) Temperate apd

tropical North America,
11. Phicton flavivostris. (The Tropic Bird.)

It will be seen that these are all very common
North American birds, and most of them are constant
visitors from the mainland, so that however long they
may have inhabited the islands there has been no chance
for them to have acquired any distinctive characters
owing to the want of isulnt,io!n: ' _

Among the most regular visitants which are not resident,

are the common N. American kingfisher (Ceryle aleyon),
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the night-hawk (Chordeiles virginianus), the wood wagtail
(Sturus novaboracensis), the snow-bunting (Plectrophanes
nivalis), and the wide-ranging rice-bird (Dolichonyz
oryzivora), all very common and widespread in North
America.

Comparison of the Bird-faunas of Bermuda and the
Azores—The bird-fauna of Bermuda thus differs from that
of the Azores, in the muchsmaller number of residentspecies,
and the presence of several regular migrants. This is due,
first, to the small area and httle varied surface of these
islands, as well as to their limited flora and small supply
of insects not affording conditions suitable for the residence
of many species all the year round ; and, secondly, to the
peculiarity of the climate of North America, which causes
a much larger number of its birds to be migratory than in
Eunrope. The Northern United States and Canada, with
a sunny climate, luxuriant vegetation, and abundant insect-
life during the summer, supply food and shelter to an im-
mense number of insectivorous and frugivorous birds ; so
that during the breeding season Canada is actually richer
in bird-life than Florida. But as the severe winter comes
on all these are obliged to migrate southward, some to
Carolina, Georgia, and Florida, others as far as the Wesy,
Indies; Mexico, or even to Guatemala and South Ameriea,

Every spring and autumn, therefore a vast multitude of
birds, belonging to more than a hundred distinet species,
migrate northward or southward in Eastern A'merica. A
large proportion of these pass along"the Atlantic coast, and
it has been observed that many of them fly soine distance
out to sea, passing straight across bays from headland to
headland by the shortest route. XN

Now as the time of these migrations 1s the season of
storms, especially the autumnal ove, which nearly coincides
with the hurricanes of the West Indies and the northerly
gules of the coast of America, the migrating birds are very
inble to be carried out to sea. Sometimes they may, as
Mr. Jones suggests, be carried up by local whirlwinds to a
great height, where meeting with a westerly or north
westerly gale, they are rapidly driven sea-ward. The great
majority no doubt perish, but some reach the Bermudas
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and form one of its most striking autumnal features, In
October, Mr. Jones tells us, the sportsman enjoys more
shooting than at any other time. The violent revolving
gales, which occur almost weekly, bring numbers of birds
of many species from the American continent, the different
members of the duck tribe forming no inconsiderable por-
tion of the whole ; while the Canada goose, and even the
ponderous American swan, have been seen amidst the
migratory host.” With these come also such delicate birds
as the American robin (Zwrdus migratorius), the yellow-
rumped warbler (Dendraca coronata), the pine warbler
( Dendraca pinus), the wood wagtail (Siwsrus novaboracensis),
the summer red bird (Pyranga wstiva), the snow-bunting
(Plectrophanes nivalis), the red-poll (Egiothus linarius),
the king bird (Zyrannus carolinensis), and many others,
It is no doubt in consequence of this repeated immigration
that none of the Bermuda birds have acquired any special
peculiarity constituting even a distinet variety; for the
few species that are resident and breed in the islands are
continually crossed by individual immigrants of the same
species from the mainland.

Four European birds also have oceurred in Bermuda ;—
the wheatear (Sazicola ananthe), which visits Iceland and
Lapland and sometimes the northern United States; the
skylark (dlauda arvensis), but this was probably an im-
ported bird or an escape from some ship; the land-rail
(C'rex pratensis), which also wanders to Greenland and the
United States ; and the common snipe (Seolopaz gallinago),
which occurs not unfrequently in Greenland but has not
yet been noticed in North America. It is howeyer so like
the American snipe (S. wilsoni), that o straggler might
easily be overlooked.

Two small bats of N. American species also occasionally
reach the island, while two others from the West Indies
have more rarely occurred, and these are the only wild
mammalia except rats and mice.

Insects of Bermuda—Insects appear to be very scarce ;
but it is evident from the lists given by Mr. Jones, and
more recently by Professor Heilprin, that only the more
conspicuous species have been yet collected. Theése com-
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rise nineteen beetles, eleven bees and wasps, twenty-six
utterflies and moths, nine flies, and the same number of
Hemiptera, Orthoptera, and Neuroptera respectively. All
appear to be common North American or West Indian
species ; but until some competent entomological collector
visits the islands it is impossible to say whether there are
or are not any pecpliar species.!

Land Mollusca.—The land-shells of the Bermudas are
somewhat more interesting, as they appear to be the only
group of animals except reptiles in which there are any
peculiar species. The following list was kindly furnished
me by Mr. Thomas Bland of New York, who has made a
special study of the terrestrial molluses of the West Indian
Islands, from which those of the Bermudas have undoubt-
edly been derived. The nomenclature has been corrected
i accordance with the list given in Professor Heilprin's
work on the islands, The species which are peculiar to
the islands are indicated by italics,

List oF TiE LAXD-SnrLLs o BEnyMunA.

1. Succinea fulgens, (Len.) ... +-»  Also in Cuba.

A Bermudensis. (Pfeiffer.)... - Barbadoes (1)

A margnrita, (Pfr.) 5 Haiti,

o Pucilozoniles Bermudensis.(Plr.) ... A peeuliar form, which, according
to Mr. Binney, “cannot be
placed in any recognised genus.”
A larger sub-fossil variety also
occurs, named X, Nelsoni, by
Mr. Bland, and which appears
sufficiently distinct.tobec&nsscd
as another apecies,

=

5, 1w tireumfirmatas (Redfield.)

6. s discrepans. (Pir,). s

7. D Retwianus, (Pir.)... ..

8. Patula (Thysanophora) hypolepta, (Shuttleworth.)

9. ., - vortex. (Pfr) ... ... Southern Florida and West Indics,
10, Helix microdonta, (Desh.) ... Bahama Tslunds, Florida, Texas.

»» Appressa.  (Say, ... Virginia and adjacent states ; por-
h il bilps introduced into Beru’n{:(i&

! Fourtean species of Spiders were collected by Prof. A. Heilprin, all

faerican or cosmopalitian species except one, Lyeosa atlantica, which Dr.
Mm-_x of Washington describes as new agd as peculiar to the islands.
(Hellprin's The Hermudis, p- 93.) ¢
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12. Helix pulcheila, (ML) ... ... Burope; very close to F. mimuo

(Say) of the United States
Introduced into Bermuda (1)

13, ,, ventricosa. (Dmp.) ... Az;‘rm, Canary Islands, and South
Surope.

14. Bulimulus nitidulus. (Pfr.) ... Cuba, Haiti, &e,

15. Stenogyra octona. (Ch.) ... ... West Indies and Sonth America.

16. Stenogyra decollata (Linn.) ... A  Sonth European species,
Introduced.

17. Ceecilianella acicnla.  (Mill) ... Florida, New Jersey, and Europe.

18. Pupa pellncida.  (Plr.) ... -.. West Indies, and Yucatan,

G RS ﬁurbmlcnsis. (Pfr.) ... ... Barbadoes (1)

20, .. Jamaicensis. (C B. Ad.) ... Jamaica,

21. Helicina convexa. (PIr.) ... Barbuda.},

Mr. Bland indicates only four species as certainly peculiar
to Bermuda, and another sub-fossil species; while one or
two of the remainder are indicated as doubtfully identical
with those of other countries, We have thus about one-
fifth of the land-shells peculiar, while almost all the
other productions of the islands are identical with those of
the adjacent continent and islands. This corresponds,
however, with what occurs generally in islands at some
distance from continents. In the Azores only one land-
bird is peculiar out of eighteen resident sli,ecics; the
beetles show about one-eighth of the probably mon-
introduced species as peculiar; the plants about one-
twentieth ; while the land-shells have about half the
species peculiar. This difference is well explained by
the much greater difficulty of transmission over wide
soas, in the case of land-shells, than of any other ter-
restrial organisms. It thus happens that when a species
has once been conveyed it may remain isolated for un-
known ages, and has time to become n.xodlhed by local
conditions unchecked by the introduction of other in-
dividuals of the original type.

Flora of Bermuda.—Unfortunately no good account of
the plants of these islands has yet been published. Mr.

! Mr. Theo. D, A. Cockerell informs me that there are two slugs in
Bermuda of which specimens exist in the Dritish Mnsenm,—-dmr_:ha g‘ngam
Drap. ecommon in Europe, and Agriolimar campastris of the United States,
Both may therefore have been introduced by human agency. Also
Vaginulis Morclete var. schivelyoe which seems to be a vaviety of a Mexican
gpecies ; perhaps imported.
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Jones, in his paper “On the Vegetation of the Bermudas”
gives a list of no less than 480 species of flowering plants ;
but this number includes all the culinary plants, fruit-trees,
and garden flowers, as well as all the ornamental trees and
shrabs from various parts of the world which have been
introduced, mixed up with the European and American
weeds that have come with agricultural or garden seeds,
and the really indigenous plants, in one undistinguished
series. It appears too, that the late Governor, Major-
General Lefroy, “ has sown and distributed throughout the
islands packets of seeds from Kew, representing no less
than 600 species, principally of trees and shrubs suited to
sandy coast soils”—so that it will be more than ever
difficult in future years to distinguish the indigenous from
the introduced vegetation.

From thewesearches of Dr. Rein and Mr. Moseley there
appear to be about 250 flowering plants in a wild state,
and of these Mr. Moseley thinks less than half are indige-
nous. The majority are tropical and West Indian, while
others are common to the Southern States of North
America ; the former class having been largely brought
by means of the Gulf Stream, the latter by the agency
of birds or by winds. Mr. Jones tells us that the
currents bring numberless objects animate and inanimate
from the Carribean Sea, includifig the seeds of trees,
shrubs, and other plants, which are continually cast
ashore and sometimes vegetate. The soap-berry tree
(Sapindus saponaria) has been actually observed to
originate in this way.

Professor Oliver mforms me that he knows of no un-
doubtedly distinet specics of flowering plants peculiar to
Bermuda, though there are some local forms of continental
Species—instancing Sisyrinchivm Bermudianum and Rhus

towicodendron. There are, however, two ferns—an Adiantum

and a Nephrodium, which are unknown from any other
locality, and this renders it probable t}mt some of the
ﬂowermg plants are also peculiar. The juniper, which is
S0 conspicuous a feature of the islands, is said to be a

est Indian species (Juniperus barbadensis) found in
Jamaica and the Bahamas, not the North American red

-
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cedar; but there seems to be still some doubt about this
common plant,

Mr. Moseley, who visited Bermuda in the Challenger,
has well explained the probable origin of the vegetation.
The large number of West Indian plants is no doubt due
to the Gulf Stream and constant surface drift of warm
water in this direction, while others have been brought by
the annual cyclones which sweep over the intervening
ocean. The great number of American migratory birds,
including large flocks of the American golden plover, with
ducks and other aquatic species, no doubt occasionally
bring seeds, either in the mud attached to their feet or in
their stomachs! As these causes are either constantly in
action or recur annually, it is not surprising that almost
all the species should be unchanged owing to the frequent
intercrossing of freshly-arrived specimens. If a competent
botanist were thoroughly to explore Bermuda, eliminate
the species introduced by human agency, and investigate
the source from whence the others were derived and the
mode by which they had reached so remote an island, we
should obtain impartant information as to the dispersal of
plants, which might afford us a clue to the solution of
many difficult problems in their geographical distribution.

Cencluding Remarks—The two groups of islands we
have now been considering furnish us with some most in-
structive factsas to the power of many groups of organisms
to pass over from 700 to 900 miles of open sea. There is no
doubt whatever that all the indigenous species haye thus
reached these islands, and in many cases the process may
be seen going on from year to year. We find that, as re-
gards birds, migratory habits and the liability to be caught
by violent storms are the conditions which ‘determine the
island-population.  In both islands the land-birds are al-
most exclusively migrants ; and in both, the non-migratory
groups—wrens, tits, creepers, and nuthatches—are absent ;
while the number of annual visitors is greater in propor-
tion as the migratory habits and prevalence of storms
afford more efficient means for their introduction.

o Npk:s on the Vegetation of Bermuda,” by H, N, Moscloy. (Jorerneed
of the Linnean Socicty, Vol, X1V., Botany, p. S17.) i

T
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We find also, that these great distances do not prevent
the immigration of some insects of ‘most of the orders, and
especially of a considerable number and variety of beetles ;
while even land-shells are fairly represented in both islands,

' the large proportion of peculiar species clearly indicating

that, as we might expeect, individuals of this group of
organisms arrive only at long and irregular intervals,

Plants are represented by a considerable variety of orders
and genera, most of which show some special adaptation
for dispersal by wind or water, or through the medium of
birds; and there is no reason to doubt that besides the
species that have actually established themselves, many
others must have reached the islands, but were either not
suited to the climate and other physical conditions, or did
not find the insects necessary to their fertilisation, and
were therefore unable to maintain themselves,

If now we consider the extreme remoteness and isolation
of these islands, their small area and comparatively recent
origin, and that, notwithstanding all these disadvantages,
they have acquired a very considerable and varied flora
and fauna, we shall, T think, be convinced, that with a
larger area and greater antiquity, mere separation from a
continent by many hundred miles of sea would not prevent
a country from acquiring a very luxuriant and varied flora,
and a fauna also rich and peculiar as regards all classes
except terrestrial mammals, amphibia, and some groups of
reptiles. This conclusion will be of great importance in
those cases where the evidence as to the exact origin of
the fauna and flora of an island is less clear and satisfactory
than in the case of the Azores and Bermuda.

— i
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CHAPTER XIIT
THE GALAPAGOS ISLANDS

Position and Physical Fentures—Absence of Indigenons Mammalia and
Amphibia—Reptiles—Birds—Insects and Land-Shells—The Keeling
Islands as IHustrating the Manner in which Oceanic Islandsare Peopled
—Flora of the Galapagos—Origin of the Flora of the Galapagos—Con-
cluding Remarks, R

THE Galapagos differ in many important respects from the
islands we have examined in our last chapter, and the
differences are such as to have affected the whole character
of their animal inhabitants. Like the Azores, they are
voleanie, but they are much more extensive, the islands
being both larger and more numerous; while volcanic
action has been so recent that a large portion of their
surface consists of barren lava-fields: Tﬁey are considerably
less distant from a continent than either the Azores or
Bermuda, being about 600 miles from the west eoast of
South America and a little more than 700 from Veragua,
with the small Cocos Islands intervening; and they are
situated on the equator instead of being in the north tem-
perate zone. They stand upon a deeply submerged bank,
the 1,000 fathom line encircling all the more important
islands at a few miles distance, whence there appears to be
a comparatively steep descent all round to the average
deptll of that purtion of the Pacific, between 2,000 and
3,000 fathoms,

vr ‘)
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The whole group occupies a space of about 300 by 200
miles. It consists of five large and twelve small islands ;
the largest (Albemarle Island) being about eighty miles

GoNCos ¢

CALAFACDS
00

MAP OF THE GALAPAGOS AND ADJACENT COASTS OF SOUTII AMERICA.

The Jight tint shows where the sea is Jess than 1,000 fithoms deep.,
The figures show the depth in fathoms.

long and of very irregular shape, while the four next in
mportance—Chatham, Indefatigable, James, and Nar-
borough Islands, are each about twenty-five or thirty miles
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long, and of a rounded or elongate form. The whole are
' entirely volcanic, and in theé western islands there are
numerous active voleanoes. «Unlike the other groups of
islands we have been considering, these are situated in a

MAP OF THE GALAPAGOR,

'The Jight tint shiows a doptd of legs than 1,000 fathoms,
: The figures show the depti in fathoms,

comparatively calm sea, where storms arve of rare occur-
rence and even strong winds almost unknown. They are %
traversed by ocean currents which are strong and constant,
flowing towards the north-west from the coast of Pern ;
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and these physical conditions have had a powerful
influence on the animal and vegetable forms by which the
islands are now inhabited.* The Galapagos have also,
during three centuries, been frequently visited by
Europeans, and were long a favourite resort of buccaneers
and traders, who found an ample supply of food in the
large tortoises which abound there; and to these visits we
may perhaps trace the introduction of some animals whose
presence it is otherwise difficult to account for. The
vegetation is generally scanty, but still amply sufficient for
the support of a considerable amount of animal life, as
shown by thes cattle, horses, asses, goats, pigs, dogs, and
cats, which now run wild in some of the islands.

Absence of Indigenous Manmalic and Amphidic—As in
all other oceanice islands, we find here no truly indigenous
mammalia, for though there is a mouse of the American
genus Hesperomys, which differs somewhat from any known
species, we can hardly consider this to be indigenous; first,
because these creatures have been little studied in South
America, and there may yet be many undescribed species,
and in the second place because even had it been intro-
duced by some European or native vessel, there is ample
time in two or three hundred years for the very different
conditions to have established a marked diversity in the
characters of the ’species. This is the more probable
because there is also a true rat of the Old World genus
Mus, which is said to differ slightly from any known
species ; and as this genus is not a native of the American

" continents we are sure that it must have been recentl
introduced into the Galapagos. There can be little doubt
therefore that the islands are completely destitute of truly
indigenous mammalia; and frogs and toads, the only
tropical representatives of the Amphibia, are equally
unknown. ! :

Reptiles—Reptiles, however, which at ﬁrs}z sight appear
as unsuited as mammals to pass over a wide expanse of

yocean, abound in the Galapagos, though the species are not
very numerous. They consist of land-tortoises, lizards and
snakes. The tortoises consist of two peculiar species,
Testudo microphyes, found in most of the islands, and 7.

Lo TR
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abingdonii recently discovered on Abingdon Island, as well
as one extinet species, 7\ ephippium, found on Indefatigable

Island. These ave all of very large size, like the gigantic’
tortoises of the Mascarene Islands, from which, however,

they differ in structural characters; and Dr. Giinther
believes that they have been originally derived from the
American continent.! Considering the well krown tenacity
of life of these animals, and the large number of allied
forms which have aguatic or sub-aquatic habits, it*is not
a very extravagant supposition that some ancestral form,
carried out to sea by a flood, was once or twice safely
drifted as far as the Galapagos, and- thus originated the
races which now inhabit them.

The lizards are five in number ; a peculiar species of
gecko, Phyllodactylus galapagensis, and four species of
the American family Iguanide, Two of these are distinct
species of the genus Tropidurus, the other two being large,
and so very distinet as to be classed in peculiar genera.
One of these is aquatic and found in all the islands, swim-
ming in the sea at some distance from' the shore and
feeding on seaweed ; the other is terrestrial, and is confined
to the four central islands. These last: were originally
described as Amblyrhynchus eristatus by Mr. Bell, and
A. subcristatus by Gray; they were afterwards placed in
two other genera Trachycephalus and Oreocephalus (see
Brit. Mus. Catalogue of Lizardg), while .in a x_‘eccnt paper
by Dr. Steindachner, the marine species is again classed as
Amblyrhynchus, while the terrestrial form 1s placed in
another genus Conolopbus, both genera being peculiar to
the Galapagos.

How these lizards reached the islands we cannot tell.
The fact that they all belong to American genera or
families indicates their derivation from that continent,
while their being all distinct species is a proof that 't!neu'
arrival took place at a remote cpnch,‘ under coudl_tmus
perhaps somewhat ditferent from any which now prevail, Tt
is certain that animals of this order have some means of

crossing the sea not possessed by any other land vertebrates, *

1 @Gigantic Lond Torloises Living and Ertinet in the Collection of the
Dritish Mussum. By A, C. L. G. Giinther, FLR.S. 1877.
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) since they are found in a considerable number of islands

which possess no mammals nor any other land reptiles ;
but what those means are has not yet been positively
+asceftained.

It is unusual for oceanie islands to possess snakes, and it is
therefore somewhat of an anomaly that two species are
found in the Galapagos. Both are closely allied to Soutl
American forms, and one is hardly different from a Chilian
snake, so that they indicate a more recent origin than in
the case of the lizards. Snakes it is known can survive a
long time at sea, since a living boa-constrictor ouce
reached the island of St. Vincent from the coast of South
Ameriea, a distance of two hundred miles by the shortest
route. Snakes often frequent trees, and might thas be
conveyed long distances if carried out to sca on a tree
uprooted by a flood such as often oceurs in tropical climates
and especially during earthquakes. To some such accident
we may perhaps attribute the presence of these creatures
in the Galapagos, and that it isa very rare one is indicated
by the fact that enly two species have as yet succeeded in
ubtaining a footing there.

Birds—We now come to the birds, whose presence here
may not seem so remarkable, but which yet present,
features of interest not exceeded by any other group.
About seventy species of birds have now been obtained on
these islands, and of these forty-one are peculiar to them,
But all the species found clsewhere, except one, belong to
the aquatic tribes or the waders which are pre-eminently
wanderers, vet even of these eight are peculiar. The true
land-birds are forty-two in number, and all but one are
entirely confined to the Galapagos; while three-fourths
of them present such peculiarities that !hcy are classed in
distinet genera. All are allied to birds inhabiting tropical
America, some very closely; while one—the common
American rice-bird which ranges over the whole northern
and part of the southern continents—is the only land-bird
identical with those of the mainland. The following is a
list of these land-birds taken from. Mr. Salvin’s memoir in
the Transactions of the Zoological Society for the year 1876,
to which are added nine species collected in 1888 and
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described by Mr. Ridgway in the I’roccalmgs of the
U.S. National Museum (\II p. 101) and some additional
species obtained in 1889,

8. Certhidea olivacea

9. i/ fnsca
10, 2 cinerascens
11. Geospiza magnirostris ...
12. ¥ strenna -
13, A dubia... A
14, 0 fortis ... i
15, 3 nebulosa s
1y fuliginosa ... .
17. L parvula ;
18, < dentirostris G vis
B conirostris (Ridg.) --.
20. 34 medin (Ridg.) - .-
21. difficilis (Slmrpc)
22, Cnctomn scandens ...
23, ¥ assimilis
21, . nbmgdom
25, 5 Eall
26500 6 revirostris (Rld )
27. =’ hypoleuea (Ridg. S(
28, Camarhynchus psittaculus
29. 3 crassirostris
30, s variegatus
31 . msthe;nclns
32, . abeli
33 1 tow: n;,emh ( ludg Yis
34, " pauper (Ridg.)

O 00 -
Pt

Tuepmz.
2 ]- This and the two allied species

Nesomimus trifascintus ...
melanotus
parvulus - 3
maecdonaldi (lhdrv )
personatus (lhllg )

.

are related to o Peravign bird

% ’ Mimung longicaudus.

MNIOTILTIDE.

Dendraeen anreola

Closely allied to the wide-rang-
ing D. astiva,

HirUNDINIDE.

7. Progne concolor

Allied to P. purpnrerca of North
and Sonth Ameriea:

(EREDIDE.

FRINGILUIDE,

N, ).A {‘cunliur genus allied to the

Andean genus Conirostrum.

_

.| A distinct genus, but allied tothe

Sonth American genus Guimea.

Sl genus allied to the last.
A1IA very pecnliar genus allied to

Neorhynchus of the west const
of Peru.
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ICTERID.E.
35. Dolichonyx oryzivorus ... ... .. Ranges from Canadn to Para-
guny.
Tyraxsinz,
56. Pyrocephalus nanus S0 o
87. . minmmus (Ridg,)... ... ... .. Allied to P. rubincus of Eecua-
dor.
88. Myiarchus magnivostris ... ... ... Allied toWest Indian species.

CoLvMpina.

X . D, A peculiar species of a 8§,
29, Zenaida galapagensis { American genus.
FarcoNtnE,

40. Butco galapagensis ... ... ... ... A buzzanlof peculiar coloration.

STRIGIDX,

| Hardly distinct from the wide-
0 spread A, brachyotns,
42, Strix punctatissimn e ewe e Allied to S, flainmea but quite
distinet.

41. Asio galapagensis

We have here avery gradation of difference from perfect
identity with the continental species to genera so distinct
that it is difficult to determine with what forms they are
most nearly allied ; and it is interesting to notc_t!u}t. this
diversity bears a distinct relation to the probabilities of,
and facilities for, migration to the islands. The excessively
abundant rice-bird, which breeds in Canada and swarms
over the whole United States, migrating to the West
Tndies and Sonth America, visiting the distant Bermudas
almost every year, and extending its range as far as
Paraguay, is the only species of land-bird which remains
completely unchanged in the Galapagos; and we may
therefore conclude that some stragglers of the migrating
host reach the islands sufficiently often to keep up the
purity of the breed. Next, we have the almost cosmopolite
short-cared owl (Asis brachyotus), which ranges from
China to Treland, and from Greenland to the Straits of
Magellan, and of this the Galapagos bird is probably only
one of the numerous varicties. The little wood warbler
(Dendraca aureola) is closely allied to a species which
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ranges over the whole of North America and as far south
as New Grenada, It has also been occasionally met with
in Bermuda, an indication that it has considerable powers
of flight and endurance. The more distinct specics —as the
tyrant fly-catchers (Pyrocephalus and Myiarchus), the
ground-dove (Zenaida), and the buzzard (Buteo), are all
allied to non-migratory species peculiar to tropical Ameriea,
and of a more restricted range ; while the distinct genera
are allied to South American groups of thrushes, finches,
and sugar-birds which have usnally restricted ranges, and
whose habits are such as not to render them likely to be
carried out to sea. The remote ancestral forms of these
birds which, owing to some exceptional causes, reached the
Galapagos, have thus remained uninfluenced by later
migrations, and have, in consequence, been developed into
a variety of distinct types adapted to the peculiar con-
ditions of existence under which they have been placed.
Sometimes the different species thus formed are confined
to one or two of the islands only, as the three species of
Certhidea, which are divided befween thg islands but dp
not appear ever to occeur together, AN CSOMUMALS pareulus is
confined to Albemarle Island, and N, trifaseiatus to Charles

Island; Cactornis paliide to Indefatigable Island, C.

Lrevirostris to. Chatham Island, and €. abingdone to
Abingdon Island. ‘ y A
Now all these phenomena are strictly consistent with
the theory of the peopling of the islands by accidental
migrations, if we only allow them to-have existed for a
sufficiently long period ; and the fact that voleanic action
has ceased on many of the islands, as well as th(;u' great
extent, would certainly indicate a considembh_: antiquity.
The great difference presented by the birds of these
islands as compared with those of the cqu.nlly remote
Azores and Bermudas, is sufficiently explained by the
difference of climatal conditions. At the (;nlapagos.there
are none of those periodic storms, g:.ales, and lgurnczmcs
which prevail in the North Atlantic, and which every
year carry some straggling birds of Europe or North
America to the former islands; whllq. at tvh.e same time,
the majority of the tropical American birds are non-

- i
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migratory, and thus afford none of the opportunities
presented by the countless hosts of migrants which pass
annually northward and southward along the Europeau,
and especially along the North American coasts. It is
strictly in accordance with these different conditions that
we find in one case an almost perfect identity with, and
inthe other an almost equally complete diversity from,
the continental species of birds.

Inscets and  Land-shells—The other groups of land-
animals add little of importance to the facts already
referred to. The insects are very scanty; the most
plentiful group, the beetles, only furnishing about forty
species belonging to thirty-two genera and nineteen
families. The species are almost all peculiar, as are some
of the genera. They are mostly small and obscure insects,
allied either to American or to world-wide groups. The
Carabide and the Heteromera are the most abundant
groups, the former furnishing six and the latter nine
species.®

! The following list of the heetles yet known from the Galapagos shows
their scanty proportions and accidental character; the forty speeies Le-
longing to ‘thirty-three genera amd cightoen families. Tt is taken from
Mr. Waterhonse’s enumeration in the Proceedings of the Zoolagieal Socicty
for 1877 (p. 81), with n few additions collected by the U. 8. Fish Com-

!nisssion Steamer Aibadyoss, and published by the U. S, National Musenm
in 1880, :

CAnARIDE, AMAnACODERNMS,
Feronia calathoides, Ablechms darwinii.

s»»  insularis. Corynetes rufipes.

' galapagoensis. Bostrichus unciniatus,
Amblygnathus obseuricornis. Tetrapriocerca sp.
Solcno}l‘vhoms galapngornsis, AMELLICORNES,
Notaphus galapagocnsis. Copris lugubris,

DyTiscing, Oryctes galapagoensis,
Euncetes oceidentalis, ELATERINE.
Aciling incisus, Physorhinus galapagoensis,
Copelatus galapagoensis. HETRROMEEA,

PALriconsrs, Alleenla v, s,
Tropisternns lateralis, Stomion helopoides,
Philhydrus sp, pe Jmvigatum,
STAPHYLINID.E Ammophorns obscurns.
Creophilus villosns. 1 cooksoni,
. NEcrornaca, 1 bifoveatus,
Acribis serrativentris, Pedonceces galapagoensis,

Phalacrus durwinii, - pubescens,
rmestes valpinus, halerin manicata,
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The land-shells are not abundant—about twenty in all,
most of them peculiar species, but not otherwise remark-
able. The observation of Captain Collnet, quoted by Mr.
Darwin in his Journal, that drift-wood, bamboos, canes,
and the nuts of a palm, are often washed on the south-
eastern shores of the islands, furnishes an excellent clue
to the manner in which many of the insects and land-
shells may have reached the Galapagos. Whirlwinds also
have been known to carry quantities of leaves and other
vegetable débris to great heights in the air, and these
might be then carried away by strong upper currents and
dropped at great distances, and with them small insects

“and mollusca, or their eggs. We must also remember

that voleanic islands are subject to subsidence as well as
elevation ; and it is quite possible that during the long
period the Galapagos have existed some islands may have
intervened between them and the coast, and have served
as stepping-stones by which the passage to them of
various organisms would be greatly facilitated. Sunken
banks, the relies of such islands, are known to exist in
many parts of the ocean, and countless others, no doubt,
remain undiscovered. .
The Kesling Islands as Illustrating the Manncr in which
Oceanie Islands arc Peopled—That such causes as have
been here adduced are those by which oceanie islands have
been peopled, is further shown by the condition of equally
remote islands which we know are of comparatively recent
origin. Such are the Keeling or Cocos Tslands in the
Indian Ocean, situated about the same distance from
Sumatra as the Galapagos from South America, but mere
coral reefs, supporting abundance of cocoa-nnt palms as their
chief vegetation. These islands were visited by Mr.

CURCULIONID.E, PHYTOPHAGA
Otiorhynchus cuneiformis Dinlirotica limbata,
Anchonus galapagooensis. Docema gn]u}-uguunsls.

LONGICORNTA. Longitarsus lunatus.

SECURITALI'ES,

Mallodou sp, i

Eburiz amabiilis, Scymuung gilapagoensis,
_ ANTHRIRIDZ.

Ormiscus variegatus.
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Darwin, and their natural history carefully examined.
The only mammals are rats, brought by a wrecked vessel
and soid by Mr. Waterhouse to be common English rats,
“but smaller and more brightly coloured ;” so that we
have here an illustration of how soon a difference of race
is established under a constant and uniform difference of
conditions. There are no true land-birds, but there are
snipes and  rails, both apparently common Malayan
species. Reptiles are represented by one small lizard,
but no account of this is given in the Zoology of the
Vaoyaye of the Beagls, and we may therefore conclude
that it was an introduced species, Of insects, careful
collecting only produced thirteen species belonging to
eight distinct orders. The only beetle was a small Elater,
the Orthoptera were a Gryllus and a Blatta; and there
were two flies, two ants, and two small moths, one a
Diopea which swarms everywhere in*the eastern tropics
n grassy places. All these inseets were no doubt brought
either by winds, by floating timber (which reaches the
islands abundantly), or by clinging to the feathers of
aquatic or wading birds; and we only require more time
to introduce a greater variety of species, and a better soil
and more varied vegetation, to enable them to hive and
multiply, in order to give these islands a fauna and flora
equal to that of the Bermudas. Of wild plants there
were only twenty species, belonging to nineteen genera and
to no less than sixteen natural families, while all were
common tropical shore plants! These islands are thus
évidently stocked by waifs and strays bronght by the
winds and waves; but their scanty vegetation is mainly
due to unfavourable conditions—the barren coral rock and
sand, of which they are wholly composed, together with
exposure to sea-uir, being suitable to a very limited
number of species which soon monopolise the surface.
With more variety of soil and aspect a greater variety of
plants would establish themselves, and these would favour
the preservation and increase of more insects, birds, and

M, H. 0. Forbes, who visited these islands in 1878, increased the

sumbor of wild plants to thirty-six, and these belonged to twenty-six
natural orders, '

po— »
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other animals, as we find to be the case in many small
and remote islands.!

Flora of the Galapagos—The plants of these islands are
s0o much more numerous than the known animals, even
including the insects, they have been so carefully studied
by eminent botanists, and their relations throw so much
light on the past history of the group, that no apology is
needed for giving a brief outline of the peculiarities and
affinities of the flora. The statements we shall make on
this subject will be taken from the Memoir of Sir Joseph
Hooker in the Linnwan Transactions for 1851, founded
on Mr. Darwin's collections, and a later paper by N. J.
Andersson in the Zinnaa of 1861, embodying more recent
discoveries.

1 Tuan Fernandez is o good example of a small island which, with time
and fayvourable conditions, has acquired a tolerably rich and highly peculiar
flora and fauna. It is sitnated in 34° 8. Lat., 400 miles from the coast
of Chile, and so far as facilities for the transport of living organisms are
concerned is by no means in a favournble position, for the ocean-currents
come from the south-west in a direction where there is no land but the
Antarctic continent, and the prevalent winds are also westerly. No doubt,
however, there are oceasional storms, and there may have been intermediate
jslands, but its chief advantoges are its antiquity, its varied surface, and its
favoutable soil and climate, offering many chanees for the preservation and
increase of whatever plants and animals have chanced to reach it. The
island consists of basalt, greenstone, and other ancient rocks, and though
only about tiwvelve miles long its mountains are three thousand feot high.
Enjoying & moist and temperate climate it i3 es ccinlly adapted to the
growth of forns, whicli are very abundant ; and as the spores ofﬂmse.plnnt_s
are us fine as dust, and very casily carried for enonnous dlsh\.nccs by wn}ld!‘. 1t
is not surprising that there are nefirly fifty species on the island, while the
remote period when it first received its vegetation may e indicated by the
fact that nearly half the speeies are quite [woullnr ; while of 102 species of
flowering planis seventy are peculiar, and there are ten peenliar genera.
The same gencral character pervades the fauna, For so arl)nll an_ island
it i3 rich, containing four true land-birds, about fifty species of insects,
and twenty of land-shells,  Almost all these ]nelong to South American
gﬁ!mm, and a large proportion are South American species 3 but scv.'om} of
the insects, half the binls, and the whole of the 'lau(l-slmlls are peeuliar,
This seems to indicate that the means of transmission were formerly greater
than they are now, and that in the case of land-shells none h'm‘o bc_cn_m-
troduced for so long a period that all have become modified into dlst!nct
forms, or have been preserved on the island while they have hecomo extinet
on the continent. For a detailed examination of the causes which have
led to the modifiention of the humming birds of Juan Fernandez see the
chapter on Humming Birds in the author's Natural Selection and T'ropical
Nature, p. 324 ; while a general account of the fauna of the island is given
in his Geographical Distribution of Antmals, Vol. 1L p. 49,
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The total number of flowering plants known at the latter
date was 332, of which 174 were peculiar to the islands,
while 158 were common to other countries! Of these
latter about twenty have been introduced by man, while
the remainder are all natives of some part of America,
though about a third part are species of wide range ex-
tending into both hemispheres. Of those confined to
America, forty-two are found in both the northern and
southern continents, twenty-one are confined to South
America, while twenty are found only in North America,
the West Indies, or Mexico. This equality of North
American and South American species in the Galapagos
15 a fact of great significance in connection with the
observation of Sir Joseph Hooker that the peculiar species
are.allied to the plants of temperate America or to those
of the high Andes, while the non-peculiar species are
mostly such as inhabit the hotter regions of the tropics
near the level of the sea. He also observes that the seeds
of this latter class of Galapagos plants often have special
means of transport, or belong to groups whose seeds are
known to stand long voyages and to possess great vitality.
Mr. Bentham also, in his elaborate account of the Com-
posite? remarks on the decided Central American or
Mexican affinities of the (lalapagos species, so that we may
consider this to be a thoronghly well-established fact.

The most prevalent families of plants in the‘Gulnpn_r_;ns'

are the Composite (40 sp.), Graminex (32 sp), Legumi-
nose (30 &p.), and Euphorbiaces (29 sp.). Of the Com-
posite most of the specics, except such as are common
weeds or shore plants, are peculiar, but there are only
two peculiar genera, allied to Mexiean forms and not
very distinct: while the genus Lipochacta, T(‘PT‘{SOMC(‘
]_n'ere by a single species, is only found elsewhere in the
Sandwich Islands though it has American affinitics

Origin of the Galapagos Flora. — These facts are ex-
Plained by the past history of the American continent, its

" No additions appear to have beon made to this flora down to 1885,
?c:lh“n M, Hemsloy published his Report on the Present Stale of owr Kiow -
Je of Tnsular Floras, ‘
Wrnal of the Linncan Socicty, Vol. XIIL, *“Botany,” p. 556,

B e S T —



Coat

CHAT. XL THE GALAPAGOS ISLANDS 239

separation at various epochs by arms of the sea uniting the
two oceans across what is now Central America (the last
separation being of recent date, as shown by the consider-
able number of identical species of fishes on both sides of
the isthmus), and the influence of the glacial epoch in
driving the temperate American flora southward along the
mountain plateaus.! ‘At the time. when the two oceans
were united a portion of the Gulf Stream may have been
diverted into the Pacific, giving rise to a current, some
part of which would almost certainly have reached the
Galapagos, and this may have helped to bring about that
singular assemblage of West Indian and Mexican plants
now ‘found there. And as we now believe that the dura-
tion of the last glacial epoch in its successive phases was
much longer than the time, which has elapsed since it
finally passed away, while throughout the Miocene epoch
the snow-line would often be lowered during periods of
high excentricity, we care enabled to comprehend the
nature of the causes which may have led to the islands
being stocked with those north tropical or mountain types
which are so characteristic a feature of that portion of the
Galapagos flora which consists of peculiar species.

On the whole, the flora agrees with the fauna in in-
dicating a moderately remote origin, great isolation, and
changes of conditions affording facilities for the introduc-
tion of organisms from various parts of the American
coast, and even from the West Indian Islands and Gulf of
Mexico. Asin the case of the birds, the several islands
differ considerably in their native plants, many species
being limited to one or two islands only, while others
extend to several. This is, of course, what might be ex-
pected on any theory of their origin ; because, even if the
whole of the islands had once been united and afterwards
separated, long continued isolation would often lead to the
differentiation of species, while the varied conditions to be
found upon islands differing in gize and altitude as well as
in luxuriance of vegetation, would often lead to the ex-
tinetion of a species on one island and its preservation on
another. If the several islands had been equally well

! Geographical Distritution of Animals, Vol 1L, p, 81
U
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explored, it might be interesting to see whether, as in the
case of the Azores, the number of species diminished in
those more remote from the coast; but unfortunately our
knowledge of the productions of the various islands of the
group is exceedingly unequal, and, except in those cases
in which representative species inhabit distinet islands, we
have no certainty on the subject. All the more interesting
problems in geographical distribution, however, arise from
the relation of the fauna and flora of the group as a whole to
those of the surrounding continents, and we shall therefore
for the most part confine ourselves to this aspect of the
question in our discussion of the phenomena presented by
oceanic or continental islands.

Concluding Remarks—The Galapagos offer an instructive
contrast with the Azores, showing how a difference of con-
ditions that might be thought unimportant may yet pro-
duce very striking results in the forms of life. Although
the Galapagos are much nearer a continent than the
Azores, the number of species of plants common to the
continent is much less in the former case than in the latter,
and this is still more prominent a characteristic of the
insect and the bird faunas. This difference has been
shown to depend, almost entirely, on the one archipelago
being situated in a stormy, the other in a calm portion of
the ocean; and it demonstrates the preponderating im-
portance of the atmosphere as an agent in the dispersal of
birds, insects, and plants. ~ Yet ocean-currents and surface-
drifts are undoubtedly efficient carriers of plants, and, witl

lants, of insects and shells, especially in the tropics; and
it is probably to this agency that we may impute the
recent introduction of a number of common Peruvian and
Chilian littoral species, and also of several West Indian
types at a more remote period when the Isthmus of Panama
was submerged. g

In the case of these islands we see the importance of
taking account of past conditions of sea and land and past
changes of climate, in order to explain the relations of the
peculiar or endemic species of their fauna and flora; and
we may even see an indication of the effects of climatal
changes in the northern hemisphere, in the north tem-
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perate or alpine affinities of many of the plants, and even
of some of the birds. The relation between the migratory
habits of the birds and the amount of difference from
continental types is strikingly accordant with the fact that
it is almost exclusively migratory birds that annually reach
the Azores and Bermuda; while the corresponding fact
that the seeds of those plants, which are common to the
Galapagos and the adjacent continent, have all—as Sir
Joseph Hooker states—some special means of dispersal, is

equally intelligible. The reason why the Galapagos pos- -

sess four times as many peculiar species of plants as the
Azores is clearly a result of the less constant introduction
of seeds, owing to the absence of storms ; the greater
antiquity of the group, allowing more time for specific
change ; and the influence of cold epochs and J¥ alterations
of sea and land, in bringing somewhat different sets of
plants at different times within the influence of such
modified winds and currents as might convey them to the
islands. N

On the whole, then, we have no difficulty in explaining
the probable origin of the flora and fauna of the Galapagos,
by means of the illustrative facts and general principles
already adduced.




CHAPTER XIV

) ST. HELENA

Position and Physical Teatures of St. Helena—Change Effected hy
European Occupation—The Insects of St. Helena—Coleoptera—Pecu-
liarities and Origin of the Coleoptera of St. Helenn—Land-shells of St.
Helena—Absence of Fresh-water Organisms—Native Vegetation of St,
Helena—The Relations of the St. Helena Composite—Concluding
Remarks on St. Helena, 5 }

Ix order to illustrate as completely as possible the peculiar
phenomena of oceanic islands, we will next examine the
organic productions of St. Helena and of the Sandwich
Isiands, since these combine in a higher degree than any
other spots upon the globe, extreme isolation from all
more extensive lands, with a tolerably rich fauna and flora
whose peculiarities.are of surpassing interest. Both, too,
have received considerable attention from naturalists; and
though much still remains to be done in the latter group,
our knowledge is sufficient to enable us to arrive at many
interesting results. )

Position and Physical Features of St. delena—This
island is situated nearly in the middle of the South
Atlantic Ocean, being more than 1,100 miles from the
coast of Africa, and 1.800 from South America, It is
about ten miles long by eight wide, and is wholly volcanic,
consisting of ancient basalts, lavas, and other voleanic
products, It is very mountainous and rugged, bounded for
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the most part by enormous precipices, and rising to a
height of 2700 feet above the sea-level. An ancient
crater, about four miles across, is open on the sonth side,
and its northern rim forms the highest and central ridge of
the island. Many other hills and peaks, however, are more
than two thousand feet high, and a considerable portion of
the surface consists of a rugged platean, having an
elevation of about fifteen hundred to two thousand feet.
Everything indicates that St. Helena is an isolated volcanic
mass built up from the depths of the ocean. Mr.
Wollaston remarks: “ There are the strongest reasons for
believing that the area of St. Helena was never very much
larger than it is at present—the comparatively shallow
sea-soundings within about a mile and a half from the
shore revealing an abruptly defined ledge, Jeyond which no
bottom is reached at a depth of 250 fathoms; so that the
original basaltic mass, which was gradually piled up by
means of successive eruptions from beneath the ocean,
would appear to have its limit definitely marked out by
this suddenly-terminating submarine cliff—the space
between it and the existing coast-line beinli,r reasonably
referred to that slow process of disintegration by which the
island has been reduced, through the eroding action of the
elements, to its present dimensions.” If we add to this
that between the island and the coast of Africa, in a
south-easterly direction, is a profound oceanie gulf known
to reach a depth of 2,860 fathoms, or 17,160 feet, while an
equally deep, or perhaps deeper, ocean, extends to the west
and south-west, we shall be satisfied that St. Helena is a
true oceanic island, and that it owes none of its
peculiarities to a former union with any continent or other
distant Jand.

Change Effected by European Occupaticn—When first
discovered, in the year 1501, St. Helena was densely
covered with a luxuriant forest vegetation, the trees over-
hanging the seaward precipices dnd covering every part of
the surface with an evergreen mantle. This indigenous
vegetation has been glmost wholly destroyed ; and although
animmense number of foreign plants have been introduced,
and have more or less completely established themselves,
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yet the general aspect of the island is now so barren and
forbidding that some persons find it difficult to believe that
it was once all green and fertile. The cause of the change
18, however, very easily explained. The rich soil formed
by decomposed volcanic rock and vegetable deposits could
only be retained on the steep slopes so long as it was
protected by the vegetation to which it in great part owed
its origin.  When this was destroyed, the heavy tropical
rains soon washed away the soil, and has left a vast
expanse of bare rock or sterile clay. This irreparable
destruction was caused in the first place by goats, which
were introduced by the Portuguese in 1513, and increased
so rapidly that in 1588, they existed in thousands. These
animals are the greatest of all foes to trees, because they
eat off the young seedlings, and thus prevent the natural
restoration of the forest, They were, however, aided b

the reckless waste of man. The East India Company took
possession of the island in 1651, and about the year 1700
it began to be seen that the forests were fast diminishing,
and required some protection. Two of the native trees,
rcdwdo(\ and ebony, were good for tanning, and to save

. trouble the bark was wastefully stripped from the trunks

only, the remainder being left to rot ; while in 1709 a large
quantity of the rapidly disappearing ebony was used to
burn lime for building fortifications ! By the MSS. records
quoted in Mr. Melliss’ interesting volume on St. Helena,! it
is evident that the evil consequences of allowing the trees
to be destroyed were clearly foreseen, as the following
passages show : “ We find the place called the Great Wood
in a flourishing condition, full of young trees, where the
hoggs (of which there is a great ub\mdzrmce; do not come
to root them up. But the Great W ood is miserably
lessened and destroyed within our memories, ‘:md Is not
near the circuit and length it was. But we believe it does
not contain now less than fifteen hundred acres of fine
woodland and good ground, but no springs of water but
what is salt or brackish, which we take to be the reason

that that part was not inhabited when the people first

VSt Helina: « Physical, Historical, and Topographical Deseription of
the Ieland, &e. By Joln Charles Melliss, F.G.8,, &e. London : 1875,
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chose out their settlements and made plantations; but if
wells could be sunk, which the governor says he will
attempt when we have more hands, we should then think
it the most pleasant and healthiest part of the island.
But as to healthiness, we don’t think it will hold so if the
wood that keeps the land warm were destroyed, for then
the rains, which are violent here, would carry away the
upper soil, and it being a clay marl underneath would
produce but little; as it is, we think in case it were
enclosed it might be greatly improved” . . .. * When
once this wood is gone the island will soon be ruined ” . . . .
“ We viewed the wood’s end which joins the Honourable
Company’s plantation called the Hutts, but the wood is so
destroyetl that the beginning of the Great Wood is now a
whole mile beyond that place, and all the soil between being
washed away, that distance is now entirely barren.” (MSS.
records, 1716.) In 1709 the governor reported to the
Court of Directors of the East India Company that the
timber was rapidly disappearing, and that the goats should
be destroyed for the preservation of the ebony wood, and
becanse the island was suffering from droughts. The reply
was, “ The goats are not to be destroyed, being more
valuable than ebony.” Thus, through the gross ignorance
of those in. power, the last opportunity of preserving the
eculiar vegetation of St. Helena, and preventing the
1sland from becoming the comparatively rocky desert it
now is, was allowed to pass away.! Even in a mere

! Mr. Marsh in his interesting work cntitled L%e Earth as Modificd by
Human Action (p. 51), thus remarks on the effect of browsing quadrupeds
in destroying and checking woody vegetation.—“I am convineed that
forests would soon cover many parts of the Arabian and African deserts
if man and domestic animals, especially the goat and the camel, were
banished from them, The hard palate and tongue, and strong teeth nnd
Jjaws of this Iatter quadrnped enable him to bresk off and masticate tough
and thorny branches as large as the finger.  He is particularly fond of the
smaller twigs, leaves, and seed-pods of the Sont and other acacias, which,
fike the American robinia, thrive well on dry and sandy soils, and he
spares no tree the branches of which are within his reach, except, if 1
romember right, the tamarisk that produces manna.  Young trees sprout
plentifully around the springs and along the winter water-courses of the
desert, and these are just the halting stations of the caravans and their
rontes of travel. In the shade of these trees nnnual grasses and perennial
shruts shoot up, but are mown down by the hungry eattle of the Bedonin

=
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pecuniary point of view the error was a fatal one, for in the
next century (in 1810) another governor reports the total
destruction of the great forests by the goats, and that in
consequence the cost of importing fuel for government use
was 2720/ Ts,8d. for a single year! About this time
large numbers of European, American, Australian, and
South African plants were imported, and many of these ran
wild and increased so rapidly as to drive out and
exterminate much of the relics of the native flora; so that
now English broom gorse and brambles, willows and
poplars, and some common American, Cape, and Australian
weeds, alone meet the eye of the ordinary visitor. These,
in Sir Joseph Hooker's opinion, render it absolutely
impossible to restore the native flora, which only lingers in
a few of the loftiest ridges and most inaccessible precipices,
and is rarely seen except by some e.\'{Jloring naturalist,
This almost total extirpation of a luxuriant and highly
cculiar vegetation must inevitably have caused the
Hestruction of a considerable portion of the lower animals
which once existed on the island, and it is rather singular
that so much as has actually been discovered should be
left to show us the nature of the aboriginal fauna. Many
naturalists have made small collections during short visits,
but we owe our present complete knowledge of the two
most interesting groups of animals, the insects, and the
land-shells, mainly to the late Mr. T. Vernon Wollaston,
who, after having thoroughly explored Mndclra and the
Canaries, undertook a voyage to St. Helena for t_.he express
purpose of studying its terrestmal fauna, gu}d resided for six
months (1875-76) in a high central position, wlgence the
loftiest peaks could be explored. The resu}ts of his labours
are contained in two volumes,! which, like all t_hag he
wrote, are models of accuracy and research, :u_xd it is to
these volumes that we are indebted for the interesting
and suggestive facts which we here lay before our readers,

as fast as they grow, A few years of undisturbed vegetation would suffice
to cover such points with groves, and these would gm«]m\lly extend tl'mm.
selves over soils where now scarcely any green thing but the bitter
colocynth and the poisonous foxglove is ever seen.” f A

1 Coleoptera Sanctee Helenw, 1877 ; Testacen Atlantica, 1878.
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Inseets — Coleoptera—The total number of species of
beetles hitherto observed at St. Helena is 203, but of these
no less than seventy-four are common and wide-spread

insects, which have certainly, in Mr. Wollaston's opinion, -

been introduced by human agency. There remain 129
which are believed to be truly aborigines, and of these all
but one are found nowhere else on the globe. But in
addition to this large amount of specifie peculiarity (perhaps
unequalled anywhere else in the world) the beetles of this
island are equally remarkable for their generic isolation,
and for the altogether exceptional proportion in which the
great divisions of the order are represented. The species
f)elong to thirty-nine genera, of which no less than twenty-
five are peculiar to the island; and many of these are
such isolated forms that it is impossible to find theirallies
in any particular country. Still- more remarkable is the
fact, that more than two-thirds of the whole number of
indigenous species are Rhyncophora or weevils, while more
than two-fifths (fifty-four species) belong to one family, the
Cossonide.  Now although the Rhyncophora are an
immensely numerous group and always form a large por-
tion of the insect population, they nowhere else approach
such a proportion as this. For example, in Madeira they
form one-sixth of the whole of the indigenous Coleoptera,
in the Azores less than one-tenth, and in Britain one-
seventh. ITven more interesting is the fact that the twenty
genera to which these insects belong are every one of
them peculiar to the island, and in many cases have no
near allies elsewhere, so that we cannot but look on this
aroup of beetles as forming the most characteristic portion
of the ancient insect fauna. Now, as the great majority
of these are wood borers, and all are clgsely attached to
vegetation and often to particular species of plants, we
might, as Mr. Wollaston well observes, deduce the former
luxuriant vegetation of the island from tl}q great pre-
ponderance of this group, even had we not positive evidence
that it was at no distant epoch densely forest-clad. We
will now proceed briefly to indicate the numbers and
peculiarities of cach of the families of beetles which
enter into the St. Helena fanna, taking them, not in
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systematic order, but according to their importance in the
island.

1. RuyNcoPHORA.—This great division includes the
weevils and allied’groups, and, as above stated, exceeds in
number of species all the other beetles of the island. Four
families are represented; the Cossonide, with fifteen
peculiar genera comprising fifty-four species, and one
minute insect (Sfemoscelis hylastoides) forming a peculiar
genus, but which has been found also at the Cape of Good
Hope. It is therefore impossible to say of which country
it is really a native, or whether it is indigenous to both,
and dates back to the remote period when St. Helena
received its carly emigrants. All the Cossonide are found
in the highest and wildest parts of the island where the
native vegetation still lingers, and many of them are only
found in the decaying stems of tree-ferns, box-wood,
arborescent Composite, and other indigenous plants.
They are all pre-eminently peculiar and isolated, having
no direct affinity to species found in any other country.
The next family, the Tanyrhynchide, has one peculiar
genus in St. Helena, with ten species. This genus(Nesiotes)

 is remotely allied to European, Australian, and Madeiran
insects of the same family : the habits of the species are
gimilar to those of the Cossonide. The T‘mchyphlasid:c are
represented by a single species belonging to a ‘peculmr
enus not very remote from a European form. The An-
thribide again are highly peculiar. There are twenty-six
species belonging to three genera, all endemic, and so
extremely peculiar that they form two new subfamilies,
One of the genera, Acarodes, is gaid to be allied to a
Madeiran genus. ¢

2. (JEODEPHAGA.—These are the terrestrial carmivorous
beetles, very abundant in all parts of the world, especially
in the temperate regions of the northern hem_lspherc. In
St. Helena there are fourteen speeies belonging to three
genera, one of which is peculiar. This is the Haplothoraa
burchellit, the largest beetle on thc‘ island, and now very
rare. It resembles a large black Carabus. There is also
a peculiar Calosoma, very distinet, t.hongh resembling in
some respects certain African species. The rest of the
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Geodephaga, twelve in number, belong to the wide-spread
genus Bembidium, but they are altogether peculiar and
1solated, except one, which is of European type, and " alone
has wiugs, all the rest being wingless, °

3. HETEROMERA.—This group is represented by three

eculiar genera containing four species, with two species

elonging to European genera. They belong to the families
Opatride, Mordellide, and Anthicide.

4. BRACHYELYTRA.—Of this group there are six peenliar
species belonging to four European génera—Homalota,
Philonthus, Xantholinus, and Oxytelus.

5. PRIoCERATA.—The families Elateride and Anobiide
are each represented by a peculiar species of a European
genus.

6. Payroruaca.—There are only three species of this
tribe, belonging to the Eurcpean genus Longitarsus.

7. LamEeLLicorNIs—Here are three species belonging
to two genera. One is-a peculiar species of Trox, allied to
South African forms; the other two belong to the peculiar
genus Melissius, which Mr. Wollaston considers to be

. remotely allied to Australian insects.

8. Pseupno-TriIMERA.—Here we have the fine lady-bird
Chilomenus lunate, also found in Africa, but apparently
indigenous in St. Helena; and a peculiar species of
Euxestes, a genus only found elsewhere in Madeira.

9. TricHOPTERYGID.E.—These, the minutest of beetles,

.are represented by one species of the European and
Madeiran genus Ptinella.

10. NECROPHAGA.—One indigenous species of Crypto-

phaga inhabits St. Helena, and this is said to be very
-~ closely allied to a Cape species.

Peeuliarities and Orvigin of the Colecptera of St. Helena,—
We see that the great mass of the indigenous species are
not only peculiar to the island, but so isolated in their
characters as to show no close affinity with any existing
ingects; while a small number (about one-third of the
whole) have some relations, though often very remote,
with species now inhabiting Europe, Madeira, or South
Africa.  These facts clearly point to the very great anti-
quity of the insect fauna of St. Helena, which has allowed

o
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time for the modification of the originally introduced

species, and their special adaptation to the conditions pre-
vailing in this remote island. . This antiquity is also shown
by the remarkable specific modification of a few types.
_Thus the whole of the Cossonida may be referred to three
types, one species only (Hexacoptus ferrugineus) being allied
to the European Cossonide though forming a distinet
oenus ; a group of three genera and seven species remotely
allied to the Stenoscelis hylastoides, which occurs also at the
*Cape; while a group of twelve genera with forty-six species
have their only (remote) allies in a few insects widely
seattered in South Africa, New Zealand, Europe, and the
. Atlantic Islands. In like manner, eleven species of Bem-
bidium form a group by themselves ; and the Heteromera
form two groups, one consisting of three genera and species
of Opat.riﬁaa allied to a type found in Madeira, the other,
Anthicodes, altogether peculiar.

Now each of these types may well be descended from a
single species which originally reached the island from some
other land ; and the great variety of generic and specific
forms into which some of them have diverged is an indica-
tion, and to some extentameasure, of the remoteness of their
origin. The rich insect fauna of Miocene age found in
Stvitzerland consists mostly of genera which still inhabit
Europe, with others which now inhabit the Cape of Good

Hopeé or the tropics of Africa and South America; and it -

is not at all improbable that the origin of the St. Helena
fauna dates back to at least as remote, and not improbably
to a still earlier, epoch. But if so, many difficulties in
accounting for its origin will disappear.. We know that
at that time many of the animals and plants of the tropics,
of North America, and even of Australia, inhabited
Europe ; while during the changes of climate, which, as
we have seen, there iz good reason to believe periodically

» occurrad, there would be much migration from the tem-

perate zones towards the equator, and the reverse. If,
therefore, the nearest ally of any insular group now in-
habits a particular country, we are not obliged to suppose
that it reached the island from that country, since we
kuow that most groups have ranged in past times over
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wider areas than they now inhabit. Neither are we
limited to the means of transmission across the ocean that
now exist, because we know that those means have varied
greatly. During such extreme changes of conditions as
are implied by glacial periods and by warm polar climates,
great alterations of winds and of ocean-currents are
mevitable, and these are, as we have already proved, the
two great agencies by which the transmission of living
things to oceanic islands has been brought about. At the
present time the south-east trade-winds blow almost con-
stantly at St. Helena, and the ocean-currents flow in the
same direction, so that any transmission of insects by
their means must almost certainly be from South Africa,
Now there is undoubtedly a South African element in the
insect-fauna, but there is no less clearly a European, or at
least a north-temperate element, and this is very difficult
to account for by causes now in action. But when we con-
sider that this northern element is chiefly represented by
remote generic affinity, and has therefore all the signs of
great antiquity, we find a possible means of accounting
for it. We have seen that during early Tertiary times an
almost tropical climate extended far into the northern
hemisphere, and a temperate climate to the Arctic regions.
But if at this time (as is not improbable) the Antarctic
regions were as much ice-clad as they are now it is certain
that an enormous change must have been produced in the
winds. Instead of a great difference of temperature be-
tween each pole and the equator, the difference would be
mainly between one hemisphere and the other, and this
might so disturb the trade winds as to bring St. Helena
within the south temperate region of storms—a position
corresponding to that of the Azores and Madeira in the
North Atlantic, and thus subject it to violent gales from
all points of the compass. At this remote epoch the
mountains of equatorial Africa may have been more
extensive than they are now, and may have served as
intermediate stations by which some northern insects may
have migrated to the southern hemisphere.

We must remember also that these peculiar forms are
said to be northern only because their nearest allies are

-
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now found in the North Atlantic islands and Southern
Europe ; but it is not at all improbable that they are really
widespread Miocene types, which have been preserved
mainly in favourable insular stations. They may there-
fore have originally reached St. Helena from Southern
Africa, or from some of the Atlantic islands, and may have
been conveyed by oceanic currents as well as by winds.!
This is the more probable, as a large proportion of the St.
Helena beetles live even in the perfect state within the
stems of plants or trunks of trees, while the eggs and
larve of a still larger number are likely to inhabit similar
stations. Drift-wood might therefore be one of the most
important agencies by which these insects reached the
island.

Let us now see how far the distribution of other groups
support the conclusions derived from a consideration of the
beetles. The Hemiptera have been studied by Dr. K.
Buchanan White, and though far less known than the
beetles, indicate somewhat similar relations. Eight out of
twenty-one genera are peculiar, and the thirteen other
genera are for the most part widely distributed, while one
of the peculiar genera 1s of African type. The other
orders of insects have not been collected or studied with

1 On Petermann’s map of Africa, in Sticler's Hand-Atlas (1870), the
Tsland of Ascension is shown as seated on a much larger and shallower
submarine bank than St. Helena. The 1,000 fathom line round Ascension
encloses an oval space 170 miles long by 70 wide, and even the 300
fathom line, one over 60 miles long; and it is therefore p_mbn_ble that
o much larger island once occupied this site. Now Ascension is nearly
cquidistant between St. Helena and Liberia, and such an island might
have served as an intermediate station through which many of the 1m-
migrants to St. Helena pass:d. As the distances are hardly greater than
in the case of the Azores, this removes whatever difficulty may have been
felt of the possibility of any organisms reaching so remote an island.
The present island of Ascension 13 probably only the summit oi_' a }Eugn
voleanic mass, and any remnant of the original fauna qnd ﬂor:.\ it might
have preserved may have been destroyed by great voleanie eruptions. 'Mr,
Darwin collected some masses of tufa which were found to be _ll.l:unly
organie, containing, besides remnins of fresh-water infusoria, the _sxhccom;
tissue of plants! In the light of the great extent of the submarine bank
on which the island stands, Mr. Darwin's remark, thnt_—“ we may feel
sure, that at some former epoch, the climate and productions of Ascension
were very different from what they are now,”—has received a strikin,
confirmation. (See Naturalist's Voyage Round the World, p. 495.)
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sufficient care to make it worth while to refer to them in
detail ; but the land-shells have been carefully collected
and minutely deseribed by Mr. Wollaston himself, and it is
interesting to see how far they agree with the insects in
their peculiarities and affinities.

Land-shells of St. Helena.—The total number of species
is only twenty-nine, of which seven are common in Europe
or the other Atlantic islands, and are no doubt recent
introductions. Two others, though described as distinet,
are so closely allied to European forms, that Mr. Wollaston
thinks they have probably been introduced and have
become slightly modified by new conditions of life ; so that
there remain exactly twenty species which may be con-
sidered truly indigenous. No less than thirteen of these,
however, appear to be extinct, being now only found on
the surface of the ground or in the surface soil in places
where the native forests have been destroyed and the land
not cultivated. These twenty peculiar species belong to
the following genera: Hyalina (3 sp.), Patula (4 sp.),
Bulimus (7 sp.), Subulina (3 sp.), Succinea (3 sp.); of
which, one species of Hyalina, three of Patula, all the
Bulimi, and two of Subulina are extinct. The three
Hyalinas are allied to European species, but all the rest
appear to be highly peculiar, and to have no near allies
with the species of any other country. Two of the Bulimi
(B. auris vulpinae and B. darwinianus) are said to some-
what resemble Brazilian, New Zealand, and Solomon
Island forms, while neither Bulimus nor Succinea occur
at all in the Madeira group.

Omitting the species that have probably been introduced
by human agency, we have here indications of a somewhat
recent immigration of European types which may perhaps
be referred to the glacial period ; and amuch more ancient
immigration from unknown lands, which must certainly
date back to Miocene, if not to Eocene, times.

Absence of Fresh-water Organisms—A singular pheno-
menon is the total absence of indigenous aquatic forms of
life in St. Helena. Not a single water-beetle or fresh-
water shell has been discovered ; neither do there seem to

any water-plants in the streams, except the common

at—
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water-cress, one or two species of Cyperus, and the
Australian Zsapis prolifera. The same absence of fresh-
water shells characterises the Azores, where, however, there
is one indigenous water-beetle. In the Sandwich Islands
also recent observations refer to the absence of water-
beetles, though here there are a few fresh-water shells, It
would appear therefore that the wide distribution of the
same generic and specific forms which so generally
characterises fresh-water organisms, and which has been
so well illustrated by Mr. Darwin, has its limits in the very
remote oceanic islands, owing to causes of which we are at
present ignorant.

The other classes of animals in St. Helena need occupy
us little. There are no indigenous mammals, reptiles,
fresh-water fishes or true land-birds; but there is one
species of wader—a small plover (ZEgialitis sancte-helena)
—very closely allied to a species found in South Africa, but
presenting certain differences which entitle it to the rank
of a peculiar species. The plants, however, are of especial
interest from a geographical point of view, and we must
devote a few pages to their consideration as supplementing
the scanty materials. afforded by the animal life, thus
enabling us better to understand the biological relations
and probable history of the island. :

Native Vegetation of St. Helena.—Plants have certainly
more varied and more effectual means of passing over wide
tracts of ocean than any kinds of animals. Their seeds are
often so minute, of such small specific gravity, or so
furnished with downy or winged appendages, as to be
carried by the wind for enormous distances. The bristles
or hooked spines of many small fruits cause t_hem to
become easily attached to the feathers of aquatic birds, and
they may thus be conveyed for thousands of miles by these
pre-eminent wanderers ; while many seeds are so protected

y hard outer coats and dense inner albumen, that months
of exposure to salt water does not prevent them from
germinating, as proved by the West Indian seeds that
reach the Azores or even the west coast of Scotland, and,
what is more to the point, by the fact stated by M,
Melliss, that large seeds w vich have floated from

X
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Madagascar or Mauritius round the Cape of Good Hope,
have been thrown on the shores of St. Helena and have
then sometimes germinated !
- We have therefore little difliculty in understanding how
the island was first stocked with vegetable forms. When
it was so stocked (generally speaking), is equally clear,
For as the peculiar coleopterous fauna, of which an im-
portant fragment remains, is mainly composed of species
which are specially attached to certain groups of plants, we
may be sure that the plants were there long before the
insects could establish themselves. However ancient then
is the insect fauna the flora must be more ancient still.
It must also be remembered that plants, when once
established in a suitable climate and soil, soon take
possession of a country and ocecupy it almost to the
complete exclusion of later inimigrants. The fact of so
many European weeds having overrun New Zealand and
temperate North America may seem opposed to this state-
ment, but it really is not so. For in both these cases the
native vegetation has first been artifically removed by man
and the ground cultivated; and there is no reason to
believe that any similar effect would be produced by the
scattering of any amount of foreign seed on ground already
completely clothed with an indigenous vegetation. We
might therefore conclude @ priors, that the tlora of suchan
island as St: Helena woul({ be of an excessively ancient
type, preserving for us in a slightly modified form
examples of the vegetation of the globe at the time when
the island first rose above the ocean. Let‘ us see then
what botanists tell us of its character and affinities. ¢
The truly indigenous flowering plants are abo}lt fifty in
niumber, besides twenty-six ferns. Forty of the former and
ten of the latter are absolutely peculiar to the island, and,
as Sir Joseph Hooker tells us, “ with scarcely an exception,
cannot be regarded as very close specific allies of any other
Plants at all. Seventeen of them belong to peculiar
genera, and of the others, all differ so markedly as species
from their congeners, that not one comes under .t}nz
category of being an insular form of a continental species.
The affinities of this flora are, Sir Joseph Hooker thinks,
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mainly African and especially South African, as indicated
by the presence of the genera Phylica, Pelargonium,
Mesembryanthemum, Oteospermum, and Wahlenbergia,
which are eminently characteristic of southern extra-tropical
Africa. The sixteen ferns which are not peculiar are
common either to Africa, India, or America, a wide range
sufficiently explained by the dust-like spores of ferns,
capable of being carried to unknown distances by the wind,
and the great stability of their generic and specific forms,
many of those found in the Miocene deposits of Switzer-
land, being hardly distinguishable from living species.
This shows, that identity of specics of ferns between St.
Helena and distant countries does not necessarily imply a
recent origin.

The Relation of the St. Helena Compositw—In an
elaborate paper on the Composite,! Mr. Bentham gives us
some valuable remarks on the affinities of the seven
endemic species belonging to the genera Commidendron,
Melanodendron, Petrobium, and Pisiadia, which forms so
important a portion of the existing flora of St. Helena.
He says: “ Although nearer to Africa than to any other
continent, those composite denizens which bear evidence of
the greatest antiquity have their affinities for the most
part in South America, while the colonists of a more recent
character are South African.” . . . “ Commidendron and
Melanodendron are among the woody Asteroid forms
exemplified in the Andine Diplostephium, and in the
Australian Olearia. Petrobium is one of three genera,
remains of a group probably of great antiquity, of which
the two others are Podanthus in Chile and Astemma in
the Andes. The Pisiadia is an endemic species of a genus
otherwise Mascarene or of Eastern Africa, presenting a
geographical connection analogous to that of the St. Helena

felhaniz,? with the Mascarene Trochetia.”

Whenever such remote and singular cases of geo-
graphical affinity as the above are pointed out, the first

1 “Notes on the Classification, History, and (':mfrraphiml Distribution
of Composita,"—Journal of the Linnran Society, Vol. XIIL p. 563 (1873),

* The Melhanie comprise the two finest timber trees of St. Helena, now,
almost extinet, the redwood and native chony.
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impression is to imagine some mode by which a com-
munication between the distant countries implicated
might be effected ; and this way of viewing the problem is
almost universally adopted, even by naturalists. But if
the principles laid down in this work and in my Geo-
graphical Distribution of Animals are sound, such a course
is very unphilosophical. For, on the theory of evolution,
nothing can be more certain than that groups now broken
up and detached were once continuous, and that frag-
mentary groups and isolated forms are but the relics of
once widespread types, which have been preserved in a few
localities where the physical conditions were especially
favourable, or where organic competition was less severe.
The true explanation of all such remote geographical
affinities is, that they date back to a time when the
ancestral group of which they are the common descendants
had a wider or a different distribution; and they no more
imply any closer connection between the distant ceuntries
the allied forms now inhabit, than does the existence of
living Equida in South Africa and extinet Equide in the
Pliocene deposits of the Pampas, imply a continent
bridging the South Atlantic to allow of their easy com-
munication. :

Concluding Remarks on St. Helena.—The sketch we

have now given of the chief members of the indigenous

fauna and flora_of St. Helena shows, that by means of the
knowledge we have obtained of past changes in the
physical history of the earth, and of the various modes by
which organisms are conveyed across the ocean, all the
more important facts become readily intelligible. We
have here an island of small size and great antiquity, very
distant from every other land, and probably at no time
very much less distant from surrounding continents,
which became stocked by chance immigrants from other
countries at some remote epoch, and which has preserved
many of their more or less modified descendants to the
present time. When first visited by civilised man it was
in _all robability far more richly stocked with plants and
anmmnals, forming a kind of natural museum or vivarium in
which ancient types, perhaps dating back to the Miocene
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period, or even earlier, had been saved from the destrue-
tion which has overtaken their allies on the great con-
tinents.  Unfortunately many, we do not know how
many, of these forms have been exterminated by the
carelessness and improvidence of its civilised but ignorant
rulers; and it is only by the extreme ruggedness and
maccessibility of its peaks and crater-ridges that the
scanty fragments have escaped by which alone we are
able to obtain a glimpse of this interesting chapter in the
life-history of our earth.




CHAPTER XV

THE SANDWICH ISLANDS

Position and Physical Features—Zoology of the Sandwich Islands—Birds
—Ruptiles—Land-shells—Insects—Vegetation of the Sandwich Islands
—Peeuliar Features of the Hawaiian Flora—Antiquity of tho Hawaiian
Fauna and Flora—Concluding Observations on the Fauna and Flora of
the Sandwich Islands—General Remarks on Oceanic Islands,

TuE Sandwich Islands are an extensive group of large
islands situated in the centre of the North Pacific, being
2,350 miles from the nearest part of the American coast
—the bay of San Francisco, and about the same distance
from the Marquesas and the Samoa Islands to the south,
and the Aleutian Islands a little west of north. They
are, therefore, wonderfully isolated in mid-ocean, and are
only connected with the other Pacific Islands by widely
scattered coral reefs and atolls, the nearest of which,
however, are six or seven hundred miles distant, and are
all nearly destitute of animal or vegetable life. The
.(F'i'nup consists of seven large inhabited islands besides
our rocky islets; the largest, Hawaii, being seventy miles
across and having an area 3,800 square miles—being
somewhat larger than all the other islands together. A
tter conception of this large island will be formed by -
comparing it with Devonshire, with which. it closely
agrees both in size and shape, though its enormous
voleanic mountains rise to nearly 14,000 feet high.
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Three of the smaller islands aré each about the size of
Hertfordshire or Bedfordshire, and the whole group.
stretehes from north-west to south-east for a distance of
about 350 miles. Though so extensive, the entire archi-
pelago is voleanic, and the largest island is rendered
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sterile and comparatively uninhabitable by its three active
volcanoes and their widespread deposits of lava.

The ocean depths by which these islands are separated
from the nearest continents are enmormous. North, east,
and south, soundings have been obtained a little over or
under three thousand fathoms, and these profound deeps
extend over a large part of the North Pacific. 'We may
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be quite sure, therefore, that the Sandwich Islands have,
during their whole existence, been as completely severed
from the great continents as they are now; but on the
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west and south there is a possibility of more extensive
islands having existed, serving as stepping-stones to the
island groups of the Mid-Pacific. Thisis indicated by a
few widely-scattered coral islets, aronnd which extend
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considerable areas of less depth, varying from two hundred
to a thousand fathoms, and which may therefore indicate
the sites of submerged islands of considerable extent.
When we consider that east of New Zealand and New
Caledonia, all the larger and loftier islands are of volcanic
origin, with no trace of any ancient stratified rocks
(except, perhaps, in the Marquesas, where, according to
Jules Marcou, granite and gneiss are said to occur) it
seems probable that the innumerable coral-reefs and atolls,
which oceur in groups on deeply submerged banks, mark
the sites of bygone voleanic islands, similar to those
which now exist, but which, after becoming extinct, have
been lowered or destroyed by denudation, and finally have
altogether disappeared except where their sites are
indicated by the upward-growing coral-reefs. If this view
is correct we should give up all idea of there ever having
been a Pacifie continent, but should look upon that vast
ocean as having from the remotest geological epochs been
the seat of voleanic forces, which from its profound depths
have gradually built up the islands which now dot its
surface, as well as many others which have sunk beneath
its waves. The number of islands, as well as the total
quantity of land-surface, may sometimes have been
greater than it is now, and may thus have facilitated the
transfer of organisms from one group to another, and more
rarely even from the American, Asiatic, or Australian
continents. Keeping these various facts and considera-
tions in view, we may now proceed to examine the fauna
and flora of the Sandwich Islands, and dJiscuss the special
phenomena they present.

Zoology of the Sandwich Islands: Dirds—It need lmrd]_v
be said that indigenous mammalia are quite unknown in
the Sandwich Islands, the most interesting of the higher
animals being the birds, which are tolerably numerous and
highly peculiar. Many aquatic and wading birds which
range over the whole Pacific visit these islands, twenty-
five species having been observed, but even of these six
are peculinr—a coot, Fulica alai; a moorhen, Gallinula
galeata var sandvichensis ; o rail with madimentary wings,
Pennwla millei ; a stilt-plover, Himantopus Tnudseni ; and
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two ducks, Adnas Wyvilliana and Bernicle sandvichensts.
The birds of prey are also great wanderers. Four have
been found in the islands—the short-eared owl, Ofus
brachyotus, which ranges over the greater part of the globe,
but is here said to resemble the variety found in Chile
and the Galapagos; the barn owl, Striz flammea, of* a
variety common in the Pacific; a peculiar sparrow-hawk,
Accipiter hawaii; and Bufeo solitarius, a buzzur@lﬁ)f a peculiar
species, and coloured so as to resemble a hawk of the
Awmerican subfamily Polyborina. Tt is to be noted that
the genus Buteo abounds in America, but is not found in
the Pacific; and this fact, combined with the remarkable
colouration, renders it almost certain that this peculiar
species is of American origin.

The Passeres, or true perching birds, are especially
interesting, being all of peculiar species, and, all but one,
belonging to peculiar genera. Their numbers have been
greatly increased since the first edition of this work
appéared, partly by the exertions of American naturalists,
and very largely by the researches of Mr. Scott B. Wilson,
who visited the Sandwich Islands for the purpose of
investigating their ornithology, and collected assiduously
in the various islands of the group for a year and a half.
This gentleman is now publishing a finely illustrated
work on Hawaiian birds, and he has kindly furnished me
with the following list. .

PASSERES OF THE SANDWICH ISLANDS.

Muscrearing (Flycatehers).

1. Chasicnpis vidguwayi .............c-.ccoenr Hawaiis
2; Y sclateri ... 37 AR ltnua}.
3. 7 doleh i, S b Kauai,
4. » qayE oo o s Oahu.
h. o ibidis .. ... WL o & Oﬂ]lll.”
6. Phwornis obscura ... PRTY I]ﬂ\\'xyl.
7. s myadesting Kaunai.
Menreracing (Honeysuckers),

8. Aeruloesrens RO ...veeveerssoivoeeaeone Hawaii
9, A VT ACORIAT o s s ssvsammsdassaense - KOUAR
10, % apicalis (extinet) ..o Oaln or Maui,
11. Cheloptila angustipluma (extinet)........ ... Hawaii.
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DrEraNinipg.

12, Drepanis pacifice (extinet) ... Hawail,

13, Vastiarie cOCCIMA® o ... v iiiiiiiniarnnsransin All the Islands

14. Hiniatione vireus....... Vaarsaaneasrey Hawaii.

15, 3 dolii ....... AR = S | K

16. % SRINBINETLL ;< o= vy e sty b aveny ry All the Islands.

17. = MUORLBNL . 7 11 ooy s B re e ts LIRS

18. 0 (T Ty L R A D te Oahn.

19. e TRACRIALE . (oA et i Qahun,

20, 5 parea ... VoesdsueRes Visesns. Kauai

21, 2 MYNBYOFE <1 ovsinervsrriaiinrsiar  ROURE

22, Oreomysit bairdt ......... ” Kauai,

293, Hemignatings obscurtes. . ......... Hawaii,

24, G olivacews ... Hawaii. !

25. % lichténsteind ........oocoiveeiinn, OQahn

26, 5 Incidus ....... a4 : .. Oaln.

27, s SIYREGETT <.t [Kauai.

28, 3 hanapepe ... ... S ydresanies SAATHLS

20, Louo@s COCCTIER. . iovivvisaneiivrines woevrieens  Hawail,

O L L R T L e AR R ek Molokai,

S0 7 GUTOR i isvissh vy b veervers o Mani,

32, Chrysontitridops exruleorostria ... ......... . Kaui.

83, 33 anna (extinet) ... .......... ®
Frexciuuips (Finches).

84, Lowiotdes baillent ... ... i Hawaii.

85, Psittirostya psiblaice®t ........ocovevveeeniisennns All the Islands.

86, Chloridops Ko .. vicieeererineiivnninniiiane Hawaii.

Corving (Crows).
37, Corvus Rawailensis . .ooveiiiaianeaiarianinnsis Hawail

Many of the birds recently described are representative
forms found in the several islands of the group.

Taking the above in the order here given, we have,
first, two peculiar genera of true flycatchers, a family con-
fined to the Old World, but extending over the Pacific as
far as the Marquesas Islands. Next we have two peculiar
genera, (with four species) of honeysuckers, a family
confined to the Australian region, and also ranging over
all the Pacific Islands to the Marquesas, We now come
to the most important group of birds in the Sandwich
Islands, comprising seven or eight peculiar genera, and
twenty-two species which are believed to form a peculiar
family allied to the Oriental flower-peckers (Diceidw), and
perhaps remotely to the American greenlets (Vireonida), or
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tanagers (Tanagride). They possess singularly varied beaks,
some having this organ much thickened like those of
finches, to which family some of them have been supposed
to belong. 1In any case they form a most peculiar group,
and cannot be associated with any other known birds.
The last species, and the only one not belonging to a
peculiar genus, is the Hawaiian crow, belonging to the
almost universally distributed genus Corvus.

On the whole, the affinities of these birds are, as might
be expected, chiefly with Australia and the Pacifie Islands;
but they exhibit in the buzzard, one of the owls, and
perhaps in some of the Drepanididee, slight indications of
very rare or very remote communication with America,
The amount of speciality is, however, wonderful, far
exceeding that of any other islands ; the only approach to
it being made by New Zealand and Madagascar, which
have a much more varied bird fauna and a smaller pro-
portionate number of peculiar genera. The Galapagos,
amfng the true oceanic islands, while presenting many
peculiarities have only four out of the ten genera of Passeres
peculiar. These facts undoubtedly indicate an nmmense
antiquity for this group of islands, or the vicinity of some
very ancient land (now submerged), from w}nch some
portion of their peculiar fauna might be derived. For
further details as to the affinities and geographical dis-
tribution of the genera and species, the reader must consulf
Mr, Scott Wilson's work Z%he Birds of the Sandwich Islands,
already alluded to.

Reptiles—The only other vertebrate animals are two
lizards. One of these is a very widespread species,
Ablepharus paciloplenrus, ranging from the Pacific Islands
to West Africa. The other is said to form a peculiar
aenus of geckoes, but both its locality and affinities appear
to be somewhat doubtful. \

Land-shells—The only other group of animals which
has been carefully studied, and which presents features of
especial interest, are the land-shells. These are very
numerous, about thir(y genera, and between three and four
hiundred species having been deseribed ; and it is remark-
able that this single group contains as many species of

L
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land-shells as all the other Polynesian Islands from the
Pelew Islands amd Samoa to the Marquesas. All the
species are peculiar, and about three-fourths of the whole
belong to peculiar genera, fourteen of which constitute the
subfamily Achatinellina, entirely confined to this group of
islands and constituting its most distinguishing feature.
Thirteen genera (comprising sixty-four species) are found
also in the other Polynesian Islands, but three genera of
Auriculidee (Plecotrema, Pedipes, and Blauneria) are not
found in the Pacific, but inhabit—the former genus
Australia, China, Bourbon, and Cuba, the two latter the
West Indian Islands. Another remarkable peculiarity of
these islands is the small number of Operculata, which are
represented by only one genus and five species, while the
other Pacific Islands have twenty genera and 115 species,
or more than half the number ot the Inoperculata. This
difference is so remarkable that it is worth stating in &
comparative form :— :
llll)[l?!:ﬂ:!)llala Opmfulnm. Anrimg(du:.

Sandwich Islands,.................332 b
Rest of Pacific Islands....... 200 115 16
When we remember that in the West Indian Islands
the Operculata abound in a greater proportion than even
in the Pacific Islands generally, we are led to the con-
clusion that limestone, which is plentiful in both these
areas; is especially favourable to them, while the purely
voleanic rocks are especially unfavourable. The other
peculiarities of the Sandwich Islands, however, spch as t.h'e
enormous preponderance of the strictly endemic Achati-
nelling, and tsle resence of genera which occur elsewhere
only beyond the Pacific area in various parts of the great
continents, undoubtedly point to a very remote origim, at
a time when the distribution of many of the groups of
mollusea was very different from that which now prevail:s.
A very interesting feature of the Sandwich group is
the extent to which the species and even the genera are
confined to separate islands. Thus the genera Carelia
and Catinella with eight species are peculiar to the island
of Kaui; Bulimella, Apex, Frickella, and Blauneria, to
Oahu: Perdicella to Maui; and Eburnella to Lanai.
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The Rev. John T. Gulick, who has made a special study of
the Achatinellinz, informs us.that the average range of the
species in this sub-family is five or six miles, while some
are restricted to but one or twe square miles, and only
very few have the range of a whole island. Each valley,
and often each side of a valley, and sometimes even every
ridge and peak possesses its peculiar species.! The island
of Oahu, in which the capital is situated, has furnished
about half the species already known. This is partly due
to its being more forest-clad, but also, no doubt, in part to
its being better explored, so that notwithstanding the
exceptional riches of the group, we have mno reason to
suppose that there are not. many more species to be found
in the less explored islands. Mr. Gulick tells us that the
forest region that covers one of the mountain ranges of
Oahu is about forty miles in length, and five or six miles
in width, yet this small territory furnishes about 175
species of Achatinellide, represented by 700 or 800
varieties. The most important peculiar genus, not belong-
ing to the Achatinella group, is Carelia, with six species
and several named varieties, all peculiar to Kaui, the most
westerly of the large islands. This would seem to show
that the small islets stretching westward, and situated on
an extensive bank with less than a thousand fathoms of
water over it, may indicate the position of a large sub-
merged island whence some portion of the Sandwich
Island fauna was derived.

Insects—QOwing to the researches of the Rev. T.
Blackburn we have now a fair knowledge of the Coleop-
terous fauna of these islands. Unfortunately some of the
most productive islands in plants—Kaui and Mani—were
very little explored, but during a residence of six years the
equally rich Oahu was well worked, and the general
character of the beetle fauna must therefore be considered
to be pretty accurately determined. Out of 428 species
collected, many being “obviously recent introductions, no

1 Journal of the Linncan Socicty, 1873, p. 496, “*On Diversity of
Evolution under one sot of External Conditions.” Proceedings of the
Zoologieal Socicty of London, 1873, p. 80. *On the Classification of the
Achitinellide.”
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less than 352 species and 99 of the genera appear to be
quite peculiar to the archipelago. Sixty of these species
are Carabid®, forty-two are Staphylinide, forty are
Nitidulide, twenty are Ptinidwe, twenty are Ciodide, thirty
are Aglycyderidee, forty-five are Curculionida, and fourteen
are Cerambycid®, the remainder being distributed among
twenty-two other families. Many important families, such
as Cicindelide, Scarabeida, Buprestidae, and the whole of
the enormous series of the Phytophaga are either entirely
absent or are only represented by a few introduced species.
In the eight families enumerated above most of the species
belong te peculiar genera which usually contain numerous
distinct species ; and we may therefore consider these to re-
present the descendants of the most ancient immigrants into
the islands.

Two important characteristics of the Coleopterous fauna
are, the small size of the species, and the great scarcity of
individuals. Dr. Sharp, who has described many of them,!
says they are “ mostly small or very minute insects,” and
that “ there are few—probably it would be correct to say
absolutely none—that would strike an ordinary observer as
being beautiful.” Mr. Blackburn says that it was not an
uncommon thing for him to pass a morning on the
mountains and to return home with perhaps two or three
specimens, having seen literally nothing else except the
few species that are generally abundant. He states that
he “has frequently spent an hour sweeping flower-covered
herbage, or beating branches of trees over an inverted
white umbrella without seeing the sign of a beetle of any
kind.” To those who have collected in any tropical or
even temperate country on or near a continent, this
poverty of insect life must seem almost incredible ; and it
affords us a striking proof of how erroneous are those now
almost obsolete views which imputed the abundance,
variety, size, and eolour of insects to the warmth and sun-
light and luxuriant vegetation of the tropics. The facts
become quite intelligible, however, if we consider that only

1 ¢ Memoirson the Coleoptera of the Hawaiian Islands.” By the Rev, T.
Blackburn, B.A., and Dr. D. Sharp. Scientific Transactions of the Royal
Dublin Soeiety. Vol. ITI, Series 11, 1885,
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minute insects of certain groups could ever reach the islands
by natural means, and that these, already highly specialised
for certain defined modes of life, could only develop
slowly into slightly modified forms of the original types.
Some of the groups, however, are considered by Dr. Sharp
to be very ancient generalised forms, especially the peculiar
family Aglycyderide, which he looks upon as being
“ absolutely the most primitive of all the known forms of
Coleoptera, it being a synthetic form linking the isolated
Rhynchophagous series of families with the Clavicorn series.
About thirty species are known in the Hawaiian Islands,
and they exhibit much difference infer se.” A few remarks
on each of the more important of the families will serve to
indicate their probable mode and period of introduction into
the islands.

The Carabida consist chiefly of seven peculiar genera of
Anchomenini comprising fifty-one species, and several
endemic species of Bembidiins, They are highly peculiar
and are all of small size, and may have originally reached
the islands in the crevices of the drift wood from N.W.
America which is still thrown on their shores, or, more
rarely, by means of a similar drift from the N.-Western
islands of the Pacific! It is interesting to note that
peculiar species of the same groups of Carabide are found
in the Azores, Canaries, and St. Helena, indicating that
they possess some special facilities for transmission across
wide oceans and for establishing themselves upon oceanic
islands. The Staphylinide present many peculiar species
of known genera. Being still more minute nqd usually
more ubiquitous than the Carabida, thf:re is no difficulty in
accounting for their presence in the ls_lnpds by the same
means ofﬁisperml. The Nitidulida, Ptinide, and Ciodida:
being very small and of varied habits, either the perfect
insects, their eggs or larvie, may have been introduced
cither by water or wind carriage, or through the agency of
birds. The Curculionide, being wood bark or nut borers,
would have considerable facilities for transmission by
floating timber, fruits, or nuts ; and the eggs or larve of the

¥ See Hildebrand’s Flora of the Hawaiion Islands. Introduction, p.
xiv.
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peculiar Cerambyeidie must have been introduced by the
same means. The absence of so many important and
cosmopolitan groups whose size or constitution render them
incapable of being thus transmitted over the sea, as well
as of many which seem equally well adapted as those
which are found in the islands, indicate how rare have been
the conditions for successful immigration; and this is still
further emphasized by the extreme specialisation of the
fauna, indicating that there has been no repeated
immigration of the same species which would tend, as in
the case of Bermuda, to preserve the originally intro-
duced forms unchanged by the effects of repeated inter-
crossing.

Vegetation of the Sandwich Islands—The flora of these
islands is in many respects so peculiar and remarkable,
and so well supplements the information derived from its
interesting but scanty fauna, that a brief account of its
more striking features will not be out of place; and we
fortunately have a pretty full knowledge of it, owing to
the researches of the German botanist Dr. W. Hilde-
brand 2 ;

Considering their extreme isolation, their uniform
voleanic soil, and the large proportion of the chief island
which consists of barren lava-fields, the flora of the
Sandwich Tslands is extremely rich, consisting, so far as at
present known, of 844 species of flowering plants and 155
ferns. This is considerably richer than the Azores (439
Phanerogams and 89 ferns), which though less extensive
are perhaps better known, or than the Galapagos (332
Phanerog:uns), which are #ore strictly comparable, being
equally volcanie, while their somewhat smnll(?r area may
perhaps be compensated by their proximity to the
American continent. Even New Zealand with more than
twenty times the area of the Sandwich group, whose soil
and climate are much more varied and whose botany has
been tlloroughly explored, has rot a \'er§'.1111§c|| ]urge.r
number of flowering plants (935 species), while in ferns it
is barely equal.

! Flora of the Hawaiion Istands, by W. Hildebrand, M.D., annotated |
and published after the author's death by W. F. Hildebrand, 1888,
: e
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The following list gives the number of indigenous

species in each natural order.

Number of Species tn each Notural Order in the Homwatian Flora,
excluding the tntroduced Plands.,

DICOTYLEDONS,
1. Ranunculacem .................. 2
2. Menispermacom 4
3. Papaveracem ... 1
4. Crueifers: ,........ Al 3
» 5. Capparidacens ..., 2
G. Violacem, ......... 8
7. Bixacee 2
8. Pittosporacem ... 10
9. Caryophyllaces 28
10. Portulacer ...... 3
11, Guttifere ... 1
12. Ternstrasmincen 1
13, Malvacem ...l 14
14. Sterculiacem................ 2
15. Tiliacenm ...... 1
16. Geramiacer . (]
17. Zygophyllace 1
18, Oxalidacee ooooopiiiiaiais 1
AR Rutatead s 0. 8 A o e RS 30
20, Ilicinex 1
21, Celostriee 1
22, Rhammnacen ... 7
23, Sapindaces ... G
24, Anacaviliaces ... 1
25, Leguminose. 21
26. Rasaeem ...l [
27, Saxifragacem (trees) 2
28, DIrosCIReEs . aeveoanis :
20, Halorager
20, .\I_\'l't::f:u' G
31. Lythracei 1
32, Onagracee 1
33, Cueurlitaces: 8
34, Ficoidea: ... 1
35, Begonincer ... 1
36, mbellifera. s
37. Aralincea o b
S8, RUBIACER .. voy cetiamersssrivrrss 44
89, Compositit ..., 70
40. Lobelincee 08
41, Goodenincen: 8§
42, Vaceinaveae ..., 2
43, Epueridacee.... 2
A4, Sapotacem ... ‘
A5 Myrsinacen ........ocvanrensre O
o 46, Primulacess  (Lysimachia)
BT e e e O
47, Plumbaginaces ..o 1

|

|

48. Gentianacew (Brytheea) o 1
| 49. Loganinccu . e 0
50, APOCYIOCEE: 2 2 vvarsyanarianash 4
51. Hydrophyllacew (Nami -+
allies Andes) ... 1
652, Olencent..........coones ey
53. Solanacea: @ N )
54, Convolvulacemw ..ooooionison, 14
55. Dofaginacew ..., c e )
56, Scrophularviacew 5
57. Gesneriacem ... 24
58, Myoporcen. 1
59, Verbenacem . 204
60, Labiate N (1]
61. Plantaginaceo: 52
(2, Nyctaginacea 5
63, Amarantacen 0
64, Phytolaccace ... 1
65, Polygonacex 3
66. Chenopodinees 2
B7. Lanrneese ......oiw. 3
68, Thymeleacen: ... 7
69, Santalaver ........ 5
70. Lorunthacee D]
71. Euphorbiacem ... 12
72. Urticacem...... 2218
73, Piperacem i o n iGN 20
' MONOCOTYLEDONS,
74. Orchidseee .,.ouiviviniivnn.,. 9
75, Seitmminacen: Rt
76. Tridacem . 1
77. Tacences .. T
Dioscoreace a9
, Liliaces ; i
80. Commelinneee 1
81. Flagellariacew ... 1
§2. Juncacem T
83. Palmae v o ML 3
84, Pandanace . 2
85. Amce ... O A
86. Natadaces ...........0. . ... 4
| 87..Glyperaces ... . hu b 47
88, ‘Graminaces....,,,.......... 57
VAsOULAR CRYPIOGAMS,
Ferns....... Ry adsberh 136
Lycopodinces .., 17
Rhizocarpei .......,.coo.voi.. 2

L aa® o o BV TR o
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.

Leculiar Features of the Flora—This rich insular flora i3
wonderfully peculiar, for if we deduct 115 species, which
are believed to have been introduced by man, there
remain 705 species of flowering plants of which 574, or
more than four-fifths, are quite peculiar to the islands.
There are no less than 38 peculiar genera out of a total of
265 and these 38 genera comprise 254 species, so that the
mostisolated forms are those which most abound and thus
give a special character to the flora.  Besides these peculiar
types, several genera of wide range are here represented by
highly peculiar species.  Suchare the Hawaiian species of
Lobelia which are woody shrubs either creeping or six fect
high, while a species of one of the peenliar genera of Lobe-
liacewm is a tree reaching a height of forty feet. Shrubby
geraniums grow twelve or fifteen feet high, and some
vaccininms grow* as cpiphytes on the trunks of trees.
Violets and plantains also form tall shrubby plants, and
there are many strange arborescent compositwe, as in other
oceanic islands.

The #affinities of the flora generally are very wide.
Although there are many Polynesian groups, yet Austra-
lian, New Zealand, and American forms are equally re-
presented. Dr, Pickering notes the total absence of a large
number of families found in Southern Polynesia, such as
Dilleniacew, Anonacew, Olacacem, Aurantiacemw, Guttifere,
Malpighinces, Meliacew, Combretacew, Rhizophoraces,
Melastomaces, Passifloracem, Clunoniaces, Jasminaces,
Acanthacen, Myristicacem, and Casuaracew, as well as the
genera  Clerodendron, Figns, and  epidendric  orchids.
Australian affinitics are shown by the genera Exocarpus,
Cyathodes, Melicope, Pittosporum, and by a phyllodinous
Acacia, New Zealand is represented by ~ Ascarina,
Coprosmz, Acwena, and several Cyperacea: ; while Ameriea is
represented by the genera Nama, Gunnera, Phyllostegia,
Sisyrinchium, and by a red-flowered Rubus and a yellow-
flowered Sanicula allied to Oregon species.

There is no true alpine Hora on the higher summits, but
several of the temperate forms extend to a great elevation,
Thus My, Pickering records Vaccinium, Ranunculus, Silene,
Gnaphalium  and  Geranium, as occurring above ten

Y2
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thousand feet elevation ; while Viola, Drosera, Acwena,
Lobelia, Edwardsia, Dodonwa, Lycopodium, and many
Composita:, range above six thousand feet. Vaccinium
and Silene are very interesting, as they are almost peculiar
to the North Temperate zone ; while many plants allied
to Antarctic species are found in the bogs of the high
plateaux.

The proportionate abundance of the different families
in this interesting flora is as follows :—

1. Composita............ 70 species, | 12, Urticacewm ........... 15 speciés.
2. Lobeliace®....... ..., 58 R | 13, Malvacem ........... 14
3. Grmaminacem ......... BT |, 14. Convolvulacem ...... A4
4. Rubiacem ...... . 49 3 15, Amlincen ,...oo.o... 12 A
5. Cyperacem ... . 47 2 16. Solanacese .........0012
6. Labiate......... . 39 17 Euphorbiaces ...... 12
7. Rutacewm......... ... 80 3 18. Pittosporncem ..., 10
8. Gesnerincems ......... 24 |, 19. Amarantacew... ... I
9. Caryophyllace® ..... 28 e 20, Violacem" ..i... oo £85 00
10. Leguminose ,.,...... 21 i | 21, Goodeniacew ... 8y
11. Piperacewm ............ 20 (5

Nine other orders, Geraniacem, Rhamnacez, Rosacem,
Myrtacew, Primulacem, Loganiacew, Liliace, Thymelace:,
and Cucurbitaces, have six or seven s‘Jecies each ; and
among the more important orders which have less than
five species each are Ranunculacew, Cruciferw, Vaccinaceaw,
Apocynace®, Boraginacew, Scrophulariacew, Polygonacea,
Orchidacem, and Juncacem. The most remarkable feature
here is the great abundance of Lobeliaqeae, a ch:u’uct:er_of
the flora which is probably unique ; while the superiority
of Labiate to Leguminose and the scarcity of Rosacea:
and Orchidacew are also very tinusual. Composites, as in
most temperate floras, stand at t.he’ hpz}d of t_he list, :.\pd it
will be interesting to note the affinities which they indi-
cate. Omitting eleven species which are cosmopolitan,
and have no doubt entered with civilised man, there re-
main nineteen genera and seventy species of Compositae
in the islands. Sixty-one of the species are peculmr,.us
are eight of the genera; while the genus Lipochata with
eleven species is only known elsewhere in the Galapagos,
where a single species occurs, We may therefore consider
that nine out of the nineteen genera of Hawaiian Com-

-
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posita are really confined to the Archipelago. The rela-
tions of the peculiar genera and species are indicated in
the following table.!

Afiinitics of Hawaiian Composites,

No. of
Peculiar Geners.  Specles, External Aflinities of the Genus.
Remya ... 2 Very peculinr.  Allied to the North American
genus Grindelia,
Tetrmmolobium ... 7 Sonth Temperate America and Australia,
Lipochmta .......,. 11 Allied to American gonera.
Campylotheea ... 12 With Tropical American species of Bidens and
p Coreopsis.
Argyroxiphinm... 2 With the Mexican Madiem.
Wilkesia,........... 2 Smne affinities,
Dubantin 72 6 With the Mexican Raillardella.
Raillardia ......... 12 Same affinities.
Hesperomanniu... 2 Allied to Stifftia and Wunderlichia of Brazl.
Paculiar Species. 35
Lagenophora ...... 1 Australin, New Zealand, Antarctic America, Fiji
Islands
Senecio ... 2 Universally distributed.
Artemisia ......... ¥ North Temperate Regions.

The great preponderance of American relations in the
Composite, as above indicated, is very interesting and
suggestive, since the Compositm of Tahiti and the other
Pacific Islands are allied to Malaysian types. It is here
that we meet with some of the most isolated and remark-
able forms, implying great antiquity; and when we con-
sider the enormous extent and world-wide distribution.of
this order (comprising about ten thousand species), its
distinetness from all others, the great specialisation of its
flowers to attract insccts, and of its seeds for dis ersal by
wini and other means, we can hardly doubt that 1ts origin
dates back to a very remote epoch. We may thercfom
look upon the Composite as representing the most ancient
portion of  the existing flora of the. Sandwich Isl:m‘d?,
carrying us back to a very remote period when the facili-
ties for communication with America were greater than
they are now. This may be indicated by the two deep
submarine banks in the North Pacific, between the Sand-
wich TIslands and San Francisco, which, from an ocean floor

2 These are obtaiued from Hildebrand’s Flora supplemented by Mr.
Bentham's paper in the Jowrnal of the Linnean Society.
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nearly 3,000 fathoms deep, rise up to withih a few hun-
dred fathoms of the surface, and seem to indicate the sub-
sidence of two islands, each about as large as Hawaii.
The plants of North Temperate affinity may be nearly as
old, but these may have been derived from Northern Asia
by way of Japan and the extensive line of shoals which
run north-westward from the Sandwich Islands, as shown
on onr map. Those which exhibit Polynesian or Australian
affinities, consisting for the most part of less highly modi-
fied species, usually of the same genera, may haye had
their origin at a later, though still somewhat remote
period, when large islands, indicated by the extensive
shoals to the south and south-west, offered facilities for the
transmission of plants from the tropical portions of the
Pacific Ocean.

It is in the smaller and most woody islands in the
westerly portion of the group, especially in Kauai and
Oahu, that the greatest number and variety of plants are
found and the largest proportion of peculiar species and
genera.  These are believed to form the oldest portion of
the graup, the voleanic activity having ceased and allowed
a luxuriant vegetation more completely to cover the
islands, while in the larger and much newer islands of
Hawaii and Mani the surface is more barren and the
vegetation comparatively monotonous.  Thus while twelve
of the arborescent Lobeliaces have been found on Hawaii
no less than seventeen oceur on the much smaller Oahu,
which has even a genus of these plants confined
to it.

It is interesting to note that while the non-pecudiar
genera of flowering plants have little more than two
species to a genus, the endemic genera average six and
three-quarter species to a genus. These may be con-
sidered to represent the earliest immigrants which hecame
firmly established in the unnp:mnt,ively_um-ccupi(:d islands,
and have gradually become modified into such complete
harmony with their new conditions that they have de-
veloped into many diverging forms adapting them to
different. Zabitats. The following is a list of the peculiar
genern with the number of species in each,

e ™
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’l :
J Pecwliar Hawalian Genera of Flowering Plants,
Genns, No. of Species. Natumnl Order,
SIS0 an R QTSSO IR0 5o Foc s arons Su s sty 3 Violacewm.
} 2. Schiedes (seeds rugose or muricate) ......... 17 Caryophyllacew.
‘ 3. Alsinidendron 1 3
‘ (A W U s i e b e Yee 20 Rutacewm.
5. Platydesma..... 1 »
6. Mahoo........... 1 Sapindacer.
7. Brouseaisia............ 2 Saxifragucem,
8 Hildebrandia ...l iiiiiiiiansrramios 1 Begontacew,
9. Cheirodendron (fleshy fruit)............ b2 Aralincen,
10. Pterotropin (sucenlent).................. .8 )
11. Triplasandra (drupe)..........oooo i .4 o
12. Kadna (small, flat, winged seeds) .. . 16 Ruliacea,
13. Gouldia (berry) ..., i H
14, Bobea (drupe)......... A =
15, Straussia (drupe) ... b "o
16, Romya, ..\eeverisenenens . 2 Composite,
17. Tetramolobinm .... T o
18. Lipochieta ......... - 11
19, Campylotheea ... . 12 o
20, ArgyroXiphithn .oooe.coiiniinrrerresranne i 2
) Wl kesin i R s S R 2 5
CD ISR B [ T 31 I R e S O P S G i
25, Raillaxdia .12 -
24. Hesperomannin ... .. - 3
25, Brighamia ... 1 Lobeliavec.
26. Clermontia (berry)...... - 11 "
27. Rollandia ....coooceniniins .8 "
28 DalisR0n L1 .ot virseanisis 7 »
e T O 3 s dem o agars pxethanudan s domariesd roas 28 »»
90 S haborden . e RS et ! Loganiacea.
B1, Nothooestrum ooeeessreereeneenns vl Soln‘unccm.
32, Haplostachys (nuenles dry)...... L XL ] Labiata.
43, Phyllostegia (nncules fleshy) ... . 16 u
31, Stenogyne (nuenles fleshy) ... 16 "
35, Nototriehinm ... ...ccmvesiianione . 3 Amarantaces,
36, Churpentior ... .. - 2 Lo
37, Touchardin,........ ... 1 Urticaces.
ST LT OO B Gy O B ) 35 5 (S 2 sy

‘ The great preponderance of tl ; TS |
and Lobeliacew are what first strx](c: us in this list.
former case the facilities for wind-dispersal afforded by the

POt T T s iovvn gvyb te s

254 species,

f the two orders Composita

Inthe

| structure of so many of the seeds render it compara-
: tively easy to account for their having reached the islands
l.l at an early period. The Lobelias, judging from Hilde-

brand’s descriptions, may have been transported in several
\
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different ways. Most of the endemic genera are berry-
bearers and thus offer the means of dispersal by fruit-
cating birds. The endemic species of the genns Lobelia
have sometimes very minute seeds, which might be carried
long distances by wind, while other species, especially
Lobelia gaudichaudii, have a “hard, almost woody capsule
which opens late,” apparently well adapted for floating
long distances.  Afterwards “the ealycine covering
withers away, leaving a fenestrate woody network ” en-
closing the capsule, and the seeds themselves are “com-
pressed, reniform, or orbicular, and margined,” and thus
of a form well adapted to be carried to great heights and
distances by gales or hurricanes.

In the other orders which present Several endemic
genera indications of the mode of transit to the islands
are afforded us. The Araliacear are said to have fleshy
fruits or drupes more or less sucéulent. The Rubiacewm
have usually berries or drupes, while one genus, Kadua,
has “small, flat, winged sr:mlls." The two largest genera
of the Labiate are said to have ©fleshy nueules,” which
would no doubt be swallowed by birds!

Antiquity of the Howaiian Fauna and Flora—The
great antiquity implied by the peculiarities of the fauna
and flora, no less than by the geographical conditions and
surroundings, of this group, will enable us to account for
another peculiarity of its flora—the absence of so many
families found in other Pacific Tslands. For the earliest
immigrants would soon occupy much of the surface, and
become specially modified in accordance with the condi-
tions of the locality, and these would serve as a barrier
against the intrusion of many forms which at a later

1 Among the curions features of the Hawaiian flora is the extrnordinary
development of what are usually herbaceons plants into _ﬁ]lruhs or trecs,
Three species of Viola ave shrubs from three to five fect high, A shrubby
Silene i3 nearly as tall; and an allied endemic genus, Schiedea, has
numerous shrubby species.  Georanfum arborewm 138 sometimes twelve feet
high. The endemic Composite are mostly shrubs, while several are trees
renching twenity or thirty feet in height.” The numerous Lobelincer, all
endemic, are mostly shrubg or trees, often resembling palms or yuceas
in habit, and sometimes twenty-five or thirty feet high. The only native
genus of Primulacess— Lysimachin—consists mainly of shrubs ; and even o
plantain has o woody stem sometimes six feet high.
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period spread over Polynesia. The extreme remoteness
of the islands, and the probability that they have always
been more isolated than those of the Central Pacific,
would also necessarily result in an imperfect and frag-
mentary representation of the flora of surrounding lands.

Conecluding Observations on the Faune and Flora of the
Sandwich Islands—The indications thus afforded by a
study of the flora scem to accord well with what we know
of the fauna of the islands. Plants having so much
greater [acilities for dispersal than animals, and also having
greater specific longevity and greater powers of endurance
under adverse conditions, exhibit in a considerable degree
the influence of the primitive state of the islands and their
surroundings ; while members of the animal world, passing
across the sea with greater difficulty and subject to exter-
mination by a variety of adverse conditions, retain much
more of ‘the impress of a recent state of things, with per-
haps here and there an indication of that ancient approach
to America so clearly shown in the Composite and some
other portions of the flora.

GENERAL REMARKS ON OcCEANIC ISLANDS.

We have now reviewed the main features presented by
the assemblages of organic forms which characterise the
more important and best known of the Oceanic Islands.
They all agree in the total absence of indigenous mam-
malia and amphibia, while their reptiles, when they possess
any, do not exhibit indications of extreme isolation and
antiquity. Their birds and insects present just that
amount of specialisation and diversity from continental
forms which may be well explained by the known means
of dispersal acting througL long periods; their land
shells indicate greater isolation, owing to their admittedly
less effective means of conveyance across the ocean ; while
their plants show most clearly the effects of those changes
of conditions which we have reason to believe have
ocenrred during the Tertiary epoch, and preserve to us in
highly specialised and archaic forms some record of the
primeval immigration by which the islands were originally




330 ISLAND LIFE PART (]

clothed with vegetation, But in every case the series
of forms of life in these islands is scanty and im-
perfect as compared with far less favourable continental
areas, and no one of them presents such an assemblage of
animals or plants as we always find in an island which we
know has once formed part of a continent.:

It is still more important to note that none of these
oceanic archipelagoes present us with a single type which
we may suppose to have been preserved from Mesozoic
times ; and this fact, taken in connection with the voleanie
or coralline origin of all of them, powerfully enforces the
conclusion at which we have arrived in the earlier portion
of this volume, that during the whole period of geologic
time as indicated by the fossiliferous rocks, our continents
and oceans have, speaking broadly, been permanent features
of our earth’s surface. For had it been otherwise—had sea
and land changed place repeatedly as was once supposed—
had our deepest oceans been the seat of great continents
while the site of our present continents was occupied by
an oceanic abyss—is it possible to imagine that no frag-
ments of such continents would remain in the present
oceans, bringing down to us some of their ancient forms of
life preserved with but little change? The correlative
facts, that the islands of our great oceans are all voleanic
(or coralline built probably upon degraded voleanic islands
or extinet submarine voleanoes), and that their productions
are all more or less clearly related to the existing inhabit-
ants of the nearest continents, arve hardly consistent with
any other theory than the permanence of our oceanic and
continental areas.

We may here refer to the one apparent exception, which,
however, lends additional force to the argument. New
Zealand is sometimes classed as an oceanic island, but it is
not so really ; and we shall discuss its peculiarities and
“probable origin further on.
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CHAPTER XVI

CONTINENTAL ISLANDS OF RECENT ORIGIN : GREAT
BRITAIN

Characteristic Featnres of Recent Continental Islmnls-—Rcccnt‘: Physieal
Changes of the British Isles—Proofs of Former Elevatiol]-—Nll“u:"’g"fi
Forests—Buried River Channels—Time of Last Union with the Conti-
nent—Why Britain is poor in Species—Peculiar British Birds—Fresh-
water Fishes—Canse of Great Speciality in l"i“h--s—l’cc_u]l.ﬂ!‘ British
Insects—Lepidoptera Confined to the British Isles—Peenlinrities of the
Isle of Man—Lepidoptera—Coleoptera confined to ill:.‘ British l!i]l:s_
Trichopters Peculiar to the British Isles—Land and Freshwater Shells
— Pecnlinrities of the British Flora—Peculiarities of the Irish Flom—
Peculiar British Mosses and Hepaticw—Concluding Remarks on the
Peculiarities of the British Fauna aud Flora,

WE now proceed to examine those islands \v[ﬁch are the'
very reverse of the “oceanic” class, being fragments of
continents or of larger islands from which they have been
separated by subsidence of the intervening land at a po‘nml
which, geologically, must be considered recent. ~Such
islands are always still connected with their parent land by
a shallow sea, usually indeed not exceeding a hundred
fathoms deep ; they always possess mammalia z}nd reptiles
either wholly or in large proportion identical with those Qf
the mainland; while their entire flora and fuunu_ is
characterised either by the total alisence or comparative
scarcity of those endemic or peculiar species and genera
which are so striking a feature of almost all oceanie
islands.  Such islands will, of course, differ from each
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other in size, in antiquity, and in the richness of their
respective faunas, as well as in their distance from the
sarent land and the facilities for intercommunication with
1t ; and these diversities of conditions will manifest them-
selves in the greater or less amount of speciality of their
animal productions.-

This speciality, when it exists, may have been brought
about in two ways. A species or even a genus may on a
continent have had a very limited area of distribution, and
this area may be wholly oralmost wholly contained in the
separated portion or island, to which it will henceforth be
peculiar. Even when the area occupied by a species is
pretty equally divided at the time of separation between
the island and the continent, it may happen that it will
become extinet on the latter, while it may survive on the
former, because the limited number of individuals after
division may be unable to maintain themselves against the
severer competition or more contrasted climate of the
continent, while they may flourish under the more fayour-
able insular conditions. On the other hand, when a
species continues to exist in both areas, it may on the
island be subjected to some modifications by the altered
conditions, and may thus come to present characters which
differentiate it from its continental allies and constitute it
a new species. We ghall in the course of our survey meet
with cases illustrative of both these processes.

The best examples of recent continental islands are
Great Britain and Ireland, Japan, Formoga, and the larger
Malay Islands, especially Borneo, Java, and Celebes ; and
as each of these presents special features of interest, we
will give a shart outline of their Zoology and E)ast history
in relation to that of the continents from which they have
recently been separated, commencing with our own islands,
towhich the present chapter will be devoted.

Lecent Physical Changes in the Dritish Isles—QGreat
Eritaim is perhaps the most typical example of a large and
recent continental island now to be found upon the globe.
It is joined to the Continent by a shallow bank which
extends from Denmark to the Bay of Biscay, the 100
fathom line from these extreme points receding from the

r
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coasts so as to melude the whole of the British Isles and
about fifty miles beyond them to the westward. (See Map.)

FARQE I}

C0
[ 54

MAF SHOWING THE SIIALLOW BANK COXXECTING THE BRITISH ISLES WITIH TIIE CONTINENT,

The light tint indieates a depth of less than 100 fathoms,
The figares show the depth in fathouss,
The narrow channel between Norway and Denmnark 1s 2,580 feet decp.

Beyond this line the sea deepens rapidly to the 500 and
1,000 fathom lines, the distance between 100 and 1,000
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fathoms being from twenty to fifty miles, except where
there is a great ontward curve to include the Poroupine
Bank 170 miles west of Galway, and to the north-west of
Caithness where a narrow ridge less than 500 fathoms
below the surface joins the extensive bank under 300
fathoms, on which are situated the Faroe Islands and
Teeland, and which stretches across to Greenland. In the
North Channel between Ireland and Scotland, and in the
Minch between the outer Hebrides and Skye, are a series
of hollows in the sea-bottom from 100 to 150 fathoms
deep. These correspond exactly to the points between the
opposing highlands where the greatest accumulations of ice
would necessarily occur during the glacial epoch, and they
may well be termed submarine lakes, of exactly the same
nature as those which occur in similar positions on land.

Proofs of Former Elecation—Sidamerged Forests.—What
renders Britain particularly instructive as an example of a
recent continental island is the amount of direct evidence
that exists, of several distinet kinds, showing that the land
has been sufficiently elevated (or the sea depressed) to
unite it with the Continent,—and this at a very recent
period. The first class of evidence is Lljc existence, all
round our coasts, of the remains of submarine forests often
extending far below the present low-water mark.  Such
are the submerged forests niear Torquay in Devonshire, and
near Falmouth in Cornwall, both containing stumps of
trees in their natural position rooted in the soil, with
deposits of peat, branches, and nuts, and often with
remains of insects and other land :m!maLs. These oceur
in very different conditions and situations, and some have
been explained by changes in tln‘u height of the tide, or by
pebble banks shutting out the tidal waters from estuaries ;
but there are numerous examples to which such hypotheses
cannot apply, and which can only be explained hy. an
actual subsiafuncc of the land (or rise of the sea-level) since
the trees grew.

We cannot give a better idea of thesc forests than by
quoting the following account by Mr. Pengelly of a visit to
one wﬁich had been exposed by a violent storm on the
const of Devonshire, at Blackpool near Dartmouth :—




firm, and gave a sharp crack
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“We were so fortunate as to reach the beach at spring-
tide low-water, and to find, admirably exposed, by far the
finest example of a submerged forest which I have ever
seen. It occupied a rectangular area, extending from the
small river or stream at the western end of the inlet, about
one furlong eastward ; and from the low-water line thirty
yards up the strand. The lower or seaward portion of the
forest area, occupying about two-thirds of its entire
breadth, consisted of a brownish drab-coloured clay, which
was crowded with vegetable débris, such as small twigs,
leaves, and nuts. There were also numerous prostrate
trunks and branches of trees, lying partly imbedded in the
clay, without anything like a prevalent direction. The
trunks varied from six inches to upwards of two feet in
diameter.  Much of the wood was found to have a reddish
or bright pink hue, when fresh surfaces were exposed.
Some of it, as well as ‘many of the twigs, had almost
become a sort of ligneous pulp, while other examples were

‘ing sound on being broken.
Several large stumps projected above the clay in a vertical
direction, and sent roots and rootlets into the soil in all
direetions and to considerable distances. It was obvious
that the movement by which the submergence was effected
had been so uniform as not to destroy the approximate
horizontality of the old forest ground. One fine example
was noted of a large prostrate trunk having its roots still
attached, some of them sticking up above the clay, while
others were buried in it. Hazelnuts were extremely
abundant—some entire, others broken, and some obviously
gnawed. . . . Tt has been stated that the forest area
reached the spring-tide low-water line; hence as the
greatest tidal range on this coast amounts to eighteen feet,
we are warranted in inferring that the subsidence:
amounted to eighteen feet as a minimum, even if we
suppose that some of the trees grew in a soil the surface
of which Was not above the level of high water. There is
satisfactory evidence that in Torbay it was not less than
forty feet, and that in Falmouth Harbour it. amounted to
at least sixty-scv(sn feet.” !

1 Geological Magazine, 1870, p. 155.
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On the coast of the Bristol Channel similar deposits occur,
as well as along much of the coast of Wales and in Holy-
head Harbour. It is believed by geologists that the whole
Bristol Channel was, at a comparatively recent period, an
extensive plain, through which flowed the River Severn ;
for in addition to the evidence of submerged forests there
are on the coast of Glamorganshire numerous caves and
fissures in the face of high sea cliffs, in one of which no
less than a thousand antlers of the reindeer were found,
the remains of animals which had been devoured there by
bears and hy:wnas ; facts which can only be explained by
the existence of some extent of dry land stretching sea-
ward from the present cliffs, but since submerged and
washed away. This plain may have continued down to
very recent times, since the whole of the Bristol Channel
to beyond Lundy Island is under twenty-five fathoms deep,
In the east of England we have a similar forest-bed at
Cromer in Norfolk ; and in the north of Holland an old
land surface has been found fifty-six feet below high-water
mark.

Buried River Channels—Still more remarkable are the
buried river channels which haye been traced on many
parts of our coasts. In order to facilitate the study of the
rlacial deposits of Scotland, Dr. James Croll obtained the
details of about 250 bores put down in all parts of the
mining districts of Scotland for the purpose of discovering
minerals) These revealed the interesting fact that there
are ancient valleys and river channels at delpths of from
100 to 260 feet below the present sea-level. These old
rivers sometimes run in quite different directions from the
present lines of drainage, connecting what are now
distinet valleys; and they-are so completely filled up and
hidden by boulder clay, drift, and s:mds', that tl3erc 1S no
indication of their presence on the surface, which often
consists of mounds or low hills more than 100 feet high.
One of these old valleys connects the Clyde near Dum-
barton with the Forth at Grangemouth, and appears to
have contained two streams flowing in opposite directions
from a watershed about midway at Kilsith. At Grange-

L Transuetions of the Edinburgh Geological Society, Vol. 1. p. 330
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mouth the old channel is 260 feet below the sea-level
The watershed at Kilsith is now 160 feet above the sea,
the old valley bottom being 120 ‘feet deep or forty feet
above the sea. In some places the old valley was a
ravine with precipitous rocky walls, which have been
found in mining excavations. Sir A, Geikie, who has him-
self’ discovered many similar buried valleys, is of opinion
that “they unquestionably belong to the period of the
boulder clay.”

We have here a clear proof that, when these rivers
were formed, the land must have stood in relation to the
sea at least 260 feet higher than it does now, and probably
much more; and this is sufficient to join England to the
continent. Supporting this evidence, we have freshwater
or littoral shells found at great depths off our coasts. M.
Godwin Austen records the dredging up of a freshwater
shell (Unio pictorwm) off the mouth of the English
Channel hetween the fifty fathom and 100 fathom lines,
while in the same locality gravel banks with littoral shells
now lie under sixty or seventy fathoms water! More
recently Mr. Gwyn Jeffreys has recorded the discovery of
eight species of fossil arctic shells off the Shetland Is]gs
in about ninety fathoms water, all being characteristic
shallow water species, so that their association at this
great depth is a distinet indication of considerable sub-
sidence.® .

Time of Last Union with the Continent—The period
when this last union with the continent took place was
comparatively recent, as shown by the identity of the
shells with living species, and the fact that the buried
river channels are all covered with clays and gravels of
the glacial period, of such a character as to indicate that
most of them were deposited above the sea-level. From
these and varvious other indications geologists are all
agreed that the last continental period, as it 18 cul}ed. was
subsequent to the greatest development of the ice, but
probably before the cold epoch had wholly passed away.
But if so recent, we should naturally expeet onr land still

1 Quarterly Jowrnal of Geological Society, 1850, p. 96,
= British Association Keport, Dimdde, 1867, p. 431,
yA
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to show an almost perfect community with theadjacent
parts of the continent in its natural productions; and
such is found to be the case. All the higher and more
perfectly organised animals are, with but few exceptions,
1dentical with those of France and Germany; while the
few species still considered to be peculiar may be
accounted for either by an original local distribution, by
preservation here owing to favourable insular conditions,
or by slight modifications having been caused by these
conditions resulting in a local race, sub-species, or species.

Why Britain 4s Poor in Species—The former union of
our islands with the continent, is not, however, the only
recent change they have undergone. There is equally
good evidence that a considerable portion, if not the
entire area, has been submerged to a depth of nearly
2,000 feet (see Chap. IX. p. 174), at which time only
what are now the highest mountains would remain as
groups of rocky islets. This submersion must have
destroyed the greater part of the life of our country; and
as it certainly occurred during the latter part of the
glacial epoch, the subsequent elevation and union with
the continent cannot have been of very long duration, and
this fact must have had an important bearing on the
character of the existing fauna and flora of Britain. We
know that just before and during the glacial period we
possessed a fauna almost or quite identical with that of
adjacent parts of the continent and equally rich in species,
The submergence destroyed this fauna ; and the perman-
ent change of climate on the passing away of the glacial
conditions appears to have led to the extinction or
migration of many species in the adjacent continental
areas, where they were succeeded by the assemblage of
animals now occupying Central Europe. When England
became continental, these entered our country; but
sufficient time does not seem to have elapsed for the
migration to have been completed before subsidence
again occurred, cutting off the further influx of purely
terrestrial animals, and leaving us without the number of
species which our favourable climate and varied surface
entitle us to.

£
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To this canse we must impute our comparative poverty
in mammalia and reptiles—more marked in the latter
than the former, owing to their lower vital activity and
smaller powers of dispersal. Germany, for example,
possesses nearly ninety species of land mammalia, and
even Scandinavia about sixty, while Britain has only
forty, and Ireland only twenty-two. The depth of the
Irish Sea being somewhat greater than that of the
German Ocean, the connecting land would there probably
be of small extent and of less duration, thus offering an
additional barrier to migration, whence has arisen the
comparative zoological poverty of Ireland. This poverty
attains its maximum in the reptiles, as shown by the
following figures :—

Belgium has 22 species of reptiles and amphibia.
Dritain ,, 13 ) " "
Ireland ,, .4 o " »

Where the power of flight existed, and thus the period
of migration was prolonged, the difference is less marked ;
so that Ireland has seven bats to twelve in-Britain, and
about 110 as against 130 land-birds. ;

Plants, which have considerable facilities for passing
over the sea, are somewhat intermediate in proportionate
numbers, there being about 970 flowering plants and ferns
in Treland to 1,425 in Great Britain—or almost exactly
two-thirds, a proportion intermediate between that pre-
sented by the ir({s and the mammalia, . ‘

Peenliar British Birds—Among our native mammalia,
reptiles, and amphibia, it is the opigiqu of thg best
authorities that we possess neither a distinct species nor
distingnishable variety. In birds, hO“‘?‘“’E tl}e case 18
different, since some of our species, in pm'thu}nr our
conl-tit and long-tailed tit, present wcll-marked' differences
of colour as compared with continental specimens; and
in Mr. Dresser's work on the Birdsof Europe they are
considered to be distinet species, while Professor Newton,
in his new edition of Yarrell's British Birds, does not
consider the difference to be sufficiently great or suffi-
ciently constant to warrant this, and therefore classes
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them as insular races of the continental species. We
have, however, one undoubted case of a bird peculiar to
the British Isles, in the red grouse (Lagopus scoticus),

- which abounds in Scotland, Treland, the north of England,

and Wales, and is very distinet from any continental
species, although closely allied to the willow grouse of
Scandinavia. This latter species resembles it considerably
in its summer plumage, but becomes pure white in
winter; whereas our species retains its dark plumage
throughout the year, becoming even darker in winter
than in snmmer. We have here therefore a most inter-
esting example of an insular form in our own country;
but it is difficult to determine how it originated. On the
one hand, it may be an old continental species which
during the glacial epoch found a refuge here when driven
from its native haunts by the advancing ice ; or, on the
other hand, it may be a descendant of the Northern
willow grouse, which has lost its power of turning white
in winter owing to its long residence in the lowlands of an
island where there is little permanent snow, and where
assimilation in colour to the heather among which it lurks
is at all times its best protection. In either case it is
equally interesting, as the one large and handsome bird
which is peculiar to onr islands netwithstanding their

recent separation from the continent.

The following is a list of the birds now held to be

. peculiar to the British Isles:—

1. Parns ater, sud. 8p. DRITANNICUS.,, .. Closely allied to 7. aler of the
continent: a loeal s or
sub-species.

2. Acredula candats, sub, sp. zosen .. Allicd to A, ecaudate of the
continent.
3. LAGOPUS SCOTICUS veuermranraiiesienrenrn.Allicd to L. albus of Scandin-

avig, & distinet speeies,

Freshwater Fisllcs.—Althnugh the productions of fresh
waters have generally, as Mr. Darwin has shown, a wide
range, fishes appear to form an exception, many of them
being extremely limited in distribution.  Some are confined
to particular river valloys or even to single rivers, others
inhabit the lakes of a limited district only, while some are

{‘z
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confined to single lakes, often of small area, and these latter
offer examples of the most restricted distribution of any
organisms whatever. Cases of this kind are found in our
own islands, and deserve our especial attention. It has
long been known that some of our lakes possessed peculiar
species of trout and charr, but how far these were
unknown on the continent, and how many of those in
different parts of our islands were really distinct, had not
been asceftained till Dr. Giinther, so well known for his
extensive knowledge of the species of fishes, obtained
numerous specimens from every part of the country, and
by comparison with all known continental species deter-
mined their specific differences. The striking and
unexpected result has thus been attained, that mo less
than fifteen well-marked species of freshwater fishes are
altogether' peculiar to the British Islands. The following
is the list, with their English names and localities :—*

Freshwater Fishes ‘peawdiar o the British Isles.

Latin Name, English Name. Localily.
1. SarnyMo BRACHYPOMA | Short-headed salmon | Firth of Forth, Tweed,
| Ouse.
2. ., GALLIVENSIS | Galway sea-trout...... | Galway, West Ireland.
3. .+ ORCADENsIS. | Loch Stennis trout.., | Lakes of Orkney.
1. ++ FEROX........ [Great lake-trout ....., Larger Jakes of Scotland,

Ireland, the N. of
England, and Wales.

b SroMacnicva | Gillaroo trout ......... Lakes of Ircland.

. NIGRIPINNIS | Black-finned trout ... | Mountain lochs of Wales
and Scotland.

i ., LEVENENsIS, | Loch Leven Trout ... Loch Leven, Loch Lo-
mond, Windermere,

8. e P ERYALY. &.08 Welsh charr ........... | Llanberris  lakes, N.
Wales,
. ., Wittvennir | Windermere charr ... | Lake Windermere and

others in N. of Eng-
land, and lake Brmi-
ach in Scotland.

10, »  Einnasessis | Loch Killin charr ... | Killin lake in Inverness-
shire.
11 S ONTT e 0 e Cole’s charr ....p.ovns Lough Eske and Lough
{ Dan, Treland.
12, e RAY TS Gray's charr......i. Lough Melvin, Leitrim,

N.W. Ireland,

) The list of names wos furnished to me by Dr. Giinther, and T have
added the loealities from the papers containing the original descriptions,
and from Dr, Haughton's British Freshicater Fishes.
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Latin Name,
13, COREGONUS CLUPE-

English Name, | Locality,
|

The gwyniad, or 'Loch Lomond, Ulles-

O1DES BCHEHY 2.\ oerrr s rees water, Derwentwater,
| Huweswater, and Bala
} lake.
14. .+ VANDESIUS | The vendace,.......... Lmih_ Maben, Dumlries-
shire.
15. v TOLLAN ... The pollan............ Lough Neagh and Lougl
|

Earne, N, of Ireland,
These fifteen peculiar fishes differ from each other and
from all British and continental species, not'in colour
only, but in such important structural characters as the
number and size of the scales, form and size of the fins,
and the form or proportions of the head, body, or tail.
Some of them, like S. killinensis and the Coregoni are in
fact, as Dr. Giinther assures me, just as good and distinet
species as any other recognised species of fish. It may
indeed be objected that, until all the small lakes of
Scandinavia are explored, and their fishes compared with
ours, we cannot be sure that we have any p(_‘culiur species,
But this objection has very little weight if we consider
how our own species vary from lake to lake and from island
to island, so that the Orkney species is not found in
Scotland, and only one of the peculiar British species
extends to Ireland, which has no less than five species
altogether peculiar to it. If the species of our own two
islands are thus distinet, what reason have we for believing
that they will be otherwise than distinet from those of
Scandinavia? At all events, with the amount of evidence
we already possess of the very restricted ranges of many of
our species, we must certainly hold t'.hem toabc peculiar till
they have been proved to be otherwise. y _
The great speciality of the Irish fishes is very interesting,
because it is just what we should expect on the theory of
evolution. In Ireland the two main causes of specitic
change—isolation and altered conditions—are each more
powerful than in Britain. Whatever d.lfh.cult-y cont'nfental
fishes may have in passing over to Britain, that difficulty
will certainly be increased by the second sea passage to
Ireland ; and the latter country has been longer isolated, for
the Irish Sea with its northern and southern channels is
considerably deeper than the German Ocean and the
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Fastern half of the English Channel, so that, when the
last subsidence oceurred, Ireland would have been an
island for some length of time while England and Scotland
still formed part of the continent. Again, whatever
differences have been produced by the exceptional climate
of our islands will have been greater in Ireland, where
insular conditions are at a maximum, the abundance of
moisture and the equability of temperature being far
more pronounced than in any other part of Europe.
Among the remarkable instances of limited distribution
afforded by these fishes, we have the Loch Stennis trout
confined to the little group of lakes in the mainland of
Orkney, occupying altogether an area of about ten miles
by three ; the Welsh charr confined to the Llanberris lakes,
about three miles in length; Gray’s charr confined to
Lough Melvin, about seven miles long ; while the Loch
Killin charr, known only from a small mountain lake in
Inverness-shire, and the vendace, from the equally small
lakes at Loch Maben in Scotland, are two examples of
restricted distribution which can hardly be surpassed.
Cause of Great Speciality in Fishes—The reason why
fishes alone should exhibit such remarkable local modifica-
tions in lakes and islands is sufficiently obvious. It is due
to the extreme rarity of their transmission from one lake
to another. Justas we found to be the case in Oceanic
Islands, where the means of transmission were ample
hardly any modification of species occurred, while where
these means were deficient and individuals once transported
remained isolated during a long succession of ages, their
forms and characters became so much changed as to bring
about what we term distinet species or even distinet genera,
—s50 these lake fishes have become modified because the
means by which they are enabled to migrate so rarcly
oceur. It is quite in accordance with this view that some
of the smaller lakes contain no fishes, because none have
ever been conveyed to them. Others contain several ; and
some fishes which have peculiarities of constitution or habits
which rendertheir transmission somewhat less difficult oceur
in several lnkes over a wide area of country, though only
one appears to be common to the British and Irish lakes.
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The manner in which fishes are enabled to migrate from
lake to lake is unknown, but many suggestions have been
made. It isa fact that whirlwinds and waterspouts some-
times carry living fish in considerable numbers and drop
them on the land. Here is one mode which might certainly
have acted now and then in the course of thousands of
years, and the eggs of fishes may have been carried with
even greafer ease. Again we may well suppose that some
of these fish have once inhabited the streams that enter or
flow out of the lakes as well as the lakes themselves; and
this opens a wide field for conjecture as to modes of migra-
tion, because we know that rivers have sometimes changed
their courses to such an extent as to form a union with
distinet river basins. This has been effected either by
floods rising over low watersheds, by elevations of the land
changing lines of drainage, or by ice blocking up valleys
and compelling the streams to flow over watersheds to find
an outlet. This is known to have occurred during the
glacial epoch, and is especially manifest in the case of the
Parallel Roads of Glenroy, and it probably affords the true
solution of many of the cases in which existing species of
fish inhabit distinet river basins whether in streams or
lnkes. If a fish thus wandered out of one river-hasin into
another, it might then retire up the streams o some of the
lakes, where alone it might find conditions favourable to
it. By a combination of the modes of migration here
indicated it is not difficult to understand how so many
species are now common to the lakes of Wales, Cumberland,
and Scotland, while others less able to adapt themselves
to different conditions have survived only in one or two

lakes in a single district ; or these last may have been -

originally identical with other forms, but have become
modified by the particular conditions of the lake in which
they have found themselves isolated.

Peculiar British Insects.—We now come to the class of
insects, and here we have much more difficulty in deter-
mining what are the actual facts, because new species are
still being yearly discovered and considerable portions of
Europe are but imperfectly explored. Tt often happens
that an insect is discovered in our islands, and for some

. BT
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years Britain is its only recorded locality ; but at length it
is found on some part of the continent, and not unfrequently
has been all the time known there, but disguised by another
name, or by being classed as a variety of some other
species.  This has occurred so often that our best entomo-
logists have come to take it for granted that «ll our
supposed peculiar British species are really natives of the
continent and will one day be found there; and owing
to this feeling little trouble has been taken to bring
together the names of such as from time to time remain
known from this country only. The view of the probable
identity of our entire insect-fauna with that of the continent
lias been held by such well-known authorities as the late
Mr. B. . Rye and Dr. D. Sharp for the beetles, and by
My, H. T. Stainton for butterflies and moths ; but as we have
already seen that among two orders of vertebrates—birds
and fishes—there are undoubtedly peculiar British species,
it seems to me that all the probabilities are in favour of there
being a much larger number of peculiar species of insects.
In every other island where some of the vertebrates are
peculiar—as in the Azores, the Canaries, the Andaman Is-
lands, and Ceylon—the insects show an equal if nota higher
proportion of speciality, and there seems no reason what-
ever why the same law should not apply to us Our
climate is undoubtedly very distinet from that of any part of
the continent, and in Scotland, Ireland, and Wales we possess
extensive tracts of wild mountainous country where amoist
uniform climate, an alpine or northern vegetation, and a
considerable amount of isolation, offer all the conditions re-
quisite for the preservation of some species which may have
become extinet elsewhere, and for the slight modification of
others since our last separation from the continent. I
think, therefore, that it will be very interesting to take stock,
as it were, of our recorded peculiarities in the imsect
world, for it is only by so doing tlmt. we c:m_lu)pc to
arrive at any corrcet solution of the question on :vlucll thc.rc
is at present so much difference of opinion. For the list
of Coleoptera with the accompanying notes I was
originally indebted to the late Mr. K. C. Rye; and Dr.
Sharp also gave me valuable information as to the recent




3546 ISLAND LIFE ' PART It

occurrence of some of the supposed peculiar species on the
continent. The list has now been revised by the Rev, Canon
Fowler, author of the best modern work on the British
Coleoptera, who has kindly furnished some valuable notes.

For the Lepidoptera 1 first noted all the species and
varieties marked as British only in Standimger's Catalogue
of European Lepidoptera. This list was carefully corrected
by Mr. Stainton, who weeded out all the species known by
“him to have been since discovered, and furnished me with
valuable information on the distribution and habits of the
species. This information often has a direct bearing on the
probability of the insect being peculiar to Britain, and in
some cases may be said to explain why it should be so.
For example, the larvae of some of our peculiar species of
Tineina feed during the winter, which they are enabled to
do owing to our mild and insular climate, but which the
severer continental winters render impossible. A curious
example of the effect this habit may have on distribution
is afforded by one of our commonest British species,
Flachiste rufocinerea, the lava of which mines in the leaves
of Holeus mollis and other grasses from December to
March, This species, though common everywhere with
us, extending to Scotland and Ireland, is quite unknown in
similar latitudes on the continent, but appears again in
Italy, the South of France, and Dalmatia, where the mild
winters enable it to live in its accustomed manner.

Such ecasesas this afford an excellent illustration of those
changes of distribution, dependent probably on recent
changes of climate, which may have led to the restriction
of certain species to our islands. For should any change
of climate lead to the extinction of the species in South
Furope, where it is far less abundant than with us, we
should have a common and wide-spread species entirely
restricted to our islands, Other species feed in the larva
state on our common gorse, a plant found only in limited
portions of Western and Soutlmrn_ Europe; and the
presence of this plant in a mild and insular climate such
as ours may well be supposed to have led to the pre-
servation of some of the numerous species which are or
have been dependent on it. Since the first edition was

—N
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published many new British species have been discovered,
while some of the supposed peculiar species have been found
on the continent. Information as to these has been kindly
furnished by Mr. W. Warren, Mr. C. G. Barrett, Lord
Walsingham, and other students of British Lepidoptera,
and the first-named gentleman has also looked over the
proofs, :

Mr. McLachlan has kindly furnished me with some
valuable information on certain species of Trichoptera or
Caddis flies which seem to be peculiar to our islands ; and
this completes the list of orders which have been studied
with sufficient care to afford materials for such a com-
parison. We will now give the list of peculiar British
Insects, beginning with the Lepidoptera and adding such
notes as have been supplied by the gentlemen already
referred to.

List of the Species or Varicties of Lepidoptera which, so far as ab present
Lhown, are confined to the British Islands. (The figures show the dates
when the spectes was first deseribed. Species added sinee the first edition
are marked with an asterisi.)

unxst,

1. PorvomyaTus pisrAr.  “‘The large copper.” This fine insect, once
common in the fens, but now extinet owing to extensive drainage,
is generally admitted to be peenliar to our island, at all events as a
variety or local form. Its continental ally differs constantly in being
galler and in having smaller spots; but the difference, thongh
constant, is so slight that it is now classed asa variety under the
name of rutelus.  Our insect may therefore be stated to be a well-
marked local form of & confinental species. -

2. Lycmena astravche, var. ARTAXERXES,  This very dlistinct form is con-
fined to Scotland and the north of England. ~The species of which
it is considered a variety (more generally known to English entomo-
logists as P. agestis) is found in the southern half of England, and
almost everywhere on the continent.

Boumpyors,
"

3. Lithosia complana, var. sERICEA.  North of England (1861).

4. Hepialus humuli, ver. RETHLANDICA,  Shetland Islands (1865). A
remarkable form, in which the malg is usually yellow and buff
instead of pure white, as in the common form, but exceedingly
variable in tint and markings.

5. EricnXorreryx nerioentA.  Sheerness, Gravesend, and other locali-

ties along the Thames (1847) ; Hayling Island, Sussex.

. E. pulla, ear. papiprra.  Near London, rare (18301) 5 the species in

Central and Sonthoarn Burope.  (Doubtfully peculiar in M
Stainton’s opinion. )

&
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11.
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14.
15.
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26,

Acronyeta enphorbim, var. Mynic®.  Scotland only (1852), A
melanic form of a continental species,

Acnroriz sunroseA, Cambridgeshire and Huntingdonshire fens,
perhdps extinet (1835). The var. sibcerulen is found in Finland
and Livonia.

Agrotis candelarum var. AsnwonTHIL  South and West (1855),
Distinet and not uncommon.

Luperina Inteago, var, BARRETTL.  Ireland (1864),

Aporophyla anstralis, var. rascurEa.  South of England (1830). A

variety of a species otherwise confined to South Europe,

. Hydrwcia nictitans, var, PALUDRIS.

GEOMETRA.
Boarmia gemmaria, vr. PERFUMARIA.  Near London and elsewhern.
A large dark variety of a common species.
*B. repandata, var. soporeNsivs.  Outer Hebrides,
*Emmelesia albulata, var, mEsrinIvM, Outer Hebrides.
*F. albulata, var. Tiiones.  Shetland Islands,
*Melanippe montanata, var, snerLaxnica.  Shetland Islands,

. "M, sociata, var. onscrraTa, Outer Iebrides. A dark form.

Cidarin albulata, var, GriseaTA.  East of England (1835). A variety
of a species otherwise confined to Central and Southern Eirope,
EvrrmnrciA coNstricraTA.  Widely spread, but local (1835). f:am

on thyme.
*E. satyrata, var, cunzoxt N, Scotland.
*E. nanata var. cunzoNt. Shetland Islands.

PYRALIDINA,
Aglossa pinguinalis, var. sTogaTFienoL  Mendip Hills (1830). A
remarkable variety of the common ** tabby.”
*Seoparia cembrie, var. SCOTICA, Scotland (1872).
*Myelois ceratoniw, ver. PRYERELLA. North London (1871).
*Howwosoma nimbelln, var. saxiconA. England, Scotland, Tsle of
Man (1871).
*Epischnin bankesiella. Tsle of Portland (1888).

TORTRICINA.
APHELIA NIGROVITTANA.  Scotland (1852). A local form of the
generally distributed A. Tanecolana, s
GRAVHOLITA PARVULANA. Isle of Wight (1858). Rare. A distinet
specics.
CONCHYLIS BRIGERANA,  Sounth-east of F.pgl:md (1866).
*BRACIYTZNTA WooniaNA.  Herefordshire (1882).
*Eupmeilia angustana, rar. TnunEANA.  Shetland Tslands,

. “ToRTRIX DONELANA. Connemara, Ireland (1890).

TINEINA. :
TiNeA cocnyranrrnA.  Sanderstead, near Croydon (1854).  Unique !
ACROLEMTA DETULETELLA.  Yorkshire and Durbam (1840), Rare.
ArGynpsriia semirvsca.  North and West of England (1829).
Rather searce, A distinet species.
GELYOHIA DIvISELLA. A fen inscct (1856). Rare,
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38.
39,
40,
41.
42,

43.
44,
45,
46,
47.
48,
19,
50,

51,

52,

G. crLeneLtA. - West of England (1854). A doubtful species,

*G. 1E1RAGONELLA.  Yorkshire. Norfolk. Salt marshes,

*(i. SPARSICILIELLA. Pembroke.

*(i. PLANTAGINELLA. A salt-marsh species.

(. OceLLATELLA {Barrett nee Stainton). Bred from Peta maritima,
Very distinet.

Bryorrorua PoLITELLA. Moors of North of England. Norfolk (1854).

*B. porTLANDICELLA. Isle of Portland (1890),

Lira prareeNeLta. Widely scattered (1834). TLarva feeds on shoots
of Stellaric wliginase iu spring.

L. stAXDULELLA,  Kent

ANACAMPSIS SIRCOMELLA.  North and  West England  (1854).
Perhaps & melanic variety of the more widely spread A, Geniolellis.

A. noyacurATELLA. West Wickham (1834),  Unique! A distinet
species,

*(EcoPHORA WOODIRLLA ?

GLYPHIFTERYX CLADIELLA.  Eastern Counties (1858), Abundant.

(1. scEENIcoLELLA.  In several localities (1859). 9

GRACILARIA STRAMINERELLA. (1850). On birch, Perhaps a local
form of . elongelia, found on alder

ORNIX LOGANELLA.  Scotland (1848).  Abundant; and a distinet
species.

0. pevoxiertd.  In Devonshive (1854).  Unique !

. COLEOPHONA SATURATELLA.  South of England (1850). Abundant on

broom.

o (L axrLara South and East of England.  On Silend duflata. 1 con-

tinental, ) ) ;
(. 2QUAMOSELLA.  Surrey (1856). Very rare, it an obscure species.
(. SALINELLA. On Sea-coast (1859).  Abundant.

. *C. pornxTinLs.  South of England.

*C. AUNCTRELLA,  lossex salt marshes, ¥ Lancashire (1882).

*C. nivoxstenna.  Isle of Wight,  Feeds on Stadics limmoniiun,

ELACHISTA FLAVICOMELLA. Dublin (1856}, Excessively rare, two
specimens only known.

. "E. scirrr. Wales and Sussex.  Salt marshes.
. E. coxsorreira.  Scotland (1854), A doubtful species.
0 DA 5 5%

mLenrA,  Widely distribnted (1854).  Common.  Larva
feeds in grass during winter and early spring.

E. oeniquenta, Near London (1854),  Unique !

E. trisenrarerra. South of England (1854). Very loeal; an
obscure species.

*TINAGMA BETULE. East Dorsct (1891),

LITHoCoLLETIR NIGRESCENTELLA.  Northumberland (1850).  Rare;
a dark form of Z. Bremiella, which is widely distributed.

"L, ANDERID®E. Sussex. Dorset (1886).

L. 1merapierna.  North Britain (1854). A northern form of the
more southern and wide-gpread L., Toatalla,

L. reicurrenpa.  Sanderstead, near Croydon (1845).  Unique ! very
peculiar,

o L vniciconmria.  In o fow wile-spread localitics (1854). A peculiar

form.
L. cArevoxtenna,  North Britain (1854). A local variety of the
more widespread L, corylifolielie.
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75. L. DUNNINGIELEA.  North of England (1852). A somewhat doubt-
ful species.

76. BUCCULATRIX DEMARYELUA. Widely distributed (1848). Rather
COmmon.

77. TRIFURCULA SQUAMATELLA,  South of England (1854). A doubtful
species, :

78. NEFTICULA 16N0BILIELLA,  Widely seattered (1854).  On hawthorn,
not common, {on continent.

79. N, rorenir. South of England (1858). Bred from Larvie in Pateritm
sangisisorba.

§0. N. QUINQUELLA..  South of England (1848). On oak leaves, very
Jocal,  t continental.

81. N. ApicELLA.  Local (1854), Probably confused with allied species
on the continent.

82, N. HEADLEYELLA. Local (1854). A rare species,

83, *N. noporissoNt. Lancashire.

84, *N, woorLHoPIELLA.  Herefordshire,

85, "N, sengrLA.  Westmoreland and S. England.

86. "N. AUROMARGINELLA. Dorset {(1880),

"87. *MICROPTERYX SANGIL (1891),

88, "M. SALOPIELLA.

PTEROPHORINA.

AcnistTis BENNETTIL  East coast, L of Wight (1840). Common on

J Statice limonium,

We have here a list of eighty-nine species, which,

according to the best authorities, are, in the present state

of our knowledge, peculiar to Britain. It is a curious fact

that no less than fifty of these have been described more

than twenty-five years; and as during all that time they

have not been recognised on the continent, notwith-

standing that good coloured figures exist of almost all of

them, it seems highly rrobable that many of them are

really confined to our island. At the same time we must

not apply this argument too rigidly, for the very day before

my visit to Mr. Stainton he had received a letter from

Professor Zeller anmouncing the discovery on the continent

of a species of our last family, Pterophorina, which for

more than forty years had been considered to be exclu-

sively British. This insect, Platyptilia similidactyle

{Pterophorus 'wodadylus, Stainton’s Manual), had been

taken rarely in the extreme north and south of our islands

—Teignmouth and Orkney, a fact which seemed some-

what indicative of its being a straggler. Again, seven of

the species are unique, that is, have only been captured

once; and it may be supposed that, as they are so rare as

to have been found only once in England, they may be all

89
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equally rare and not yet found on the continent. But
this is hardly in accordance with the laws of distribution.
Widely scattered species are generally abundant in some
localities ; while, when a species is on the point  of
extinetion, it must for a time be very rare in the single
locality where it Iast maintains itself. It is then more
probable that some of these unique species represent such
as are almost extinct, than that they have a wide range
and are equally rare everywhere; and the peculiarity of
our insular climate, combined with our varied soil and
vegetation, offer conditions which may favour the survival
of some species with us after they have bécome extinect on
the continent,

Of the sixty-nine species recorded in my first edition
fourteen have been since discovered on the continent, while
no less than twenty-two species and eleven varieties have
been added to the list. As we can hardly suppose con-
tinental entomologists to be less thorough collectors than
ourselves, it ought to be more and more difficult to find
any insects which are unknown on the continent if all ours
really exist there; and the fact that the list of apparently
peculiar British species is an increasing one renders 1t
probable that many of them are not only apparently but
really so. Both general considerations dependent on the
known laws of distribution, and the peculiar habits, con-
spicuous appearance, and restricted range, of many of our
species, alike indicate that some considerable proportion of
them will remain permanently as peculiar British species.

We will now pass on to the Coleoptera, or beetles, an
order which has been of late years energetically collected
and carefully studied by British entomologists.

List of the Species and Varictics of Beetles which, sofar as at present known,
are confined to the British Islands. Those added since the first edition
are marked with an asterisk.

CARABIDE.

. "Bembidium saxatile, var. vECTENSIS (Fowler). Isle of Wight.

. DroM1vs vecrensts (Rye). Common in the Isle of Wight, also in
Kent, and at Weymonth and Seaton. Closely allied to D. sigma.

3. Harpalus latus, war, meraLLEscENs (Rye). Unique, but very
marked ! South coast, ** Perhaps a sport or a hybrid *’ (Fowler),

4. Acvrarrus pErentervs (Dawson). Unique! North Kent. Canon

Fowler thinks it may be o variety of 4. dorsalis.

b e
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Dymicing.
5. *Aciling suleatnsg, ver. scorious (Curtis). Scotland, A melanie
variety.
Herornoring,
6. Ocurnentus PoWwERL (Rye). Very marked. 8. coast. A few speci-
mens only.
7. *O. =xyus (Staph),
Bracuyriyrra.
8. Ocyusa mmeeNica (Rye). TIreland, mountain tops, and at Bracinar.
9. "OXYPODA TARDA (Sharp). 5
10. A PECTITA (Sharp). Scotland.
11. » VERECUNDA (S‘lmrp). Scotland, also London districts.
12, HoMALOTA DIVERSA (Sharp).
13. o FULVIPENNIS (Rye).
14. a5 orLoNGIUscULA  (Sharp).  Scotland, slso England and
Ireland,
15. 3% rriNcEPR (Sharp). A coast inseet.
16. L CURTIPENNTS (gYmrp). Scotland and near Birmingham,
17. H. levang, var. sEr1aEeA (Sharp).
18. STENUS osoiutaTor (Rye) Uniqne! Sounth coast.  May be a
hiybrid.
10, Trocopntzus sPINTCOLLIS (Rye). Mersey cstuary, unique ! Most

20.

2

e

22,

v 23.

24,

25,
26.

28,

distingnishable, nothing Iike it in Europe, Perhaps imported from
another continent,

Evnecrvs warrer (Sharp).  Scoteh hills. A variety of E. (firaudi
of Germany (the only European species) fide Kraatz (Sharp),

HoMALIUM

RUGULIPENNE  (Rye). Exceedingly marked form.

Northern and western coasts ; rare.
*Mycrroronus MoNTICOLA (Fowler).,  Cheviots and Inverness-shire,

Bryaxts corrs (De Sauley).
Byrmisus araneatvs (Rye).

SCYDMENTILE,

*ScypyaEsus rowert (Fowler) 8. England, A recent discovery.
*S, rraxiFross (Fowler).

(1] "

PsELAPHIDR

Scotlund. ‘
Sussox coast ; also Isle of Wight ; o

few specimens ; very distingnishable ; myrmecophilous (lives in auty
ncsu;.
- TRICHOPTERYGID.E.
PrINELLA MARIA (Matthews) IZerhyslur«.
TRICHOPITERYX SARE ( T Notts.
3 POWERT ( ¥ Oxon.
" EDITHIA R Kent. :
' TANGUSTA. (o Leicestershire,
" y “ :
3 KIREIL Ry Norfolk.

FRATERCULA(
WATERMOUSII(  ,,
OHAMPIONTS( 3
JANsoNt o

Wicken Fen,
Leicestershive,

Nt St St i S i

surrocATA (Haliday).  Treland, Co, Cork.
canpoNARIA (Matthews). Notts,
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BN
40,
41.

o
=

oot

01,

b2.

53,

Printea maripay: (Matthews).  Sherwood Forest.

i CAarEpoNicom (Sharp).  Scotland ; very marked form,
'y INSIGNE (Motthews). London disteict,

“OpTnorerrs MuNnus (Matthows),  Oxfordshire,
*O. ruNervLATUs (Matthews).  Lincolnshire.

ANIsoTOMIDE,

. Acamiprost piixoceros (Sharp). Ol fir-woods in Perthshire ;

local, many specimens ; a very marked species.
ANISOTOMA SEMILATA (Rye). South of England. 'I'wo specimens.
' LuNIcornis (Rye). North-east and South of England, a
very marked form ; several specimens,
Puaracring.
PrALAcrus vrisouTt (Rye). Sonth of England. Rare. ‘* Perhaps
a small form of P. corusens™ (Fowler).
. CRYPTOPHAGID 2, 5
ATOMARIA DIVISA (Rye). Unique! South of England.

LATHRIDIIDA,
Melanopthalma transversalis, var. WornAsToN1 (Waterhonse). South
coast, and Lincolnshire.
Bynnnin.e
SYNCALYI'TA HIRSUTA (S!mr]lv). South of England, local. ** Closely
allied to 8. setigern™ (Fowler).
MonnELLIDE,
“ANASPIS SEPTENTRIONALLS,  Scotland (18981).  (Champion.)
= 350 GARNEVSI (Fowler). London Distriet.  (1880.)
TeLEPHORIDE,
Terrrmones pArwiNtaNvs (Sharp).  Scotland, sea-coast. A stunted
form of abmormal habits. Perhaps a vaviety of 7. lifuratus.

CYPHONIDE.
CYPHON PUNCTIPENNIS (Sharpk  Scotland.
ANTHICIDE.
ANTHICUS sALINUS (Croteh),  South const, ]
1 scoticus (Rye).  Loch Leven: very distinet @ many speei-
mens,
_ Crotpe,

"Cis prraMeLnaTes (Wood).  West Wickham, Kent, Perhiaps fm-
ported.  Has the appearance of an exotic Cis ™ (Fowler).
TOMICID.E
*Pityopthorus lichtensteinii, var, scoricvs (Blandford). Scotland.
CURCULIONID A,

. Centhorhynehus contractus, var, PALLIPES (Croteh). Lundy Island ;

severil specimens. A curious vaviety only kuown from this island,
LIOSOMUS TROGLODYTES (Rye). A very queer form. Two or three
specimens,  South of England.
*Orcheites ilicis, var, Ntopiers (Fowler),  London District. (1890, )

A A
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62, Aviox nyer (Blackburn), Shetland Islands.  Several specimens,
Perhaps a var, of A. foyi,

CHEVSOMELIDA.
G3. Chrysomnela staphylea, var, smarel (Fowler).  Solway district.

HaAvTioma,
64. Loxcrransus acieis (Rye).  South of England ; many specimens,
G5, - DISTINGUENDA (Rye). South of England ; many speei-

mens.
(6. Pavioiones runmirenyis (Kutschera). Lundy Island. A very
curious form, not uncommon in this small island, to which it
appears to be confined. ““An extreme and local variety of
P, chrysocephala ' (Fowler),
COCCINELLINE, \
67. Soxyyxvs fiviovs (Bold), Northumberland, A doubtful speeios

Of the sixty-seven species and varieties of beetles in the
preceding list, a considerable number no doubt owe their pre-
sence there to the fact that they have not yet been discovered
or recognised on the continent. This is almost certainly the
case with many of those which have been separated from
other species by very minute and obscure characters, and
especially with the excessively minute Trichopterygida
described by Mr. Matthews. There are others, however, to
which this mode of getting rid of them will not apply, as
they are so marked as to be at once recognised by any
competent entomologist, and often so plentiful that they
can be easily obtained when searched for. The peculiar
species of Apion in the Shetland Islands is interesting, and
may be connected with the very peculiar climatal con-
ditions there prevailing, which have led in some cases to a
change of habits, so that a species of weevil (Otiorhynchus
maurus) always found on mountain sides in Scotland here
occurs on the sea-shore. Still more curious is the occur-
rence of two distinct forms (a species and a_well-marked
variety) on the small granitic Lundy Island in the Bristol
Channel. Thisisland is about three miles long and twelve
from the coast of Devonshire, consisting mainly of granite
with a little of the Devonian formation, and the presence
here of peculiar insects can only be due to isolation with
special conditions, and immunity from enemies or com-
peting forms, When we consider the similar islands off
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the coast of Scotland and Ireland, with the Isle of Man and
the Scilly Islands, none of which have been yet thoroughly
explored for beetles, it is probable that many similar ex-
amples of peculiar isolated forms remain to be discovered.

Looking, then, at what seem to me the probabilities of
the case from the standpoint of evolution and natural
selection, and giving due weight to the facts of local
distribution as they are actually presented to us, I am
forced to differ from the opinion held by onr best entomo-
logical authorities, and to believe that some at least,
perhaps many, of the species which, in the present state of
our knowledge, appear to be peculiar to our islands, are,
not only appavently, but really, so peculiar.

I am indebted to Mr. Robert MeLachlan for the follow-
ing information on certain Trichopterous Neuroptera (or
caddis-flies) which appear to be confined to our islands.
The peculiar aquatic habits of the larvae of these insects,
some living in ponds or rivers, others in lakes, and others.
again only in elear mountain streams, render it not improb-
able that some of them should have become i.‘i()]ﬂ.((.‘(l and
preserved in our islands, or that they should be modified
owing to such isolation. \

Trichopera pecwlior to the British Isles.

1. PHILOPOTAMUS INSULARIS. (! A variety of P. niontanus.)—This can
hardly be termed a British species or variety, because, so far as at present
known, it is peculinr to the Island of Guernsey. It agrees structurally
with P. santanys, a species found both in Britain and on the continent,
but it differsin its strikingly yvellow colour, and less pronounced markings.
All the specimens from Guernsey are alike, and resident entomologists
assured Mr. MeLachlan that no other Kind is known. Strange to say,
some examples. from Jersey differ considerably, resembling the common
Evropean and British formn,  Even should this peenliar variety be at some
future time found on the continent it would still be a remarkable fact that
the form of insect inhabiting two small islands only twenty miles apart
ghonlcl constantly differ ; but as Jersey is between Guernsey and the const,
1€ seems just possible that the more insular conditions, and perhaps some
peculiarity of the soil and water in the former island, have really lod to.
the production or preservation of a well-marked variety of insect. ~ In the
first c:litjou of this work two other species were named as then, peculiar
to Britain—Setodes argentipunctella and Rhyacophila munda, but both
have now been taken on the continent.

. 2 MESOPHYLAX IMPUNCTATUS, tar, ZETLANDICUS.—A variety of o
South.anll Central Rurn;w:m species, one specimen of which has been
found in Dumfrissshire. The variety is distinguished by its small size and.
dark colour. i

A A2
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Land and Freshwater Shells—In the first edition of this
work four species were noted as being, so far as was then
known, exclusively British. One of these, Cyclas pisi-
divides (now called Spherium pisidioides) has been dis-

covered on the continent, but the other three remain still

apparently confined to these islands; and to these another
has been added by the discovery of a new species of
Hydrobia in the estuary of the Thames. The peculiar
species now stand as follows: —

1, GEOMALACUS MACULOSUS.—A beautiful slug, black spotted with

yellow or white, found on rocks on the shores of Lake Caragh in Kerry.

t was discovered in 1842, and has recently heen found also at Glengarifl
in Cork. An nllied species is fonnd in France and Portugal.

9, LIMNEA INYOLUTA.—A pond snail with a small polished amber-
calonred shell found only in & small alpine lake, and its inflowing stream
on Cromaglonn monntain near the lakes of Killarney. It was discoverad
in 1888, and has frequently been obtained since in the snme locality, It
is somoetimes classed as o variety of Limnea peregra, and is at all events
closely allied to that species.

3. Hypronia arskrxsit.—A small shell of the family Rissoide inhabit.
ing the Thames estuary both in Essex and Kent. It was discovered only
a few yenrs ngo, and was first deseribed in 1889,

4, ASSTMINEA GHAYANA.—A small estuarine pulmonobranch found on
the banks of the Thames between Greenwich nnd Gravesend, on mud at
the roots of aquatic plants It has been discovered more than sixty years.

But besides the above-named species there are a con-
siderable number of well-marked varieties of shells which
seem to be peculiar to our islands. A list of these has
been kindly furnished me by Mr. Theo. D. A. Cockerell,
who has paid much attention to the subject ; and after
omitting all those whose peculiarities are very slight or
whose absence from the continent is doubtful, there remain
a series of forms some of which are in all probability really
endemic with us. This is the more probable from the fact
that an introduced colony of Heliz nemaoralis at Lexington,
Virginia, presents numerous varieties among which are
several which do not oceur in Europe.! The following list
is therefore given in the hope that it may be useful in
calling attention to those varieties which are not yet posi-
tively known to occur elsewhere than in our islands, and

) Seé *The Virginia Colony of Helix nemoralis,” T. D. A, Cockerell.
i The Nawtitus, Vol, 111. No. 7, p. 78

.
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thus lead, nltimately, to & more aceurate knowledge of the
facts. It is only by obtaining a full knowledge of varieties,
their distribution and their comparative stability, that we
can ever hope to detect the exact process by which nature
works in the formation of species.

Lisr oF THE SreEcins AND VARigries oF Laxn AND FRESHWATER
SHELLS WHICH, 50 FALL AS AT PRESENT KNOWN, ARE BELIEVED 10 BE
Pecvnian 1o THE Britisi 1SLES OR NOT FOUND 0N THE CONTINENT,

Linacipz,

1. Limax marginabus, v MACULATUS,  Iroland ; frequent, very distinet,
-2 b 5 . Dpeciriess. Ireland and England.

3. o Mavus, ear, srervsvs,  England 3 Melanic form.

4. o 5 , Griskvs.  England ; Melanic form,

5. Agriolimax agrestis, ver: N1GEE. Yorkshire.  Melanie,  Azores
6. i = . Grisers.  Englnd.  Melanie.

7. Amalia gogates, v, RAvA. . W. of England.

8., sowerhyi, var. rUsTICA. England.

U i ., NierescExs.  Surrey atd Middleses.

10. ., Breovon.  Ealing.

" " - o
11. Hyalina crystulling, var. COMPLANATA,  Near Bristol.
12: 5% fulviy, var. ALDERL %
18. Yitrina pellucida, var. DEPEESSIUSCULA. S England, Wales,
»

HELIcIDg,

14, Avion ater, ver, ALEO-LATERALIS. England, Wales, Islo of Man ¢
very distinet. )

15, ,, hortensis, v vALLAS.  England.  Comamon at Boxbill.

16. GromarAcys MAacvLosvs,  Kerry and Cork,  Three varieties have
been deseribed, one of whicl oecurs in Portugal ]

17. Helix asperss, var. Luresciss. Englind,  Not rare perbaps in
France,

18.  ,, nemomlis, var. minEuNicA,  Ireland.

10. ., rufescens, var. MANCHESTERIENSTS,  Engloud.

20, ,, |ispida, ver, sUscLonoss.  Bngland.

2L, w3y DEPILATA. England.

2y 5 o aarson,  England, Ireland.

2+ 4 >y granulata, var. CORNEA, Lulworth, Dorset

2L 4, virgatu, var. SUBAFERTA. Bath.

S0 L4y % ., supcLonoss. England, Waley, Bantry Bay.

W0 3 7 s CARINATA, Warehem, Dorset, %
27. o caperata, far. MAJOL England, Wales, Scotland.  Distinet.
480 B . Naxa,  England.

29, % & by SUBSCALALIS Wiles, Irelamd,

30. o ArrErNATA.  England, Kent.

8., ncuta, eep, NGRESCENE. England,

Purine
32, P'apanglica, eap, rALLIDA,  Not rar,
85, ., lilljeborgi, wer, moENTATA.  Ireland,




358

34,
d45.

40,
37,

48,
38,
40,
41.

42
43,
44,
45,
46.

47,
48,
49,
50.

63,
64,
65,

68,

Pupa

yygmea, var. PALLIDA.  Dorset and Devon.

Clausilia rugosa, var, PARVUELA.  Ireland.

STENOGYRIDA,

Cochlicopa lubrica, ver. HYaniNa.  Wales, Scotland.
Ceeeilianella acicula, var. ANGLICA. England.

SUCCINEIDA.

Succinea putris, var. S0LIDULA.  Wiltshire,

virescens, var. AUREA.  Ireland.
pleifferi, ,, nurescexs, Englaud, Ireland.
¥ p MINoR.  England.

Liyxzsmps,

Planorbis fontanus, ver. MiNor.  England.

carinatug, ,, pIsorFoRMIS,  England.
contortus, ,, ExXcAvVATUS, Ireland.
MINOR.

l’h)m fonmmlus mr OBLONGA,  England, Wales, Ireland.
Liyvxza iNvorura.  Ireland.
Limniea glutinosa, var, MUCRONATA.

"
"
"
"
EE

peregra, wer. BURNETTL  Scotland.  Very distinet.
5 7 LACUSTRIS.  Perhaps in C, Verde Islands,
o3 sy MARITIMA.  Great Britain.
5 s LINEATA.  England.
STAGNALIFORMIS.,  England.
M'q.,lmhn, wr. BLAGANTULA,  Curious. In a pond

Chislehurst,

"

"
"

palustris, var. coxteA.  England, Ireland.
- s+ TINCTA.  England, Wales.
b ALBIDA, l-.ng.,lnnd
trune atuly, v MLEGANS.  England, Trcland.  Distinet,
» Frsca.  Wales.

Ane vlus ]-ull‘ztrw, var, conrnessvs,  England,

PALUDINIDE.

aluding vivipars, vor. BrAsciarA.  England.  Not uncommon.

19

5 . ATROPURFUREA. Pontypool.
Rissornm.

Hyprosrs sexginsi,  Thames Estuary.

ventrosa, var. MINOR.

EE) s+ DECOLLATA.
.
st sy OVATA,
» »y ELONGATA.
’e s» PELLUCIDA.
CYRENIDAE.

Spherit cornettm, var, COMPRESSUM.

"
"
"

g

> s MINOR,
W -.mc.\nm A
m‘.’xle, vay, PALLIDUM.  England,
lacustre, var. RotuNpUM.  Wales.

- Pisidium pusillum, var, GRANDIS,

o cmeviane.  Wales "
mtnhun, var. GLOBOSUM,

ISLAND LIFE PATCT 11

at

———— 3 -

T —



g

CHAY. XV THE BRITISH ISLES 359

UNIONIDE,
77. Unio tumidus, rer. nIcuENsis.  Regent’s Park. Peculiar form.
78. ,, pictorum, rar. LATIOR. England.
95 2 w __n COMPRESSUS., England.
80. ,, margaritifer, var. OLIVACEUS.
81. Anodonta cygnma, var. INCRASSATA,  England.
82. S .  PALnIDA.  England, Ireland,
ESTUARINE ot MARINE PULMONOTRANCHS,
83, AssMINgA GRAYANA. Thames Estuary.

11

Peculiarities of the British Flora—Thinking it probable
that there must also be some peculiar’ British plants, but
not finding any enumeration of such in the British Floras
of Babington, Hooker, or Bentham, I applied to the
greatest living authority on the distribution of British
plants—the late Mr. H. C. Watson, who very kindly gave
me the information I required, and I cannot do better
than quote his words: “It may be stated pretty con-
fidently that there is no ‘species’ (generally accepted
among botanists as a good species) peculiar to the British
Isles. True, during the past hundred years, nominally
new species have been named and described on British
specimens only, from time to time. But these have
gradually come to be identified with species described
elsewhere under other names—or they have been reduced
in rank by succeeding botanists, and placed or replaced
as varieties of more widely distributed species. Tn his
British Rubi Professor Babington includes as good species,
some half:dozen which he has, apparently, not identified
with any foreign species or' variety. None of these are
accepted as ‘true species, mnor even as ‘sub-species n
the Students’ Flora, where the brambles are descnbed_
by Baker, a botanist well acquainted with the plants of
Britain. And as all these nominal species of Rubi are
of late creation, they have truly never been subjected to
real or critical tests as ‘species.” -

In my first edition I was only able to name four species,
sub-species, or varieties of flowering plants which were
believed to be unknown on the continent. But much
attention has of late years been paid to the critical ex-
amination of British plants in comparigon with continental
specimens, and T am now enabled to give a much more
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extensive list of the species or forms which at present seem
to be peculiar.  For the following list T am primarily in-
debted to Mr. Arthur Bennett of Croydon. Sir Joseph
Hooker has been so kind as to examine it carefully and to
give me his conclusions on the relative value of the differ-
ences of the several forms, and My, Baker, of Kew, has also
assisted with his extensive knowledge of British plants,
List or Srecies, Sve-srecies, AN VARieries oF FLOWERING PLANTs
FOUND IN GREAT BRITAIN 01 IRELAND, BUT NOT AT PRESENT KNOWN
IN CONTINENTAL: Eunore. By Awrnuvn Bexserr, LS., Tug
MOST DISTINCT AND BEST DETERMINED FORMS ALRE MARKLED W' AN
ASTERISK,

1. *Caltha radicans (Forst.), A much disputed species, or form of ¢,
pedustyis, Tt is arelatively rare plant.”  (J. Do 1LY “ Certainly
distinet from the Scandinavian form.”  (Ar, Bennett.) '

2. "Ambis petrea (Lany ) var. grandifolin (Druee),  Seoteli mountains,
“The larger flowers alone distinguish this.” (). D, I5)

dcArabis cilinta (R Br).  In Nyman's Conspeetus Flore Earopen
this species is given as fpund in England and Tveland only.

A very much disputed form of a plant of very wide distribution
in Kurope and North America.”” (J. D. H.)

4. Brassica moncensis (Huds ). ** This and the continental 2. cheiretlos
(also found in  Cornwall) are barvely distinguishable from  ope
another.” (1. D, H.)

. Diplotaxis muralis (1), ) var, Babingtonii (Syme). South ol England,
“A Dbiennisl or perennial form ; considered to be a denizen by
Watson.™ (J. D. IL)

6. *Helianthemum  guttatmn (Mill), war. Breweri (Planel), Anglesea,
““VYory doubtful local plant, L guttation (trug) has Iately Loen
found in the same locality.” (J. 1. H.)

7. "Polygaln volgaris (L.), ver. gmandiflora (Bal). Sligo, Ireland. <A
very distinet variety,” (J. D. H.)

8. Viola Intea (Huds.), ear. amana (Symonsy. ** 175 hdeavitscll ix con-

sidered to be a form of 7 tricolor, and I amene the better colonrid
of the two forms of 15, htor,” (J. D. H.)

. *Cerastium arcticmn {(Lange), var, Rdmonstonii {Beeby) Shetland T
“But . arcticwsn is veferable to the very viriable ¢4 alpimc ()0
D. H.) *Near to the European €% lafifolivm.”  (Ar. Bonnett.)

10, *Geranium sangnineum (L.), var. Lancastriense (With.),  Tuueashire.

A prostrute local form growing ont of its native sofl i sind by thi
% sea” (1D H.) Mr. Bennett writes z T have grown &, saiguviuoni
and its prostrate variety in sand, and neither ln'w\lmv Lancastriensoe,

11, Genista tinctorin (I}, ver humifusa (Dickson). Cornwall,  ““A

decnbent hairy form confined to the Lizard.” (L. 1. H.)

12, Cytisus seoparing (Link,), vor,  prostratus (Bailey). Cornwall, ** A

prostrate form,™ (1, DL 1) )

18. Anthyllis vulneraria (L), eae. ovata (Bab.). Shotland Iscx A dight

variety that Mr. Baker tells me roverted at onee nuder eultivation.™
(. D.H.) N
1. "Trifolium repens (L.), var. Townsendii (Bab.), Scilly Isles. “A well-

o
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27.
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29,

50.
31

32,
33,
34,
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36,
87,
38,
39,
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.
marked form by its rose-purple flowers,  Confined to the Seilly
Isles.” (J. D H.) "
*Rosa involuta (Sm.), var. Wilsoni. (Borrer.) Wales.  **There are n
multitude of forms or varietics of £, fnvolnte, and K. wilsoniis one of
the best-marked, found on the Menai Straits and Derry” (1. . H.)

. Rosa involuta wer. gracilis (Woods).  “*Pias 18 considered by many a5

one of the commonest forms of L dnveluta.” (J. 1. H.)

. Rosa involuta ve, Nicholsoni (Crepin). ** Another slight varicty of

. fuvoluta,” (1. D. H.) A

. Rosa involute ver. Woodsiana (Groves), “A Wimbledon Common

variety of & villose.” (V. D. H.)

. Rosa involuta var, Grovesii (Baker). M Baker thinks this of no

account.” (1. D. 1)

. Rubus echinatus (Lind.). ** A varioty of the widely spread £, Radwla,

itsell o form of AL frcdicosns.” (I, D. H.)

21, *Rubus longithyrsiger (Lees),  “* Mr. Baker informs me that this is u

very dlistinet plant neyer yel fouml on the continent.™  (J. DL 1E)

Pyrus aria (Sm.) ver. rnpng‘oln (Syme). A very Tocal form, confinel
to Gt Britain, and owing its chametors to its sturved position ™
{Baker.)

9. Calliteiche obtusangula (L Gall), ear.  Lachii (Warren). Cheshire,

S his s intermoedinte between two suli-species of € eerne,™ (J.1). Ho}

* Enanthe fluviatilis (Coleman).  South of Englamd,  **The fluitant
form of =&, Phellandrinn” (1. 1. H.)

Authewmis arvensis (I.), var. anglica (Spreng). N. Coust of England,
“ A mavitime form with more fleshy leaves fopmerly forml near
Ditrhamn.  Ithas other very trifling characters,™ (1. Do 1)

Avetinm intermedinm (Bab. k. *“There aro two sub-spocies of oA, fappa,
weeejies and srinws, eack with varicties, amd this is one of the inter-
mediates,” (1. 1. H.)

Hierneinn holosericinm (Backli ), Scoteh Alps

I evacilentin (Backh. ). " YA

1L lingulatum (Backh.). . A var, of this in Scand-
navia.

11, senescens ( Backh, ). ¥,

H. clirysanthenum (Backh.), 5

H. ivicion (K. Teesdalo and Seotland. .

H. gibsoni (Backh.).  Yorkshire and Westmorelaml.

Hieraeimm nitidum (Backhu).  Tower glens of the Svoteh Alps. Alr,
Bennett writes :—*< The following Hiercia have been somod by
Mr. F. J. Hanbury as cadentie forns.  One ean ouly safoly sy they
are cerfainly not known in Scandinavis, as they have all been sub
mitted to Dy Lindeberz,  But usually Scoteh species are not
representod in Contral Europe to any great extent, though sesbral
do oeenr,  Still theso new forms ought to be eritically compurod
with wll Dy, Petors’ new alx-(:igﬁ." .

. Langowellense (Haub. ). Caithness,

H, pollinarium (Hanlb.), Sutherland.

H, scoticin (Hanb, ), Sutherland and Caitliness,

H. Backhousei (Hanh,).  Abenleen, Banfl, Inverness

H. cdedonicmn (Hanh,).  Caithness and Sutherland.

H. Farvense (Hanly).  Sutherland and Shetland Ts.

H. proximumn (Hanb.),  Caithness,  With regard to all  thow
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42.

43.
44,

5

59,

a0,
61,

Hieracin Sir Joseph Hooker and Mr, Baker say :— No case can

be made of these. They are local forms with the shadowest of ghady

characters.” Mr. Bennett writes :  H, iricum and H. Gibsoni are

the best marked forms."”

*Campanula rotundifolia (L.), var. speciosa (A. G. More). W. Ircland.
£¢ J:‘ry well distingunished by its large flowers and small calyx lobes,
approaching the Swiss €. Schenzeri.” (1. D, H.)

Statice reticulata (Sm.). ** Baker agrees with me that this is also

. Mediterranean species.”  (J. D, lfg .

Erythrea eapitata (Willd.), var. sphmrocephala (Towns.). Igle of

Vight. A form of E. centauriwm utterly anomalous in its genus
F: tllu;a iInlserﬁon of the stamens. A monster rather than & species,”
J. D.HL)

. *Erythnea latifolia (Sm.). On the sandy dunes near Liverpool. 4

local form.” (J. D. H.)

. Myosotis collina (Hoffim,), var. Mittenii (Baker). Sussex.
. Veronica officinalis (L.), dar. hirsuta (Hopk.). Ay, Scotland.
. Veronica arvensis (L.), tar. eximia (Towns.). Hampshire,

Mentha alopecuroides (Hull), Nearest to M. dwlessima (Dun. ).

. Mentha pratensis (Sole). Only once found.

Chenopodium rubrum (L. ), var. psendobotryoides (H. €. Watson).
Salix ferruginea (Forbes), England, Scotland. *‘Probably a hybrid
between S. viminalis and 8. einerea,” (J. D. H.)

. Salix Grabami(Borr.). Sutherland, Perth.  “A hybrid 1" (J. D, H.)
. Salix Sadleri (Syme). Aberdeen. ‘A hybrid ! (J. D. H.)

*Bpiranthes Romanzoviena (Chama), Ireland (N, America).

. *Sisyrinchium angustifolium (Mill.). Ireland. (Arctic and Temp. N,

America, )

. Allium Babingtonii (Borrer). West England, West Ireland. A

form of 4. ampeloprasum, itself o naturalised species,” (1. 1, H.)

. *POTAMOGETON LANCEOLATUS (Sm.). Anglesea, Cambridgeshire, Ire-

land. Mr. Bennott writes :—** Endemic ! I have taken o good amonnt

of tronble to ascertain this. Nearly 400 speeimens I have distributed

all over the world with requests for information as to anything like

it. The response is everywhere the same, ‘nothing.” The neancst to

it oceurs in the Duchy of Lauenberg but is referable to P. fatoro-
hylis.”

Potﬁmogeton Griffithii (Ar. Bennett). Carnarvon. * Nearest to this
is & probable hybrid from N. America, but not identical.” (Ar.
Bennett.)

Potamogeton pusillus (I..), sub-sp. Sturrockii (Av. Benn. ). Perth.

Potamogeton pusillus (L.), war. rigidus (Ar. Benn.). Orkneys,
Shetlands.

625 Ruppia rostellata (Koch.), var. nana (Bosw.). Orkneys,

63,
G4,

*Eriocanlon septangulare (With.). Hebrides, Irland. N. America.

Scix]»us uniglumis (Link), var. Watsoni (Bab.). Scotland, Englind.
2 This is a variety of a sub-species of the common 8. palustris.”
J. D, H.

)
65, Luzula pilosa (Willd.), var, Borreri (Bromf),

G,

67

*Carex involuta (Bab.). Cheshire, ** A distinct enough plant but
probably a hybrid between €% vestearia and €. ampillacee, forind in
one place only.” (J. D. H.)

- Carex glanca (Murr, ), war. stictocarpa (Sm. ). Scotland.

i i

O
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68, Carex precox (Jacq.), var. capitata (Ar, Bemnn.), Ireland. “A
remarkable plant (monstrosity ) simulating €. capitata (L.)." (Ar.
Bennett.)

3 'Ca]:;'oxH Grahami (Boott). **A mountain form of €. vesicaria,” (J.
. H.)

“Spartina Townsendi (Groves). Huampshire, A distinet but very

ocal form of 8. stricta, found in one place only.” (J. D. H.)

. Agrostis nigra (With.).

. Deschampsin flexnosa (Trin.), var. Voirlichensis (J. C. Melvill). Perth.

*Deyeuxin neglecta (Kunth), cer. Hookeri (Syme). Ireland. <A

distinet variety confined to Lough Neagh.” [(J. D. H.)

. Glycerin marvitima (Willd. ), vay. miparia (Towns, ). Hampshire.

Poa Balfouri{Bab.). Scotland. “*An alpine sub-varicty of a variely
of tha protean P. nemoralis.’’ (1. D. Il.)

=
=

-1
=

- =]~
w00~
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In his comments on this extensive list of supposed
peculiar British plants, Sir Joseph Hooker arrives at the
following conclusions :—

1. There are four unquestionably distinct species which do not oceur in
continental Burope : viz.—

One absolutely endemic species, POTAMOGETON LANCEOLATUS,

Three American species, SISYRINCHIUM ANGUSTIFOLIUM, SPIRANTHES
ROMANZOVIANA, ERIOUAULON SEPTANGULARE.

2, There ave sixteen endemic varieties of British species, viz,—

Eleven of more or less variable species, Caltha palustris, var. RADICANS ;
l’ol.\'gala vulgaris, var. GRANDIFLORA ; Cerastinn :'m:licum. rar, EDMONS-
TONIT ; Trifolinm repens, var, TowNsENDIT ; Rosa involuta, vty WILSONT
Rubus fruticosus, sub-sp. LONGITHYRSIGER ; Campanula rotundifolia, var.
SPECIONA ; Erythriea centaarium, swb-sp. LATIFOLIA ; Carex involuta,
(?Hyb.); Carex vesicaria, ear. GrAHAMI; Deyeuxia neglecta, var,
Hookekr

Five of comparatively well limited species.  Arabis petnea, rar. GRANDI-
poLIA ; Helianthemum guttatum, var. Breweri ; Geranium sanguinenim,
var., LANCASTRIENSE: ZEnanthe Phellandrium, ver. ¥FLUVIATILS ;
Spartium stricta, var. TOWNSENDL ’

The above twenty species are marked in the list with
an asterisk. Of the remaining fifty-five, Sir Joseph
Hooker says, “that for various reasons it would not be
safe to rely on them as evidence. In most cases the
varietal form is so very trifling a departure from the type
that this may be safely set down to a Jocal cause, and is
probably not constant. In others the plant is doubtfully
endemic ; in still others a hybrid.”

Even should it ultimately prove that of the whole
number of the fifty-five doubtful forms none are established
as peculiar British varicties, the number admitted after so

.
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rigorous an examination is abont what we should expect in
comparison with the limited amount of speciality we have
seen to exist in other gronps. The three American species
which mhabit the extreme west and north-west of the
British Isles, but are not found on the continent of Europe
are especially interesting, because they demonstrate the
existence of some peculiar conditions such as would help
to explain the presence of the other peculiar  species,
Whether we suppose these American forms to have
migrated from Ameriea to Europe before the glacial epoch,
or to be the remnants of a vegetation onee spread over the
north temperate zone, we can only explain their presence
with us and not further cast by something favourable
c¢ither in our insular climate or in the limited competition
due to our comparative poverty in species.

About half of the peculiar forms are found in the
extreme west or north of Britain or in Ireland, whero
peculiar insular conditions are at & maximum ; and the
mfuence of these conditions is further shown by the
number of species of West or South European plauts which
oceur in the same districts.

We may here notice the interesting fact that Ireland
possesses no less than twenty species or sub-species of
Howering plants not found in Britain, and some of these
may be altogether peculiar,  As a \\'lufh_z they s}mw tlie
effect of the pre-eminently mild and msular elimate of
[reland in extending the range of some :-u'mt.h P,:“l'npczm
species.  The following list of these plants, for which 1 am
indebted to Mr. A. G. More, with a few remarks on their
distribution, will be found interesting :—

Liast or Iitsit FLOWERING PLANTS WHICH ARE NOT VOUND 1N Brivas,

1. Polygule vidgaris (var. grandiflora). Shg.n.

2. Campanwle rotundifolice (v, SPeciosi. W. lrul::ml.

8. Arenarie ciliote, W, Irclanid (slso Auvergue, Pynimees, Crote),

4. Saxifrage wnbrose. W, Treland (also Pyrenocs, N. Spain, Portugal).

. o geme, 80 W, Ireland (also Pyrenecs). ol *

6. % hirsade. S, W, Ireland (also Pyrences), \

7. Twicket sadicone, W, Treland (Scandinavia, Middle I'lllll South Eurape),

88 Briea mediterranea. W, Treland (W. France, S;.mn'n, Portugal).

W nuckaian (budisub.ssp.) W Treland (Spain),

10, ytaetiey wiendo. S, WL ln:lzuul (W. of France, Spain, Portugal aud
shores of Mediterranean), ) i<

1, Dubeogiee polifotie. W, Ireland (W. of France, Spain md Portugal).
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12. Pinguiewla  grandiflora.  S. W. Ireland (Spain, Pyrences, Alps of
France and Switzerland).

18, Neotinza intacte. W. Ireland (8. France, Portugal, Spain, and
shores of Mediterranenan).

14. Spiranthes romanzoviane. 8, W. Ireland (North America),

15. .S‘zlv;l/‘rim.-l;ium angustifolivan, W. Ireland (North Amervica, Aretic and
Temp. ).

16. Pda';v;;’r‘"tuaa lonehites.  TIreland, Mr. Arthar Bennett informs me that
this is cortainly not British or European, but may possibly be
identical with P, fluitans var, Americamies of the U. States

17. Potamogeton kirkii (natans sub.-sp.). W, Ireland. (Arctic Europe !)

18. Eriocawion soptangidare. W. Ireland, Skye, Hebrides (North
America),

19. Caree buchawmnii, N, E. Ireland, on an island in Lough Neagh (Arctic

and Alpine Europe, North America).

Deyareic neglecta (var. Hookeri). On the shoresand islands of Lough

Neagh, (And in Germany, Arctic Europe, and North America.)

20

We find here nine south-west European species which
probably had a wider range in mild preglacial times, and
have been preserved in the somth and west of Ireland
owing to its milder climate. It must be remembered that
during the height of the glacial epoch Ireland was con-
tinental, so that these plants may have followed the
retreating ice to their present stations and survived
the subsequent depression. This seems more probable
than that so many species should have reached Ireland for
the first time during the last union with the continent sub-
sequent. to the glacial epoch. The Arctic, Alpine, and
American plants may all be examples of species which
oncg had a wider range, and which, owing to the more
favourable conditions, have continued to exist in Ireland
while becoming extinet in the adjacent parts of Britain
and Western Europe.

As contrasted with “the extreme scarcity of peculiar
species among the flowering plants, it is the more interesting
and unexpected to find a considerable number of peculiar
mosses and Hepaticae, some of which present us with phe-
nomena of distribution of a very remarkable character,
For the following lists and the information as to the dis-
tribution of the genera and species I am indebted to Mr,
William Mitten, one of the first anthorities on these beau-
tiful little plants. That of the mosses has been corrected
for this edition by Dr. R. Braithwaite, and several species
of hepaticie have been added by Mr. Mitten,
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L1st oF THE SPECIES OF MOsSSES AND HEPATION WIICH ARE PECULIAR TO

TrE Brurise [sLes (on xor Fouxp 1N Evrorr),
( Thass belonging to non-Ewropean genere in Lialics.)

, MossEs,
1. Systegium Mittenii ... South England.
2. Campylopus Shawii............. . North Britain.
L o setifolins......... .. Ireland, Wales, and Hebrides,
4. Seligeria calcicola South England.
5. Pottin viridifolia ., sevinner South England.
6. Leptodontium recurvifolivm .. Ireland awd Seotland,
7. Tortula Hyberniea .............. Ireland.
8. Streptopogon gemmascens ... Sussex,
9. Bryum barbatum ........... Secotland, -
10. Bartramidwle Wilsoni . Ireland, Wales, and Scotland.
11. Daltonia splachnoides ...... ..... Ireland, Antilles, and Mexico,
12, Hooleria lactevirens......... Ireland, Cornwall, and Madeim,
13. Hypnum micans ... Ireland.
14. Myurimn Hebrdarion ... ... Hebrides and Atlantic Tslands.
15. Hedwigin cilinta oy, striata ... Wales and Seotland.
HrraTics.
1. Frullania germana ............... Ireland.
2 7 Hutchinsia.. ........ Ireland, Scotland, Wales, Devon,
Tropical regions,
3. Lejeunia flava ...oivviviiiinniaeni Ireland, Atlantic Islands, 8. America,
Africa, &o. . :
4. e INiCrosCopien. ........ .. Ireland, Wales, Cumberland, Madeira,
b. o 13 (91 RS ORI e Ireland (Killarney).
6. % diversiloba ............ Ireland (Killarney), Mexico !
7. 7 patens SRRt Treland.
8. Radula tenax ..............ovenr..  Ireland, .
LR AR L 6) L PRSI Treland.
10, ., volata ............o..... Ireland, Wales, Cumberland, Mexico?
11, sy Carringtonii ., Ireland.
12, Lepidozia Pearsoni Wales,
13. Adilocolin decipiens Ireland, Wales, Africa, and 8. Amevica,
i4. Cephalozin neraria,........ v +v Wales.
15. Lophocolia spicata ......... ... [Ireland, Cornwall, Anglesea,
16. Martinellia nimbosa ... . ......... Iveland (Brandon Mountain).
17, Plagiochila spinulosa ..., Wales, Ireland, and Scotland, Atlan.
tic Islands.
18. o ambagiosa ..........,. Jreland, Indin
10, Jamesoniella Carringtonii ...... Scotland.
20. Gymnocolea Nevicensis ,.....,.. Scotland.
2L, Jungermannia Doninnn ........, Scotland.
22, Cesia crenulata ..o, Treland, Wales,
23, Chasmatocoles cuneifolin ......0 Ireland
24, Aerobolbus Wilsoni ............... Ireland, 8. America, New Zealand,
26. Petalophyllum Ralfsii ............ Ireland, Cornwall, Devon.,

-
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Many of the above are minute or obscure plants, and
are closely allied to other European species with which
they may have been confounded. We cannot therefore
lay any stress on these individually as being absent from
the continent of Europe so much of which is imperfectly
explored, though it is probable that several of tﬁem are
really confined to Britain. But there are a few—indicated
by italics—which are in a very different category; for
they belong to genera which are altogether unknown in
any other part ot Europe, and their nearest allies are to be
found in the tropies or in the southern hemisphere. The
four non-European genera of mosses to which we refer
all have their maximum of development in the Andes,
while the three non-European Hepatica: appear to have
their maximum in the temperate regions of the southern
hemisphere. Mr. Mitten has kindly furnished me with
the following particulars of the distribution of* these
genera :—

Bavrreamipuna, Asia, Africa, S. America and Australia, but not
Europe or N. America,

STREPTOPOGON is & comparatively small genus, with seven species in the
Andes, one in the Himalayas, and three in the south temperate zone,
besides our English species,

DArToNIa is a large genus of inconspicuous mosses, having seventeen
species in the Andes, two in Brazil, two in Mexico, one in the Gnln'pugmi,
gix in Indin and Ceylon, five in Java, two in Africa, and three in the
Antarctic Islands, uudy one in Ireland. -

HooXERIA (restricting that term to the species referable to Cyclodictyon)

iandsome and remarkshle mosses, having twenty-
six species in the Andes, eleven in Brazil, eight in the Antilles, one in
Mexico, two in the Pacific Islands, one in New Zealand, one in Java, one
in India, and five in Africa—besides our British species, which is found
also in Madeira and the Azores but in no part of Europe proper.

These last two are very remarkable cases of distribu-
tion, since Mr, Mitten assures me that the plants are so
warkedly different from all other mosses that they would
scarcely be overlooked in Europe.

The distribution of the mnon-European genera of
Hepatica is as follows :—

CHASMATOCOLIA,  South America and Ireland.
Acnopornvs. A small genus found only in New Zealand and the
adjacent islands, hesides Ireland.
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Perarorayrnnua. A small genus confined to Australin and New Zealand
in the southern hemisphere, Algerin, and Ireland in the northern.  We
have also one of the Hepatice—Mastigophora Woodsit—fonnd in Treland
and the Himalayas, but unknown in any part of continental Europe.
The genus is most developed in New Zealand,

These are certainly very interesting facts, but they are
by no means so exceptional in this group of plants as to
throw any doubt upon their accuracy. The Atlantic islands
present very similar phenomena in the Rhamphidivm
purpuratum, whose nearest allies are in the West Indies and
South America ; and in three species of Sciaromium, whose
only allies are in New Zenlam{, Tasmania, and the Andes

,of Bogota. An analogous and equally curious fact is the
occurrence in the Drontheim mountains in  Central
Norway, of a little group of four or five peculiar species of
mosses of the genus Mnium, which are found nowhere
else ; although the genus extends over Europe, India, and
the southern hemisphere, but always represented by a
very few wide-ranging species except in this one mountain
group !

Such facts show us the wonderful delicacy of the balance
of conditions which determine the existence of particular
species in any loecality. The spores of mosses and
Hepaticee are so minute that they must be continually
carried through the air to great distances, and we can
hardly doubt that, so far as its powers of diffusion are
concerned, any species which fruits freely might soon
spread itself over the whole world. That they do
not do so must depend on peculiarities of habit and con-
stitution, which fit the different species for restricted

stations and special climatic conditions; and according as’

the adaptation is more general, or the degree of special-
1sation extreme, species will have wide or restricted ranges,
Although their fossil remains have been rarely detected,
we can hardly doubt that mosses have as high an antiquit

s ferns or Lycopods; and coupling this antiquity witz
their great powers of dispersal we may understand how
many of the genera have come to occupy a number of
detached areas scattered over the whole earth, but

' Tam indebted toMr. Mitten for this curious fact.

&
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always such as afford the peculiar conditions of climate
and soil best suited to them. The repeated changes of
temperature and other climatic conditions, which, as we
have seen, occurred through all the later geological epochs,
combined with those slower changes caused by geograph-
ical mutations, must have greatly affected the distribution
of such ubiquitous yet delicately organised plants as
mosses. Throughout countless ages they must have been
in a constant state of comparatively rapid migration,
driven to and fro by every physical and organic change,
often subject to modification of structure or habit, but
always seizing upon every available spot in which they
could even temporarily maintain themselves.! ¥
Here then we have a group in which there is no
question of the means of dispersal; and where the
difficulties that present themselves are not how the species
reached the remote localities in which they are now found,
but rather why they have not established themselves in

1 The following remarks by Dr. Richard Spruce, who has nfude a special
study of mosses and e:-pecinlfy of hepaticwm, are of interest, ““ From what
precedes, Ieonclude that no existing agency is capable of transporting the
[fcnus of our hepaties of tropical type from the torrid zone to Britain, and

renture to suppose that their existence at Killarney dates from the remote
period when the vegetation of the whole northern hemisphere partook of o
tropical character, If | am challenged 1o account for their survival
through the last glacial period, I reply that, granting even the existence of
o universal ice-cap down to the lititude of 40" in Americaand 50° in Europe,
it s not 1o be assumed that the whole extent, even of land, was perennially
entombed *in thrilling regions of thick-ribbed ice." Towards the southern
margin of theice the elimate was probably very similar to that of Greenlad
and the northern part of Norway at the present day, The summersun wonkl
have great power, and on the borders of sheltered fjords the frozen snow
woul'fdiﬁa ypear completely, if only for a very short period, and I ask only
for a montl or two, not doubting the capacity of our hepatics to stirvive i

. dormant state under the snow forat least ten months in the year, I have

gathered mosses in the Pyrences where the suow had barely left them on
August 2nd ; by September 25th they were re-coverad with snow, and would
not be again uncovered till the following year. The mosses of Killarney
might even enjoy « longer summer than this 5 for the gulf-stream laves both
sides of the south-western angle of Irgland,'and its tepid waters would exert
great melting power on the ice-bound coast, preventing at the same timo
any formation of ice in the sea itsell.”  This passage is the conclusion of a
very inferesting diseussion on tho distribution of hepaticm in a paper on
**A New Hepatie from Killarpey,” in the Jowrnal of Botany, vol, 25,
(Feb, 1887), pp. 33—82, in which many curious facts are given as to the
Labits and distribution of these eurious and beautiful little plants.

LB
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many other stations which, so far as we can judge, scem
cqually suitable to them. Yet it is a curions fact, that
the phenomena of distribution actually presented by this
group do not essentially differ from those presented by
the higher flowering plants which have apparently far
less diffusive power, as we shall find when we come to
treat, of the floras of oceanic islands; and we believe
that the explanation of this is, that the life of species, and
especially of geiera, is often so prolonged as to extend over
whole cycles of such terrestrial mutations as we have
just referred to; and that thus the majority of plants are
afforded means of dispersal which are usually sufficient
to carry them into all suitable localities on the globe.
Hence it follows that their actual existence in such
localities depends mainly upon vigour of constitution and
adaptation to conditions just as it does in the case of the
lower and more rapidly diffused groups, and only partinlly
on superior facilities for diffusion.  This important principle
will be uged further on to afford asolution of some of the
most difficult problems in the distribution of plant life!
Concluding Remarks on the Peculiarvities of the British
Fawna and Flova—The facts, now I believe for the first
time brought together, respecting the peculiarities of the
British fauna and flora, are sufficient to show that there is
considerable scope for the study of geographical distribu-
tion even in so apparently unpromising a field as one of
the most recent of continental islands. Looking at the
general bearing of these facts, they prove, t'lmt the 1dea so
generally entertained as to the biological identity of the
British Isles with the adjacent continent is not altogether
correct.  Among birds we have undonbted peculiarities in
at least three instances ; peculiar fishes are much wmore
numerous, and in this case the fact that the Irish species

1 While these pages arg passing through the ]{I‘('.\\' Lam informud by my
friond Mr. W, H. Beohy that in the Shetland Tsles, whers he has been
colleeting tor five summers, he has found several plants new to the British
flore, and o fow altogether nndeseribed,  Among Atlu:sn Intter is w very
distinet species of Hieracinm (H. Zetlandiciut), which is guite ankonown
i Scandinavin, and i slwost certainly peciliar to the British Istands
Hore wo Yinve anothor proof that entively new specics are still to be dis-
coverad in the vemotor portions of onr conutry.
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are almost all different from the British, and those of the
Orkneys distinet from those of Scotland, renders it almost
certain that the great majority of the fifteen peculiar
British fishes are really peculiar and will never be found
on the European Continent. The mosses and Hepatica:
:}lm have been sufficiently collected in Kurope to render
1L pretty certain that the more remarkable of the peculiar
British forms are not found there ; why therefore, it may
be well asked, should there not be a proportionate number
of peculiar British insects? It is true that numerous
species have been first discovered in Britain, and, sub-
sequently, on the continent; but we have many species
which have been kidown for twenty, thirty, or forty years,
some of which are not rare with us, and yet have never
been found on the continent. We have also the curious
fact of our outlying islands, such as the Shetland Tsles,
the Isle of Man, and the little Lundy Island, possessing
each some peculiar forms which, cerfainly, do not exist
on our prineipal island which has been so very thoronghly
worked., Anualogy, therefore, would lead us to conclude
that many other species or varieties would exist on onr
islaud::s and not on the continent ; and when we find that
a very largé number (150) in three orders only, are so
recorded, we may I think be sure that some considerable
portion of these (though how many we cannot say) are
really endemic British species.

The general laws:of distribution also lead us to expeet
such phenomena, Very rare and very local species ave
such as are becoming extinet ; and it is among insects, which
are so excessively varied and abundant. which present su
many isolated forms, and which, even on continents, afford
numerous examples of very rare species confined to re-
stricted areas, that we should have the best chance of
meeting with every degree of rarity down to the point of
almost complete “extinetion.  But we know that in all
parts of the world islands are the refuge of species or
groups which have become extinet elsewhere; and it s
therefore in the highest degree probable that some species
which have censed to exist on the continent should e
preserved in some part or other of our islands, especially

ne 2
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as these present favourable climatic conditions such as do
not exist elsewhere,

There is therefore a considerable amount of harmony
in the various facts adduced in this chapter, as well as a
complete accordance with what the laws of distribution
in islands would lead us to expect. In proportion to the
species of birds and fresh-water fishes, the number of
isect-forms is enormously great, so that the numerous
species or varieties here recorded as not yet known on the
continent are not to be wondered at; while it would,
I think, be almost an anomaly if, with peculiar birds and
fishes there were not a fair proportion of peculiar insects.
Our entomologists should, therefore, give up the assump-
tion, that all our insects do exist on the continent, and
will some time or other be found there, as not in accordance
either with the evidence or the probabilities of the case
and when this is done, and the interesting peculiarities of
some of our smaller islands are remembered, the study of
our native animals and plants, in relation to those of other
countries, will acquire a new interest. The British TIsles
are said to consist of more than a thousand islands and
islets. How many of these have ever been searched for
insects 2 With the case of Lundy Island before us, wha
shall say that there is not yet scope for extensive and
interesting investigations into the British fauna and flora ?
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CHAPTER XVII
BORNEO AND JAVA

Position and Physical Features of Horneo—Zoological Features of Borneo
Mammalin—Birds—The Affinities of the Bornean Fauna—Java, its
Paosition'and Physival Features—General Character of the Fauua of Java
— Differences Between the Fauna of Java and that of the other Malay
Islands—8pecial Relations of the Javan Fauna to that of the Asiatic
Continent—Past Geogrmphical Changes of Java and Borneo—The
Philippine Islands—Concluding Remarks on the Malay Islands.

AS a representative of recent continental islands situated
in_the tropics, we will take Borneo, sinee, althoug}I
perhaps not much more ancient than Great Britain, it
presents a considerable amount of speciality; and, in its
relations to the surrounding islam?s and the Asiatic
continent, offers ns some problems of great interest and
considerable diffieulty.

The accompanying map shows that Borneo is sitnated
on the eastern side of a submarine bank of enormous
extent, being about 1,200 miles from vorth to south, and
1,500 from east to west, and embracing Java, Sumatra,
and the Malay Peninsula. This vast arca iz all included
within the 100 fathom line, but by far the larger part of
it—from the. Gulf of Siam to the Java Sea—is under
fifty fathoms, or about the same depth as the sea that
separates our own island from the continent.  The distance
from Borneo to the southern extremity of the Malay
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The light tint shows & 1eas depth than 100 fathoes.
The fignres show the depth of the sea in fathoms.
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Peninsula is about 350 miles, and it 18 nearly as far from
Sumatra and Java, while it is more than 600 miles from
the Siamese Peninsula, opposite to which its long northern
coast. extends. There is, I believe, nowhere else upon
the globe, an island so far from a continent, yet separated
from it by so shallow a sea. Recent changes of sea and
land must have oceurred here on a grand scale, and this
adds to the interest attaching to the study of this large
island, i

The internal geography of Borneo is somewhat peculiar,
A large portion of its surface is lowland, consisting of great
alluvial valleys which penetrate far into the interior ; while
the mountains except in the north, are of no great
elevation, and there are mno extensive plateaux. A
subsidence of 500 feet would allow the sea to fill the areat
valleys of the Pontianak, Banjarmassing, and Coti rivers,
almost to the centre of the island, greatly reduecing its
extent, and causing it to resemble in form the island of
Celebes to the east of if.

In geologicak structure Borneo is thoroughly continental,
possessing formations of all ages, with basalt and erystalline
rocks, but no recent volcanoces. It possesses vast beds of
coal of Tertiary age; and these, no less than the great
extent of alluvial deposits in its valleys, indicate great
changes of level in recent geological times.

Having thus briefly indicated those physical features of
Borneo which are necessary for our inquiry, let us tarn to
the organic world. .

Neither as regards this great island nor those which
surround it, have we the amount of detailed information in
a convenient form that is required for a full elucidation of
its past history. We have, however, a tolerable acquaint-
ance with the two higher gronps—mammalia and birds,
both of Borneo and of all the surrounding countries, and
to these alone will it be necessary to refer in any detail.
The most convenient course, and that which will make the
subject easiest for the reader, will be to give, first, a
connected sketch of what is known of the zoology of
Borneo itself, with the main conclusions to which they
point ; and then to discuss the mutual relations of some of
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the adjacent islands, and the series of geographical changes

~ that seem required to explain them.

Z00LOGICAT. FEATURES OF BORNEO.

Mammalic—Nearly a hundred and forty species of
mammalia have been discovered in Borneo, and of these
more than three-fonrths are identical with those of the
surrounding countries, and more than one half with those
of the continent. Among these are two lemurs, nine
civets, five cats, five deer, the tapir, the elephant, the
rhinoceros, and many squirrels, an assemblage whiel could
certainly only have reached the country by land. The
following species of mammalia are supposed to be peculiar
to Borneo :—

QUADRUMANA.
1, Simia morio, A swall orang-
utan with large ineisor teeth,
2. Hylobates mulleri.
3. Nasalis larvatus,
4. Semnopithecus rubicundus,

13, Seiwms whitcheadi. (Th,) Kini
Balu,

,;  everetti,

. Rheithroseiurus macrotis.

. Hystrix ¢rassispinis.

17. Trichys guentheri,

i 3 chrysomelas, 18, Musinfralutéus.(Th, }Kini Balt.
0. o frontatus. 19, ,, alticola, (Th.) Kini Balu,
7. o hosei. (Thomas. ) INSECTIVORAL
Kini Balu. 20. Tupaia splendidula,
CARNIVORA. 210 » inor.
8. Herpestes semitorquatus, 5‘;2 p. dorsalia,
9. Felis hadia. 23. Dendrogale murina.
e s CHIROPTERA.
10;. Sus b'\rk\\t:: L 24. Vesperngo stenopterns,
149 . 2 25, % dorie.
RODENTIA, 26. Cynopterus brachyotus,
11. Pteromys pheomelas, 2i. " Incasii,
12. Seiurus jentinki. (Th.) Kini 28, o spadicens,
Balun 20, Hipposideros dorias,

. Of the twenty-nine peculiar species here enumerated
it is possible that a few may be found to be identical with
those of Malacea or Sumatra; but there are also four
peculiar genern which are less likely to be discovered
elsewhere, These are Nasalis, the remarkable long-nosed
'mqnlw.y; Rheithrosciurus, a pecnliar form of squirrel ; and
Prichys, a tailless poreupine.  These peculiar forms do not,
h_owcvcr, imply that the separation of the island from the con-
tment is of very ancient date, for the country is so vast and
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so much of the once connecting land is covered with water,
that the amount of speciality is hardly, if at all, greater
than oceurs in many continental areas of equal extent and
remoteness. This will be more evident if we consider that
Boreo is as large as the Indo-Chinese Peninsula, or as the
Indian Peninsula south of Bombay, and if either of these
countries were separated from the continent by the
submergence of the whole area north of them as far as the
Himalayas, they wounld be found to contain quite as many
‘peculiar genera and species as Borneo actually does now.
A more decisive test of the lapse of time since the
separation took place is to be found in the presence of a
number of representative species closely allied to those of
the surrounding countries, such as the tailed monkeys and
the numerouns squirrels. ~ These relationships, however, are
best seen among the birds, which have been more
thoroughly collected and* more carefully studied than the
mammalia.

Pirds—About 580 species of birds are now known to
inhabit Borneo, of which 420 species are land-birds.! One
hundred and eight species are supposed to be peculiar to
the island, and of these one half have been noted, either by
Count Salvadori or Mr. Everett, as being either representa-
tive species of, or closely allied to birds inhabiting o§ller
islands or countries. The majority of these are, as might
be expected, allied to species inhabiting the surrounding
countries, especially Sumatra, the Malay Peninsula, or Java,
a smaller number haying their representative forms in the
Philippine Islands or Celebes. But there is another grour
of eight species whose nearest allies are found in such
remote lands as Ceylon, North India, Burma, or China.
These last have been indicated in the following list by &
donble star (**) while those which are representative of
forms found in thie immediately surrounding area, and are
i many cases very slightly differentiated from their allies,
are indicated by a single star (¥).

1 In the first edifion of this work the numbers were 400 and 840,
showing the great increase of our knowledge during the last ten years,
ohiefly owing to the researches of Mr. A. H. Everett in Sarawak and Mr,
John Whitehead in Nortl Borneo and the great mountain Kini Balu,
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List oF BIRDps WHICH ARE SUPPOSED T0 BE PECULIAR T0 BoRNEO.
Turping (Thrushes).
. 1. **Cettia orcophila. 7. "Cittocineln snavis.

2. *Meruln seebohmi. SN stricklandi.

3. "*Geocichla aurnta, ; 9. "Henicenrns borneensis

4. "*Myiophoncus borneensis, 10, *Phyllergates cincreicollis,

5. Brachypteryx erythrogyna. 11, Burnesin superciliavis,

B,

Copsyehus niger,

Tinrrins (Babbling Throshes),

12, "Garenlax schistochlnmys. 22, *Mixornis borneensis.
13. Rhinocichla treacheri. AN o5 montana,
14, Allocotops ealvus. 24, *Turdinus eanicapillng,
15, "*Stachyris borneensis. 25, 3. atrigularis.
16, Cyanoderma bicolor. : 26, *Drymocataphns capistratoiiles,
17, Chlorocharis wmilie, | 27, Ptilophags rufiventris,
18, Androphilus aeeentor. | 28, 35 lencogrammica,
19, Malacopternm cinereocapillum, | 29, *Corythociclila erassa.
20, **Staphidia everetti. 30 *Tundinnlus exsul.
21. "Herparing brinnescens, I 81, Orinthocichln whitchendi,
Bracmyranine ( linls),
52, *ITemixns connectens, 37. Rubigula montis. ’
83, Criniger diawdi. | 38. ° . paroticalis
24, " . mficrissus 390, Chloropsis kinabaluensis.
5, Tricophoropsis typus. l A0S irridinncha,
36, Oreostictes lencops, | :
Onroring (Orioles).
41. Oriolus consobrinns. | 42. "Oriolus valnoratus.
. Paninz (Tits).
48, Parus sarawnkensis, | 44, *Dendrophila corallipes;
Laxtns (Shrikes).
45, Pityriasis gymnocephala, | 46, "Hyloterpe hypoxantha

Dicnvrina ( Drongo-shrikes),

47. *(hihia borneensis. |

Casrormacing (Caterpillar-eatohers),
48, Chlamoildychera joffreyi. 60, TPericrocotus rinereigula
48, *Artamides normani.

5.

- **Hemichelidon cinereicops.

Muscieaving (Flyeatchers),
57. Siphin eceruleata.

*Rhinomyias gularis. 58. ,;  beccariana.
-

: “ rufierissa. 59, ,, - elopurensis.
Cryptolopha sehwaneri, 60. ,, obscurs,
7 montis, ‘61. s+ everetli,
. *Stoparoln corviniventris, 82. ,, nigrogularis,
NeerAnINeEinE (Sun-birvds),
Arachnothera juliw. |
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Dicxing (Flower-peckers).
&4. *Dicenm monticolum. 67. *"Prionochilus everetti.
(377 pryeri. G8. *"Zosterops elara,
66. *Prionochilus xanthopygins,
Prockipg (Weavers),

69, (hlorura borneensis, | 70, Munin fuscans. »/

Corving (Crows). x
71. *Dendrocitte cinerascens. i3, *Platysmuris sterrimus,
72, Uissa jellveyi,

bl ol B ¢
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83

80,
86.

89.

1.

92,

a3
94,

a8,

98,
a9.

, Calyptomena whiteheadi, |

Prerios (Gronnd Thrishes).

. Pitta bertae, | 7. "Pitta nsheri. :

.5 arcnata. is, * , gramatina.
o londi. 79, * . schwaneri.

ErnvieMing (Gapers),

CypsELIng (Swifts), .
Cypselus lowi, | Nse
Ponarcing (Frogmouths).

. *Batrachostomus adspersns, |

Carmmureing (Gontsuekers),

Caprimulgns bornecnsis. | 84. Caprimnlgus concretus

Prerox (Woodpeckers),
*Jyngipicus aumntiiventris, 87. *Micropternus badiosus.

5 picatus. 88. Sasia everotti,
ArcepINIDE ( Kingfishers). 2

*Pelargopais lencoeephaln. | 90. *Carcinentes melanops.

TrocoNins (Trogons), . o
Harpactes whiteheadi, |

- Crevring (Cuckoos).

*Rhopoilytes bornecnsis. |

Carrroxinzg (Barbets).

Cyanops pulcherrimus, I 96, *Megaloma ¢hrysopsis,
% monticulis,

Bunoxing (Owls).
Heterascops lnein. | 97 *Syrnium leptogrammicnm.
Farcoxine (Hawks, &e, ).
2§pilo_ruix pallidus, | 100, Microhierax latifrons.
Accipiter nigrotihialis. !
PrasiaNiog (Pheasants),

101. Polyplectron sehliermacheri. 103, *Argusianns grayi,
102. Lobiophasis bubweri. 104, *Euplocamns pyrronotus,
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Terraoxing (Grouss, &),

105, Bambusicoln hy peryth. 107. Hmmatortyx sanguiniceps,
106. o erythrophrys.

RavLipx (Rails).
108. Rallina rufigenys. |

Representative forms of the same character as those noted
above are found in all extensive continental areas, bnt they
are ravely so nmmerous. Thus, in Mr. Elwes' paper on the
“ Distribution of Asiatic Birds” he states that 12:5 per
cent. of the land birds of Burmah and Tenasserim are
peculiar species, whereas we find that in Borneo they are
about 25 per cent, and the difference may fairly be
imputed to the greater proportion of slightly modified
representative species due to a period of complete
isolation.  Of peculiar genera, the Indo-Chinese Pen-
mnsula has one—Ampeliceps, a remarkable yellow-erowned
starling, with bare pink-colonred orbits; while two others,
Temnurus and Crypsirthina—singular birds allied to the
Jays—are found in no other part of the Asiatic continent
though they occur'in some of the Malay Islands. Borneo
has seven peculiar genmera of passeres,! as well as
Hematortyx, a crested partridge; and Lobiophasis, a
pheasant hardly distinct from Euplocamus; while two
others, Pityriasis, an extraordinary bare-headed bird
between a jay and a shrike, and Carpococeyx, a pheasant-
‘like ground cuckoo formerly thought to be peenliar, are
said to have been discovered also in Sumatra.

The insects and land-shells of Borneo and of the sui-
rounding countries are too imperfectly known to enable us
to arrive at any accurate results with regard to their distri-
bution. They agree, however, with the birds and mammals
i their general approximation to Malayan forms, but the
mmnber of peculiar species is perhaps larger.

The proportion here shown of less than one-fourth
peeunliar species of mammalia and fully one-fourth peeuliar
Species of land-birds, teaches us that the possession of the
power of flight affects but little the distribution of land-

! Thess are Allocotops, Chlorocharis, Androphilus, and Ptilopygn.

Among the Timeliidio ; Tricophoropsis and Oreoctistes among the Brachy-
podidas ; Chlumydochera among the Campophagide,
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animals, and gives us confidence in the results we may
arrive at in those cases where we have, from whatever
cause, to depend on a knowledge of the birds alone. And
if we consider the wide range of certain groups of powerful
flight—as the birds of prey, the swallows and swifts, the
king-crows, and some others, we shall be forced to con-
clude that the majority of forest-birds are restricted by
even narrow watery barriers, to an even greater extent
than mammalia,

The Affinities aof the Bornean Fauna—The animals of
Borneo exhibit an almost perfect identity in general
character, and a close similarity in species, with those of
Sumatra and the Malay Penmsula. So great is this
resemblance that it is a question whether it might not be
quite as great were the whole united ; for the extreme
points of Borneo and Sumatra are 1,500 miles apart—as
far as from Madrid to Constantinople, or from the Missouri
valley to California. In such an extent of country we
always meet with some local species, and representative
forms, so that we hardly require any great lapse of time as
an element in the production of the peculiarities we actually
find. So far as the forms'of life are concerned, Borneo, as
an island, may be no older than Great Britain ; for the
time that has elapsed since the glacial epoch would be
amply sufficient to produce such a redistribution of the
species, consequent on their mutual relations bemg dis-
turbed, as would bring the islands into their present
zoological condition. There are, however, other facts to be
considered, which seem to imply much greater Ill.ld more
complex revolutions than the recent separation of Borneo
from Sumatra and the. Malay Peninsula, and that these
changes must have been spread over a considerable lapse
of time. In order to understand what these changes
probably werc, we must give a bl:icf sketeh of the fauna of
Java, the peculiarities of wlncl} introduce a new element
into the question we have to discuss.
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JAVA.

The rich and beautiful island of Java, interesting alike
to the politician, the geographer, and the naturalist, is
more especially attractive to the student of geographical
distribution, because it furnishes him with some of the
most curions anomalies and diffienlt problems in a place
where such would be least expected. As Java forms
with Sumatra one almost unbroken line of volcances and
voleanic mountains, interrupted only by the narrow Straits
of Sunda, we should naturally expect a close resemblance
between the productions of the two islands. But in point
of fact there is a much greater difference between them
than between Sumatra and Borneo, so much further apart,
and so very unlike in physical features? Java differs from
the three great land masses—Borneo, Sumatra, and the
Malay Peninsula, far more than either of these do from
cach other; and this is the first anomaly we encounter.
But a more serious difficulty than this remains to be stated.
Java has certain close resemblances to the Siamese Penin-
sula, and also to the Himalayas, which Borneo and Sumatra
do not exhibit to so great a proportionate extent; and
looking at the relative position of these lands respectively,
this seems most incomprehensible. In order fully to
appreciate the singularity and difficulty of the problem, it
will be necessary to point out the exact nature and amount
of these peculiarities in the fauna of Java.

General Chavacter of the Fauna of Java—If we were only
to take account of the number of peculiar species in Java,
and the relations of its fauna generally to that of the
surrounding lands, we might pass it over as a less interest-
ing island than Borneo or Sumatra. Its mammalia
(ninety species) are nearly as numerous as those of Borneo,
but are apparently less peculiar, none of the genef and
only five or six of the species being confined to the 1sland.
In land-birds it is decidedly less rich, having only 300
species, of which abont forty-five are peculiar, and only one

! Tiwa letter from Darwin he says -— < Hooker writes to me, “ Miguel Lay

been telling me that the Nore of Sumatra and Borneo are identieal, and
that of Java quite different,” !
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or two belong to peculiar genera; so that here again the
amount of speciality is considerably less than in Borneo.
[t is only when we proceed to analyse the species of the
Javan fauna, and trace their distribution and affinities, that
we discover its interesting nature.

Difference Betwween the Fawna of Juva and that of the ofher
great, Malay Islands—Comparing the fanna of Java with
that which may be called the typical Malayan fauna as
exhibited in Borneo, Sumatra, :m(l the Malay Peninsula,
we find the following difterences. No less than thirteen
wenera of mammalia, each of which is known to inhabit at
least. two, and generally all three, of the above-named
Malayan countries, are totally absent from Java; and
they include such important forms as the elephant, the
tapir, and the Malay bear. It cannot be said that this
difference depends on imperfect knowledge, for Java is one
of the oldest European settlements in the East, and has
been explorved by a long suceession of Dutch and English
naturalists. Every part of it is thoroughly well known,
and it would be almost as difficult to find a new manunal
of any size in Europe as in Java, Of birds there are
twenty-five genera, all typically Malayan and occurring at
least in two, and for the most part in all three of the
Malay countries, which are yet absent from Java. Most
of these are large and conspicuous forms, such as jays,
gapers, bee-eaters, woodpeckers, hornbills, cuckoos, parrots,
pheasants, and partridges, .as impossible to have re-
mained undiscovered in Java as the large mammalia above
referved fo.

Besides these absent genere there are some curious
illustrations of Javan isolation in the specics ; there being
several cases in which the same species occurs in all three
of the typical Malay countries, while in Java it is
represented by an allied species.  These oceur chiefly
among birds, there being no less than seven species which
are common to the three great Malay countries but are re-
presented in Jaya by distinet thongh closely allied species,

From these facts it is impossible to doubt that Juva has
had a history of its own, quite distinet from that of the
other portions of the Malayan area,
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Spectal Rolations of the Javan Fauna to that of the Asiatic
C'ontinent.—These relations are indicated by comparatively
few examples, but they are very clear and of great im-
portance. Among mammalia, the genus Helictis is found
in Java bat in no other Malay country, though it inhabits
also North India; while two species, Rhinoceros javanicus
and Lepus kurgosa, are natives of Indo-Chinese countries
and Java, but not of typical Malaya. In birds there are
five genera or sub-genera—Zoothera, Notodela, Crypsirhina,
Allotrius, and Cochoa, which inhabit Java, the Himalayas,
and Indo-China, all but the last extending south to
Tenasserim, but none of them occurring in Malacea,
Sumatra, or Borneo. There are also two species of birds
—a trogon (Harpactes oreskios), and the Javanese peacock
(Pavo muticus), which inhabit only Java and the Indo-
Chinese countries, the former reaching Tenasserim and the
latter Perak in the Malay Peninsula.

Here, then, we find a series of remarkable similarities
between Java and the Asiatic continent, quite independent
of the typical Malay countries—Borneo, Sumatra, and the
Malay Peninsula, which latter have evidently formed one
connected land, and thus appear to preclude any in-
dependent union of Java and Swam.

The great difficulty in explaining these facts is, that all
the required changes of sea and land must have occurred

within the period of existing species of mammalia,

Sumatra, Borneo, and Malacca have, as we have seen, a
great similarity as regards their species of mammals and
birds, while Java, though it differs from them in so curious
a manner, has no greater degree of speciality, since its
species, when not Malayan, are almost all North Indian or
Siamese.

There is, however, one consideration which may help us
over this difficulty. It seems highly probable that in the
equatorial regions species have changed less rapidly than
in the north temperate zone, on account of the equality
and stability of the equatorial climate.  We have seen, in
Chapter X, how important an agent in producing extinetion
and modification of species must have been the repeated
chavges from cold to warm, and from warm to cold con-
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ditions, with the migrations and crowding together that
must have been their necessary consequence. But in the
lowlands, near the equator, these changes would be very
little if at all felt, and thus one great cause of specific
modification would be wanting. Let us now see whether we
can sketch out a series of not improbable changes which
may have brought about the existing relations of Java and
Borneo to the continent.

Past  Geographical Changes of Java and Borneo—
Although Java and Sumatra are mainly voleanic, they are
by no means wholly so. Sumatra possesses in its great
mountain masses ancient crystalline rocks with much
granite, while there are extensive Tertiary deposits of
Eocene age, overlying which are numerous beds of coal
now raised up many thousand feet above the seal! The
volcanoes appear to have burst through these older
mountains, and to have partly covered them as well as
great areas of the lowlands with the products of their
eruptions. In Java either the fundamental strata were
less extensive and less raised above the sea, or the period
of voleanic action has been of longer duration ; for here no
crystalline rocks have been found except a few boulders of
granite in the western part of the island, perhaps the relics
of a formation destroyed by denudation or covered up by
voleanie deposits. In the southern part of Java, however,
there is an extensive range of low mountains, about 3,000
feet. high, consisting of basalt with limestone, apparently
of Miocene age.

During this last named period, then, Java would have
been at least 3,000 feet lower than it is now, and such a
depression would probably extend to considerable parts of
Sumatra and Borneo, so as to reduce them all to a few
small islands. At some later period a gradual elevation
occurred, which ultimately united the whole of the islands
with the continent. This may have continued till the
glacial period of the northern hemisphere, during the
geverest part of which a few Himalayan species of birds
and mammals may have been driven southward, and

1 “On the Geology of Sumatra,” by M, R. D. M. Verbeek. Geologival
Magazine, 1877,

(633 ¢
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have ranged over suitable portions of the whole area. Java
then became separated by subsidence, and these specieswere
imprisoned in the island; while those in the remaining
part of the Malayan area again migrated northward when
the cold had passed away from their former home, the
equatorial forests of Borneo, Sumatra, and the Malay
Peninsula being more especially adapted to the typical
Malayan fauna which is there developed in rich profusion.
A little later the subsidence may have extended farther
north, isolating Borneo and Sumatra, in which a few other
Indian or Indo-Chinese forms have been retained, but prob-
ably leaving the Malay Peninsula as a ridge between
them as far as the islands of Banca and Biliton. Other
slight changes of climate followed, when a further subsi-
dence separated these last-named islands from the Malay
Peninsula, and left them with two or three species which
have since become slightly modified. We may thus
explain how it is that a species is sometimes common to
Sumatra and Borneo, while the intervening island (Banca)
possesses a distinet form.!

In my Geographical Distribution of Animals, Vol. 1., p.
557, T have given a somewhat different hypothetical
explanation of the relations of Java and Borneo to the
continent, in which I took account of changes of land and
sea only ; but a fuller consideration of the influence of
changes of climate on the migration of animals, has led me
to the much simpler, and, I think, more probable, explan-
ation above given. The amount of the relationship
hetween Java and Siam, as well as of that between Java
and the Himalayas, is too small to be well accounted for
by an independent geographical connection in which
Borneo and Sumatra did not take part. It is, at the same
time, too distinct and indisputable to be ignored; and a
change of climate which should drive a portion of the
Himalayan fauna southward, leaving a few species in Java
and Borneo from which they could not return owing to the
subsequent isolation of those islands by subsidence, seems

!\ Pilta megarhynchis (Banea) allied to P. brackhyurus (Borneo, Sumatra,
glslnccn) s and Pitta bangkanus (Banca) allied to P. sordidus (Borneo and
umata),
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to be a cause exactly adapted to produce the kind
and amount of affinity between these distant countries
that actually exists.

TuE PHILIPPINE ISLANDS.

A general account of the fauna of these islands, and of
their biological relations to the countries which form the
subject of this chapter, has been given in my Geographical
Distribution of Animals, Vol. 1. pp. £45-349; but since
the publication of that work considerable additions have
been made to their fauna, having the effect of somewhat
diminishing their isolation from the other islands. Four
genera have been added to the terrestrial mammalia—Croei-
dura, Felis, Pteromys, and Mus, as well as two additional
squirrels ; while the black ape (Cyncpithecus niger) has
been struck out as not inhabiting the Philippines. ~This
brings the true land maminalia to twenty-one species, of
which fourteen are peculiar to the islands; but to these we
must add no less than thirty-three species of bats of which
only ten are peculiar! In these estimates the Palawan

¥ The following list of the mammalia of the Philippines and the Sulu
Islands has been kindly furnished me by Mr. Everett.

QUADRUMAXA, 19, Crociduraedwardsiana. Peculiar
1. Macacus eynomolgus, species.
2. Tarsius spectrom. 20. Dendrogalo sp. J

P’-‘é :u' 21. Galeopithecus philippinensis. Peculiar
= V“wm‘ A;&. IVORA, fcs, >
1Py SN LIgS. CHIROPTERA
4. Parndoxurus philippinensis, Al S

Palawan oo s 22, Pleropus lencopterus.

. Felis bengalensia. N nil. 243, : odulis,

v U AnNegreian < ,: hypomelanus.
_Uscuraza. a5 » jubatus.

§. Bubalus mindorensis. Poculiarspecles. 45, Xantharpyis smploxicaule,
7. Cervus phillppinus, Peenliar specics. a7. Cynopteris marginatus.

=

8 5 alfredi. Peenliar species. 23, v jagorli, Peculiarspecies.
%, nigricans. Peculiar species. 20, Carponyoteris anstralis.
10 3. Pscidaxis, Suluonly. Prob- 3. Rhinolophis luctns.

ably introduced. 31, i philippinensis. Peeuliar
11. Bus marchesi, Peculiar specios, species,

Ropexria. 32 Rhilnolnplmec rufus. Peculiar species.
83, Hipposideros diadema.

1% Eeiﬂum”' philippinensis,  Peculiar 31 5 Pysweus.  Peculiar
13. Sciurus cagos.  Peculiar specics. Species.

; 45. Hipposkleros larvatus.
2 ti;lnnoc::ghll:nlilinn gt O ik 30, ”’o.. obsenrus.  Peculiar

3 (368,
15. Phlxomys cummingi. Peeuliar genus a1 ui;l;u;idcmu coronatus, Peculiay

16. Mus ephippinim. 'cies

17. ,, everetti, Peeuliar species, 38, m';,pos]zl;:ros bicolor.
INSECTIVORA. 89, Mognderma spasmn.,

18. Crocidura luzonlensis, Pecullar 40, Vesperngo pachypus.

species. 4l o tenuis.

coe 2
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group has been omitted as these islands contain so many
Bornean species that if included they obscure the special
features of the fauna.

Birds—The late Marquis of Tweeddale made
a special study of Philippine birds, and in 1873 pub-
lished a cathlogue in the Transactions of the Zoological
Society (Vol. IX. Pt. 2, pp. 125-247). But since that date
large collections have been made by Everett, Steere, and
other travellers, the result of which has been to more than
double the known species, and to render the ornithological
fauna an exceedingly rich one. Many of the Malayan
genera which were thought to be absent when the first
edition of this work was published have since been dis-
covered, among which are Phyllornis, Criniger, Diceum,
Prionochilus, and Batrachostomus, But there still remain
a large number of highly characteristic Malayan genera
whose absence gives a distinctive feature to the Philippine
bird fauna. mong these are Tiga and Meiglyptes,
genera of woodpeckers ; Phenicophaes and Centropus, re-
markable cuckoos ; the long-tailed paroquets, Palmornis;
all the genera of Barbets except Xantholiema ; the small
but beautiful family Eurylemidic; many genera allied to
Timalia and Ixos; the mynahs, Gracula ; the long-tailed
flycatchers, Tchitrea; the fire-backed pheasants, Euploca-
mus ; the argus pheasants, the jungle-fowl, and many others.

The following tabular statement. will illustrate the rapid
growth of our knowledge of the birds of the Philippines :—

Land.birds, |Waterirds. | Total
Lord Tweeddale’s Catalogue (1878) ............] 158 60 218
Mr. Wardlaw Ramsay's List (1881) ......... 265 l 75 340
Mr. Everett's MSS, List of Additions (1891)] 370 | 102 472

The number of peculiar species is very large, there being
about 300 land and forty-two water birds, which are not

4% Vesperugo aliranity, 48, Kerlvouls pellncida. Peculiar specles,
4%, Nyctioeing knhlii. 49, " }:xorii. Peculiar species,
i, Ves;mr!.mo macrotarsug.  Peealinr 40, Miniopterus s:lu;vilmrali.

species, bl tristis. Peonliar species.
45. Vespertilio capaeninii. 52 Bumballonura monticols, | ¥
40, Harplocophalos ovelotis, &8, Taphyzous melanopogon.
47, Kerivoula hardwiokii. 54. Nyctinomus plicatus.

1
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known to oceur beyond the group.  We have here, still more
pronounced than in the case of Borneo, the remarkable
fact of the true land birds presenting a larger amount of
speciality than the land mammals; for while more than
tour-fifths of the birds are peculiar, only a little more
than half the mammals are so, and if we exclude the bats
only two-thirds.

The general character of the fauna of this gronp of
islands 1s evidently the result of their physical conditions
and geological history. The Philippines are almost sur-
rounded by deep sea, but are connected with Borneo by
means of two narrow submarine banks, on the northern of
which 1s situated Palawan, and on the southern the Sulu
Islands, Two small groups of islands, the Bashees and
Babuyanes, have also afforded a partial conneetion with the
continent by way of Formosa. It is evident that the
Philippines once formed part of the great Malayan exten-
sion of Asia, but that they were separated considerably
arlier than Java ; and having been smce greatly isolated
and much broken up by voleanic disturbances, their species
have for the most part become modified into distinpt loeal
forms, representative species often occurring in the different
islands of the group. They have also received a few Chinese
types by the route already indicated, and a few Austmlm.n
forms owing to their proximity to the Moluccas. Thc_n'
comparative poverty in genera and species of the mrun.malm
is perhaps due to the fact that they have been subjected
to a great amonnt of submersion in recent times, greatly
reducing their arca and causing the extinetion of a con-
siderable portion of their fauna. This is not a mere
hypothesis, but is supported by direct evidence; for I am
informed by Mr. Everett, who has made extensive explora-
tions in the islands, that almost everywhere are found large
tracts of elevated coral-reefs, containing shells similar to
those living in the adjacent seas, an indisputable proof of
recent elevation. }

Concluding Remarks on the Malay Islands—This com-
pletes our sketch of the great Malay islands, the seat of
the t’ypical Malayan fauna. It has been shown that the
peculiarities presented by the individual islands may be all
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sufficiently well explained by a very simple and com-
paratively unimportant series of geographical changes, com-
bined with a limited amount of change of climate towards
the northern tropic. Beginning in late Miocene times
when the deposits on the south coast of Java were
upraised, we suppose a general elevation of the whole of
the extremely shallow seas uniting what are now Sumatra,
Java, Borneo, and the Philippines with the Asiatic conti-
nent, and forming that extended equatorial area in which
the typical Malayan fauna was developed. After a long
period of stability, giving ample time for the specialisation
of so many peculiar types, the Philippines were first separ-
ated ; then at a considerably later period Java; a little
later Sumatra and Borneo ; and finally the islands south of
Singapore to Banca and Biliton. This one simple series
of elevations and subsidences, combined with the changes
of climate already referred to, and such local elevations
and depressions as must undoubtedly have oceurred,
appears sufficient to have brought about the curious, and
at first sight puzzling, relations, of the faunas of Java and
the Philippines, as compared with those of the larger
islands.

We will now pass on to the consideration of two other
groups which offer features of special interest, and which
will complete our illustrative survey of recent continental
islands.

S ——
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CHAPTER XVIII
JAPAN AND FORMOSA

Japan, its Position and Physical Features—Zoological Features of Japan—
Mammalin—Birds—Birds Common to Great Britain and Japan—Birds
Peculiar to Japan—Japan Binds Recurring in Distant Areas—. Formosa—
Physical Features of Formosa—Animal ‘I:..ifo of Formosa—Mammalia—
Land-Virds Peenliar to Formosa—Formosan Birds Recurring in Indiaor
Malaya—Comparison of Faunas of Hainan, Formos, and Japan—
General Remarks on Recent Continental Islands.

JAPAN.

THE Japanese Islands occupy a very similar position on
the eastern shore of the great Euro-Asiatic continent to
that of the British Islands on the western, except that
they are about sixteen degrees further south, and having
a greater extension in latitude enjoy a more varied as
well as a more temperate climate.  Their outline is also
much more irregular and their mountains loftier, the
volcanic peak of Fusiyama being 14,177 feet high ; while
their geological structure is very complex, their soil
extremely fertile, and their vegetation in the highest
degree varied and beautiful. Like our own islands, too,
they are connected with the continent by a marine bank
less than a hundred fathoms below the surface—at all
events towards the north and south; but in the inter-
vening space the Sea of Japan opens ont to a width of
six hundred wmiles, wnd in its central portion is very deep,
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and this may be an indication that the connection between
the islands and the continent is of rather ancient date.
At the Straits of Corea the distance from the main land
is about 120 miles, while at the northern extremity of
Yesso it is about 200. The island of Saghalien, however,
separated from Yesso by a strait only twenty-five miles
wide, forms a connection with Amoorland in about 52° N.
Lat. A southern warm current flowing a little to the
eastward of the islands, ameliorates their climate much
in the same way as the Gulf Stream does ours, and added
to their insular position enables them to support a more
tropical vegetation and more varied forms of life than are
found at corresponding latitudes in China.

Zoological Features of Japan.—As we might expect from
the conditions here sketched out, Japan exhibits in all its
forms of animal life a close general resemblance to the
adjacent continent, but with a considerable element of
specific individuality ; while it also possesses some remark-
able isolated groups. Its fauna presents indications of there
having been two or more lines of migration at different
epochs. The majority of its animals are related to those
of the temperate or cold regions of the continent, either
as identical or allied species; but a smaller number have
a tropical character, and these have in several instances
no allies in China but occur again only in Northern India or
the Malay Archipelago. There is also a slight American
clement in the fauna of Japan, a relic probably of the
period when a land communication existed between the
two continents over what are now the shallow seas of
Japan, Ochotsk, and Kamschatka. We will now procéed
to examine the peculiarities and relations of the fauna.

Mammalia.—The mammalia of Japan at present known
are forty in number; not very many when compared with
the rich fauna of China and Manchuria, but containing
monkeys, bears, deer, wild goats and wild boars, as well as
foxes, badgers, moles, squirrels, and hares, so that there can
be no doubt whatever that they imply a land connection
with the continent. No complete account of Japan
mammals has been given by any competent zoologist since
the publication of Von Siebold’s Zauna Japonica in 1844,
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but by collecting together most of the scattered observa-
tions since that period the following list has been drawn
up, and will, it is hoped, be of use to naturalists. The
species believed to be peculiar to Japan are printed in
italics. These are very numerous, but it must be remem-
bered that Corea and Manchuria (the portions of the
contment opposite Japan) are comparatively little known,
while in very few cases have the species of Japan and of
the continent been critically compared. Where this has
been done, however, the peculiar species established by
the older naturalists have been in many cases found to be
correct.

List o THE MAMMALIA OF THE JAPANESE [SLANDS.

1. Macacus speciosus. A monkey with rudimentary tail and red face,
allied to the Barbary ape. It inhabits the island of Niphon up to
41° N. Lat., and has thus the most northern range of any living
monkey.

2, Pleropus )(br.cymalhm. A peculiar fruit-bat, found in Kinsin Island
onfy (Lat. 33° N.), and thus ranging further north of the equator
than any other species of the genus.

3. Rhinolophus ferrum-equinum. The great horse-shoe bat, ranges from
Britain across Europe and temperato Asin to Japan, It is the R,
sippon of the Fauna Japonica according to Mr. Dobson's Monograph
of Asiatic Bals.

4, R. minor. Found also in Burma, Yunan, Java, Borneo, &e,

5. Vesperugo pipistrellus.  From Britain across Europe and Asia,

6. V. abramus. Also in India and China.

7. V. noctula. From Britain acrass Europe and Asia.

8. V. molossus. Also in China.

9. Vespertilio capaccinii. Philippine Islands, and Italy ! This is 17
nerodactylies of the Fauna Juvonicu according to Mr. Dobson.

10. Miniopternsschreibersii.  Philippines, Burma, Malay Islands. Thig is
Vespertilio blepotis of the Fauna Japonica.

11 Talpe wogurs.  Closely resembles the common mole of Europe, but:

has six incizors instead of eight in the lower jaw.

12, Talps mizura. Giinth, Allied to 7. wogura.

13. Urotrichus talpoides. A peenliar genus of moles confined to Japan,
An American species has Dbeen named Urotrichus gibsii, and Mr,
Lord after comparing the two says that he “can find no difference
whatever, either generic orspecilic.  In shape, size, and colour, they
are exactly alike.” But Dr. Giinther (£. Z0 5. 1850, p. 441) states
that U, gibsii differs so mueh in dentition from the Japanese specios
that it should be placed in a distinet genuz, which he calls Neuro-

. trichus, d

14. Sorex myosurus. A shrew, found also in Indin and Malaya.

15, Soree dsi-nesienti.

16, S, umbrinus,

17. 8. platycephalus,
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18, Ursus arctos, var. A peculiar variety of the European brown bear
which inhabits also Amoorland and Kamschatka. It is the Ursus
Jeroz of the Fauna Japonica,

10, Ursus japonicus. A peculiar species allied to the Himalayan and For-
mosan species.  Named U0 fibetanus in the Fauna Japonica.

20. Meles anakuma. Differs from the European and Siberian badgers in
the form of the skull.

21. thul;.'la 1brachyura,. A peculiar martin found also in the Kurile
Islands.

22, Mustela melanopus, The Japanese sable,

23, M, Japonica. A peeulinr martin (See Proe, Zool. Soc. 1865, p. 104),

24, M. Sibericus.  Also Siberin and China. This is the M. italsi of the
Fauna Japonica according to Dr. Gray.

25. Luwlronecteswhiteleyi. A new genus and species of otter (P. Z. 8. 1867,
y. 180). In the Fauna Japonica named Zutre vulgaris.

26, Enhydris marina, The sea-otter of California and Kamschatka.

27. Canis hodaphylax, Acconling to Dr. Gray allied to Cuon swmalranus
of the Malay Islands, and C. alpinis of Siberia, if not identical with
one of them (P, Z. S. 1868, p. 500).

28. VPulpes japonica. A peculiar fox. Canis vulpes of Fauna J:\Fonica.

20, Nyctereutes procyonoides. The racoon-dog of N, China and Amoor-
land.

30. Lepus brachyurus. A peculiar hare,

81. Sciwrus iy, A peculinr squirrel,

32, Pleromys loneogenys.  The white-cheeked flying squirrel.

33. P. momoga.” Verhaps identical with a Cambojan species (2. Z. 5.
1861, p. 137).

34, Myoxus juponicus. A peculinr dormouse. A, elegans of the Fauna
Japonica ; M. javanicus, Schinz (Synopsis Mammalivm, ii. p. 530).

85. Mus argentens, China,

86, Mus molossinus.

37. A neswnd.

88. N, speclosus,

39. Cervnes sika. A peculiar deer allied to C. pscudaxis of Formosa aud
€. mantehyricus of Northern China.

40. Nemorhedues erispa. A goat-like antelope allied to N, sumatranis of
Sumatra, and N, Swinhosi of Formosa.

41, Sus ievcomystar. A wild boar allied to S. taeranus of Formosa.

We thus find that no less than twenty-six out of the
forty-one Japanese mammals are peculiar, and if we omit
the atrial bats (nine in number), as well as the marine
sea-otter, we shall have remaining only thirty strictly land
maminalia, of which twenty-five are peculiar, or five-sixths
of the whole. Nor does this represent all their speciality ;
for we have a mole differing in its dentition from the
European mole ; another superficially resembling but quite
distinet from an American species; a peculiar genus of
otters; and an antelope whose nearest allies are in
Formosa and Sumatra. The importance of these facts will
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be best understood when we have examined the corre-
sponding affinities of the birds of Japan.

Birds—Owing to the recent researches of some English
residents we have probably a fuller knowledge of the birds
than of the mammalia; yet the number of true land-birds
ascertained to inhabit the islands either as residents or
migrants is only 200, which is less than might be expected
considering the highly favourable conditions of mild climate,
luxuriant vegetation, and abundance of insect-life, and the
extreme riches of the adjacent continent,—Mr. Swinhoe's
list of the birds of China containing more than 400 land
species, after deducting all which are peculiar to the adjacent
islands. Only seventeen species, or about one-twelfth of
the whole, are now considered to be peculiar to Japan
proper ; while seventeen more are peculiar to the various
outf;ing small islands constituting the Bonin and Loo Choo
groups. Even of these, six or seven are classed by Mr. Sce-
bohm as probably sub-species or slightly modified forms of
continental birds, so that ten only are well-marked species,
undoubtedly distinct from those of any other country.

The great majority of the birds are decidedly temperate
forms identical with those of Northern Asia and Europe ;
while no less than forty of the species of land-birds are also

‘found in Britain, or are such slight modifications of Britigh

species that the difference is only perceptible to a trained
ornithologist. The following list of the land-birds common
to Britain and Japan is very interesting, when we consider
that these countries are separated by the whole extent of
the European and Asiatic continents, or by almost exactly
one-fourth of the circumference of the globe :—

Laxp Bieps CoMaoN 10 GREAT BRITAIN AND JApAN.!
(Eather Tdentical Species or Representalive sub-specizs, )

1. Golderest........oooceiiiin... Requius cristadus sub-sp. orientilis,

2. Mawsh tit ...., Parus palustris sub-sp, joponicus,

4. Coal tit .. Parus ater sub-sp, pekinensis,

4. Long-tailed tit ............ Aeredule caudate (the sub.sp, poscn s
iritish).

! Extracted from Messrs. Blakiston and Pryer's Calalogue of Rivds of
{apqn (bds, 1878, p. 209), with My, Seebohm’s additions and ecorrections
in his Bivds of the Japanese Bmpire 1800,  Accidental stragglers are not
reckoned as British binds,
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5. Common creeper ......... Certhia familiaris,

6. Nuthateh ... Sttla curopeee sub-sp, @merensis.

7. Carrion crow Corvus corone.

8. Nuteracker Nueifraga caryocalacles,

9. Magpie  .iiiiiiiieseassene Pica cavdate,

10. Pallass’ grey shrike ...... Lanius excubitor sab-sp. major.

11. Waxwing ....ooevveeees .. Ampelis garrulus,

12, Grey wagtail Motacitle boarula sub-sp. melanope,

. Alpine Pipit

Anthus spinololta sub-sp. japonicus.

14. Skylark ...ovevveeeneiee...  Alauda arvensis sub-sp. japonica.
15. Common hawfineh ... Coceathraustes vilgaris.

16, Common Crosshill .. .. Loxia curtvirostra.

Sk e f e st . Fringilla spinus,

18. Mealy redpole iiiiniens y | linaria.

19. Brambling ........ o 5 montifringilla,

20, Tree spaITow ....occivenins Passer montanus.

21. Reed bunting .........0.... Emnberiza schaniculus sub.sp. palustris.
22. Rustic bunting ............ - rustice.

23. Snow bunting... ... = nivalis,

24, Chimmey swallow ......... Hirtindo rustica suh-sp, gullwralis,
25. Sand martin ...... S e Cotyle riparia,

26. Great spotted wont lmrkcr Picus major sub-gp. japonicus.

27. Lesscr spotted woodpecker ,,  minon

28, Wryneck.....oooeirrenninn.o.  Jyna torquilla,

2Ot oopoR S ul G i Upnpa epops.
30. Blue rock pigeon ......... Columba livia,
g; gl_lckgol ................... c;:lt(a;i:;w ag(f;on;si, o
2. Kingfisher .......cicoveeier 4 isprida sub-sp. bon. 8.
83. Eagle owl ........coeenranns Bubo mazinus, i
34, Snowy owl ...iiiiiienn. Surnia nyelea.
35. Long-eared owl ............ Strixz otus,
86. Short-eared owl ,.oovivenes y  Drachyotus,
87. Scopsowl ... S SCops.
38. Jer faleon .......... veeee  Fadoo gurvfaleo.
39, Peregrine falcon............ »  Pereqrinus.
40. Hobby ..., subbuleo.
Ll O D AT AR Faleo asalon,
4% Kostral... ol 5l oo " Tinnuneulus alavdaris sub-sp, japonicus,
48, OSproy .cocoeeceeevnneaneinnnn. Pandion halidetus,
44, Honey-buzard ........... Pernis apivorus.

. White-tailed eagle ..

Halidietus albizilla.

46. Golden cagle ..... .. Aguila ehirysdetus,

47. Common buzzard ........ Buteo vulgaris sub-sp, plumipes.
48, Hen-harrier ..., ........ Clircus cyansits,

49. Marsh-harrier n  @ETuginosis,

50. Gos-hawk ... Astur palumbarius,

61, Sparrow-hawk coene  Arcipiter nisus,

52, Ptarmigan .................. Télrao mwtus,

53. Common quail ..., ... Colurniz communis,

But even these fifty-three species by no means fairly

represent the amount of resemblance between Britain and
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Japan as regards birds; for there are also thrushes, robins,
stonechats, wrens, hedge-sparrows, sedge-warblers, jays,
starlings, swifts, goatsuckers, and some others, wflich,
though distinet species from our own, have the same
general appearance, and give a familiar aspect to the
ornithology. There remains, however, a considerable body
of Chinese and Siberian species, which link the islands to
the neighbouring parts of the continent; and there are
also a few which are Malayan or Himalayan rather than
Chinese, and thus afford us an interesting problem in
distribution.

The seventeen species and sub-species which are
altogether peculiar to Japan proper, are for the most part
allied to birds of North China and Siberia, but three are
decidedly tropical, and one of them—a fruit pigeon (Zreron
sicholdi)—has no close ally nearer than Burmah and the
Himalayas. In the following list the affinities of the species
are indicated wherever they have been ascertained :—

LisT oF THE SPECIES 0F LAND BIRDS PECULIAR TO JAPAN.

1. Aceentor rubidus, Nearly allied to our hedge-sparrow, and less closcly
to the Central Asian A, immaculatus,

(1a. Hypsipetes amawrotis. Migrates to the Corea, otherwise peculiar. )

2. Zosterops japoniea, Allied to two Chinese species,

3. Lusciniola pryeri.

4. Garrulus japonicus. Allied to the Siberian and British Jays.

5. Fringilla kawarakibe, Allied to the Chinese greenfinch,

6. Emberiza ciopsis, Allied to the B, Siberian bunting . civides, of which
it may be considered a sub-species.

7. Emberiza yessoensis. A distinct species.

8. 2 personata. A sub-species of E. spodocephala.

9. Gecinus awokera, A distinet species of green woodpecker,

0. Picws naoniyei. Allied to & Formosan species,

1. Treron sicholdi. Allied to T. sphenura of the Himalayas, and to a

Formosan species. . o

12. Carpophaga santhina. A distinet species of fruit-pigeon.

18. Bubo blakistoni, Allied to a Philippine eagle-owl

14. Seops semitorques, A distinet species,

15, Phasianus versicolor, A distinct species.

16, " semmeringt. A distinct species.

" scintillaus. A sub-species of the last.

‘The large number of seventeen peculiar species in the out-
l)'“:F Bonin and Loo Choo Islands is an interesting feature
of Japanese ornithology. The comparative remoteness of
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these islands, their mild sub-tropical climate and luxuriant
vegetation, and perhaps the absence of violent storms and
their being situated out of the line of continental
migration, seem to be the conditions that have favoured
the specialisation of modified types adapted to the new
environment,

Japan Birds Recurring in Distant Areas—The most,
interesting feature in the ornithology of Japan is, un-
doubtedly, the presence of several species which indicate
an allianee with such remote districts as the Himalayas,
the Malay Islands, and Europe. Among the peculiar
species, the most remarkable of this class are—the fruit-
Eigcon of the genus Treron, entirely unknown in China,

ut reappearing in Formosa and Japan ; the Hypsipetes,
whose nearest ally is in South China at a distance of
nearly 500 miles; and the jay (Garrulus japonicus), whose
near ally (. glandarius) mhabits Europe only, at a
distance of 3,700 miles. But even more extraordinary are
the following non-peculiar sﬁecies —Spizactus oricntalis, a

¢ Himalayas, Formosa, and
Japan, but unknown in Southern or Eastern China; Ceryle
guttata, a spotted kingfisher, almost confined to the
Himalayas and Japan, though occurring rarely in Central
China ; and Haleyon coromanda, a brilliant red kingfisher
inhabiting Northern India, the Malay Islands to Celebes,
Formosa, and Japan. We have here an excellent illus-
tration of the favourable conditions which islands afford
both for species which elsewhere live further south
(Haleyon coromanda), and for the preservation in isolated
colonies of species which are verging towards extinction ;
for such we must consider the above-named eagle and
kingfisher, both confined to a very limited area on the
continent, but surviving in remote islands. Referring to
our account of the birth, growth, and death of a species (in
Chapter IV.) it can hardly be doubted that the Ceryle
guttata formerly ranged from the Himalayas to Japan, and
has now almost died out in the intervening area owing to
geographical and physical changes, a subject which will be
better discussed when we have examined the interesting
fauna of the island of Formosa.



400 ISLAND LIFE PART 11

The other orders of animals are not yet sufficiently
known to enable us to found any accurate conclusions upon
them. The main facts of their distribution have already
been given in my Geographical Distribution of Animals
(Vol 1., pp. 227-231), and they sufficiently agree with the
birds and mammalia in showing a mixture of temperate
and tropical forms with a considerable proportion of
peculiarspecies. Owing to the comparatively easy passage
from the northern extremity of Japan through the island
of Saghalien to the mainland of Asia, a large number of
temperate forms of insects and birds are still able to enter
the country, and thus diminish the proportionate number
of peculiar species. In the case of mammals this is more
difficult ; and the large proportion of specific difference in
their case is a good indication of the comparatively remote
epoch at which Japan was finally separated from the
continent. How long ago this separation took place we
cannot of course tell, but we may be sure it was much
longer than in the case of our own islands, and therefore
probably in the earlier portion of the Pliocene period.

ForyosA.

Among recent continental islands there is probably none
that surpasses in interest and instructiveness the Chinese
island named by the Portuguese, Formosa, or “The
Beautiful.” Till quite recently it was a ferre incognita to
naturalists, and we owe almost all our present knowledge
of it toa single man, the late Mr. Robert Swinhoe, who, in
his official capacity as one of our consuls in China, visited
it several times between 1856 and 1866, besides residing
on it for more than a year. During this period he devoted
all his spare time and energy to the study of natural
history, more especially of the two imﬁ)ortant groups, birds
and mammals; and by employing a large staff of native
collectors and hunters, he obtained a very complete know-
ledge of its fauna. In this case, too, we have the great
ndvantugc of a very thorough knowledge of the adjacent
parts of the continent, in great part due to Mr. Swinhoe's
Own exertions during the twenty years of his service in
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that country. We possess, too, the further advantage of
having the whole of the available materials in these two
classes collected together by Mr. Swinhoe himself after full
examination and comparison of specimens ; so that there is
probably no part of the world (if we except Europe, North
America, and British India) of whose warm-blooded verte-
brates we possess fuller or more accurate knowledge than
we do of those of the coast districts of China and its
islands.?

Physical Featwres of Formosa—The island of Formosa is
nearly half the size of Ircland, being 220 miles long, and
from twenty to eighty miles wide. It is traversed down
its centre by a fine mountain range, which reaches an
altitude of about 8,000 feet in the south and 12,000 feet in
the northern half of the island, and whose higher slopes
and valleys are everywhere clothed with magnificent
forests. It is crossed by the line of the Tropic of Cancera
little south of its centre ; and this position, combined with
its lofty mountains, gives it an unusual variety of tropical
and temperate climates. These circumstances are all
highly favourable to the preservation and development of
animal life, and from what we already know of its pro-
ductions, it seems probable that few, if any islands of
approximately the same size and equally removed from a
continent will be found to equal 1t in the number and
variety of their higher animals, The outline map (at page
392) shows that Formosa is connected with the mainland
by a submerged bank, the hundred-fathom line including
it along with Hainan to the south-west and Japan on the
north-east ; while the line of two-hundred fathoms includes
also the Madjico-Sima and Loo-Choo Islands, and may,
perhaps, mark out approximately the last great extension
of the Asiatic continent, the submergence of which isolated
these islands from the mainland.

Animal Life of Formosa.—We are at present acquainted

* Mr. Swinhoe died in October, 1877, at the carly age of forty-two. His
writings on natural history are chiefly scattered through the volumes of the
Proceedinga of the Zoological Society and The Ibis; the whole being sum.
marised in his Catalogie of the Manmals of South China and Formosn (P,
Z. 8., 1870, p. 615), and his Calalogue of the Birds of China and ity
Islands (P, Z. S., 1871, p. 387)
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with 35 species of mammalia, and 128 species of land-
birds from Formosa, fourteen of the former and forty-three
of the latter being peculiar, while the remainder inhabit
also some part of the continent or adjacent islands. This
proportion of peculiar species is perhaps (as regards the
birds) the highest to be met with in any island which can
be classed as both continental and recent, and this, in all
probability, implies that the epoch of separation is some-
what remote. Tt was not, however, remote enough to reach
back to a time when the continental fauna was very
different from what it is now, for we find all the chief
types of living Asiatic mammalia represented in this small
island, Thus we have monkeys; insectivora; numerous
carnivora; pigs, deer, antelopes, and cattle among
ungulata ; numerous rodents, and the edentate Manis—
a very fair representation of Asiatic mammals, all being
of known genera, and of species either absolutely identical
with some still living elsewhere or very closely allied to
them. The birds exhibit analogous phenomena, with the
exception that we have here two peculiar and very inter-
esting genera.

But besides the amount of specific and generic modifiea-
tion that has occurred, we have another indication of the
lapse of time in the peculiar relations of a large proportion
of the Formosan animals, which show that a great change
in the distribution of Asiatic species must have taken
place since the separation of the island from the continent.
Before pointing these out it will be advantageous to give
lists of the mammalia and peculiar birds of the island, as
we shall have frequent occasion to refer to them.

List o THE MAMMALIA oF Foryosa, (The peculiar species are printed
in italics, )

1. Macacus eyclopis. A rock-monkey more allied to A, rhesus of India
than to M, saneti-jokannis of South China.

2. Pteropus formosus, A fruit-bat closcly allied to the Japanese species,
None of the genus are found in China,

3. Vesperngo abramus. China,

4. Vespertilio formosus. Black and orange Bat. China,

6. Nyctinomus cestonii. Large-cared Bat.  China, S. Europe,

0. Talpa insularis. A blind mole of a peeulinr spocies,
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7. Sorex murinus, . Musk Rat. China,
8, Sorex sp. A shrew, undescribed.
9, Erinaccus sp. - A Hedgehog, undeseribed,
10, Ursus tibetanus. The Tibetan Bear. Himalayas and North China.
11, Alelictis subanrantiace,  The orange-tinted Tree Civet.  Allied to A
nipalensis of the Himalayas more than to 7. moschale of China.
1Z. Martes flavigula, var. The yellow-necked Marten.  Indis, China,
13, Felis macroscelis,  The elonded Tiger of Siam and Malaya.
14. Felis viverrina. The Asiatic wild Cat.  Himalayas and Malacea.
15. Felis chinensis, The Chiness Tiger Cat.  China.
18, Viverrienla malaccensis.  Spotted Civet. China, India,
17, Paguma larvata, Gem-faced Civet. China,
18, Suy taivanus, Allied to the wild Pig of Japan.
19, Cervulus reevesii.  Reeve's Muntjac. China.
20. C’c);x'u.v psendazes. Formosan Spotted Deer. Allied to €. sika of
Japan.
21 C'crrl{-.' swinhoti, Swinhoe's Rusa Deer.  Allied to Indian and Malayan
SPeCIcs,
22, Ncux:orlmlm swinkofi. Swinhoe's Gont-nutelope.  Allied to the species
of Sumatra and Japan.
23, Bos chinensis, South China wild Cow,
24, Mus bandicota. The Bandicoot Rat, Perhaps introduced from India,
25. Mus indicus. Indian Rat.
26, Aus coringa.  Spinous Country-mat.
27. Mus canna, Silken Country-rat.
28. Mg losca.  Brown Country-rat.
20. Sciurns castaneoventris, = Chestnut-bellied Squirrel.  China and
Hainan.
30, Seiurns m'clellandi.  M‘Clelland’s Squirrel. Himalayas, China.
31. Sciuropterus kaleensis.  Small Formosan Flying Squirrel.  Allied to
s S. alboniger of Nepal.
32, Pleromys qrandis. Large Red Flying Squirrel.  Allied to Himalayan
and Bornean species. From North Formosa.
33. Ploromys pestoralis. White-breasted Flying Squirrel. From South
Formosa,
3. chu.s sinensis.  Chinese Hare, Inhabits South China,
35. Manis dalmanni, Sealy Ant-eater. China and the Himalayas,

_The most interesting and suggestive feature connected
with these Formosan mammals is the identity or affinity
of several of them, with Indian or Malayan rather than
with Chinese species. We have the rock-monkey of
Formosa allied to the rhesus monkeys of India and
Burma, not to those of South China and Hainan. The
tree civet (Melictis subawrantiaca), and the small flying
squirrel (Seiurapterus kaleensis), are both allied to Hima-
layan species. - Swinhoe’s deer and goat-antelope are
nearest, to Malayan species, as are the red and white-
breasted flying squirrels ; while the fruit-bat, the wild pig

2
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and the spotted deer are all allied to peculiar Japanese
species., The clouded tiger is a Malay species unknown
in China, while the Asiatic wild cat is a native of the
Himalayas and Malacea. It is clear, therefore, that before
Formosa was separated from the mamland the above
named animals or their ancestral types must have ranged
over the intervening country as far as the Himalayas on
the west, Japan on the north, and Borneo or the Philip-
pines on the south; and that after that event oceurred,
the conditions were so materially changed as to lead to
the extinction of these species in what are now the coast
provinces of China, while they or their modified descend-
ants continued to exist in the dense forests of the
Himalayas and the Malay Islands, and in such detached
islands as Formosa and Japan. We will now see what
additional light is thrown upon this subject by an exam-
ination of the birds. '

LisT oF THE LAND Bizps prevnian 10 Foryosa.

Turpipa (Thrushes).
1. Twrdus albiceps, Allied to Chinese species,

SyLviois (Warblers).
. UOisticola volitans.  Allied to 0. schomicolx of India and China,
2 Ilcsbiro.n cantans. Sub-species of H. cantillavs of N. China and
apan.
4. Notodela montivm. Allied to N, lenwcura of the Himalayas ; no ally in
China,
ToearLrna (Babblers).

5. Pomatorhinus musicus.  Allies in 8, China and the Himalayas,

6. P, erythrocnemis. Do, do.

7. Garrulae ruficeps.  Allied to G. albogularis of N, Indin and Rast
Thibet, not to the species of 8. China (&, sannio).

8. Janthocincla peecllorhyncha,  Allied to J. eorulata of the Himalayas,
None of the genus in China.

Q. Trochalopteron tatvanus, Allied to a Chinese species.

0. Aleippe morrisoniana. | Near the Himalayan A. nipalensis, None of

11, A, brunnea. * the genus in China

"12. Sibia auricularis, Allied to the Himalayan 5. capistrata. The genus

not known in China.

PANURID® (Bearded Tits, &e).
13. Suthora bulomachis. Allied to the Chinese S. suffusa.
Cixerina (Dippers and Whistling Thrushes),
14, Myilophoneus insularis. Allied to AL horsfieldi of Sonth Indin
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Parina (Tits).
15. Parus tnsperatus,  Sub-species of P, monticola of the Himalayas and

16.

17,

20.

21,

29, A. wallersi.

30.

SL

392,

38.

East Thibet.
P. castanciventris, Allied to P. varius of Japan.

Liorricxinz (Hill Tits),
Liocichla steerii. A peenlinr genus of a specially Himalayan family,
quite unknown in China.

Pycxoxorinz (Bulbuls).

. FPycnonotus (Spizizos) cincreicapillus, Very near P. svmitorques of
19,

China.
Hypsipeles wigerrimus,  Allied to H. concolor of Assam, not to H.
macclellands of China.
Orroruine (Orioles).
Analeipus ardens. Allied to A, traillii of the Himalayas and Tenas-
serim.
CAMPEPHAGIDA (Caterpillar Shrikes).
Grawcalus rex-pinetf.  Closely allied to the Indian &, macei. No ally
in China.
Dicrvrina (King Crows).

. Chaptia brauniana. Closely allied to €. wnea of Assam. No ally in

China,
Muscrcarins (Flycatchers).
Cyornis vivida, Allied to €. rubecitloides of India,
Convinz (Jays and Crows).

. Garrulus taivanus.  Allied to @. sinensis of S. China, ¢
. Urocissa ezrulen. A very distinct species from its Indian and Clinese

allies,

. Dendrocitta formosew. A sub-species of the Chinese D. sinensis.

Procema (Weaver Finches).

. Munia formosana.  Allied to M. rubronigra of India and Burmah.

Anavpin® (Larks).

Alavda soza. z Allics in South China.

Prrripe (Pittas).
Pitta orcas.  Allied to P. eyanoptera of Malaya and S, Chinn.
Proina (Wood peckers).
Picus inmudaris.  Allied to P. Teuconots of Japan and Siberia.
MEGALEMIDA,
Megaloma nuchalis,  Allied to M. oortfi of Sumatra and M, faber of
Hainan, No allics in China,
Carnimureina (Goatsuckers).

Capri:'x_mu?yu.v atictomus, A sub-species of €. monticolus of India and
na,
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Corvyprns (Pigeons).

34, Treron formosee,  Allied to Malayan species,

35. Sphenocereus sororius.  Allied to Malay species and to 8. sieboidi of
Japan. No allies of these two birds inhabit China.

36. Chaleophaps formosana. Allied to the Indian species which extends
to Tenasserim and Hainan.

: TETRAONIDE (Grouse and Partridges).

87, Oreoperdiz crudigularis. A peenline genus of partridges.
38. Bambusicolee sonorivez. Allied to the Chinese B, thoracicd,
39, Areotwrnir rostrala. © Allied to the Chinese A, blakistonii,

Praasianipe (Pheasants).

40, Phastanus formosanys.  Allied to P. torquatus of China.

41. Buplocamus swinhoii. A very peculinr and beautiful species allied to
the tropical fire-backed pheasants, and to the silver pheasant of
North China.

Srrrerng (Owls).
42, Athens pardalota, Clozely allied to u Chinese speeies.
48, Lempigius hambroekii, Allied to a Chinese specics.

This list exhibits to us the marvellous fact that more
than half the peculiar species of Formosan birds have
their nearest allies in such remote regions as the Himalayas,
South India, the Malay Islands, or Japan, rather than in

" the adjacent I})_arts of -the Asiatic continent. Fourteen
i

species have Himalayan allies, and six of these belong to
genera which are unknown in China. One has its nearest
ally in the Nilgherries, and five in the Malay Islands;
and of these six, four belong to genera which are not
Chinese. Two have their only near allies in Japan.
Perhaps more curions still are those cases in which,
though the genus is Chinese, the nearest allied species
is to be sought for in some remote region. Thus we have
the Formosan babbler (Garrulaw ruficeps) not allied to the
species found in South China, but to one inhabiting North
India and East Thibet ;awhile the black bulbul (Hypsipetes
wigerrimus), is not allied to the Chinese species but to an
Assamese form,

In the same category as the above we must place eight
species not peculiar to Formosa, but which are Tndian or
Malayan rather than Chinese, so that they offer examples
of discontinuous distribution somewhat analogous to, what
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we found to occur in Japan. These are enumerated in
the following list.

Srecies or Biins coMMoN 10 ForMosa AND INDIA 08 MALAYA, BUT NOT
FOUND IN CHINA,

1. Siphia supercilinris. The Rufons-breasted Flyeatcher of the S.E.
Himalayas.

2. Haleyon coromanda. The Great Red Kingfisher of Indis, Malaya, and *
Japan.

3. Palwinbus gulchricollis, 'The Darjeeling Wood-pigeon of the S.E.
Himalayas.

. Twrniz dusswmieri. The larger Button-quail of India. .

. Spizaelis nipalensis.  The Spotted Hawk-eagle of Nepal and Assam.

. Lophospiza trivirgata. The Crested Gos-hawk of the Malay Islands.

. Bulaca newarensis.  The Brown Wood-owl of the Himalayus

. Strix candida. The Grass-owl of India and Malaya.

[ e B R

The most interesting of the above are the pigeon and
the flycatcher, both of which are, so far as yet known,
strictly confined to the Himalayan mountains and Formosa.
They thus afford examples of discontinuons specific
distribution exactly parallel .to that of the great spotted
kingfisher, already referred to as found only in the
Himalayas and Japan.

Comparison of the Faunas of Hainan, Formosa, and
Japan—The island of Hainan on the extreme south of
China, and only separated from the mainland by a strait
fifteen miles wide, appears to have considerable simxlnr}ty
to Formosa, inasmuch as it possesses seventeen peculiar
land-birds (out of 130 obtained by Mr. Swinhoe), two of
which are close allies of Formosan species, while two others
are identical. We also find four species whose nearest
allies are in the Himalayas. Our knowledge of t.lns_ island
and of the adjacent coast of China is not yet sufficient to
enable us to form an accurate judgment of its relations,
but it seems probable that it was separated from the
continent at, approximately, the same epoch as Formosa
and Japan, and that the special features of each of these
islands are mainly due to their geographical position.
Formosa, being more completely isolabea thm} either gf the
others, possesses a larger proportion of peculiar species of
birds, while its tropical situation and lofty mountain ranges
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have enabled it to preserve an unusual number of Hima-
layan and Malayan forms. Japan, almost equally isolated
towards the south, and having a much greater variety of
climate as well as a much larger area, possesses about an
equal number of mammalia with Formosa, and an even
larger proportion of peculiar species. Its birds, however,
though more numerous are less peculiar; and this is
probably due to the large number of species which migrate
northwards in summer, and find it easy to enter Japan
through the Kurile Isles or Saghalien! Japan too, is
largely peopled by those northern types which have an
unusually wide range, and which, being almost all migratory,
are accustomed to cross over seas of moderate extent.
The regular or occasional influx of these species prevents
the formation of special insular races, such as are almost
always produced when a portion of the population of a
species remains for a considerable time completely isolated.
We thus have explained the curious fact, that while the
mammalia of the two islands are almost equally peculiar,
(those of Japan being most so in the present state of our
knowledge), the birds of Formosa show a far greater
number of peculiar species than those of Japan,

General Remarks on Recent Continental Islands—We have
now briefly sketched the zoological peculiarities of an
illustrative series of recent continental islands, commeneing
with one of the most recent—Great Britain—in which the
process of formation of peculiar p)ecics has only just
commenced, and terminating with Formosa, probably one
of the most ancient of the series, and which accord-
ingly presents us with a very large proportion of peculiar
specieg, not only in its mammalia, which have no means of
crossing the wide strait which separates itfrom the mainland,
but also in its birds, many of which are quite able to eross
over.

Here, too, we obtain a glimpse of the way in swhich

! Captain Blakiston has shown that the northern island—Vezo—is much
more temperate and less ‘wcu]inr in its zoology than the central and southern
islands, “This is no doubt dependent chiefly on the considerable change of
climate that occurs on passing the Tsu-garu strait,
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species die out and are replaced by others, which quite
agrees with what the theory of evolution assures us must
have occurred. On a continent, the process of extinction will
generally take effect on the circumference of the area of
distribution, because it is there that the species comes into
contact with such adverse conditions or competing forms
as ‘)revent it from advancing further. A very slight change
will evidently turn the scale and cause the species to
contract its range, and this usually goes on till it is reduced
to a very restricted area, and finally becomes extinet. It
may conceivably happen (and almost certainly has some-
times happened) that the process of restriction of range by
adverse conditions may act in one direction only, and over
a limited district, so as ultimately to divide the specific
area into two separated parts, in each of which a portion
of the species will continue to maintain itself. We have
seen that there is reason to believé that this has oceurred
in a very few cases both in North America and in Northern
Asia. (Sec pp. 65-68.) But the same thing has certainly
oceurred in a considerable number of cases, only it has
resulted in the divided areas being occupied by representa-
tive fornis instead of by the very same species. The cause
of this is very easy to understand. We have already shown
that there is a large amount of local variation in a
considerable number of species, and we may be sure that
were it mot for the constant intermingling and inter-
crossing of the individuals inhabiting adjacent localities
this tendency to local variation in adaptation to slightly
different conditions, would soon form distinct races. But
as soon as the area is divided into two portions the inter-
crossing is stopped, and the usual result is that two closely
allied races, classed as representative species, become
formed. Such pairs of allied species on the two sides of a
continent, or in two detached areas, are very numerous ;
and their existence is only explicable on the supposition that
theyare descendants of a parent form which once occupied an
area comprising that of both of them,—that this area then
became discontinuous,—and, lastly, that, as a consequence
of the discontinuity, the two sections of the parent species
became segregated into distinet races or new species.
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Now, when the division of the area leaves one portion of
the species in an island, a similar modification of the
species, either in the island or in the continent, occurs,
resulting in closely-allied but distinet forms; and such
forms are, as we have seen, highly characteristic of island-
fannas. But islands also favour the oceasional preservation
of the unchanged species—a phenomenon which very
rarely occurs in continents. This is probably due to the
absence of competition in islands, so that the parent
species there maintains itself unchanged, while the con-
tinental portion, by the force of that competition, is driven
back to some remote mountain area, where it also obtains
a comparative freedom from competition. Thus may be
explained the curious fact, that the species common to
Formosa and India are generally confined to limited areas
in the Himalayas, or in other cases are found only in
remote islands, as Japan or Hainan.

The distribution and affinities of the animals of con-
tinental islands thus throws much light on that obscure
subject—the decay and extinction of species; while the
numerous and delicate gradations in the modification of
the continental species, from perfect identity, through
slight varieties, local forms, and insular races, to well-
detined species and even distinet genera, afford an over-
whelming mass of evidence in favour of the theory of
“ descent with modification.”

We shall now pass on to another class of islands, which,
though originally forming parts of continents, were
separated from them at very remote epochs. This
antiquity is clearly manifested in their existing faunas,
which present many peeculiarities, and offer some most
curious problems to the student of distribution.
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ANCIENT CONTINENTAL ISLANDS : THE MADAGASCAR GROUP

Remarks on Ancient Continental Islands—Physical Features of Madagascar
—Biological Featurcs of Madagascar—Mammalin—Reptiles—Re ation
of Madagascar to Afriea—ZEarly History of Africa and Madagascar—
Anomalies of Distribution and. How to Explain Them—The Birds of
Madagascar as Indicating a Supposed Lemurian Continent—Snbmerged
Istands between Mudagnsear and  Indin—Concluding Remarks on
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chelles Archipelago—Binds of the Seychielles—Reptiles and Amphibia—
Freshwater Fishes—Land Shells—Mauritius, Bourbon, and Rodriguez—
Birds—Extinct Birds and their Probable Origin—Reptiles—Flora of
Madagasear and the Mascarene Islands—Curious Relations of Mascarene
Plants—Endemic Genera of Mauriting and Seychelles—Fragmentiry
Character of the Muascarene Flora—Flora of Madagascar Allied to that
of Sonth Africa—Preponderance of Ferns in the Mascarene Flora—Con-
cluding Remarks on the Madagusear Group.

W have now to consider the phenomena presented by a
very distinet class of islands—those which, although once
forming part of a continent, have been sepm'atcd from 1t at
a remote epoch when its animal forms were very unlike
what they are now. Such islands preserve to us the
record of a by-gone world,—of a period when many of the
higher types had not yet come nto existence and when
the distribution of others was very different from what
prevails at the present day. The problem presented by
these ancient islands is often complicated by the changes
they themselves have undergone since the period of their
separation. A partial subsidence will have led to the
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extinction of some of the types that were originally
preserved, and may leave the ancient fauna in a very
fragmentary state ; while subsequent elevations may have
brought it so near to the continent that some immigration
even of mammalia may have taken place. If these
- elevations and subsidences occurred several times over,
thongh never to such an extent as again to unite the
island with the continent, it is evident that a very
complex result might be produced ; for besides the relics
of the ancient fauna, we might have successive immigra-
tions from surrounding lands reaching down to the era of
existing species. Bearing in mind these possible changes,
we shall generally be able to arrive at a fair conjectural
solution of the phenomena of distribution presented by
these ancient islands,

Undoubtedly the most interesting of such islands, and
that which exhibits their chief pecnliarities in the greatest
perfection, is Madagascar, and we shall therefore enter
somewhat fully into its biological and physical history.

Physical Features of Madagascar.—This great island is
situated about 250 miles from the east coast of Africa, and

 extends from 12° to 251° S. Lat. It is almost exactly
1,000 miles long, with an extreme width of 360 and an
average width of more than 260 miles, A lofty granitic
plateau, from eighty to 160 miles wide and from 3,000 to
3,000 feet high, occupies its central portion, on which rise
peaks and domes of basalt and granite to a height of
nearly 9,000 feet; and there are also numerous extinet
volcanic cones and craters. All round the island, but
especially developed on the south and west, are plains of a
few hundred feet elevation, formed of rocks which are
shown by their fossils to be of Jurassic age, or at all events
to belong to somewhere near the middle portion of the
Secondary period. The higher granitic plateau consists of
bare undulating moors, while the lower Secondary plains
are more or less wooded ; and there is here also a con-
tinuous belt of dense forest, varying fropn siX or eight to
fifty miles wide, encircling the whole island, usually at
about thirty miles distance from the coast but in  the
north-east coming down to the sea-shore.
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The sea around Madagascar, when the shallow bank on
which it stands is passed, is generally deep. This 100-
fathom bank is only from one to three miles wide on the
east side, but on the west it is much broader, and stretches
out opposite Mozambique to a distance of about eighty
miles. The Mozambique Channel is rather more than
1,000 fathoms deep, but there is only a narrow belt of this
depth opposite Mozambique, and still narrower where the
Comoro Islands and adjacent shoals seem to form
stepping-stones to the continent of Africa. The 1,000-
fathom line includes Aldabra and the small Farquhar
Islands to the morth of Madagascar ; while to the east the
sea déepens rapidly to the 1,000-fathom line and then
more slowly, a profound channel of 2,400 fathoms separat-
ing Madagascar from Bourbon and Mauritius. To the
north-east of Mauritius are a series of extensive shoals
forming four large banks less than 100 fathoms below the
surface, while the 1,000-fathom line includes them all,
with an area about half that of Madagascar itself. A little
further north is the Seychelles group, also standing on an
extensive 1,000-fathom bank, while all round the sea is
more than 2,000 fathoms deep.

It seems probable, then, that to the north-east of
Madagascar there was once a series of very large islands,
separated from it by not very wide straits; while east-
* ward across the Indian Ocean we find the Chagos and
Maldive coral atolls, perhaps marking the position of other
large islands, which together would form a line of
communication, by comparatively easy stages of 400 or
500 miles each between Madagascar and India. These
submerged islands, as shown in our map at p. 424, are of
great importance in explaining some anomalous features
m the zoology of this great island.

If the rocks of Secondary age which form a belt around
the island are held to indicate that Madagascar was once
of less extent than it is now (though this by no means
necessarily follows), we have also evidence that it has
recently been considerably larger ; for along the east coast
there 1s an extensive barrier coral-reef about 850 miles
in length, and varying in distance from the land from
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a quarter of a mile to three or four miles. This seems
to indicate recent subsidence; while we have no record
of raised coral rocks inland which would certainly mark
any recent elevation, though fringing coral reefs surround
a considerable portion of the northern, eastern, and south-
western coasts. We may therefore conclude that during
Tertiary times the island was usually as large as, and often
probably much larger than, it is now.

Biological Features of Madagascar.—Madagascar possesses
an exceedingly rich and beautiful fauna and flora, rivalling
in some groups most tropical countries of equal extent,
and even when poor in species, of surpassing interest
from the singularity, the isolation, or the beanuty. of its
forms of life. In order to exhibit the full peculiarity
of its natural history and the nature of the problems
it offers to the biological student, we must give an
outline of its more important animal forms in systematic
order.

Mammalia—Madagascar possesses no less than sixty-six
species ‘'of mammals—a certain proof in itself that the
island has once formed part of a continent; but the cha-
racter of these animals is very extraordinary and altogether*
different from the assemblage now found in Africa or in
any other existing continent. Africa is now most promi-
nently characterised by its monkeys, apes, and baboons;
by its lions, leopards, and hyznas; by its zebras, rhino-
ceroses, elephants, buffaloes, giraffes, and numerous species
of antelopes. But no one of these animals, nor any thing
like them, is found in . Madagascar, and thus our first
impression would be that it could never have been united
with the African continent. But, as the tigers, the bears,
the 'tapirs, the deer, and the numerous squirrels of Asia
are equally absent, there seems no probability of its
having been united with that continent. Let us then see
to what groups the mammalia of Madagascar belong, and
where we must look for their probable allies.

First and most important are the lemurs, consisting
of six genera and thirty-three species, thus comprising
Just half the entire mammalian population of the island,
This group of lowly-organised and very ancient creatures

—
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still exists scattered over a wide area; but they are
nowhere so abundant as in the island of Madagasecar.
They are found from West Africa to India, Ceylon, and
the Malay Archipelago, consisting of a number of isolated
genera and species, which appear to maintain their
existence by their nocturnal and arboreal habits, and by
haunting dense forests. It can hardly be said that the
African forms of lemurs are more nearly allied to those
of Madagascar than are the Asiatic, the whole series
appearing to be the disconnected fragments of a once
more compact and extensive group of animals,

Next, we have about a dozen species of Insectivora,
consisting of one shrew, a group distributed over all the
great continents; and five genera of a peculiar family,
Centetide, which family exists nowhere else on the globe
except in the two largest West Indian Islands, Cuba and
Hayti, thus adding still further to our embarrassment
in seeking for the original home of the Madagascar fauna.

We then come to the Carnivora, which are represented
by a peculiar cat-like animal, Cryptoprocta, forming a

1stinet family, and having no close allies in any part of the

obe; and eight civets belonging to four peculiar genera.

ere we first meet with some decided indications of an
African origin; for the civet family is more abundant
in this continent than in Asia, and some of the Madagascar
genera seem to he decidedly allied to African groups—
as, for example, Eupleres to Suricata and Crossarchus!

The Rodents consist only of four rats and mice of
peculiar genera, one of which is said to be allied to an
American genus ; and lastly we have a river-hog of the
African genus Potamoch®rus, and a small. sub-fossil
hippopotamus, both of which being semi-aquatic animals
might easily have reached the island from Africa, by.
way of the Comoros, without any actual land connection.?

Reptiles of Muadagascar.—Passing over the birds for
the present, as not so clearly demonstrating land-connec-

! See Dr. J. E. Gray's ** Revision of the Viverridee,” in Proc. Zool. Soc.
1864, p. 507 : : _

= Some of thy Bats of Mudagasear and East Africa are said to haye their
nearcst allies in Australin.  (See Dobson in Nafure, Vol. XXX, p. §75.)

K E
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tion, let us see what indications are afforded by the
reptiles. The large and universally. distributed family
of Colubrine snakes is represented in Madagascar, not by
African or Asiatic genera, but by two American genera
—Philodryas and Heterodon, and by Herpetodryas, a
genus found in America and China. The other genera
are all peculiar, and belong mostly to widespread tropical
families; but two families—Lycodontid and Viperide,
both abundant in Africa and the Eastern tropics—are
absent. Lizards are mostly represented by peculiar genera
of African or tropical families, but several African genera
are represented by peculiar species, and there are also
some species belonging to two American genera of the
Iguanide, a family which is exclusively American; while
a genus of geckoes, inhabiting America and Australia, also
occurs in Madagascar.

Relation of Madagascar to Africa—These facts taken
all together are certainly very extraordinary, since they
show in a considerable number of cases as much affinity
with America as with Africa;. while the most striking
and characteristic groups of animals now inhabiting Africa
are entirely wanting in Madagascar. Let us first dealf
with this fact, of the absence of so many of the most
dominant African groups. The explanation of this
deficiency is by no means difficult, for the rich deposits
of fossil mammals of Miocene or Pliocene age in France,
Germany, Greece, and North-west India, have demon-
strated the fact that all the great African mammals then
inhabited Europe and temperate Asia. We also know
that a little earlier (in Eocene times) tropical Africa was
cut off from Europe and Asia by a sea stretching from the
Atlantic to the Bay of Bengal, at which time Africa must
have formed a detached island-continent such as Aus-
tralia is now, and probably, like it, very poor in the higher
forms of life. Coupling these two facts, the inference
seems clear, that all the higher types of mammalia were
developed in the great Euro-Asiatic continent (which
then included Northern Africa), and that ‘they only
migrated into tropical Africa when the two continents
became united by the upheaval of the sea-bottom, probably

Pre it v o
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in the latter portion of the Miocene or early in the
Pliocene period.! :

It is clear, therefore, that if Madagascar had once formed
part of Africa, but had been separated from it before
Africa was united to Europe and Asia, it would not contain
any of those kinds of animals which then first entered the
country. But, besides the African mammals, we know
that some birds now confined to Africa then inhabited
Europe, and we may therefore fairly assume that all the
more important groups of birds, reptiles, and inseects, now
abundant in Africa but absent from Madagascar, formed no
part of the original African fauna, but entered the country
only after it was joined to Europe and Asia.

Larly History of Africa and Madagascar—We have seen
that Madagascar contains an abundance of mammals, and
that most of them are of types either peculiar to, or
existing also in, Africa ; it follows that that continent must
have had an earlier union with Europe, Asia, or America,
or it could never have obtained any mammals at all

! This view was, 1 believe, first advanced by Professor Huxley in his
““Anniversary Address to the Geological Society,” in 1870. Hesays :—**In
fact the Miocene mammalian fanna of Europe and the Himalayan regions
contain, associnted together, the types which are at present scparntely
located in the South African and Indian provinces of Aretogen. Now
thero is every reason to believe, on other grounds, that both Hindostan
south of the Ganges, and Africa south of the Sahars, werc separated by a
wide sea from Enropeand North Asia during the Middleand Upper Eocene
epochs. Hence it beeomes highly probable that the well-known similari-
tics, and no less remarkable differences, tetween the present faune of
Indin and Sonth Afrien have arisen in some such fashion as the following :
Some time during the Miocene cpoch, the bottom of the nummulitic sea
was upheaved anﬁ converted into dry land in the divection of a line extend-
ing from Abyssinia to tho mouth of the Ganges. By this means the
Dekkan on the one hand and South Afriea on the other, became connected
with the Miocene dry land and with one another. The Miocene mammals
spread gradually over this intermediate dry land ; and if the condition of
its eastern and western ends offered as wide contrasts as _t!m vsl!cys of t_ho
Ganges and Arabia do now, many forms which made their way into Africa
must have been different from those which reached the Dekkan, while
others might pass into both these sub-provinces.” ; .

This question is fully discussed in my Geographical Distribution of
Animals (Vol. I, p. 285), where T expressed views :somcwhflt different from
those of Professor Huxley, and made some slight errors which are corrected
in the present work, As I did not then refer to Profcss‘or Hux}ov s prior
statement of the theory of Miocene immigration into Africa (which _l hn‘cl
read but the reference to which I could not reeall) I am happy to give his
views here.

EE 2
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Now these ancient African mammals are Lemurs, Insecti-
vora, and small Carnivora, chiefly Viverride ; and all these
groups are known to have inhabited Europe in Eocene and
Miocene times; and that the union was with Europe
rather than with America is clearly proved by the fact that
even the insectivorous Centetid®, now confined to Mada-
gascar and the West Indies, inhabited France in the Lower
Miocene period, while the Viverrida, or civets, which form
o important a part of the fauna of Madagascar as well as
of Africa, were abundant in Europe throughout the whole
Tertiary period, but are not known to have ever lived in
any part of the American continent. We here see the
application of the principle which we have already fully
proved and illustrated (Chapter IV., p. 60), that all ex-
tensive groups have a wide range at the period of their
maximum development ; but as they decay their area of
distribution diminishes or breaks up into detached frag-
ments, which one after another disappear till the group
becomes extinet. Those animal forms which we now find
isolated in Madagascar and other remote portions of the
globe all belong to ancient groups which are in a decaying
or nearly extinct condition, while those which are absent
from it belong to more recent and more highly-developed
types, which range over extensive and continuous areas,
but have had no opportunity of reaching the more ancient
continental islands,

Anomalies of Distribmtion and How to Explain Them.—If
these considerations have any weight, it follows that there
is no reason whatever for supposing any former direct
connection between Madagascar and the Greater Antilles
merely because the insectivorous Centetide now exist only
in these two groups of islands; for we know that the
ancestors of this family must once have had a much wider
range, which almost certainly extended over the great
northern continents. We might as reasonably suppose &
land-connection across the Pacific to account for the camels
of Asia having their nearest existing allies in the lamas
and alpacas of the Peruvian Andes, and another between
Sumatra and Brazil, in order that the ancestral tapir of
one country might have passed over to the other, In both
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these cases we have ample proof of the former wide
extension of the group. Extinct camels of numerous
species abounded in North America in Miocene, Pliocene,
and even Post-pliocene times, and one has also been found
in North-western India, but none whatever among all the
rich deposits of mammalia in Europe. We are thus told,
as clearly as possible, that from the North American con-
tinent as a centre the camel tribe spread westward, over
now-submerged land at the shallow Behring Straits and
Kamschatka Sea, into Asia, and southward along the
Andes into South America. Tapirs are even more inter-
esting and instructive. Their remotest known ancestors
appear in Western Europe in the carly portion of the
Focene period ; in the latter Eocene and the Miocene other
forms occur both in Europe and North America. These
seem to have become extinet in North America, while in
Europe they developed largely into many forms of true
tapirs, which at a much later period found their way again
to North, and thence to South, America, where their
remains are found in caves and gravel deposits. It is an
instructive fact that in the Eastern continent, where they
were once so abundant, they have dwindled down to a
single species, existing in small numbers in the Malay
Peninsula, Sumatra, and Borneo only; while in the
Western continent, where they are comparatively recent
immigrants, they ocenpy a much larger area, and are re-
presented by three or four distinet species. Who could
possibly have imagined such migrations, and extinctions,
and changes of distribution as are demonstrated in the
case of the tapirs, if we had only the distribution of the
existing species to found an opinion upon? Such cases as
these—and there are many others equally striking—show
us with the greatest distinctness how nature has worked
in bringing about the examples of anomalous distribution
that everywhere meet us; and we must, on every ground
of philosophy and common sense, apply the same method
of interpretation to the more numerous instances of
anomalous distribution we discover among such groups as
reptiles, birds, and insects, where we rarely have any direct
evidence of their past migrations through the discovery of
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fossil remains. Whenever we can trace the past history of
any group of terrestrial animals, we invariably find that
its actual distribution can be explained by migrations
effected by means of comparatively slight modifications of
our existing continents. In no single case have we any
direct evidence that the distribution of land and sea has
been radically changed during the whole lapse of the
Tertiary and Secondary periods, while, as we have already
shown m our fifth chapter, the testimony of geology itself,
if fairly interpreted, upholds the same theory of the stability
of our continents and the permanence of our oceans. Yet
so easy and pleasant is it to speculate on former changes
of land and sea with which to cut the gordian knot offered
by anomalies of distribution, that we still continually meet
with suggestions of former continents stretching in every
direction across the deepest oceans, in order to explain the
presence in remote parts of the globe of the same genera
even of plants or of insects—organisms which possess such
exceptional facilities both for terrestrial, aérial, and oceanic
transport, and of whose distribution in early geological
periods we generally know little or nothing.

The Birds of Madagascar, as Indicating a Supposed
Lemurian Continent.—Having thus shown how the distri-
bution of the land mammalia and reptiles of Madagascar
may be well explained by the supposition of a union with
Africa before the greater part of its existing fauna had
reached it, we have now to consider whether, as some
ornithologists think, the distribution and affinities of the
birds present an insuperable objection to this view, and
require the adoption of a hypothetical continent—Lemuria
—extending from Madagascar to Ceylon and the Malay
Islands.

There are about one hundred and fifty land birds known
from the island of Madagascar, of which a hundred and
twenty-seven are peculiar ; and about half of these peculiar
species belong to peculiar genera, many of which are
extremely isolated, so that it is often difficult to class them
in any of the recognised families, or to determine their
affinities to any living birds!  Among the other moiety,

! The total number of Madaguscar birds is 238, of which 120 are
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belonging to known genera, we find fifteen which have
undoubted African affinities, while five or six are as
decidedly Oriental, the genera or nearest allied species
being found in India or the Malay Islands. Tt is on the

presence of these peculiar Indian types that Dr. Hartlaub,

in his recent work on the Biurds of Madagascar and the
Adjacent Islands, lays great stress, as proving the former
existence of “ Lemuria” ; while he considers the absence
of such peculiar African families as the plantain-eaters,
glossy-starlings, ox-peckers, barbets, honey-guides, horn-
bills, and bustards—besides a host of peculiar African
genera—as sufficiently disproving the statement in my
Geographical Distribution of Animals that Madagascar is
“more nearly related to the Ethiopian than to any other
region,” and that its fauna was evidently *“ mainly derived
from Africa.”

But the absence of the numerous peculiar groups of
African birds is so exactly parallel to the same phenomenon
among mammals, that we are justified in imputing it to
the same cause, the more especially as some of the very
groups that are wanting—the plantain-eaters and the
trogons, for example,—are actually known to have
inhabited Europe along with the large mammalia w]uch
subsequently migrated to Africa. As to the peculiarly
Eastern genera—such as Copsychus and Hypsipetes, with
a Dicrurus, a Plocens, a Cisticola, and a Scops, all clpsp]y .
allied to Indian or Malayan species—although very striking
to the ornithologist, they certainly do not outweigh the
fourteen African genera found in Madagascar. Their
presence may, moreover, be accounted for more satisface
torily than by means of an ancient Lemurian continent,
which, even if granted, would not explain the very facts
adduced in its support.

Let us first prove this latter statement. )

The supposed “ Lemuria ” must have existed, if at all,
at £0 remote a period that the higher animals did not then
inhabit either Africa or Sonthern Asia, and it must have

absolutely peculiar to the island, as are thirty-five of the genera.  All the
seenlinr binds but two ave land birds. These are the numbers given in M.
randidier’s great work on Madagascar,
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become partially or wholly submerged before they reached
those countries; otherwise we should find in Madagascar
many . other animals besides Lemurs, Insectivora, and
Viverride, especially such active arboreal creatures as
monkeys and squirrels, such hardy grazers as deer or an-
telopes, or such wide-ranging carnivores as foxes or bears,
This obliges us to date the disappearance of the hypotheti-
cal continent about the earlier part of the Miocene epoch
at latest, for during the latter part of that period we know
that such animals existed in abundance in every part of
the great northern continents wherever we have found
organic remains.  But the Oriental birds in Madagascar,
by whose presence Dr. Hartlaub upholds the theory of a
Lemuria, are slightly modified forms of czisting Indian
genera, or sometimes, as Dr. Hartlaub himself points out,
species hardly distinguishable from those of India. Now all
the evidence at our command leads us to conclude that,
even if these genera and species were in existence in the
carly Miocene period, they must have had a widely differ-
entdistribution from What they have now, Along with so
many African and Indian genera of mammals they then
probably inhabited Europe, which at thiat epoch enjoyed a
sub-tropical climate ; and this is rendered almost certain
by the discovery in the Miocene of France of fossil remains
of trogons and jungle-fowl. If, then, these Indian birds
date back to the very period during which alone Lemuria
could have existed, that continent was quite unnecessary
for their introduction into Madagascar, as they conld have
followed the same track as the mammalia of Miocene
Lurope and Asia; while if, as T maintain, they are of more
recent date, then Lemuria had ceased to exist, and could
not have been the means of their introduction,

Submerged Islands between Madagascar and Indig.—
“Looking at the accompunying map of the Indian Ocean,
we see that between Madagasear and India there are now
extensive shoals and coral reefs, such as are usually held
to indicate subsidence; and we may therefore fairly
postulate the former existence here of several large islands,
some of themn not much inferior to Madagascar itself.
These reefs are all separated from each other by very deep

e
. -
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sea—much deeper than that which divides Madagascar
from Africa, and we have therefore no reason to imagine
their former union. But they would nevertheless greatly
facilitate the introduction of Indian birds into the Mas-
carene Islands and Madagascar ; and these facilities existing,
such an immigration would be sure to take place, just as
surely as American birds have entered the Galapagos and
Juan Fernandez, as European birds now reach the Azores,

5’;‘ PAUL |,

40} = _80

¥
MAF OF THE INDIAN OCEAN.

Showing the positionof banks less than 1,000 fathoms deep Letween Africa and the
Indian Peninsula,

and as Australian birds reach such a distant island as New
Zealand. This would take place the more certainly because
the Indian Ocean is a region of violent periodical storms
at the changes of the monsoons, and we have seen in the
case of the Azores and Bermuda how important a factor
this is in determining the transport of birds across the
ocean.
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The final disappearance of these now sunken islands
does not, in all probability, date back to a very remote
epoch ; and this exactly accords with the fact that some of
the birds, as well as the fruit-bats of the genus Pteropus,
are very closely allied to Indian species, if not actually
identical, others being distinct species of the same genera.
The fact that not one closely-allied species or even genus
of Indian or Malayan mammals is found in Madagascar,
sufficiently proves that it is no land-connection that has
brought about this small infusion of Indian birds and bats ;
while we have sufficiently shown, that, when we go back
to remote geological times no land-connection in this
direction was necessary to explain the phenomena of the
distribution of the Lemurs and Insectivora. A land-con-
nection with some continent was undoubtedly necessary,
or there would have been no mammalia at all in Mada-
gascar; and the nature of its fauna on the whole, no less
than the moderate depth of the intervening strait and the
comparative approximation of the opposite shores, clearly
indicate that the connection was with Africa,

Coneluding Remarks on “ Lemuria”—1 have gone into
this question in some detail, because Dr. Hartlaub's
criticism on my views has been reproduced in a scientific
periodical,! and the supposed Lemurian continent is
constantly referred to by quasi-scientific writers, as well as
by naturalists and geologists, as if its existence had been
demonstrated by facts, or as if it were absolutely necessary
to postulate such a land in order to account for the entire
series of phenomena connected with the Madagascar fauna,
and especially with the distribution of the Lemuridm? I

v The 1bis, 1877, p. 334,

2 In a paper read before the Geological Society in 1874, Mr. H. F. Blan-
ford, from the similarity of the fossil plants and reptiles, snpposed that
India and South Africa had been connected by a continent, “‘and remained
so connected with some short intervals from the Permian up to the end of
the Miocene period,” and Mr. Woodward expressed his satisfaction with
*“this further evidence derived from the fossil flors of the Mesozoie series of

India in corroboration of the former existence of an old submerged conti-
nent—Lemuria,”

Those who have read the preceding chapters of the present work will
not need to have pointed out to them how utterly inconclusive is the frag-
mentary evidence derived from such remote periods (even if there were no
evidence on the other ide) as indicating geographical changes. The notion
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think I have now shown, on the other hand, that it was
essentially a provisional hypothesis, very useful in calling
attention to a remarkable series of problems in geographical
distribution, but not affording the true solution of those
problems, any more than the hypothesis of an Atlantis
solved the problems presented by the Atlantic Islands and
the relations of the European and North American flora
and fauna. The Atlantis is now rarely introduced seriously
except by the absolutely unscientific, having received its
death-blow by the chapter on Oceanic Islands in the Origin
of Species, and the researches of Professor Asa Gray on the
affinities of the North American and Asiatic floras. But
“ Lemuria” still keeps its place—a good example of the
survival of a provisional hypothesis which offers what seems
an easy solution of a difficult problem, and has received an
appropriate and easily remembered name, long after it has
been proved to be untenable.

It is now more than fifteen years since I first showed, by
a careful examination of all the facts to be accounted for,
that the hypothesis of a Lemurian continent was alike
unnecessary to explain one portion of the facts, and
inadequate to explain the remaining portion.! Since that
time I have seen no attempt even to discuss the question
on general grounds in opposition to my views, mor on the
other hand have those who have hitherto supported the
hypothesis taken any opportunity of acknowledging its
weakness and inutility. Iilmvc therefore here e.\'plaEned
my reasons for rejecting it somewhat more fully and in a
more popular form, in the hope that a check may thus be
placed on the continued re-statement of this unsound
theory as if it were one of the accepted conclusions of
modern science.

that a similarity in the productions of widely separated continents at any
past epoch is only to be explained by the existence of n dircet land-con-
nection, is entively opposmP to all that we know of the wide and varying
distribution of all types at different periods, as well as.to the great powers
of dispersal over moderate widths of ocean possessed by all antmals except
mammalin. It is no less opposed to what is now known of the general
permanency of the great continental and oceanic areas ; while in this par-
ticular case it is totally inconsistent (as has been shown above) with the
actual facts of the distribution of animals.
1 Geographical Distribution of Animals, Vol. L., pp. 272—202,
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The Mascarens Islands)—In the Geographical Distri-
bution of Animals, a summary is given of all that was
known of the zoology of the various islands necar
Madagascar, which to some extent partake of its peculiari-
ties, and with it form the Malagasy sub-region of the
Ethiopian region. As no great additions have since been
made to our knowledge of the fauna of these islands, and
my object in this volume being more especially to
illustrate the mode of solving distributional problems by
means of the most suitable examples, I shall now confine
myself to pointing out how far the facts presented by these
outlying islands support the views already enunciated with
regard to the origin of the Madagascar fauna.

The Comoro Islands—This group of islands is situated
nearly midway between the northérn extremity of
Madagascar and the coast of Africa. The four chicf
islands vary between sixteen and forty miles in length, the
largest being 180 miles from the coast of Africs, while one
or two' smaller islets are less than 100 miles from
Madagascar. All are voleanic, Great Comoro being an
active volcano 8,500 feet high ; and, as already stated, they
are situated on a submarine bank with less than 500
fathoms soundings, connecting Madagascar with Africa,
There is réason to believe, however, that these islands are
of comparatively recent origin, and that the bank has been
formed by matter ejected by the voleanoes or by upheaval,
Anyhow, there is no indication whatever of there hayving
been here a land-connection between Madagascar and
Africa; while the islands themselves have heen mainly
colonised from Madagascar, some of them making a near ap-
proach to the 100-fathom bank which surrounds that island.

The Comoros contain two land mammals, a lemur and a
civet, both of Madagascar genera and the latter an
identical species, and there is also a peculiar species of
fruit-hat (Pleropis comorensis), a group which ranges from
Australia to Asia and Madagascar but is unknown in

Africa.  Of land-birds forty-one species are known, of
! The term * Mascarene ™ i3 used here in an extended sense, to include

wll the islands near Madagascar which resemble it in their animal and
vegetable productions,
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which sixteen are peculiar to the islands, twenty-one are
found also in Madagascar, and three found in Africa and
not in Madagascar; while of the peculiar species, six
belong to Madagascar or Mascarene genera. A species of
Chameleon is also peculiar to the islands.

These facts point to the conclusion that the Comoro
Islands have been formerly more nearly connected with
Madagascar than they are now, probably by means of
intervening islets and the former extension of the latter
island to the westward, as indicated by the extensive
shallow bank at its northern extremity, so as to allow of
the easy passage of birds, and the occasional transmission
of small mammalia by means of floating trees!

The Seychelles Archipelago—This interesting group
consists of about thirty small islands sitnated 700 miles
N.N.E. of Madagasear, or almost exactly in the line formed
by continuing the central ridge of that great island. The
Seychelles stand upon a rather extensive shallow bank, the
100-fathom line around them enclosing an area nearly 200
miles long by 100 miles wide, while the 500-fathom line
shows an extension of nearly 100 miles in a southern
direction. All the larger islands are of granite, with
mountains riging to 3,000 feet in Mahé, and to from 1,000
to 2,000 feet in several of the other islands. We ecan
therefore hardly doubt that they form a portion of the
great line of upheaval avhich produced the central granitic
mass of Madagascar, intervening points being indicated by
the Amirantes, the Providence, and the Farquhar Islands,
which, though all coralline, probably rest on a granitic
basis. Deep channels of more’ than 1,000 fathoms now
separate these islands from each other, and if they were
ever sufficiently elevated to be united, it was probably ata
very remote epoch. 4

The Seychelles may thus have had ample facilities for
receiving from Madagascar such immigrants as can pass
over narrow seas; and, on the other hand, they were
equally favourably situated as regards the extensive Saya
de Malha and Cargados banks, which were probably once

! For the birds of the Comoro Islands see Proc. Zool. Soe., 1877, p. 205,
and 1879, p. 673,
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large islands, and may have supported a rich insular. flora
and fauna of mixed Mascarene and Indian type. The
existing fauna and flora of the Seychelles must therefore
be looked upon as the remnants which have survived the
partial submergence of a very extensive island ; and the
entire absence of non-aérial mammalia may be due, either
to this island having never been actually united to
Madagascar, or to its having since undergone so much
submergence as to have led to the extinction of such
mammals as may once have inhabited it. The birds and
reptiles, however, though few in number, are very
interesting, and throw some further light on the past
history of the Seychelles,

Birds of the Seychelles—Fifteen indigenous land-birds
are known to inhabit the group, thirteen of which are
peculiar species,! belonging to genera which occur also in
Madagasear or Africa. The genera which are more
peculiarly Indian are,—Copsychus and Hypsipetes, also
found in Madagasear ; and Palaornis, which has species in
Mauritius and Rodriguez, as well as one on the continent
of Africa. A black parrot (Coracopsis), congeneric with
two species that inhabit Madagascar and with one that is
peculiar to the Comoros; and a beautiful red-headed blue
pigeon  (Alectoranas pulcherrimus) allied to those of Mada-
gasear and Mauritius, but very distinct, are the most
remarkable species characteristic of this group of islands,

Reptiles and Amphibia of the Seychelles—The reptiles
and amphibia are rather numerous and very interesting,
indicating clearly that the islands can hardly be classed as
oceanic, There are seven species of lizards, three being
peciliar to the islands, while the others have rather a
wide range. The first is a chameleon—defenceless slow-

* 1 The following is & list of these peculiar birds. (Sec the Z&is, for 18677
p- 359 ; and 1879, p. 97.)

PASSERES, Parrrace,
Coracopais barkiyi,

Ellisia aeychellensis, Palaorais Sy,

Copayekus scychellarun,

Iiypsipetes cramsirosty is Corunne,

Tohftree corvina, Alectorenas pulcherrinms

Neotarinia dussumicri, Turinr vostratus,

Zosterops modrata. ACCIPITRES,
semifav,

Fowifia seychellorms Tinnunculus gracilis,
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moving lizards, especially abundant in Madagascar, from
which no less than eighteen species are now known,
about the same number as on the continent of Africa.
The Seychelles species (Chamaleon tigris) also occeurs at
Zanzibar. The next are skinks (Scineid®), small ground-
lizards with a wide distribution in the Eastern hemi-
sphere. Two species are however peculiar to the islands
—Malaia  seychellensis and M. wrightiv. The other
peculiar species is one of the geckoes (Geckotide) named
Aluronyz seychellensis, and there are also three other
géckoesy Phelsuma madagascarensis, Gehyra mutilata and
Hewidactylus frenatus, the two latter having a wide
distribution in the tropical regions of both hemispheres.
These lizards, clinging as they do to trees and timber, are
exceedingly liable to be carried in ships from one country
- to another, and T am told by Dr. Giinther that some are
found almost every year in the London Docks. Tt is
therefore probable, that when species of this family have a
very wide range they have been assisted in their migrations
by man, though their habit of clinging to trees also renders
them likely to be floated with large pieces of timber to
considerable distances. Dr. Percival Wright, to whom I
am indebted for much information on the productions
of the Seychelles Archipelago, informs me that the last-
named species varies greatly in colour in the different
islands, so that he could always tell from which particular
island a specimen had been brought. This is analogous to
the curious fact of certain lizards on the small islands in
the Mediterranean being always very different in_colour
from those of the mainland, nsually becoming rich blue or
black (see Nuature, Vol. XIX. p. 97) ; and we thus learn
how readily in some cases differences of colour are brought
about, either directly or indirectly, by local conditions.
Snakes, as is usually the case in small or remote islands,
are far less numerous than lizards, only two species being
known. One, Dromicus seychellensis, is a peculiar species
of the family Colubridie, the rest of the genus being found
in° Madagascar and South America. The other, Boodon
geometricus, one of the Lycodontidwe, or fanged ground-
snakes, 18 alsg peculiar, So far, then, as the reptiles are
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concerned, there is nothing but what is easily explicable
by what we know of the general means of distribution of
these animals. |

We now come to the Amphibia, which are represented
in the Seychelles by two tailless and two serpent-like
forms. The frogs are Rana mascarenicnsis, found also in
Mauritius, Bourbon, Angola, and Abyssinia, and probably
all over tropical Africa; and Megalivalus seychellensis a
peculiar tree-frog having allies in Madagascar and tropical
Africa. It is found, Dr. Wright informs me, on the
Pandani or screw-pines; and as these form*a very
characteristic portion of the vegetation of the Mascarene
Islands, all the species being peculiar and confined each to
o single island or small group, we may perhaps consider it
as a relic of the indigenous fauna of that more extensive
land of which the present islands are the remains. -

The serpentine Amphibia are represented by two species

of Cwmcilin. These creatures externally resemble large
worms, except that they have a true head with jaws and
rudimentary eyes, while internally they have of course a
true vertebrate skeleton. They live underground, burrow-
ing by means of the ring-like folds of the skin which
simulate the jointed segments of a worm’s body, and when
caught they exude a viscid slime. The young have
external gills which are afterwards replaced by true lungs,
and this peculiar metamorphosis shows that they belong to
the amphibia rather than to the reptiles. The Cwmeilias
are widely but very sparingly distributed through all the
tropical regions; a fact which ay, as we have seen, be
taken as an indication of the great antiquity of the group,
and that it is now verging towards extinction. In the
Seychelles Islands there appear to be three species of these
singular animals. Cryplopsophis multiplicatus is confined
to the islands; Herpele squalostome is found also in
Western India and in Africa; while Hypogeophis rostyetdus
inhabits both West Africa. and South America! This
last is certainly one of the most remarkable cases of
the wide and discontinuous distribution of a species; and

' Specimens nre recorded from West Africa in the Proccectings of the
Aecadsmy of Natural Seience, Philadelphin, 1857, p. 7% whike specimens
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when we consider the habits of life of these animals and
the extreme slowness with which it is likely they can
migrate into new areas, we can hardly arrive at any other
conclusion than that this species once had an almost
world-wide range, and that in the process of dying out it
has been left stranded, as it were, in these three remote
portions of the globe. The extreme stability and long
persistence of specific form which this implies is extra-
ordinary, but not unprecedented, among the lower verte- -
brates.  The crocodiles of the Eocene period differ but
slightly from those of the present day, while a small fresh-
water turtle from the Pliocene deposits of the Siwalik
Hills is absolutely identical with a still living Indian.
species, Kmys tectus, The mud-fish of Australia, Ceratodics
Jorsteri is a very ancient type, and may well have remained
specifically unchanged since early Tertiary times. It is
not, therefore, incredible that this Seychelles Cacilia may
be the oldest land vertebrate now living on the globe;
dating back to the early part of the Tertiary period, when
the warm climate of the northern hemisphere in high
l:_xtitudes and the union of the Asiatic and American con-
tinents allowed of the migration of such types over the
whole northern hemisphere, from which they subsequently
passed into the southern hemisphere, maintaining them-
selvefs only in certain limited areas, where the physical
conditions were especially favourable, or where they were
saved from the attacks of enemies or the competition of
higher forms. :
Lresh-water Fishes—The only other vertebrates in the
Seychelles are two fresh-water fishes abounding in the
streams and rivulets. One, Haplochilus playfairii is
peculiar to the islands, but there are allied species in
adagascar, It is a pretty little fish about four inches
fong, of an olive colour, with rows of red spots, and is very
abundant in some of the mountain streams. The fishes of
this genus, as I am informed by Dr. Giinther, often inhabit
both sea and fresh water, so that their migration from

in.t_hn Paris Museum were brought by D'Orbigny from 8. America. Dr.
Wright's specimens from the Seychelles have, as he informs me, been
determined to be the same species by Dr. Peters of Berlin.

) i) )
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Madagascar to the Seychelles and subsequent modification,
offers no difficulty. The other species is Fundulus
orthonotus, found also on the east coast of Africa; and as
both belong to the same family—Cyprinodontide—this
may possibly have migrated in a similar manner.

Land-shells—The only other group of animals inhabiting
the Seychelles which we know with any approach to
completeness, are the land and fresh-water mollusea, but
they do not furnish any facts of special interest. About
forty species are known, and Mr. Geoffrey Nevill, who has
studied them, thinks their meagre number is chiefly owing
to the destruction of so much of the forests which once
covered the islands. Seven of the species—and among
them one of the most conspicuous, Achatina fulica—have
almost certainly been introduced ; and the remainder show
a mixture of Madagascar and Indian forms, with a prepon-
derance of the latter. Five genera—Streptaxis, Cyatho-
ponea, Onchidium, Helicina and Paludomus, are mentioned
as being especially Indian, while only two—Tropidophora
and Gibbus, are found in Madagascar but not m India.?
Abont two-thirds of the species appear to be peculiar to
the islands.

Mawritins, Bourbon and Rodrigucz.—These three islands
are somewhat out of place in this chapter, because they
really belong to the oceanic group, being of voleanic
formation, surrounded by deep sea, and possessing no
indigenous mammals or amphibia. Yet their productions
are 8o closely related to those of Madagascar, to which they
may be considered as attendant satellites, that it is
absolutely necessary to associate them together if we wish
to comprchend and explain their many interesting
features.

Mauritins and Bourbon are lofty volcanic islands,
evidently of great antiquity. They are about 100 miles#
apart, and the sea between them is less than 1,000 fathoms
deep, while on each side it sinks rapidly to depths of 2,400
and 2600 fathoms. We have t\lcroforc 1o reason to
believe that they have ever been connected with Mada-

1 ““Additional Notes on the Land-shells of the Seychelles Islands.” By
Geoffrey Nevill, C.M.Z.8.  Proe. Zool, Soc. 1869, p. 61.
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gascar, and this view is strongly supported by the character
of their indigenous fauna. Of this, howéver, we have not
a very complete or accurate knowledge, for though both
“islands have long been occupied by Europeans, the study
of their natural products was for a long time greatly
neglected, and owing to the rapid spread of sugar cultiva-
tion, the virgin forests, and with them no doubt many
native animals, have been almost wholly destroyed. There
is, however, no good evidence of there ever having been
any indigenous mammals or amphibia, though both are
now found and are often recorded among the native
animals?

The smaller and more remote island, Rodriguez, is also
voleanic ; but it has, besides a good deal of coralline rock,
an indication of partial submergence helping to account
for the poverty of its fauna and flora. It stands on a 100-
fathom bank of considerable extent, but beyond this the

1 In Muillard's Notes sur U'Jsle de Réunion, a considerable number of
mammalia are given as ** wild,” such as Lemur mongoz and Centetes selosus,
Loth Madagascar species, with such undoubtedly introduced animals as a
Wild cat, a hare, and seversl rats and mice. He also gives two specics of
frogs, seven lizands, and two snakes, The latter are both Indian species
and certainly imported, as are most probably the frogs. Legouat, who
resided some years in the istand nearly two centuries ago, and who was
i clqser observer of nature, mentions numerous hirds, large bats, land-
tortoises, and lizanls, but no other reptiles or venomous animals except
scorpions.  We may be pretty sure, therefore, that the land-mammalix,
snukes, and frogs, now fonnd wild, have all been introduced.  Of lizavds,
on the other hand, there are several species, some peculiar to the island,
others common to Africa and the other Mascarene Islands. The following
list by Prof. Dumeril is given in Maillard’s work ;—

Platydactylus cepedianus. Hemidaetylue frenatus,
» ocellatur. Gorgylus bojirii.
Hemidactylus perondi. Ablepkarua peronii.

" mutllatus,

Four species of chumeleon are now recorded from Bourbon and one from
Alauritins (J. Reay Greene, M.D., in Pop. Seience Rev. April, 1880}, but
ns they are not mentioned by the old writers, it is pretty certain that these
crentures ave recent introductions, and this is the more probable as they
are favourite domestic pots,
Darwin informed me that in a work entitled Foyage & T'Zsle de France,
{mr un Ogicier du Iloi, published in 1770, it is stated that o fresh-water fish
ud been introduced from PBatavia and had multiplied. The writer also
says (p. 170) : *“ On & cssaye, mais sans suecls, d'y transporter des grenowilles
fm nangent les aufs que les moustigies doposent sur les cawe slognantss,”
t thus appears that there were then no frogs on the island.

FFr 2



436 ISLAND LIFE PALT 11

sea rapidly deepens to more than 2,000 fathoms, so that it
is truly oceanic like its larger sister isles.

Birds—The living birds of these islands are few in
number and consist mainly of peculiar species of Mascarene®
types, together with two peculiar genera—Oxynotus
belonging to the Campephagide or caterpillar-catchers, a
family abundant in the old-world tropics; and a dove.
Trocazza, forming a peculiar sub-genus. The origin of
these birds offers no difficulty, looking at the position of the
islands and of the surrounding shoals and islets.

Lztinet Birds—These three islands are, however, pre-
eminently remarkable as having been the home of a group’
of large ground-birds, quite incapable of flight, and
altogether unlike anything found elsewhere on the globe;
and which, though once very abundant, have become
totally extinct within the last two hundred years. The
best known of these birds is the dodo, which inhabited
Mauritius ; while allied species certainly lived in Bourbon
and Rodriguez, abundant remains of the species of the
latter island—the ‘“solitaire,” having been discovered,
corresponding with the figure and deseription given
of it by Legouat, who resided in Rodriguez in 1692.
These birds constitute a distinct family, Dididwe, allied to
the pigeons buat very isolated. They were quite defenceless,
and were rapidly exterminated when man introduced dogs,
pigs, and cats into the island, and himself sought them for
food. The fact that such perfectly unprotected creatures
survived in great abundance to a quite recent period in
these three islands only, while there is no evidence of
their ever having inhabited any other countries whatever,
is itself almost demonstrative that Mauritius, Bourbon, and
Rodriguez are very ancient but truly oceanic islands.
From what we know of the general similarity of Miocene
birds to living genera and families, it seems clear that the
origin of so remarkable a type as the dodos must date
back to carly Tertiary times. If we suppose some ances-
tral ground-feeding pigeon of large size to have reached
the group by means of intervening islands afterwards
submerged, and to have thenceforth remained to inerease
~and multiply unchecked by the attacks of any more power-
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ful animals, we can well understand that the wings, being
useless, wounld in time become almost aborted.! It is also
.not improbable that this process would be aided by
natural selection, because the use of wings might be
absolutely prejudicial to the birds in their new home,
Those that flew up into trees to roost, or tried to cross
over the mopuths of rivers, might be blown out to sea aad
destroyed, especially during the hurricanes which have
probably always more or less devastated the islands ; while
on the other hand the more bulky and short-winged
individuals, who took to sleeping on the ground in the forest,
would be preserved from such dangers, and perhaps also from
the attacks of birds of prey which may always have visited
the islands.  But whether or no this was the mode by which
these singular birds acquired their actual form and
structure, it is perfectly certain that their existence and
development depended on complete isolation and on free-
dom from the attacks of enemics. We have no single
example of such defenceless birds having ever existed on a
continent at any geological period, whereas analogous
though totally distinct forms do exist in New Zealand, where
enemies are equally wanting. On the other hand, every
continent has always produced abundance of carnivora
adapted to prey upon the herbivorous animals inhabiting
1t at the same period ; and we may therefore be sure that

X That the dodo is really an abortion from a more perfect type, and nota
direct development from some lower form of wingless bird, is shown by its
possessing o keeled sternum, though the keel is excecdingly reduced, being
only thmc-qunrtora of an inch deep in a length of soven inches.  The most
terrestrial pigeon—the Didunculus of the Samoan Islands, has a far deeper
and better developed keel, showing that in the case of the dodo the degrada-
tion hag been extrome.  We have also analogons examples in other extinet
birds of the same group of islands, such as the flighfless Rails—Aphanap.
teryx of Mauritius and Erythromachus of Rodrignez, as well as the
large parrot—TLophopsittacns of Mauritins, and the Night Heron,
Nyeticorax megacephala of Rodrignez, the last two birds probably having
been able to fly a little. The commencement of the same process is to be
seen in the peculinr dove of the Sevcholles, Turlur rostratys, which, ng
Mr. Edward Newton has shown, has much shorter wings than its close
ally, 7. picturatus, of Madagascar. For a full and interesting account of
these and other recently extinet hirds sce Professor Newton's article on
*Fossil Binds ™ in the Euewelopadio Britanais, ninth edition, vol. iii;,
p- 732; and that on *“The Extinct Binls of Rodriguez,” by Dr. A. Giinther
and Mr. 1. Newton, in the Royal Society's volume on the Transit of Venus
Exvcdition.
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these islands have never formed part of a continent
during any portion of the time when the dodos inhabited
thein.

It is a remarkable thing that an ornithologist of Dr.
Hartlaub's reputation, looking at the subject from a purely
ornithological point of view, should yet entirely ignore the
evidence of these wonderful and unique birds against his
own theory, when he so confidently characterises Lemuria
as “that sunken land, which, containing parts of Africa,
must have extended far eastward over Southern India and
Ceylon, and the highest points of which we recognise in
the volcanic peaks of Bourbon and Manritius, and in the
central range of Madagascar itself—the last resorts of the
mostly extinet Lemurine race which formerly peopled it.”
It is here implied that lemurs formerly inhabited I1)30111‘1)011
and Mauritius, but of this there is not a particle of
evidence, and we feel pretty sure that had they done so
the dodos would never have been developed there. In
Madagascar there are no traces of dodos, while there are
remains of extinct gigantic struthious birds of the genus
Zpyornis, which were no doubt as well able to protect
themselves against the smaller ecarnivora as are the
ostriches, emus, and cassowaries in their respective
countries at the present day.

The whole of the evidence at our command, therefore,
tends to establish in a very complete manner the “ oceanic ”
character of the three islands—Mauritius, Bourbon, and
Rodriguez, and that they have never formed part of
“ Lemuria” or of any continent.

Reptiles—Mauritius, like Bourbon, has lizards, some of
which are peculiar species ; but no snakes, and no frogs or
toads but such as have been introduced.®* Strange to say,
however, a small islet called Round Island, only about a
mile across, and situated about fourteen miles north-east
of Mauritius, possesses a snake which is not only unknown
in Mauritius, but also in any other part of the world, being

1 See Ihis, 1877, p. 334.
. A common lmri:m and Malayan toad (Bufo melansstictis) has heen
introduced into Mauritins and also some European toads, as I am informed
by Dr. Giinther.

-
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altogether confined to this minute islet! It belongs to
the boa family, and forms a peenliar and very distinet
genus, Cysaria, whose nearest allies seem to be the Ungalia
of Cuba and Bolyeria of Australia. It is hardly possible
to believe that this serpent has very long maintained
itself on so small an island ; and though we have no record
of its existence on Mauritiug, it may very well have
inhabited the lowland forests without being met with by
the early settlers; and the introduction of swine, which
soon ran wild and effected the final destruction of the
dodo, may also have been fatal to this snake. It s, how-
ever, now almost certainly confined to the one small islet,
and is probably the land-vertebrate of most restricted
distribution on the globe. 3

On the same island there is a small lizard, Seelofes
bojeri, recorded also from Mauritius and Bourbon, though
it appears to be rare in both islands ; but a gecko, Phelsuma
quenthert, is restricted to the island. As Round Island is
connected with Mauritius by a bank under a hundred
fathoms below the surface, it has probably been once
joined to it, and when first separated would have been
‘both much larger and much neaver the main island,
circumstances which would greatly facilitate the trans-
mission of thest reptiles to their present dwelling-place,
where they have been able to maintain themselves owing
to the complete absence of competition, while some of them
have become extinet in the larger island.

Flora of Madagascar and the Mascarone Islands—The
botany of the great island of Madagascar has been perhaps
more thoronghly explored than that of the opposite coasts
of Africa, so that its peculiarities may not be really so
great as they now appear to be. Yet there can be no
doubt of its extreme richness and grandeur, its remark-
able speciality, and its anomalous external relations. It
is characterised by a great abundance of forest-trees and
shrubs of peculiar genera or species, and often a(!umed
with magnificent flowers. Some of these are allied to
African forms, others to those of Asia, and it is saud that
of the two affinitics the latter preponderates. But there
are also, as in the animal world, some decided South
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American relations, while other groups point to Australia,
or are altogether isolated.

No less than 3,740 flowering plants are now known from
Madagascar with 360 ferns and fern-allies. The most
abundant natural orders are the following :

Species. Species.
Leguminose: ............346 Cyperacee ...... 3L 160
P R R R 318 Rubiaces ... 147
Composite ...............281 Acanthacere ............131
Euphorbiace®............ 228 Gramines ......o.oioeens 130
Orchidems ... 170

The flora countains representatives of 144 natural orders
and 970 genera, one of the former and 148 of the latter
being peculiar to the island. The peculiar order,
Chmlnacem, comprises seven genera and twenty-four
species ; while Rubiaceze and Composita: have the largest
number of peculiar genera, followed by Leguminose and
Melastomaces. Nearly three-fourths of the species arc
endemic,

Beautiful flowers are not conspicuous in the flora of
Madagascar, though it contains scveral magnificent
flowering plants. A shrub with the dreadful name
Harpagophytum Grandidieri has bunches of gorgeous
red flowers; ZDristellateia madagascariensis is a climbing
plant with spikes of rich yellow flowers ; while Poinciana
rvegia, a tall tree, Rhodolene altivole and Astrapea
Wallichii, shrubs, are among the most wmagnificent
flowering plants in the world. Disa Buchenaviana, Com-
meline madagascarica, and Tachiadenus platypterus are
fine blue-flowered plants, while the superb orchid _Angre-
cwm  sesquipedale, Vinca vosea, Euphorbia splendens,
and Stephanctis fliritbunda, have been long cultivated
in our hot-houses. There are also many handsome
Combretacem, Rubiaces®, and Leguminosa ; but, as in most
tropical regions, this wealth of floral beauty has to be
searched for, and produces little effect in the landscape,

The affinities of the Madagascar flora are to a great
extent in accordance with those of the fauna. The
tropical portion of the flora agrees closely with that of
tropical Africa, while the plants of the highlands are
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equally allied to those of the Cape and of the mountains
of Central Africa. Some Asiatic types are present which
do not qeeur in Africa; and even the curious American
affinities of some of the animals are reproduced in the
vegetable kingdom. These last are so interesting that
they deserve to be enumerated. An American genus of
Euphorbiacem, Omphalea, has one species in Madagascar,
and Pedilanthus, another genus of the same natural order,
has a similar distribution. Myrosma, an American genus
of Scitaminem has one Madagascar species; while the
celebrated “travellers’ tree,” Ravenala madagascariensis,
belonging to the order, Musacewm, has its nearest ally in a
plant inhabiting N. Brazil and Guiana. Echinolzna, a
genus of grasses, has the same distribution!

Of the flora of the smaller Madagascarian islands we
possess a fuller account, owing to the recent publication
of Mr. Baker's Flora of the Mauritius and the Seychelles,
including also Rodriguez. The total number of species
in this flora is 1,058, more than half of which (536) are
exclusively Mascarene—that is, found only in some of
the islands of the Madagascar group, while nearly a third
(304) are endemic or confined to single islands. Of the
widespread plants sixty-six are fourd in Africa but not
in Asia, and eighty-six in Asia but not in Africa, showing
a similar Asiatic preponderance to what is said to occur
in Madagascar. With the genera, however, the propor-
tions are different, for I find by going through the whole
of the generic distributions as given by Mr. Baker, that
out of the 440 genera of wild plants fifty are endemie,
twenty-two are Asiatic but not African, while twenty-eight
are African but not Asiatic. This implies that the more
ancient connection has been on the side of Africa, while
a more recent immigration, shown by identity of specieg,
has come from the side of Asia; and it is already certain
that when the flora of Madagascar is more thoroughly
worked out, a still greater African preponderance will be
found in that island,

1 This brief account of the Madagmsear flora has been taken from a very
interesting paper by the Rev. Richard Baron, F.L.S., F.G.S., in the

Jouraal of the Linnean Society, Yol. XXV., p. 246 ; where much informa-
tion is given on the distribution of the flora within the island.
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A few Mascarene genera are found elsewhere only in
South America, Australia, or Polynesia; and there are
also a considerable number of genera whose metropolis is
South Ameriea, but which are represented by one or more
species in Madagascar, and by a single often widely
dg:tributcd species in Africa. This fact throws light upon
the problem offered by those mammals, reptiles, and
insects of Madagascar which now have their only allies in
South America, since the two cases would be exactly
parallel were the African plants to become extinct.
Plants, however, are undoubtedly more long-lived speci-
fically than animals—especially theymore highly organised
groups, and are less liable to complete extinetion ﬁn‘ougll
the attacks of enemies or through changes of climate or
of physical geography; hence we find comparatively few
cases in which groups of Madagascar plants have their
only allies in such distant regions as America and Aus-
tralia, while such cases are numerous among animals,
owing to the extinction of the allied forms in intervening
areas, for which extinetion, as we have already shown,
ample cause can be assigned.

Curious Relations of Mascarenc Plants—Amon

g the

curious affinities of Mascarene plants we have culled the

following from Mr. Baker’s volume. Trochetia, a genus
of Sterculiacere, has four species in Mauritius, one in
Madagascar, and one in the remote island of St. Helena.
Mathuria, a genus of Turneracew, consisting of a single
species peculiar to Rodriguez, has its nearest ally in
another monotypic genus, Erblichia, confined to Central
America. Siegesbeckia, one of the Composite, consists
of two species, one inhabiting the Mascarene islands, the
other Peru. Labourdonasia, a genus of Sapotacem, has
two species in Mauritius, one in Natal, and one i Cuba.
Nesogenes, belonging to the “verbena family, has one
species in Rodriguez and one i Polynesia. Mespilodaphne,
an extensive genus of Lauracem, has six species in the
Mascarene islands, and all the rest (about fifty species) in
South America. Nepenthes, the well-known pitcher
plants, are found chiefly in the Malay Islands, South
China, and Ceylon, with species in the Seychelles Islands,
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and in Madagascar. Milla, a large genus of Liliacem, is
exclusively American, except one species found in Mauri-
tius and Bourbon. Agauria, a genus of FEricacewm, is
found in Madagascar, the Mascarene islands, the plateau
of Central Africa, and the Camaroon Mountains in West
Africa. An acacia, found in Mauritius and Bourbon (4.
heterophylla), can hardly be separated specifically from
Acacia Loa of the Sandwich Islands, The genus Pandanus,
or screw-pine, has sixteen species in the three islands—
Mauritius, Redriguez, and the Seychelles—all being
peculiar, and none ranging beyond a single island. Of
palms there are fifteen species belonging to ten genera,
and all these genera are peculiar to the i;Tauds. We have
here ample evidence that plants exhibit the same anom-
alies of distribution in these islands as do the animals,
though in a smaller proportion; while they also exhibit
some of the transitional stages by which these anomalies
have, in all probability, been brought about, rendering
quite unnecessary any other changes in the distribution
of sea and land than physical and geological evidence
warrants.!

! It may be interesting to botanists and to students of geographical
distribution to give here an enumeration of the endemic genera of the Flora
of the Mawritivs and the Scychelles, as they are nowhere separately tabulated
in that work.

Aphloin (Bixacow) ..........
Medusagyno (Ternstr
Astiria (Sterculineen) ...
Quivisia (MeHacem) ...

-1 =p,, & shrub, Maur., Rod,, Say., also Madagasear.
s1%, & shrul, Seychelles.

Bl it shrub, Mauritivs.

-3 6p., shrubs, Mauritins (2 sp.), Rodriguez (1 spu),

| also Bourbon.

Cossignya (Sapindacem) ......... .1 sp., & shrab, Matritius, also Bourbon.

Homea " . <1 sp., ashrub, Mauriting.

Stadtmannia  ,, / -1 8]n, o shrub, Mauriting.

Doratoxylon  ,, . «18]., a shrub, Mauriting and Bonrbon,
Gagnebinn (Loguminos -1 83, a shirub, Mauritins, also Madagascar.

Rouszen (Saxiftagacrn),
Tetmataxis (Lythraess) .
Psiloxyion % 3
Matimrina (Turnernces) |
Patidis (Myrtacen) |

Danals (Rubiacess) .......

1 8p., a climbing shrub, Mauritius and Bourbon,
-1 8p., & shrub, Mauritins.
-1 &p., & ghrub, Manritius and Bourhon.
<1 sp., a shmb, Rodriguez,
~1 85, 4 tree, Mauritivg.
wok 8D, olimbing shrubs, Maur: (1 &p.), Bodr. (1 sp.),
also Dourbon and Madazascar.
weeedl 8P, 6 shirab, Manritins and Rodrigues,
~Bsp., shrubs, Mauritivs (3 sp.), also Bourbon aml
Madagasear.
8], o shiruly, Rodrignes,
b ap., slirabs, Mauriting, also Bourbon.
1 &p., a shrub, Manritics,
w2 &p,, shrubs, Mauritius, also Bourbon and Mada-
ghsenr.

Fernelin (Rubincem)
Pyrostria =

Soyphochilamys (Rubiacem)
Myonima h
Cylindrocline (Compuosits)

Monarrhenus
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Fragmentary Character of the Mascarene Flora.—
Although the peculiar character and affinities of the
vegetation of these islands is sufficiently apparent, there
can be little doubt that we only possess a fragment of the
rich flora which once adorned them. The cultivation of
sugar, and other tropical products, has led to the clearing
away of the virgin forests from all the lowlands, plateaus,
and accessible slopes of the mountains, so that remains of
the aboriginal woodlands only linger in the recesses of the
hills, and numbers of forest-haunting plants must inevit-
ably have beenexterminated. The resultis, that nearly three
hundred species of foreign plants have run wild in Mauritius,
and have in their turn helped to extinguish the native

Faujasia (Composite) ..................5 sp., shrubs, Manritius, also Bourbon and Mada.
r.
Heteroclienia (Campanulacen)......1 sp., a shrub, Manritins, also Bourbon,
nlepds (Aselepiadaces) sp., & elimber, Rodriguez.
Decanenia " 8., & elimber, Mauritius, also Madagascar,
N ia (L o) sp1., shrubs, Mauritius (1 sp.), also Comoro Islands

and Madagasear.,

.1 sp., berb, Mauritins.

" ‘ .2 sp., herb, Seychelles (1 sp.), and Madagasear.

Colen (Bignoniace®) v iiian-.. 10 5], Manritius (1 sp.), Seychelles (1 sp.), also
Bourbon and Madagasear. (Shrubs, trees, or
climbers.) .

.2 sp., shrubs, Mauritius, Scrchelles, and Mads-

gascar.

weennnd 8]0, troes, Saychelles (1 sp.), also Madagasear,

. B sp., trees, Mauritius F sp.), also Bourbon.

Odes liulasi 1),
]I%:}l'hmm(&mp hulariacen:)

Obetia (Urticacea) .......ovievines

uiea (Moree).........,
Monimia (Monimiaces)

Crnorehis (Oreliden) ,. .3 8., herb, tor,, Mauritins.

Amphorehis |, fe. .1 5p,, herb, ter,, Mauritius, nlso Bourbon.

Arnottia » 2 sp., herh, tar,, Mauritivs, also Dourhon.
Aplostallis 4 1 8], Derb, ter,, Mauriting,

Cryptopus W A sp., herh, Epiphyte, Mauritius, also.Bourbon and

Madagasear,

3 sp., shrubs (sucenlent), Mauritins, also Bonrban,

5], tree, Soxclielles,

sp., trees, Mauritius (2 sp.), Rodriguez, also

Bourbon.

n wreessneenn 8 8P, trees, Mauritins (2 sp.), Rodriguez, also
Tourbon.

... 8p,, tree, Mauriting, Rodriguez, also Bourbon,

.2 5., trees, Mauritius, also Bourbon.,

Lomatophyllum (Lillacewm)
Lodoicen (Palinm) .
Latanin .

"

Hyoplorbe

Dictyospermn
Acanthopleenix

Deckenia o 15p,, tree, Bayehelles,
Nephrosperma & 1 #n., troe, Soychelles,
Roschoria .1 =p,, tree, Beyehelles,

Verschafolta ||
Vensonia < .
Ochiropteris  (Filicos)

.1y, tree, Soychelles.
- £, tree, Seyehelles.
1 510, lierb, Mauriting, also Bourbon and Mudlagnsear.

Arong the cnrious fentures in this list are the great number of endemic
shrubs in Mauriting, and the remarkable assomblage of five endemic generm
of palws in the Seychelles Tslands.  We may also notice that one palm
{Lal/nu'a loddigesii) is confined to Round Island and two other adjacent
islets, offering a singular analogy to the peculiar sunke also found there.
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species, In the Seychelles, too, the indigenous flora has
been almost entirely destroyed in most of the islands,
although the péculiar palms, from their longevity and
comparative hardiness, have survived. Mr. Geofirey Nevill
tells us, that at Mahé, and most of the other islands visited
by him, it was only in a few spots near-the summits of the
lills that he could perceive any remains of the ancient
flora. Pine-apples, cinnamon, bamboos, and other plants
have obtained a, firm footing, covering large tracts of
country and killing the more delicate native flowers and
ferns. The pine-apple, especially, grows almost to the tops
of the mountains. Where the timber and shrubs have
been destroyed, the water falling on the surface im-
mediately cuts channels, runs off rapidly, and causes the
land to become dry and arid; and the same effect is
largely seen both in Mauritius and Bourbon, where,
originally, dense forest covered the entire surface, and
perennial moisture, with its ever-accompanying luxuriance
of vegetation, prevailed.

Flora of Madagascar Allicd to that of South Africa—In
my Geographical Distribution of Animals 1 have remarked
on the relation between the insects of Madagascar and
those of south temperate Africa, and have speculated on a
great southern extension of the continent at the time when
Madagascar was united with it. As supporting this view
I now quote Mr. Bentham’s remarks on the zbomposxtm.
He says: “The connections of the Mascarene endemic
Composita, especially those of Madagascar itself, are
eminently with the southern and sub-tropical African
races; the more tropical races, Plucheines, &c., may be
rather more of an Asiatic type.” He further says that the
Composite flora is almost as strictly endemic as that of
the Sandwich Islands, and that it is much diversified, with
evidences of great antiquity, while it shows insular char-
acteristics in the tendency to tall shrubby or arborescent
forms in several of the endemic or prevailing genera.

Preponderance of Ferns in the Mascarene Flora—A
striking character of the flora of these smaller Mascarene
islands is the great preponderance of ferns, and next to
them of orchides. 'Y‘he following figures are taken from



446 ISLAND LIFE PART II

M:' Bnk?:r’s Flora for Mauritius and the Seychelles, and
from an estimate by M. Frappier of the flora of Bourbon
given in Maillard's volume already quoted :—

Mawritivs, de.  * FBowrbon.
Fepng. b im0 168 Ferns.......i i 240
Orchiden .............. 79 Orchides .............. 120
Gramines.............., 69 Graminem ........c.. .. 60
Cyperacem............... 62 Composite 60
Rubiacem ............... b7 Leguminosue 36
Euphorbiacew ......... 45 Rubincew ... 24
Compositas ............ 43 Cyperacg®...... ......... 24
Leguminos® ............ 41 Euphorbiaces ..... ... 18

The cause of the great preponderance of ferns in oceanic
islands has already been discussed in my book on Zropical
Nature ; and we {avc seen that Mauritius, Bourbon, and
Rodriguez must be classed as such, though from their
proximity to Madagascar they have to be considered as
satellites to that great island. ~The abundance of orchids,
the reverse of what oceurs in remoter oceanice islands, may
be in part due to analogous causes. Their usually minute
and abundant seeds would be' as easily carried by the wind
as the spores of ferns, and their frequent epiphytic habit
affords them an endless variety of stations on which to
vegetate, and at the same time removes them in a great
measure from the competition of other plants. When,
therefore, the climate is sufficiently moist and equable, and
there is a luxuriant forest vegetation, we may expect to
find orchids plentiful on such tropical islands as possess
an abundance of insects adapted to fertilise them, and
which are not too far removed from other lands or conti-
nents from which their seeds might be conveyed.

Concluding Remarks on Madagascar and the Mascarens
Islands—There is probably no portion of the globe that
contains within itself so many and such varied ?catures of
interest connected with geographical distribution, or which
so well illustrates the mode of solving the problems it
presents, as the comparatively small insular region which
comprises the great island of Madagascar and the smaller
islands and island-groups which ixmnediatcl_;r surround it.
In Madagascar we have a continental island of the first
rank, and undoubtedly of immense antiquity ; we have
detached fragments of this island in the Comoros and

e e e
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Aldabra; in the Seychelles we have the fragments of
another very ancient island, which may perhaps never
have been continental; in  Mauritius, Bourbon, and
Rodriguez we have three undoubtedly oceanic islands;
while in the extensive banks and coral reefs of Cargados,
Saya de Malha, the Chagos, and the Maldive Isles, we
have indications of the submergence of many large islands
which may have aided in the transmission of organisms
from the Indian Peninsula. But between and around all
these islands we have depths of 2500 fathoms and
upwards, which renders it very im{)robuble that there has
ever been here a continuous land surface, at all events
during the Tertiary or Secondary periods of geology.

It is most interesting and satisfactory to find that this
conclusion, arrived at solely by a study of the form of the
sea-hottom and the general principle of oceanic per-
manence, is fully supported by the evidence of the organic
productions of the several islands ; because it gives us
confidence in those principles, and helps to supply us with
a practical demonstration of them. We find that the
entire group contains just that amount of Indian forms
which could well have passed from island to island; that
many of these forms are slightly modified species, in-
dicating that the migration occurred during late Tertiary
times, while others are distinet genera, indicating a more
ancient connection ; but in no one case do we find animals
which necessitate an actual land-connection, while the
numerous Indian types of mammalia, reptiles, birds, and
insects, whioh must certainly have passed over had there
been such an’ actual land-connection, are totally wanting.
The one fact which has been supposed to require such a
connection—the distribution of the lemurs—can be far
more naturally explained by a general dispersion of the
group from Europe, where we know it existed in Hocene
times ; and such an explanation applies equally to the
affinity of the Insectivora of Madagascar and Cuba; 't»he
snakes (Herpétodryas, &e.) of Madagascar and America ;
and  the lizards (Cryptoblepharus) of Mauritius and
Australia. To suppose, in all these cases, and in many
others, a direet land-connection, is really absurd, because
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we  have the evidence afforded by geology of wide
differences of distribution directly we pass beyond the
most recent deposits; and when we go back to Mesozoic—
and still more to Palxozoic—times, the majority of the
groups of animals and plants appear to have had a world-
wide range. A large number of our European Miocene
genera of vertebrates were also Indian or African, or even
Awmerican ; ‘the South American Tertiary fauna contained
many European types; while many Mesozoic reptiles and
mollusca ranged from Europe and North America to
Australia and New Zealand.

By very good evidence (the occurrence of wide areas of
marine deposits of Eocene age), geologists have established
the fact that Africa was cut off from Europe and Asia by
an arm of the sea in early Tertiary times, forming a large
island-continent. By the evidence of abundant organic
remains we know that all the types of large mammalia
now found in Africa (but which are absent from
Madagagcar) inhabited Europe and Asia, and many of
them also North America, in the Miocene period. At g
still earlier epoch Africa may have received its lower types
of mammals—Ilemurs, insectivora, and small carnivora,
together with its ancestral struthious birds, and its reptiles
an([ ins«_:cts of z\tmerican or Australian affinity ; and at this
period it was joined to Madagascar. Before the later
continental period of Afriea, Madagascar had become an
island ; and t.hus, when the large mammalia from the
g(())rl;h::::c If:::l«fllls‘f:f ‘?vemn,;\.fnca, they were prevented

1g Madagascar, w hich thenceforth was enabled
to develop its singular forms of low-type mammalia, its
gigantic ostrich-like Epyornis, its 1solated  birds, its
remarkable insects, and its rich and peculiar flora, F rom
1t the adjacent islands received such organisms as could
cross the sea; while they transmitted to Mndugascur some
of the Indian birds and isects which had re :

ached them,
The method we have followed in these investigations is

to accept the results of geological and pal i

) s of i eontologi
science, and the ascertained facts as to I:]lm powerz c‘::}
dispersal of the various animal groups: to take full
account of the laws of evolution as affecting distribution
’
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and of the various ocean depths as implying recent or
remote union 6f islands with their adjacent continents;
and the result is, that wherever we possess a sufficient
knowledge of .these various classes of evidence, we find it
possible to give a connected and intelligible explanation of
all the most striking peculiarities of the organie world.
In Madagascar we have undoubtedly one of the most
difficult of these problems; but we have, I think, fairly
met and conquered most of its difficulties. The com-
plexity of the dfganic relations of this island is due, partly
to its having derived its animal forms from two distinet
sources—from one continent through a direct land-con-
nection, and from another by means of intervening islands
now submerged; but, mainly to the fact of its having
been separated from a continent which is now, zoologically, |
m a very different condition from that which prevailed
at the time of the separation; and to its having been thus
able to preserve a number of types which may date back
to the Eocene, or even to the Cretaceous, period. Some of
these types have become altogether extinct elsewhere ;
others have spread far and wide over the globe, and have
survived only in a few remote countries—and especially in
phose which have been more or less secured by their
1solated position from the incursions of the more highly-
developed forms of later times. This explains why it is
that the nearest allies of the Madagascar fauna and flora
are now so often to be found in South America or
Australia—countries in which low forms of mammalia and
birds still largely prevail ;—it being on account of the
long-continued isolation of all these countries that similar
forms (descendants of ancient types) are preserved in them.
Had the numerous suggested continental extensions con-
neeting these remote continents at various geological
pcrxod_s been realities, the result would have been that all
these mteresting archaic forms, all these defenceless insular
types, would long ago have been exterminated, and one
comparatively monotonous fauna have reigned over the
whole earth. So far from explaining the anomalous facts,
the alleged continental extensions, had they existed, would
have left no such facts to be explained.
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Tug only other islands of the globe which can be classed
as “ancient continental” are the larger Antilles (Cuba,
Haiti, Jamaica, and Porto Rico), Iceland, and perhaps
Celebes. The Antilles have been so fully discussed and
illustrated in my former work, and there is so little fresh
information about them, that T do not propose to treat of
them here, especially as they fall short of Madagascar in
all points of biological interest, and offer no problems of a
different character from such as have already been
sufficiently explained.

Iceland, also, must apparently be classed as belonging to
the ¢ Ancient Continental Isfxmds," for though usually
described as wholly voleanie, it is, more probably, an
island of varied geological structure buried under the
lavas of its numerous volcanoes. But of late years
extensive Tertiary deposits of Miocene age have been
discovered, showing that it is not a mere congeries of
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voleanoes ; it is connected with the British Islands and
with Greenland by seas less than 500 fathoms deep; and
it possesses a few mammalia, one of which is peculiar, and
at least three peculiar species of birds. It was therefore
almost certainly united with Greenland, and probably with
Europe by way of Britain, in the early part of the Tertiary
period, and thus afforded one of the routes by which that
itermigration of American and European animals and
plants was effected which we know occurred during some
portion of the *Eocene and Miocene periods, and prob-
ably also in the Pliocene. The fauna and flora of this
island are, however, so poor, and offer so few peculiarities,
that it is unnecessary to devote more time to their
consideration.

There remains the great Malay island—Celebes, which,
owing to its possession of several large and very peculiar
mammalia, must be classed, zoologically, as “ ancient con-
tinental ” ; but whose central position and relations both to
Asia and to Australia render it very difficult to decide in
which of the primary zoological regions it ought to be
placed, or whether it has ever been united with either of
the great continents. Althouzh I have pretty fully dis-
cussed its zoological peculiarities and past history in my
Geographical Distribution of Animals, it seems advisable to
review the facts on the present occasion, more especially
as the systematic investigation of the characteristics of
continental islands we have now made will place us in a
better position for determining its true zoo-geographical
relations.

Physical Features of Celebes—This large and still com-
paratively unexplored island is interesting to the geo-
grapher on account of its remarkable outline, but much
more so to the zoologist for its curious assemblage ‘of
animal forms. © The geological structure of Celebes is
almost unknown. The extremity of the northern pen-
insula is voleanic ; while in the southern peninsula there
are extensive deposits of a crystalline limestone, in some
places overlying basalt. Gold is found in the northern
peninsula and in the central mass, as well as iron, tin, and
copper i small quantities; so that there can be little
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illustrated in my former work, and there is so little fresh
information about them, that I do not propose to treat of
them here, especially as they fall short of Madagascar in
all points of biological interest, and offer no problems of a
different character from such as have already been
sufficiently explained.
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volcanoes; it is connected with the British Islands and
with Greenland by seas less than 500 fathoms deep; and
it possesses a few mammalia, ene of which is peculiar, and
at least three peculiar species of birds. It was therefore
almost certainly united with Greenland, and probably with
Europe by way of Britain, in the early part of the Tertiary
period, and thus afforded one of the routes by which that
itermigration of American and European animals and
plants was effected which we know occurred during some
portion of the *Eocene and Miocene periods, and prob-
ably also in the Pliocene, The fauna and flora of this
island are, however, so poor, and offer so few peculiarities,
that it is unnecessary to devote more time to their
consideration.

There remains the great Malay island—Celebes, which,
owing to its possession of several large and very peculiar
mamimalia, must be classed, zoologically, as “ancient con-
tinental ; but whose central position and relations both to
Asia and to Australia render it very difficult to decide in
which of the primary zoological regions it ought to be
placed, or whether it has ever been united with either of
the great continents. Althouzh I have pretty fully dis-
cussed its zoological peculiarities and past history m my
Geographical Distrilution of Antmals, it seems advisable to
review the facts on the present occasion, more especially
as the systematic investigation of the characteristics of
continental islands we have now made will place us m a
better position for determining its true zoo-geographical
relations.

Physical Features of Celebes—This large and still com-

" paratively unexplored island is interesting to the geo-

grapher on account of its remarkable outline, but much
more so to the zoologist for its curious assemblage ‘of
animal forms. The geological structure of Celebes is
almost unknown. The extremity of the northern pen-
insula is volcanic ; while in the southern peninsula there
are extensive deposits of a crystalline limestone, In some
places overlying basalt. Gold is found in the northern
peninsula and in the central mass, as well as iron, tin, and
copper in small quantities; so that there can be little
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doubt that the mountain ranges of thé interior consist of
ancient stratified rocks,

EQUATOR

L MAP OF CELERES AND THE SURROUNDING ISLANDS,

The depth of sea is shown Ly three fints: the Jightest indicating less than 100 ‘
Tathoms, the medinm tint [ess than 1,000 fathoms, and the dark tint more than
1,000 fathoms. The figures show deptlis in fathoms,

It is not yet known whether Celebes is completely
separated from the surrounding islands by a deep sea, but
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the facts at our command render it probable that it is so.
The northern and eastern portions of the Celebes Sea have
been ascertained to be from 2,000 to 2,600 fathoms deep,
and such depths may extend over a considerable portion of
it, or even be much exceeded in the centre. In the
Molucea passage a single sounding on the Gilolo side gave
1,200 fathoms, and a large part of the Molucea and Banda
Seas probably exceed 2,000 fathoms. The southern portion
of the Straits of Macassar is full of coral reefs, and a
shallow sea of less than 100 fathoms extends from Borneo
to within about forty miles of the western promontory of
Celebes ; but farther north there is deep water close to the
shore, and it seems probable that a deep channel extends
quite through the straits, which have no doubt been much
shallowed by the deposits from the great Bornean rivers as
well as by those, of Celebes itself. Southward again, the
chain of voleanie islands from Bali to Timor appears to rise
out of a deep ocean, the few soundings we possess showing
depths of from 670 to 1,300 fathoms almost close to their
northern shores. We seem justified, therefore, in con-
cluding that Celebes is entirely surrounded by a deep sea,
which has, bowever, become partially filled up by river
deposits, by voleanic upheaval, or by coral reefs. Such
shallows, where they exist, may therefore be due to
antiquity and isolation, instead of being indications of a
former union with any of the surrounding islands,
Zoological Character of the Islands around Celebes—In
order to have a clear conception of the peculiar character
of the Celebesian fauna, we must take into account that of
the surrounding countries from which we may suppose it
to have received immigrants. These we may divide
broadly into two groups, those on the west belonging to
the Oriental region of our zoological geography, and those
on the east belonging to the Australian region. Of the
first group Borneo is a typical representative ; and from its
proximity and the extent of its opposing coasts it is the
island which we should expect to show most resemblance
to Celebes. We have already scen that the fauna of
Borneo is essentially the same as that of Southern Asia,
and that it is excessively rich in all the Malayan types of
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mammalia and birds. Java and Ball closely resemble
Borneo in general character, though somewhat less rich
and with several peculiar forms; while the Philippine
Islands, though very much poorer, and with a greater
amount of speciality, yet exhibit essentially the same
character. These islands, taken as a whole, may be
described as having a fauna almost identical with that of
Southern Asia; for no family of mammalia is found in the
one which is absent from the other, and the same may be
said, with very few and unimportant exceptions, of the
birds ; while hundreds of genera and of species are common
to both.

In the islands east and south of Celebes—the Moluceas,
New Guinea, and the Timor group . from Lombok east-
ward—we find, on the other hand, the most wonderful
contrast in the forms of life. Of twenty-seven families of
terrestrial mammals found in the great Malay islands, all
have disappeared but four, and of these it is doubtful
whether two have not been introduced by man. We also
find here four families of Marsupials, all totally unknown
in the western islands. Even. birds, though usually more
widely spread, show a corresponding difference, about
eleven Malayan families being quite unknown east of
Celebes, where six new families make their appearance
which are equally unknown to the westward.}

We have chrc a radical difference between two sets of
islands not very far removed from each other, the one sef
belonging zoologically to Asia, the other to Australia,
The Asiatic or Malayan group is found to be bounded
strictly by the eastward limits of the great bank (for the
most part less than fifty fathoms below the surface) which

' Familics of Malayan Bivds not  Families of  Moluccan Birds not

Jound in Aslands Past of found dn  dslands  TWest  of
Uelebes, Celebes,

Troglodytida, . Paradiselde.,

Sitthda,

Meliphagide,
Cacatuida,
Liotrighbl. Platyocercidi,
Phylorpithide Trichoglossids
Eurylomide Nestoride
Picidm,

Indicatoride.

Mogalem s,

Trogonids,

Phaslanido.

Paridae
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stretches out from” the Siamese and Malayan peninsula as
far as Java, Sumatra, Borneo, and the Philippines. To
the east another bank unites New Guinea and the Papuan
Islands as far as Aru, Mysol, and Waigiou, with Australia ;
while the Moluccas and Timor groups are surrounded by
much deeper water, which forms, in the Banda and
Celebes Seas and perhaps in other parts of this area, great
basins of enormous depths (2,000 to 3,000 fathoms or even
more) enclozed by tracts under a thousand fathoms, which
separate the basins from each other and from the adjacent
Pacific and Indian Oceans (see map). This peculiar
formation of the sea-bottom probably indicates that this
area has heen the seat of great local upheavals and
subsidences; and it is quite in accordance with this view
that we find the Moluccas, while closely agreeing with
New Guinea in their forms of life, yet strikingly deficient
in many important groups, and exhibiting an altogether
poverty-stricken appearance as regards the higher animals.
It is a suggestive fact that the Philippine Islands bear an
exactly parallel relation to Borneo, being equally deficient
in many of the higher groups; and here too, in the Socloo
Sea, we find a similar enclosed basin of great depth.
Hence we may in both cases connect, on the one hand,
the extensive area of land-surface and of adjacent shallow
sea with a long period of stability and a consequent rich
development of the forms of life ; and, on the other hand,
a highly broken land-surface with the adjacent seas of
great but very unequal depths, with a period of distur=
bance, probably involving extensive submersions of the land,
resultingin a scanty and fragmentary vertebrate fauna.

Zoology of Celebes—The zoology of Celebes differs so
remarkably from that of both the great di\'isiops‘ of the
Archipelago above indicated, that it is very difficult to
decide in which to place it. It possesses only about
gixteen species of terrestrial mammalia, so tl.mt. it i1s at
once distingnished from Borneo and Java by 1its extreme
poverty in this class. Of this small number four belong
to the Molucean and Australian fauna—there being two
marsupials of the genus Cuscus, and two forest rats said
to be allied to Australian types.
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The remaining twelve species are, generally speaking,
of Malayan or Asiatic types, but some of them are so
peculiar that they have no near allies in any part of the
world ; while the rest are of the ordinary Malay type or
even identical with Malayan species, and some of these
may be recent introductions through human agency.
These twelve species of Asiatic type will be now
enumerated. They consist of five peculiar squirrels—a
group unknown farther east; a peculiar species of wild
ig 5 a deer so closely allied to the Cervus hippelaphus of
homeo that it may well have been introduced by man
both here and in the Moluccas; a civet, Viverra
tangalunga, common in all the Malay Islands, and also
perhaps introduced ; the curious Malayan tarsier (Zarsius
spectrum) said to be only found in a small island off the
. coast ;—and besides these, three remarkable animals, all of
large size and all quite unlike anything found in the
Malay Islands or even in Asia. These are a black and
almost tailless baboon-like ape (Cynopitheus nigrescens) ;
an antelopean buffalo (dnoa depressicornis), and the
strange babirusa (Babirusa alfurus).

None of these three animals last mentioned has any
close allies elsewhere, and their presence in Celebes may
be considered the crucial fact which must give us the clue
to the past history of the island. Let us then see what
they teach us. The ape is apparently somewhat in-
termediate between the great baboons of Africa and the
short-tailed macaques of Asia, but its cranium shows a
nearer approach to the former group, in its flat projecting
muzzle, large superciliary crests, and maxillary ridges.
The anoa, though anatomically allied to the buffaloes, ex-
ternally more resembles the bovine antelopes of Africa;
while the babirusa is altogether unlike any other living
member of the swine family, the canines of the upper jaws
growing directly upwards like horns, forming a spiral curve
over thq eyes, instead of downwards, as in all other
mammalia. An approach to this peculiarity is made by
the African wart-hogs, in which the upper tusk grows out
laterally and then curves up; but these animals are not
otherwise closely allied to the babirusa.
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Probable Derivation of the Mammals of Celebes—Tt is
clear that we have here a group of extremely peculiar, and,
in all probability, very ancient forms, which have been
preserved to us by isolation in Celebes, just as the mono-
tremes and marsupials have been preserved in Australia,
and so many of the lemurs and Insectivora in Madagascar.
And this compels us to look upon the existing island as a
fragment of some ancient land, once perhaps forming part
of the great northern continent, but separated from it far
earlier than Borneo, Sumatra, and Java. The exceeding
scantiness of the mammalian fauna, however, remains to
be accounted for. We have seen that Formosa, a much
smaller island, contains more than twice as many species ;
and we may be sure that at the time when such animals as
apes and buffaloes existed, the Asiatic continent swarmed
with varied forms of mammals to quite as great an extent
as Borneo does now. If the portion of separated land had
been anything like as large as Celebes now is, it would
certainly have preserved a far more abundant and varied
fauna. To explain the facts we have the choice of two
theories :—either that the original island has since its
separation been greatly reduced by submersion, so as to
lead to the extinction of most of the higher land animals ;
or, that it originally formed part of an independent land
stretching eastward, and was only united with the Asiatic
continent for a short period, or perhaps even never united
at all, but so connected by intervening islands separated
by narrow straits that a few mammals might find their
way across. The latter supposition appears best to explain
the facts. The three animals in question are such as might
readily pass over narrow straits from island to island ; and
we are thus better enabled to understand the complete
absence of the arboreal monkeys, of the Insectivora, and of
the very numerous and varied Carnivora and Rodents of
Borneo, all of which except the squirrels are entirely un-
represented in Celebes by any peculiar and ancient forms.

he question at issue can only be finally determined by
geological investigations. If Celebes has once formed part
of Asia, and participated in its rich mammalian fauna,
which has been since destroyed by submergence, then some
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remains of this fauna must certainly be preserved in caves
or late Tertiary deposits, and proofs of the submergence
itself will be found when sought for. If, on the other hand,
the existing animals fairly represent those which have ever
reached the island, then no such remains will be discovered,
and there need be no evidence of any great and extensive
subsidence in late Tertiary times,

Birds of Celebes—Having thus clearly placed before us
the problem presented by the mammalian fauna of Celebes,
we may proceed to see what additional evidence is afforded
by the birds and any other groups of which we have
sufficient information. About 164 species of true land-
birds are now known to inhabit the island of Celebes itself.
Considerably more than half of these (ninety-four species)
are peculiar to it; twenty-nine are found also in Borneo
and the other Malay Islands, to which they specially
belong ; while sixteen are common to the Moluceas or
other islands of the Australian region ; the remainder being
species of wide range and not characterisfic of either
division of the Archipelago. We have here a large pre-
ponderance of western over eastern species of birds
inhabiting Celebes, though not to quite so great an
extent as in the mammalia ; and the inference to be drawn
from this fact is, simply, that more birds have migrated
from Borneo than from the Moluccas—which is exactly
what we might expect both*from the greater extent of the
coast of Borneo opposite that of Celebes, and also from the
much greater richness in species of the Bornean than the
Molucean bird-fauna.

It is, however, to the relations of the peculiar species of
Celebesian birds that we must turn, in order to ascertain
the origin of the fauna in past times ; and we must look to
the source of the generic types which they represent to
give us this information. The ninety-four peculiar species
above noted belong to about sixty-six genera, of which
about twenty-three are common to the whole Archipelago,
and have therefore little significance. Of the remainder,
twelve are altogether peculiar to Celebes; twenty-one are
Malayan, but not Moluccan or Australian ; while ten are
Molucean or Australian, but not Malayan. This pro-
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portion does not differ much from that afforded by the
non-peculiar species ; and it teaches us that, for a consider-
able period, Celebes has been receiving immigrants from
all si(]les, many of which have had time to become modified
mto distinct representative species. These evidently
belong to the period during which Borneo on the one side,
and the Moluceas on the other, have occupied very much
the same relative position as nmow. There remain the
twelve peculiar Celebesian genera, to. which we must look
for some further clue as to the origin of the older portion
of the fauna; and as these are especially interesting we
must examine them somewhat closely.

Bird-types Peeuliar to Celebes—First we have Artamides,
one of the Campephagine or caterpillar-shrikes—a not
very well-marked genus, and which may have been
derived, either from the Malayan or the Moluccan side of
the Archipelago. Two peculiar genera of kingfishers—
Monachaleyon and Cittura—seem allied, the former to the
widespread Todiramphus and to the Caridonax of Lombok,
the Jatter to the Australian Melidora. Amnother kinghisher,
Ceycopsis, combines the characters of the Malayan Ceyx
and the African Ispidina, and thus forms an example of an
ancient generalised form analogous to what occurs among
the mammalia. Streptocitta is a peculiar form allied to
the magpies; while Basilornis (found also in Ceram),
Buodes, and Scissirostrum, are very pecnliar starlings, the
latter altogether unlike any other bird, and perhaps form-
ing a distinet sub-family. Meropogon is a peculiar bee-
eater, allied to the Malayan Nyctiornis ; Rhamphocoeyx 1s
a modification of Phamicophaes, a Malayan genus of
cuckoos ; Prioniturus (found also in the Philippines) is a
genus of parrots distinguished by raquet-formed tail
feathers, altogether unique in the order; while Megace-
phalon is a remarkable and very isolated form of the
Australian Megapodiidae, or mound-builders.

Omwitting those whose affinity may be pretty clearly
traced to groups still inhabiting the islands of the western
or the eastern half of the Archipelago, we find four birds
which have no near allies at all, but appear to be either
ancestral forms, or extreme modifications, of Asiatic or
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African birds— Basilornis, Enodes, Scissirostrum, Ceycopsis.
These may fairly be associated with the baboon-ape,
anoa, and babirusa, as indicating extreme antiquity and
gome communication with the Asiatic continent at a period
when the forms of life and their geographical distribution
differed considerably from what they are at the present
time.

But here again we meet with exactly the same difficulty
as in the mammalia, in the comparative poverty of the
types of birds now inhabiting Celebes. Although the pre-
ponderance of affinity, especially in the case of its more
ancient and peculiar forms, is undoubtedly with Asia
rather than with Australia ; yet, still more decidedly than
in the case of the mammalia, are we forbidden to suppose
that it ever formed a part of the old Asiatic continent, on
account of the tofal absence of so many important and
extensive groups of Asiatic birds. It is not single species
or even genera, but whole families that are thus absent,
and among them familics which are pre-eminently char-
acteristic of all tropical Asia. Such are the Timaliidw, or
babblers, of which there are twelve genera in Borneo, and
nearly thirty genera in the Oriental Region, but of which
one species only, hardly distinguishable from a: Malayan
form, inhabits Celebes; the Phyllornithide, or green
bulbuls, and the Pycnonotide, or bulbuls, both absolutely
ubiquitous in tropical Asia and Malaya, but unknown in
Celebes ; the Eurylemida®, or gapers, found everywhere in
the great Malay Islands ; the Megalemidw, or barbets ; the
Trogonidm, or trogons ; and the Phasianide, or pheasants,
all pre-eminently Asiatic and Malayan but all absent from
Celebes, with:the exception of the common jungle-fowl,
which, owing to the passion of Malays for cock-fighting,
may have been introduced. To these important jfumilies
may be added Asiatic and Malayan genera by the score;
but, confining ourselves to these seven ubiquitous families,
Wwe must ask,—Is it possible, that, at the period when the
ancestors of the peculiar Celebes mammals entered the
island, and when the forms of life, though distinet, could
not have been quite unlike those now living, it could
have actually formed a part of the continent without
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possessing represenfatives of the greater part of these
extensive and important families of birds? To get rid
altogether of such varied and dominant types of bird-life
by any subsequent process of submersion is more difficult
than to exterminate mammalia ; and we are therefore again
driven to our former conclusion—that the present land of
Celebes has never (in Tertiary times) been united to the
Asiatic continent, but has received its population of Asiatie
forms by migration across narrow straits and intervening
islands. Taking into consideration the amount of affinity
ou the one hand, and the isolation on the other, of the
Celebesian fauna, we may probably place the period of this
earlier migration in the early part of the latter half of the
Tertiary period, that is, in middle or late Miocene times.

Yelebes not Strictly a Continental Tsland. —A study of the
mammalian and of the bird-fauna of Celebes thus leads us
in both cases to the same conclusion, and forbids us to rank
it as a strictly continental island on the Asiatic side. But
facts of a very similar character are equally opposed to
the idea of a former land-connection with Australia or New
Guinea, or even with the Moluceas. The numerous
marsupials of those countries are all wanting in Celebes,
except the phalangers of the genus Cuscus, and these
arboreal creatures are very liable to be carried across
narrow seas on trees uprooted by earthquakes or floods.
The terrestrial cassowaries are equally absent; and thus
we can account for the presence of all the Molucean or
Australian types actually found in Celebes without sup-
posing any land-connection on t_lus side during the ‘Tertmry
period. The presence of the Celebes ape in the island of
Batchian, and of the babirusa in Bouru, can be sufficiently
explained by a somewhat clos;er nppr_oxim_ation of ghc
respective lands, or by a few intervening islands which
have since disappeared, or it may even be due to human
agency. \

If the explanation now given of the peculiar features
presented by the fauna of Celebes be the correct one, we
are fully justified in classing it as an “ anomalous island,”
since it possesses a small but very remarkable mammalian
fauna, without ever having been directly upited with any
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continent or extensive land ; and, both by what it has and
what it wants, occupies such an exactly intermediate

osition between the Oriental and Aunstralian regions that
1t will perhaps ever remain a mere matter of opinion with
which 1t should properly be associated. Forming, as it
does, the western limit of such typical Australian groups
as the Marsupials among mammalia, and the Tricho-
glosside and Meliphagide among birds, and being so
strikingly deficient in all the more characteristic Oriental
families and genera of both classes, T have always placed
it in the Australian Region; but it may perhaps with
equal propriety be left out of both till a further knowledge
of its geology enables us to determine its early history
with more precision.

Peculiarities of the Insects of -Celebes—The only other
class of animals in Celebes, of which we have a tolerable
knowledge, is that of insects, among which we meet with
peculiarities of a very remarkable kind, and such as are
found in no other island on the globe. Having already
given a full account of some of these peculiarities in a
paper read before the Linnean Society—republished in m
Contributions to the Theory of Natural Selection,—while
others have been discussed in my Geogrophical Dis-
tribution of Animals (Vol. T. p. 434)—I will only here
briefly refer to them in order to see whether they ‘accord
with, or receive any explanation from, the somewhat novel
view of the past history of the island here advanced.

The general distribution of the two best known groups
of insects—the butterflies and the beetles—agrees very
closely with that of the birds and mammalia, inasmuch
as Celebes forms the eastern limit of a number of Asiatic
and Malayan genera, and at the same time the western
limit of several Moluccan and Australian genera, the
former perhaps preponderating as in the higher animals,

Himalayan Types of Birds and Butterflies in Celeles—
A curious fact of distribution exhibited both among butter-
flies and birds, is the occurrence in Celebes of species and
genera unknown to the adjacent islands, but only found
again when we reach the Himalayan mountaing or the
Indian Peninsula, Among birds we have a small yellow
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flycatcher (Myialestes helianthea), a flower-pecker (Pachy-
glossa auwrcolimbata), a finch (Munia brunneiceps), and a
roller (Coracias temminckit), all closely allied to Indian
(not Malayan) species,—all the genera, except Munia,
being, in fact, unknown in any Malay island. An exactly
parallel case is that of a butterfly of the genus Dichor-
rhagia, which has a very close ally in the Himalayas, but
nothing like it in any intervening country. These facts
call to mind the similar case of Formosa, where some of
its birds and mammals occurred again, under identical or
closely allied forms, in the Himalayas; and in both in-
stances they can only be explained by going back to a
period when the distribution of these forms was very
different from what it is now.

Peeuliaritics of Shape and Colowr in Celebesian Butter-
Jlies—Even more remarkable are the peculiarities of shape
and colour in a number of Cclebesian butterflies of different
genera. These are found to vary all in the same manner,
indicating some general cause of variation able to act upon
totally distinet groups, and produce upon them all a com-
mori result. Nearly thirty species of butterflies, belonging
to three different families, have a common modification in
the shape of their wings, by which they can be distinguished
at a glance from their allies in any other island or country
whatever; and all these are larger than the representative
forms inhabiting most of the adjacent islands! No such
remarkable local modification as this is known to oceur in
any other part of the globe; and whatever may have been
its cause, that cause must certainly have been long in
action, and have been confined to a limited area. We
have here, therefore, another argument in favour of the
long-continued isolation of Celebes from all the surround-
ing islands and continents——a hypothesis which we have
seen to afford the best, if not the only, explanation of its
peculiar vertebrate fauna,

Concluding Remarks—If the view here given of the
origin of the remarkable Celebesian fanna is correct, we
have in this island a fragment of the great eastern

* For outline figures of the chief types of these butterflies, see my Malay
Avrelipelago, Vol. 1. p. 441, or p. 216 of the tenth edition,
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continent which has preserved to us, perhaps from
Miocene times, some remnants of its ancient animal
forms. There is no other example on the globe of an
island so closely surrounded by other islands on every
side, yet preserving such a marked individuality in its
forms of hife; while, as regards the special features which
characterise its insects, it is, so far as yet known, abso-
lutely unique. Unfortunately very little is known of the
botany of Celebes, but it seems probable that its plants
will to some extent partake of the speciality which so
markedly distingnishes its animals; and there is here a
rich field for any botanist who is able to penetrate to the
forest-clad mountains of its interior.

T ——



APPENDIX TO CHAPTER XX

The following list of the Land Birds of Celebes and the adjacent islands
which partake of its zoological peculinvities, in which are incorporated all
the species discovered up to 1890, has been drawn up from the following
sources :—

Ve

o

8.
o,

10,

11,

A List of the Birds known to inhabit the Island of Celebes, By A_rtlmr,
Viscount Walden, F.R.S, (Trans. Zool. Soc, 1872. Vol viil. pt.

ii. )
. Intorno al Genere Hermotimia. (Rehb.) Nota di Tommaso Salvadori.

{Atti della Renle Accademia delle Seienze di Torino. Vol x. 1874.)

. Intorno a due Collezioni di Ueelli di Celebes—Note di Tommaso

.lﬁzg;\&n()lori. (Aunnali del Mus. Civ. di 8t. Nat. di Genova. Vol. vii.

. Beitrige zur Ornithologie von Celebes und Sangir. Von Dr. Friedrich

Briiggemann. Bremen, 1876,

. Intorno a due piccole Collezioni di Ucelli di Isole Sanghir e di Tifore,

Nota di Tommaso Salvadori. (Annali del Mus, Civ. di St. Nat, di
Genova,  Vol. ix. 1876-77.)

. Intorno alle Specie di Nettarvinie delle Molucche o del Gruppo di

Celebes. Note di Tommaso Salvadori. (Atti della Reale Accad.
delle Scienze di Torino. . Vol, xii. 1877.)

. Deserizione di tre Nuove Specie di Ugelli, e note intorno ad altre poco

conosciute delle Isole Sanghir, Per Tommaso Salvadori. (L e
Vol. xiii, 1878.) :
Fiellg Notes on the Birds of Celebes. By A. B. Meyer, M. 1., &e. (Ibis,

79.)

On the Collection of Birds made by Dr. Meyer during his Expedition
to New Guinea and some ncig?;bouriug Islands. By R. Boulder
Sharpe, (Mitth, d. kgl. Zool, Mus. Dresden, 1878, Heft 3.)
New species from the Sula and Sanghir Islands are described,

List of Birds from the Sula Islands (East of Celeles) with 'l)asm-n}.ntmns
of the New Species. By Alfred Russel Wallace, F.Z.5. (Proc.
Zpol. Soc. 1862, p. 338.)

The Zoological Record, and ““The Ibis" to 1800,
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' . LIST OF LAND BIRDS OF CELEBES

N. B, —The Species marked with an™ are not included in Viscount Walden's
list. For these only, an awlhority is wsually given.

Celebes | Sula Is, Swghlrlu.ll Range and mm:uku
Turpioa,
1. Geocichla erythronots ...
3 2. Monticola solitaria .., x x Phil., China, Japan
Syvine, .
8, Cisticols cursitans .. ® Assam
4 grayi X
A.cmocplmlus arientulis.., x China, Japan
'ﬁ ingularis ... — — X% (Salv.) | Molucecas
7. Pratincola capmta .. x Asia, Java, Timor
*8. Gerygone flaveola ((‘ub) » (Meyer) (\ur G, suilphurea,
Timor)
TIMALUDE,
0. Trichostoma celebense ... * »
n PYCRoNOTIDA,
3 *10. Criniger longlrostris(Wall.) ® Oriental genus (noar
b Bouru sp.)
. 1. ,, aureus (Wald)... | *
-
'k‘ ORIOLIDE.
12. Oriolus celebensis ... .. * (\“gr nf) 0. coromatus,
). | ava
9 ‘ 18. ,, formosus (Cab = — | x(Brugg.) (Var. of Philipy. sp.)
3'\ 14. ,, frontalis( \al)) - ! b3
~, CAMPEPHAGID.Y. |
15, Gmuealus atriceps .., X Ceram, Flores
16. 3o lencopygius ... *
-" 7. temminekli ... % X
g 18, Campephaga morio... .. Xy
A% *10. l'"p melanotis.. — % (Wall) Moluccas
. g ';o. S lmlmhz‘i:’ (mmxu-. - T x
; 1. age leucopyglalis ... x
o b 229, e d(unhl:)lcn v one | % (Meyer) - - Java ’
Vi 23. Artamides bicolor ... ... X
8! 2 *34., ,, schistaceus (Sharpe) - * !
F'.' d Dicnvnina,
“ 25, Dierurus leneops .. %
d " axillarig (E:ah - — *
- " pectoralis (Wall.) x
: >
-

I
!
o o
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Colobes ‘ Sula 1s. &nglllrls.‘ Range and Rewarky
MUSCICATID &, .

"'l Cromis mufignin ... -
banyoinss .. ..

30 Mylalentos hellanthes -
Bl Hypothymis puella.. ..
» menadensis?

'Js Monargha  commutata
(Brigg.) v oo e i
YRS CInErascens ..

PACHYCEPEALIDE.

35, Hylocharis sulfuriventm
*36, l‘aahn)ifcmmla lneolata

l

*37. Pachycephaln nxfrseﬂu
Wall,
*38, P-chyccpluln clio (Wnll.)

Lasunas. . !
*39. Lanius magnircstris(Moyer)
Convina |
40, Corvus enca .oy oo
M SRR mmockm(lhn;
42 (Gazzola) typica..,
43. Slmpmcmn ealedonien,., |

torquata ...
'4!1 (Clmnmnu)nlbcrlla:(ﬁcm

MELIPIAGIDAL |
45, Myzomela chloroptera ...

|
NECTARINIIDA. |
47, An';nn-pl« I
ﬂ. Chaleostethin porpliyola: o ol
40, o auriceps L. we |
o580, s sangivensia(Meyer
51, Cyrtostumus(‘mullu

52 Neetarophila grayi ..,
59, Ethopygn flavostriata .

*hi. 5 hectarii (Saly,)
#355. ',, duyvenboded (Se7

Dok, |
56, Zosterops intoymedia ... |
&7, " atrifrons. ..

08, Dictetun celebionm ... ... |
o sanghirense (Salv,
Moo, . melorkorni (Blas.)
61, Pachyglossa aureolimbaty

Hirysosims, [
02 Hirnndo gutturalis.., ol
63, 4 auvanics .. .|
Procems.

M. Munin oryzivora ..
nisoria .. . ..
woluecthin, oo L., |

.

65

66,

KAXK X

| %

7| xx

-+

x| xxx

¢ (Wall)

X var

* (Wall )

x

| Java and Borneo

| (Tndian ally)
|
| Moluecas
' Bourn
Bourn
‘ HBourn
Javn
Java
»
(Nearest A, sau-
| inolenta Of Aty
! {rx?nlla)
| Siam, )lalu.\n
Ternate
Moluecas amd XN,
Guinea
F( An Orlental genus)
Lombock
| Inglian region
| Iito-Mainyn
Java
Java
Molunecas
n o2
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. LIST OF LAND BIRDS OF CELEBES

N.B.—The Species marked with an® are not incliuded in Viscount Walden's
list,  For thess only, an awthority is uswally given.

TurDID A,

1. Geocichla erythronota ...
2. Yonticola solitaria ...

Swuving,

8. Cisticols enrsitans ...

. e P oo So Pl G s
&, Acrocephalus orientalis...
- insularis ...

7. Pratincola caprata ..
*8. Gerygone flaveoln ((‘nb )

TiMaro.s,
0. Trichostoma celebense ..

PycxoxoTing.

*10. Criniger longirostris(Wall.)

11, 5 aurens (Wald.)...

ORIOLID A,
12. Oriolus eelebensis ...

18, ,, formosus(Cab,) ...
14. ,, fromtalis (Wall),,.

CAMPEPHAGID.R,

15. Granealus atriceps ... ..
16, 5 Teneo; l}ghxﬂ oo

17, s temminekit ..
18, Cnmpoph&gn morio...

*19. melanotis .,
*20, Yy nh'lulorli (Slnqu-

21, Lalage h-ucn alis
g% Prmi

25‘1 Aﬂauudublmlor o

Dicrvnina.
25, Dierurus leucops

y»  Schistaceus (Shnr[u-)-

Celobes

XX

% | xxx

% (Meyer)

x| | xxxx

» (Meyer)
b

26. " axilaris (9.;1\'
o T pectoralis (W nll )

Sula Is. Range and Romarks
L
Phil., China, Japan
Assam
China, Japan
i Moluccas
Asin, Java, Timor
(Near G, auliphurea,
Timor)
-
% Oriental genus (near
Bouru sp.)
(\'ar of) 0. coronutie,
- = (\nr. of Philipp. sp.)
»®
Ceram, Flores
b4
»* (Wall) Moluecas
— Java
x

x

P—
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I Colobes l Suln Is. I&ugh!rls.l Range and Remarks
LA | 2l |
MUBCICAPIDA, -
28, Cyornis rufigula *
bDAnYHMAS v s x | | Java aud Borneo
30, Mylalestes helianthea ... * | (Tndian ally)
31 Hypothymis prella... .. x | x
" wenadensis? X
'43 Monarelis  commintats '
(BEOZE.) v we e see x
5 Cillerascens . — X (Wall )| | Moluecas
PACHYCEPTALID &, ‘
5. Hylocharls sulfuriventm x
*36, l'adncephuln lineolata |
all.) =l X Bourn
o387, Pac!nyovplmln mr;scvns !
all. - x Bouru
*33. Pachyeephala elio (“’all) - * | Boora
|
Lastpa. ) |
*39, Lanins magnirostsis{Meyer) X iR Java
Cor;rm.:. |
40. Corvus encn ... . % var, Java
WAL -nnoclons(Bmp;. ) X .
49 (Gazzoln) typica... » |
48, Stmptncltm calulonleu >
44, Siyprrata . x |
"un, (Clnrimmumlxnh(s“ - X i
MELirHAGInA. |
48, Myzomela chloroptera ... x { (Nearcst M.  sam-
{ﬁuomm of Ars-
NECTARISTID. I ralin)
47, A(lélgnﬁpta celebensis | i, Stal ;
elley x n, Malaya
18, Chulemtcthlu;mqm)o)n uw‘ ¥ 2 A : 4
. o nuricn ’ % (Wall ) Ternate
50, . san 'ircnus()lt'w = 2
5L Cyﬁoslounuhvmtm v iy % Moluecas aml X,
! + Guipes
62, Nectarophils grayi... .. ! % {
S8, Ethopyga flavostriata . | ¥ | (An Oriental genus)
5. 4, bocearli(Salv.) . |« r
'35,  ,, duyvenbodel (Sril. =L = | '
Dicane ‘
oll, Zosterops intenncdin * Lombock
7. ntrifrons ¥ x
08. Dicariin cch:blcnm il * *
" xmmhlrense(qnlr —_ I
'ﬁo e nebrkornd (Blas.) | x
1. Pachyglosss aureolimbats » == i
| .
Himuxoisime, | |
62, Mirundo gutturalis., ..,/ x Indian region
68," . Jayanies ... .| % %L1 Indo-Malaya
Procmimx, !
m Munin orysivora % Java
A 1 e R X ! Java
66. w  moluees... .. .. | Tl | Molnteas

HH2
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Calobes l Sulals. Sanghirls.

7. Munin brunneiceps.,. ..

‘ *68, Jogori .. ..

STuRSIDE.
00, Basilornis eslebensis
.? g{:ml?:hmslclncmm
7 urnia pyry xogeny's
7 lormis neglecta ...
8. s metallien ..
T4 Enodes erythroph 5
75. Reissivostrum page ,T
ARTAMIDE.
“6 Artamus monachus,.. ..
lcucomyuchnu

Moractruinac I

78. Corydalla gustavi

09. Budytes viridis ...
80. Calobates melanope

(.-.Mohc. sulfurea, Brugg.) |

R PiTiva
81. Pitts forstent ..., ‘
sanghimana (Sch! ). |
o;llil:‘benu ?n v ‘
pallice; ru,
corulelt omum:&nv 21
irena(=crassirostris)

'w.
Promma, ’

57. Alophonerpes fulvus

*58, ph wallacol .. l

£9, Y:mgiplcu.u temuinekil... |
‘CrevLima.

90, Rtmnplmcoecyx calorhyn-

% Jnvanensis
08 Cuenlns canorus & ..
95, Cacomantes lanceoatus ..
6. sepuleliralis.
97, mmcoocyx crassirostris
9& Endynaudis melanortivnchs’

3 facialis (Wall) |

*100. orientalis ..

101, Scyuun)snovpmollnndm

Comacrna, 1

102 Coracias temminekll ... |
108, Burystomus orientalis ... |

MERorioe, |
104, Méror forsteni
m. Merops phitippinus

n o ornatus o

Arcennuns.
10.. Aleado molucosnsis
108 w  nsiatica...

x|

X (Muyur)'

ARXXX

i X
*{Brugs.) > (Wall.)
x
x

I

x (\.\-'-nll.)
|

x

XURERN

x| | xx%

xX

XX

* Var.

]

|

3

* {Bruge.)

4‘ Malay Archipel.

Timor, Ternate *

i Java, Borneo

| dava

Range and Remarks

(Near M. rubronigra,
India,
Philipp:

Malayn

Moluceas

Java, Moluceas
China, Philipp.

Java

Moluecas?
Moluceas, &e.

Asia

| Oriental on "t
Javs, Au’;g‘nlla

Molueeas
Indo-Malaya

~

2 5l e
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Range and Remarks

100. Pelargopsia
rhyneha .

*110, Ceyx wa\lavei(ﬂhnn-c) |

11). Ceycopsis fallax ...

112, Haleyon chloris ... .. |

113, w  mnetn .. |

melano-

14, ,, forsteni ..
115, o TafN ... .o
116, Monachaleyon ]-rincqa
-3 0t AR cyanonp)mla(l;rugg)
118, Cittum evanotis ..
mn"hhmuls(Schl)

" "

BUCEROTIDAE,

120. Hydrocissa exarnta .. |

121. Cranorhinus easxidix ... i

CAPRIMULGID A, |

‘:’.‘J Caprimulgus affinis
)

124, Lynwmlsmumptunu l

Cyrsuuipa. |
125, Dendrochelidon wallaee |
124, Collocalls esculenta ...

127 ueiphnga
123, Clm't’umglgm{m

Pairract

120, Cacaton sulphurea ...
130, Prioniturus platurns ...
131, nvicans ...
132, Platvarcun dorsalis, var,
133, Tanygnathus wullo
134, 5 mcplorhmchun_

*115, o lozonfensis ..
126. Loriculns s:llgmbus
*137. v quad lor(thl‘

1880 5 schtcr] [L I A
1390, , oxilis .

*140, wamcno(sﬂhl.)
141, Tric)noglossus ornstus .,
142, fAnvoviridis (Wnll
144, meyerd,.. !

*144. Fos histrio=B, cocdnm |

Corvmne,
145, Treron yernans ..

1., priscicands . |

147. Ptilopus formosns,., ..
148 5 melanocephalus |

) 1 S Eularls S
50 .,
151. Carpopbaga panlina

| MR x| x

X X¥

KNI

XX | ®xx

xx |

% | %%

xxK

% %

KXo RXA XX

“ (Wall.}
x

— x

— *{Brgz.)

P

X .var.
Sanghi-
reusis

X VAr,
Xanthor-
rhoa,
Salv.

(Allied to Mol. 5p.)

All Archipel.
All Archipel.

| .
| Mol.40 Arn 15,
1ndin, Java
India, Java

Lomback, Flores

N. Guinea?

Moluccas. An lsland
near Menado l

(Meyer) |

Togian Is., dulf of
‘Tomini

Malacos, Juvs,
Philipp.

Java, Lombock
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*152. Carpoph ulchella ..
st {Wald, )
coneinna ..

4o TORMCER" o lurs
v pecllorrhoa(Brig:. )
3 luctuosa
" bicolor
3 muma
149, teni ...
160, Mwwpyghalhlmpuln...
161, ,, naeassariensis ..
*162. ,, sanghirensis(Salv.
163, Turacena menadensis ...
*164.. Reinwardtenss reins
AT Lo ) e
165, Turtur tizrina...
166, Chalcophaps stephani
» indiea
168, I'hlogp:m tristigmat
169, Geopelia striata

170. Calenas nicobarica

GALLINg l

171. Gallus bankiva .., ..

172, Coturnixaninima ... .. I

178, Turnix rufilatus ..

175, Mesapodi ;illllfc.sr:liv X |
3 us

170 Megnsephalon smafleo L |

PSR

y
|

ACCiPITRES,

177, Circus assimilis
178. Astur griseiceps .. ..
Y SR unuirosuis(Brnl,g.,
180, ,, rhodognstm
181, ,, trinotata .. ..
182, Aceipiter sulncnm(‘km )
183

xoloensis
184, ‘Zeopms malayensis

i

185, Spizmotus lanceolatus ...
180, Haliaetus lencogaster ..
187. Spllornis rufipectus
18§. Butastar liventer ... ..
180. o indicns ...
190, Haliastur lenmtemuu.
101, Milvus aflinis ...
1972, Elanns hrpnlnurnq X
103, Pernis ptilorhyncha (var.
celetiensis) v . i
104, Baza erythrothorax
106, Faleo severas ... .. .
106, Cearchingls molnoca.unls s
197. Polioaetus humilis

SrriGing,

108. Athene punctulata
109, ocliraces ..

"

20

202, Ninox japonicns
o0, v & 3c".'?nmu
204 Strix rosenbergi

x

xR

=

% (

X xR x

x
wa
XRXKD
-
-

FE [T XKW AR

XXERXXXKY X

x

X | X AR

oyor),

Suln Ts. Snnxhirlﬂ.
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Range and Rotmarks

l Togian 1s, (Ann, and

x X

X(Salv,)

Mag. Nat. Het, ,1574.)
Ké Goram
Gilolo, Timor

New Guin,, Moluccas

Moluecas &ENewGuin,

\hlnya, Moluceas

Now Guines

India and Archipel,

China, Java, Lom-

Malacea and New
Guoinea

1 Java, Timor
L{Var, of O, Chinensis)

|

Australin

Malacea & New Guin,
Nepaal, Suuw Java,
. Moluceas

Oriental region

Java, Timor

India, Java
Molucens, Now Guin.
Anstralis

? Java, Borneo

(Var, Java, &c.)
All Arghipel.

Java, Moluceas
lndm. Malayn

Amboyna, &e.?
Flores, Mudagasear
Chiua, Japan
Malucen




CHAPTER XXI
ANOMALOUS ISLANDS: NEW ZEALAND

Position and Physical Features of New Zealand—Zoologieal Character of
Now Zealand—Mammalia—Wingless Birds Living and Extinet—Recent
Existence of the Moa—Past Changes of New Zealand deduced from
its Wingless Birds—Binds and Reptiles of New Zealand—Conclusions
from the Peculiarities of the New Zealand Fauna,

THE fauna of New Zealand has been so recently described,
and its bearing on the past history of the islands so fully
discussed in my large work already referred to, that it
would not be necessary to introduce the subject again,
were it not that we now approach it from a somewhat
different point of view, and with some important fresh
material, which will enable us to arrive at more definite
conclusions as to the nature and origin of this remarkable
fauna and florn. The present work is, besides, addressed
to a wider class of readers than my former volumes, and
it would be manifestly incomplete if all reference to one
of the most remarkable and interesting of insular faunas
was omitted.

The two great islands which mainly constitute New
Zealand are together about as large as the kingdom of
Italy. They stretch over thirteen degrees of latitude in
the warmer portion of the south-tempegate zone, their
extreme points corresponding to the latitudes of Vienna
and Cyprus.  Their climate throughout is mild and,
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equable, their vegetation is luxuriant, and deserts or
uninhabitable regions are as completely unknown as in
our own islands.

The geological structure of these islands has a decidedly
continental character. Ancient sedimentary rocks, granite,
and modern voleanie formations abound ; gold, silver, copper,
tin, iron, and coal are plentiful ; and there are also some

5 ~ o 120

MAP SHOWING DEFTIS OF SEA AROUND AUSTRALIA AND NEW ZEALAND,

The lght tint indicates a depth of less than 1,000 fathoms,
The dark tint s = more than 1,000 fathoms.

considerable deposits of early or late Tertiary age. The
Secondary rocks alone are very scantily developed, and
such fragments as exist are chiefly of Cretaceous age,
often not clearly separated from the succeeding Eocene
beds. .

The position of New Zealand, in the great Southern
Ocean, about 1,200 miles distant from the Australian
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- SUY S—— et —

continent, is very isolated. It is surrounded by a moder-
ately deep ocean; but the form of the sea-bottom is
peculiar, and may help us in the solution of some of the
anomalies presented by its living productions. The line
of 200 fathoms encloses the two islands and extends their
area considerably; but the 1,000-fathom line, which in-
dicates the land-area that would be produced if the sea-
bottom were elevated 6,000 feet, has a very remarkable
conformation, extending in a broad mass westward and
northward, then sending out a great arm reaching to
beyond Lord Howe's Island. Norfolk Island is situated
on a moderate-sized bank, while two others, much more
extensive, to the north-west approach the great barrier
reef, which here carries the 1,000-fathom line more than
300 miles from the coast. It is probable that a bank, less
than ‘1,500 fathoms below the surface, extends over this
area, thus forming a connection with tropical Australia
and New Guinea. Temperate Australia, on the other
hand, is divided from New Zealand by an oceanic gulf
about 700 miles wide and between 2,000 and 3,000 fathoms
deep. The 2,000-fathom line embraces all the islands
immediately round New Zealand as far as the Fijis to the
north, while a submarine plateau at a depth somewhere
between one and two thousand fathoms stretches south-
ward to the Antarctic continent. Judging from these
indications, we should say that the most probable ancient
connections of New Zealand were with tropical Australia,
New Caledonia, and the Fiji Islands, and perhaps at a
still more remote epoch, with the great Southern continent
by means of intervening lands and islands; and we shall
find that a land-connection or near approximation in these
two directions, at remote periods, will serve to explain
many of the remarkable anomalies which these islands
present.

Zoological Character of New Zealand—We see, then,
that both geologically and geographically New Zealand
has more of the character of a “continental” than of an
“oceanic” island, yet its zoological charactéristics are such
as almost to bring it within the latter category—and it is
this which gives it its anomalous character. It is usually




474 ISLAND LIFE PART 11

considered to possess no indigenous mammalia ; it has no
snakes, and only one frog; it possesses (living or quite
recently extinet) an extensive group of birds incapable
of flight; and its productions generally are wonderfully
isolated, and seem to bear no predominant or close rela-
tion to those of Australia or any other continent. These
are the characteristics of an oceanic island; and thus
we find that the inferences from its physical structure
and those from its forms of life directly contradiet each
other. Letussee how far a closer examination of the latter
will enable us to account for this apparent contradiction,

Mammalia of New Zealand—The only undoubtedly

indigenous mammalia appear to be two species of bats,
one of which (Seotophilus tulerculatus) is, according to
Mr. Dobson, identical with an Australian form, while the
other (Mystacing tuberculata) forms a very remarkable
and isolated genus of Emballonuride, a family which
extends throughout all the tropical regions of the globe,
The genus Mystacina was formerly considered to belong
to the American Phyllostomidwe, but this has been shown
to be an error! The poverty of New Zealand in bats is
very remarkable when compared with our. own islands
where there are at least twelve distinct species, though
we have a far less favourable climate. ;

Of the existence of truly indigenous land mammals in
New Zealand there is at present no positive evidence, but
there is some reason to believe that one if not two species
may be found there. The Maorissay that before Europeans
came to their country a forest-rat abounded and was largely
used for food. They believe that their ancestors brought
it with them when they first came to the country ; but, it
has now become almost, if not quite, exterminated by the
European brown rat. What this native animal was is still
somewhat doubtful. Several specimens have been caught
at different times which have been declared by the natives
to be the true Kiore Maori—as they term it, but these have
usnally proved on examination to be either the European
black rat or some of the native Australian rats which now

! Dobson on the Classification of Chiroptera (Ann. and Mag, of Nat.
Ifist, Noy, 18756).
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often find their way on board ships. But within the last
few years many skulls of a rat have been obtained from the
old Maori cooking-places, and from a cave associated with
moa bones ; and Captain Hutton, who has examined them,
states that they belong to a true Mus, but differ from the
Mus rattus.  'This animal might have been on the islands
when the Maoris first arrived, and in that case would be
truly indigenous ; while the Maori legend of their “an-
cestors ” bringing the rat from their Polynesian home may
be altogether a myth invented to account for its presence
in the islands, because the only other land mammal which
they knew—the dog—was certainly so brought. The
question can only be settled by the discovery of remains of
a rat in some deposit of an age decidedly anterior to the
first arriyal of the Maori race in New Zealand

Much more interesting is the reported existence in the
mountains of the South Island of a small otter-like animal.
Dr. Haast has seen its tracks, resembling those of our
European otter, at a height of 3,000 feet above the sea in
a region never before trodden by man; and the animal
itself was seen by two gentlemen near Lake Heron, about
seventy miles due west of Christchurch. It was described
as being dark brown and the size of a large rabbit. On
being struck at with a whip, it uttered a shrill yelping
sound and disappeared in the water® An animal seen so
closely as to be struck at with a whip could hardly have
been mistaken for a dog—the only other animal that it
could possibly be supposed to have been, and a dog would
certainly not have “ disappeared in the water.” Thisaccount,
as well as the footsteps, point to an aquatic animal; and if
it now frequents only the high alpine lakes and streams,
this might explain why it has never yet been captured.
Hochstetteralso states that it has a native name—Waitoteke
—a striking evidence of its actual existence, while a gentle-
man who lived many years in the district assures me that

1 See Buller, *“ On the New Zealand Rat,” Trans, of the N. Z. Institute
(1870), Vol. 111, p. 1, and Vol, IX. p. 848 ; and Hutton, ““ On the Geogra-
phical Relations of the New Zealand Fauna," Trans. N. Z. Instit. 1872,
p. 229,

* Hochstetter's New Zealand, p. 161, note.
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it is universally believed in by residents in that part
of New Zealand. The actual capture of this animal and
the determination of its characters and affinities could not
fail to aid us greatly in our speculations as to the nature
and origin of the New Zealand faunat

Wingless Birds, Living and Extinet —Almostequally valu-
able with mammalia in affording indications of geographical
changes are the wingless birds for which New Zealand isso
remarkable. These consist of four species of ‘Apteryx,
called by the natives*™ kiwis,"—creatures which hardly look
like birds owing to the apparent absence (externally) of
tail or wings and the dense covering of hair-like feathers,
They vary in size from that of a small fowl up to that of a
turkey, and have a long slightly curved bill, somewhat
resembling-that of the snipe or ibis. Two species appear
to be confined to the South Island, and one to the North
Tsland, but all are becoming scarce, and they will no doubt
gradually become extinct. These birds are aenerally classed
with the Struthiones or ostrich tribe, but they form a dis-
tinet family, and in many respects differ greatly from all
other known birds. :

But besides these, a number of other wingless birds,
called “moas,” inhabited New Zealand during the period
of human occupation, and have only recently become ex-
tinct, These were much larger birds than the kiwis, and
some of them were even larger than the ostrich, a specimen

1 The snimal described by € ‘aptain Cook as having been sven at Pick-
arsgill Harbour in Dusky Bay (Cook’s 2nd Voyage, Vol. I p. 98) may have
boen the same ereature.  Jle says, & A four-footed animal was seen by three
or four of our p_t-(){‘l.v, but as no two gave the game description of it, I can-
not say what kind 1t 1. All, however, agreed that it was about the size of

a cat, with short legs, and of n mouge colonr, One of the seamen, and he
who had the best view of it, said it had a bushy tail, and was the most like
% jackal of any animal he knew.” Tt is suggestive that, so far as the
points op which * all ngreed "—the size and the dark colour—this descrip-
tion would answer woll to the animal so recently seen, while the “short
legs ™ correspond 1o the otter-like tracks, and the thick tail of an otter-like
animal may well have appeared **bushy when the fur was dry. It has
baen suggested that it was only one of the native dogs ; butas nong of those
who saw it took it for a dog, and the points on which they all agreed are
not dog-like, we tan handly accept this explanation ; while the actual exist-
et of an unknown animal in New Zealind of corresponding size and
colonr is confirmed by this account of a similar animal {:g\’iug been seen
about a eentury ago.

g
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of Dinornis mazimus mounted in the British Museum in
its natural attitude being eleven feet high. They agreed,
however, with the living Apteryx in the character of the
pelvis and some other parts of the skeleton, while in their:
short bill and in some important structural features they
resembled the emu of Australia and the cassowaries of
New Guinea! No less than eleven distinet species of
these birds have now been discovered ; and their remains
exist in such abundance—in recent fluviatile deposits, in
old native cooking places, and even scattered on the sur-
face of the gronnd—that complete skeletons of several of
them have been put together, illustrating various periods
'of growth from the chick up to the adult bird. Feathers
have also been found attached to portions of the skin, as
well as the stones swallowed by the birds to assist diges-
tion, and eggs, some containing portions of the embryo
bird ; so that everything confirms the statements of the
Maoris—that their ancestors found these birds in abundance
on the islands, that they hunted them for fooq, and that
they finally exterminated them only a short time before
the arrival of Europeans?® Bones of Apteryx are also found
fossil, but apparently of the same species as the living birds.

inornis,” Trans., Zool. Soc, Vol X. . 184

1 Owen, *“On the Genus D :
yxia f the Struthionide,™ Trans. Zool. Soe,

Mivart, ** On the Axial Skeleton o
Vol. X, p. 81. \ g ke
% The recent existence of the Moa and its having been extomuuatf_ M‘)
the Maoris appears to be at length set at rest by the statement 0 _"f
John White, a gentleman who has been coucct_xqg_mnwnn]s for a hmtoq 0
the natives for thirty-five years, who has been initinted l;y 111191:0 pm'%l‘sll;?t:,o
all their mysteries, and is said to * know more about ti’l?s ;:fforrlz’a ﬁ:;" %

»”
and customs of the Maoris than they 119 themselves, ;
this subject was obtained from old natives long before the cONTOvErsy on

istori { the Maoris
the subject arose. He says that the histories and songs o A
nbountlJin n]lu.:;ous to t]x!’c Moa, and that they were able to give full

: . v it was killed, its
s of fits ‘s food. the season of the year it wa '
Sopnis G s hab S 4 erous coremonies which were erincted

appearance, strength, and all the num :
hlylthe nntivc:im?ﬂl‘c' they begin the hunt, the mode of lmptllmLZ- I:I\ﬁ:n(;:
up, how cooked, and what wood was nsed the mak'llllg"l'w'l' ll ;1: B o
of its nest, and how, the nest was made, where 1t uR]n.n y 1'1‘ ‘ifn’)m :'nemorv
pages ave ovcupied by these details, but they are ol:g gl)\l(‘- - of the details
and Mr, White pmnfiucsn full account from hix MSS. ; u'ngf gt e
given correspond with facts ascertained from the d'mmgﬂu Tt sacha
ing places with Mous’ bones and it seems quiie INCIe (See Transactions
elaborate and detwiled account chould be all invention.

of the New Zealand Institude; Vol VIIL p. 79:)
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How far back in geological time these creatures -or their
ancestral types lived in New Zealand we have as yet no
evidence to show. Rome specimens hm{n hEEI:l fonnd under
a considerable depth of ﬂu}fmu!e deposits w]uc}a may be of
Quaternary or even of Pliocene age; but t.h}s evidently
affords ns no approximation to the time mquu‘gd f_ur the
origin and development of such highly peculiar insular
forms.

Pust Changes of New Eealond deduced from its Wingless
Bivds—It hns been well observed by Captain Hutton, in
his interesting paper already referred to, that the occurrence
of snch o number of species of Btruthious birds living to-
gether in o small a country as New Zu;tlapdlis altogether
unparalleled elsewhere on the globe. This is even more
remarkable when we consider that the species are mot
equally divided between the two islands, for remains of no-
less than ten out of the eleven known species of Dinornis
have been found in a single swamp in the South Island,
where also three of the species of Apteryx ocour. The
New Zealand Struthiones, in fact, very nearly equal in
number those of all the rest of the world, and nowhere else
do more than three species oceur in any one continent or
island, while no more than two ever oceur in the same dis-
trict. Thus, there appear to be two closely allied species
of ostrichies inhabiting Afrien and South-western Asia re-
spectively. South America has three species of Rhea, eaclr
in a separate distriet. Australin has an eastern and a
western variety of ema, and a cassowary in the north ; while
eight other cassowaries are known from the islands north
of Australin—one from Ceram, two from the Am Tslands,
one from Jobie, onefrom New Britain, and three from New
Guinen—Dbut of these last one is confined to the northern
and another to the southern part of the island,

This law, of the distribution of allied species in separate
arens—which is found to apply more or }usg acenrately to
all eluszes of animals—is so entively opposed to the erowding
together of no less that fifteen species of wingless hirds in
the small ares of New Zealand, that the idea is at once
sigrested of great geographical changes.  Captain Hutton
points out that if the islands from Ceram to New Britain
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were to become joined together, we should have a large
number of species of cassowary (perhaps several more than
are yet digcovered) in one Jand area. If now this land
were gradually to be submerged, leaving a central elevated
region, the ditferent species would become crowded together
in this portion just as the moas and kiwis were in New
Zealand, But we also require, at some remote epoch, a more
or less complete union of the islands now inhabited by the
separate species of cassowaries, in order that the common
ancestral form which afterwards became modified into these
species, could have reached the places where they are now
found ; and this gives us an iden of the complete series of
changes through which New Zealand is believed to have
passed in order to bring about its abnormally dense popula-
tion of wingless birds. First, we must suppose & laufi connec-
tion with some country inhabited by struthious birds, from
which the ancestral forms might be derived ; secondly, a
separation into mauy considerable islands, in_which the
various distinct species might become differentiated ;

thirdly, an elevation bringing about the union of these

islands to unite the i

distinct species in one Aarea; and
fourthly, a subsidence of a large part of the area, leav-

ing the present sslands with the various species crowded

together. :
If New Zealand has really gone through such a series of
changes as here suggested, some proofs of it might perhap‘s
be obtained in the outlying islands \.vlnch were 0nce, pre-
sumably, joined with it. And this gives great lmpi)llt".m(;e
to the statement of the aborigines of the (hatham Islands,
that the Apteryx formerly lived there but was extlemlfillnlz\tﬁe
about 1835. It is to be hoped that some sear?l v;\. i v
made here and also in ;\'orfqlk Isln{ld, in bot!n o }\) _llllc :mls
is not improbable remains cither of Apteryx of ino
might be discovered. ) : \
So far we find nothing to och(;t, :1?.; 1(:) “t::(ir ;}t’c:?ﬁf:ﬁgi

- ; o s

0 Cap ain Hutton with which, ¢

\\Smllyt‘(:mcur y but: we cannot follow him when he goes on
H

ic conti o New Zealand and
to suggest an Antarctic continent uniting

Australia with South America, and PF"]_’“blY _“ISP W_iﬂl
ﬂ}m;ﬂ; Africa, in order to explain the existing distribution
Sout
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of struthious birds. Our best anatomists, as we have seen,
agree that both Dinornis and Apteryx are more nearly
allied to the cassowaries and emus than to the ostriches
and rheas: and we see that the form of the sea-bottom
suggests a former connection with North Australia and
New Guinea—the very region where these types most
abound, and where in all probability they originated. The
suggestion that all the struthious birds of the world sprang
from a common ancestor at no very remote period, and
that their existing distribution is due to direct land com-
munication between the countries they now inhabit, is one
utterly opposed to all sound principles of reasoning in
questions of geographical distribution. TFor it depends
upon two assumptions, both of which are at least. doubtful,
if not certainly false—the first, that their distribution over
the globe has never in past ages been very different from
what it is now ; and the second, that the ancestral forms
of these birds never had the power of flight. As to the
first assumption, we have found in almost every case that:
groups now scattered over two or more continents formerly
lived in intervening areas of existing land. Thus the
marsupials of South America and Australia are conneeted
by forms which lived in North America and Europe ; the
camels of Asia and the llamas of the Andes had many
extinet common ancestors in North America ; the lemurs
of Africa and Asia had their ancestors in Europe, as had
the trogons of South America, Africa, and tropical Asia.
But besides this general evidence we have direct proof that
the struthious birds had a wider range in past times than
now. Remains of extinet rheas have been found in
(lentral Brazil, and those of ostriches in North India: while
remains, believed to be of struthious birds, are found in
the Eocene deposits of England ; and the Cretaceous rocks
of North America have yielded the extraordinary toothed
bird, Hesperornis, which Professor O. Marsh declares to
have been “a carnivorous swimming ostrich.”

As to the second point, we have the remarkable fact
that all known birds of this group have not ouly the rudi-
ments of wing-bones, but also the rudiments of wings, that
is, an external limb bearing rigid quills or ]:lrgely-de:'elaped
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plumes.  In the cossowary these wing-feathers arve reduced
to long spines like porcupine-quills, while even in the
Apteryx, the minute external wing bears a series of nearly
twenty stiff quill-like feathers® = These facts render it
almost certain that the struthious birds do-not owe their
illl]H.&]’FEl:T. Willgs'- to ndiveet evolntion from a reptilian type,
but to a rutn.rgrmlu dEu-'i.*lnpmont. from some low form of
winged birds, analogous to that which has produced the
dodo and the solitaire from the more highly-developed
pigeon-type. Professor Marsh has proved, that so far hack
as the Cretaceous period, the two great forms of birds—
those with & keeled sternum and fhirij‘—dm'elu]m] Wings,
and those with aconvex keel-less sternum and rudimentary
wings—already existed side by side; while in the still
earlier Archmopteryx of the Jurassic period we have a hird
with well-developed wings, and therefore probably with a
keeled sternum.  We are evidently, therefore, very far
from a knowledge of the earliest stages of bird life, and our
atquaintance with the various forms that have existed is
seanty in the extreme; but we may be sure that birds
acquired wings, and feathers, and some power of flight,
hefore they developed a keeled sternum, since we see that
bats with no such keel fly very well. Since, therefore, the
struthions: birds all have perfect feathers, and all have
rudimentary wings;, which are anatomically those of true
hirds, not the rudimentary fore-legs of reptiles, and since
wa know that in many higher svoups of birds—as the
pigeons and the rails—the wings liave become more or ]1.*:*;5.
aborted, and the keel of the sternum greatly reduced in
size by disuse, it seems probable that the very remote
ancestors of the rhea; the eassowary, and the apteryx, were
true flying binds, although not perhaps provided with a
keeled sternum, or possessing very great powers of Hlight.
But in addition to the possible ancestral power of Hight,
we have the undoubted faet that the rhea and the emu
both swim freely, the former having been seen swimming
from island to island off the coast of Patagonia. This,
taken in connection with the wonderful aquatic ostrich of
the Cretaceous period discovered by Professor Marsh, opens

1 Sap fig i Teans. of & 2 fagtitete, Vol IT1,, plate 120, fig, 2,
Li
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up fresh possibilities of migration; while the immense
antiquity thus given to the gronp and their universal
distribution in past time, renders all suggestions of special
modes of communication between the parts of the globe
in which their seattered remnants now happen to exist,
altogether superfluous and misleading, 3 :

The bearing of this argnment on our present subject is,
that so far as accounting for the presence of wingless birds
in New Zealand is concerned, we have nothing whatever
to do with any possible connection, by way of a southern
continent or antarctic islands, with South America and
South Africa, because the nearest allies of its moas and
kiwis are the cassowaries and emus, and we have distinct
indications of a former land extension towards North
Australia and New Guinea, which is exactly what we
require for the original entrance of the struthious type into
the New Zealand area.

Winged Birds and Lower Vertebrates of New Zealand.—
Having given a pretty full account of the New Zealand
fauna elsewhere! I need only here point out its bearing
on the hypothesis now advanced, of the former land-
connection having been with North Australia, New
Guinea, and the Western Pacific Islands, rather than
with the temperate regions of Australia. ‘

Of the Australian genera of birds, which are found also
in New Zealand, almost every one ranges also into New
(Gluinen or the Pacific Islands, while the few that do not
extend beyond Australia are found in its northern dis-
tricts. As regards the peculiar New Zealand genera, all
whose affinities can be traced are allied to birds which
belong to the tropical parts of the Australian region;
while the starlingfamily, to which four of the mosk
remarkable New Zealand birds belong (the genera
Creadion, Heterolocha, and Calleas), is totally wanting
in temperate Australia and is comparatively scarce in
the entire Australian region, but 1s abundant in the
Oriental rvegion, with which New Guinea and the
Moluceas are in easy communication. It is certainly
& most suggestive fact that there are more than sixty

1 Geographical Distribution of Antmals, Vol. L, p. 450.
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genera of birds peculiar to the Australian continent
(with Tasmania), many of them almost or quite con-
fined to its temperate portions, and that no single onc
of these should be represented in temperate New Zea-
land*  The. affinities of the living and more highly
organised, no less than those of the extinet and wing-
less birds, strikingly accord with the line of communi-
cation indicated by the deep submarine bank connecting
these temperate islands with the tropical parts of the
Australian region.

The reptiles, so far as they go, are quite in accordance
with the "birds. The lizards belong to two genera,
Lygosoma, which has a wide range in all the tropics as
well as in Australia; and Naultinus, a genus peculiar
to New Zealand, but belonging to a family—Geckonid
—spread over the whole of the warmer parts of the world.
Australia, with New Guinea, on the other hand, has a
peculiar family, and no less than twenty-one peculiar
genera of lizards, many of which are confined to its
temperate regions, but no one of them extends to tem-
perate New Zealand? The extraordinary lizard-like
Hatteria punctata of New Zealand forms of itself a
distinct order of reptiles, in some respects intermediate
between lizards and crocodiles, and having therefore no
affinity with any living animal.

The only representative of the Amphibia in New
Zealand is a solitary frog of a peculiar genus (Liopelma
Jwehstetteri); but it has no affinity for any of the
Australian frogs, which are numerous, and belong to
eleven different families; while the Liopelma belongs

L Inmy Geographical Distribution of Animals (1. p. 541) T have given
two peculinr Australian gencera (Orthonye and Tribonyic) as oceurring in
New Zowland,  But the former has been found in New Guines, while the
Now Zealand bind is considered to form a distinet genus, Clitonyz ; and
the Iatter inhabits Tasmania, and was recorded from New Zealand through
an error.  (Sea Jhis, 1878, p. 427.)

* The peculiar genera of Australian lizavls according to Boulenger’s
British Musenm Catalogue, are as follows :—Family Grexoxiom ; Neph-
rurus, Riiynchodora, Heteronota, Diplodactylns, dura,  Family Pyao-
roping (peeuliar): Pygopus, (!r_vptm\chu.\, Delma, Tletholax, » Aprasia,
Family Acastpa: Chelosania, Amphibolurus, Tympanocryptis, Diporo-
horm, Chlamydosanrns, Moloch, Oreodeira.  Family Scixcina @ Egerina,

machysauruy, Hemisphienodon, Fawily doubtful : Ophiopsiseps.
LA
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'“I’ _frqsh possibilities of migration; while the immense
antiquity thus given to the group and their universal
distnibution in past time, renders all suggestions of speciﬂl
modes of communication between the parts of the globe
I which their scattered remnants now happen to exist,
ulto‘gethcr superfluous and misleading. '
he bearing of this argument on our present subject is,
that 5o far as acconnting for the presence of wingless birds
m New Zealand is concerned, we have nothing whatever
to d? with any possible connection, by way of a southern
continent or antarctic islands, with South America and
South Africa, because the nearest allies of its moas an¢
KIwis are the cassowaries and emus, and we have distinct
indications of a former land extension towards North
ustralia and New Guinea, which is exactly what W€

require for the original entrance of the struthious type into
the New Zealand area.

Winged Birds and Lower Vertebrates of New Zealand.—

aving given a pretty full account of the New Zealand
fauna elsewhere! I need only here point out its bearing
on the hypothesis now advanced, of the former land-
connection having been with North Australia, New
Guinea, and the Western Pacific Islands, rather than
with the temperate regions of Australia.
_ Of the Australian genera of birds, which are found also
in New Zealand, almost every one ranges also into New
Guinea or the Pacific Islands, while the few that do mob
extend beyond Australia are found in its northern dis-
tricts. As regards the peculiar New Zealand genera, al
whose affinities can be traced are allied to birds which
belong to the tropical parts of the Australian regions
while the starling-family, to which four of the most
remarkable New Zealand birds belong (the genera
Creadion, Heterolocha, and Callweas), is totally wanting
in temperate Australia and is comparatively scarce 1m
the entire Australian region, but 1s abundant in the
Oriental region, with which New Guinea and the
Moluceas are in easy communication. It is certainly
& most suggestive fact that there are more than sixty

1 Cteographienl Distrilation of Animals, Vol. L., p. 450.
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genera of birds peculiar to the Australian continent
(with Tasmania), many of them almost or quite con-
tfined to its temperate portions, and that no single onc
of these should be represented in temperate New Zea-
land?  The . affinities of  the living and more highly
organised, no less than those of the extinet and wing-
less birds, strikingly accord with the line of communi-
cation indicated by the deep submarine lg:mk connecting
these temperate islands with the tropical parts of the
Australian region.

The reptiles, so far as they go, are quite in accordance
with the ‘birds. The lizards belong to two genera,
Lygosoma, which has a wide range in all the tropies as
well as in Australin; and Naultinus, a genus peculiar
to New Zealand, but belonging to a family—Geckonida
—spread over the whole of the warmer parts of the world.
Australia, with New Guinea, on the other hand, has a
peculiar family, and no less than twenty-one peculiar
genera, of lizards, many of which are confined to its
temperate regions, but no one of them extends to tem-
perate New Zealand? The extraordinary lizard-like
Hautteria punctata of New Zealand forms of itself a
distinct order of reptiles, in some respects intermediate
between lizards and crocodiles, and having therefore no
affinity with any living animal.

The only relirresenmtive of the Amphibia in New
Zealand is a solitary frog of a peculiar genus (Liopelina
hochstetteri); but it has no affinity for any of the
Australian frogs, which are numerous, and belong to
eleven different families; while the Liopelma belongs

L Inmy Geographical Distribution of Animals (I p. 541) I have given
two peculinr Australisn genera (Oréhonya and Tribonpa) as oceurring in
New Zealand. But the former has been found in New Guinea, while tho
New Zealnnd bird is considered to form a distinet genus, Clitony ; and
the lniter inhabits Tasmania, and was recorded from g"cw Zealand throngh
#h orvor.  (See [fbis, 1873, p, 427.)

‘f The peculiar genera of Australian lizards acconding to Boulenger's
British Museum Catalogue, are as follows :—Family (‘ECRONID® : Neph-
mhrus, Riynchedurs, Heteronota, Diplodactylns, G5dura,  Fumily Pyco.
Foning (peculiar) : Pygopus, (‘ryptohulm:x, Delma, Pletholax, « Aprasia,
Family Acasminz: Chelosania, Amphibolurns, Tympanocryptis, Diporo-
shora, Chlamydosaurns, Moloel, Oreodeira.  Family Scixcina: : Egerinn,
Frachysaurus, Hemisphuenodon. Fawily doubtful : Ophiopsiseps.
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to a very distinet family (Discoglosside), confined t©
the Palmarctic region.

Of the fresh-water fishes we need only say here, that
none belong to peculiar Australian types, but are related
to those of temperate South America or of Asia.

The Invertebrate classes are comparatively little known,
and their modes of dispersal are so varied and (fxccpti1,»1\n‘
that the facts presented by their distribution can add little
weight to those already adduced. We will, therefore, now
proceed to the conclusions which can fairly be drawn from
the general facts of New Zealand natural history already
known to us,

Deductions from the Peculiaritics of the New Zealand
Fauna.—The ~ total absence (or extreme scarcity) ©Of
mammals in New Zealand obliges us to place its union
with North Australia and New Guinea at a very remote
epoch. We must either go back to a time when Australia
itself had not vet received the ancestral forms of its
present marsupials and monotremes, or we must suppose
that the portion of Australia with which New Zealand
was connected was then itself isolated from the mainland,
and was thus without a mammalian population. We shall
see in our next chapter that there are certain facts in the
distribution of plants, no less than in the geological struec-
ture of the country, which favour the latter view. But
we must on any suppositien place the union very far back,
to account for the total want of identity between the
winged birds of New Zealand and those peculiar to
Australia, and a similar want of accordance in the
lizards, the fresh-water fishes, and the more important
insect-groups of the two countries. From what we know
of the long geological duration of the generic types of
these groups we must certainly go back to the ecarlier
portion of the Tertiary period at least, in order that there
should be such a complete disseverance as exists between
the characteristic animals of the two countries; and we
must further suppose that, since their separation, there
has been no subsequent union or sufficiently near approach
to allow of any important intermigration, even of winged

birds, between them, It seems probable, therefore, that

E—
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the Bampton shoal west of New Caledonia, and Lord
Howe's Island further south, formed the western limits
of that extensive land in which the great wingless binds
and other isolated members of the New Zealand fauna
were developed.  Whether this early land extended east-
ward to the Chatham Islands and southward to the
Macquaries we have no means of ascertaining, but as the
intervening sea appears to be not more than about 1,500
fathoms deep it is quite possible that such an amount of
subsidence may have occurred. It is possible, too, that
there may have been an extension northward to the
Kermadee Tslands, and even further to the Tonga and
Fiji Tslands, though this is hardly probable, or we should
find more community between their productions and those
of New Zealand.

A southern extension towards the Antarctic continent
at a somewhat later period scems more probable, as
affording an easy passage for the numerous species of
South American and Antarctic plants, and also for the
identical and closely allied fresh-water fishes of these
countries.

The subsequent breaking wup of this extensive land
into a number of separate islands in which the distinct
species of moa and kiwi were developed—their union
at a later period, and the final submergence of all but
the existing islands, is a pure hypothesis, which seems
necessary to explain the occurrence of so many species
of«these birds in a small area but of which we have no
independent proof. There are, however, some other facts
which would be explained by it, as the presence of three
peculiar but allied genera of starlings, the three species of
parrots of the genus Nestor, and the six distinet rails of
the genus Ocydromus, as well as the numerous species in
some of the peculiar New Zealand genera of plants, which
seem less likely to have been developed in a single area
than when isolated, and thus preserved from the counter-
acting influence of intercrossing.

In the present state of our knowledge these seem all
the conclusions we can arrive at from a study of the New
Zealand fauna; but as we fortunately possess a tolerably
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to a very distinet family (Discoglossida), confined to
the Palwarctic region.

Of the fresh-water fishes we need only say here, that
none belong to peeuliar Australian types, but are related
to those of temperate South America or of Asia.

The Invertebrate classes are comparatively little known,
and their modes of dispersal are so varied and exceptional
that the facts presented by their distribution can add Tittle
weight to those already adduced. We will, therefore, now
proceed to the conclusions which can fairly be drawn from
the general facts of New saland patural history already
known to us. _

Deductions from the Peenliaritics of the New Zealand
Fuuna—The ~ total absence (or extreme scarcity) of
mammals in New Zealand obliges us to place its union
with North Australia and New Guinea at a very remote
epoch. We must either go back to a time when Australia
itself had mnot yet received the ancestral forms of its
present marsupials and nmonotremes, Or We must suppose
that the portion of Australia with which New Zealand
was connected was then itself isolated from the mainland,
and was thus without a mammalian population. We shall
sée in our next chapter that there are certain facts in the
distribution of plants, no less than in the geological struc-
ture of the country, which favour the latter view. But
we must on any supposition place the union very far back,
to account for the total want of identity between the
winged birds of New Zealand and those peculiar to

Australia, and a similar want of accordance in the’

lizards, the fresh-water fishes, and the more important
insect-groups of the two countries. From what we know
of the long goological duration of the generic t.ypes.of
these groups we must certainly go back to the earlier
portion of the Tertiary period at least, in order that there
should be such a complete disseverance as exists between
the characteristic animals of the two countries; and we
must further suppose that, since their separation, there
hae been no subserquent yunion or sufficiently near approach
to. allow of any unportant ntermigration, even of \\'illg('(‘

hirds, between them, It seems probable, therefore, that
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the Bampton shoal west of New Caledonia, and Lord
Howe's Island further south, formed the western limits
of that extensive land in which the great wingless birds
and other isolated members of the New Zealand fauna
were developed. Whether this early land extended east-
ward to the Chatham Islands and southward to the
Macquaries we have no means of ascertaining, but as the
intervening sea appears to be not more than about 1,500
fathoms deep it is quite possible that such an amount of
subsidence may have occwrred. It is possible, too, that
there may have been an extension northward to the
Kermadee Islands, and even further to the Tonga and
Fiji Islands, though this is hardly probable, or we should
find more community between their productions and those
of New Zealand.

A southern extension towards the Antarctic continent
at & somewhat < later period seems more probable, as
affording an easy passage for the numerous species of
South American and Antarctic plants, and also for the
identical and closely allied fresh-water fishes of these
countries,

The subsequent breaking up of this extensive land
into & number of separate islands in which the distinet
species of moa and kiwi were developed—their union
at a later period, and the final submergence of all but
the existing islands, is a pure hypothesis, which seems
necessary to explain the occurrence of so many Species
of these birds in a small area but of which we have no
independent proof. There are, however, some other facts
whiclh would be explained by it, as the presence of three
peculi:u‘ but allied genera of starlings, t_he tl_m;e species of

arrots of the genus Nestor, and the six distinct m:lls of
the genus Ocydromus, as well as the numerous species 1
some of the pccnliar New Zealand gcncm-of plapts, which
soem less likely to have been developed in a single area
than when isolated, and thus preserved from the counter-
acting influence of inturcrgssiug.

In the present state of our knowledge these seem all
the conclusions we can arrive at from a study of the New
Zealand fauna; but as we fortunately possess a tolerably




npm mll be well to sce how far these con-
E ported by the facts of plant distribution,
‘hat er indications they afford us of the early
,c)f these most interesting countries. This inquiry
sufficient importance to occupy a separate chapter. ~




CHAPTER XXII

THE FLORA OF NEW ZEALAND:@ 1TS AFFINITIES AND
PROBABLE ORIGIN

Relations of the New Zealand Flora to that of Aunstralin—General Features
of the Australian Flora—The Florasof South-eastern and South-western
Auxtmlin——(h:olo,r;;ic:\l Explanation of the Differences of these two
Floras—The Origin of the Australian Elementin the New Zealand Florn
—Tropical Claracter of the New Zealand Flors Explained—Species
Comimon to New Zealand and Australia mostly Temperate Forms—Why
Easily Dispersed Plants have often Restricted Ranges—Summary and
Conclusion on the New Zealand Flora.

ArTHOUGH plants have means of dispersal far exceeding
those possessed by animals, yet as a matter of fact com-
paratively few species are carried for very great distances,
and the flora of a country taken as a whole usually affords
trustworthy indications of its past history. Plants, too, are
more numerous in species than the higher animals, and are
almost always better known ; their affinities have been more
systematically studied ; and it may be safely affirmed that
no explanation of the origin of the fauna of a country can
be sound, which does not also explain, or at least harmonise
with, the distribution and relations of its flora. The dis-
tribution of the two may be very different, but both should
be explicable by the same series of geographical changes.
The relations of the flora of New Zealand to that of
Australia have long formed an insoluble enigma for botan-
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CHAPTER XXII

.

THE FLORA OF NEW ZEALAND: 1TS AFFINITIES AND
PROBABLE ORIGIN

Relations of the New Zealand Flora to that of Australin—(eneral Features
of the Australian Flora—The Floras of South-eastern and South-western
Australin—Geological Explanation of the Differences of these two
Floris—The Origin of the Australian Element in the New Zealand Flor
—Tropical Charucter of the New Zealand Flora Explained—Species
Common to New Zealand and Australia mostly Temperate Forms—Why
Easily Dispersed Plants have often Restricted Ranges—Sumimary an
Conelusion on the New Zealand Flora. )

ArtROUGH plants have means of dispersal far exceeding
those possessed by animals, yet as a matter of fact com-
paratively few species are carried for very great distances,
and the flora of a country taken as a whole usually affords
trustworthy indications of its past history. Plants, too, are
more numerous in species than the higher animals, and are
almost always better known ; their affinities have been more
systematically studied ; and it may be safel affirmed that
no explanation of the origin of the fauna of a country can
be sound, which does not also explain, or at least harmonise
with, the distribution and relations of its flora. The dis-
tribution of the two may be very different, but both should
be explicable by the same series of geographical changes.
The relations of the flora of New Zealand to that of
Australia have long formed an insoluble enigma for botan-
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ists. Sir Joseph Hooker, in his most instructive and
masterly essay on the flora of Australia, says:— Under
whatever aspect T regard the flora of Australia and of New
Zealand, T find all attempts to theorise on the possible
causes of their community of feature frustrated by anom-
alies in distribution, such as I believe no two other similarly
situated countries in the globe present. Everywhere else
I recognise a parallelism or harmony in the main common
features of contiguous floras, which conveys the impression
of their generic affinity, at least, being affected by migra-
tion from centres of dispersion in‘one of them, or in some
adjacent country. In this case it is widely different. Re-
garding the question from the Australian point of view, it
15 impossible in the present state of science to reconcile
the fact of Acacia, Eucalyptus, Casuarina, Callitris, &e.,
being absent in New Zealand, with any theory of trans-
oceanic migration that may be adopted to explain the
resence of other Australian plants in New Zealand ; and
it is very difficult to conceive of a time or of conditions
that could explain these anomalies, except by going back
to epochs when the prevalent botanical as well as geograph-
ical features of each were widely different from what they
are now. On the other hand, if T regard the question
from the New Zealand point of view, I find such broad
features of resemblance, and so many connecting links that
afford irresistible evidence of a close botanical connection,
that T cannot abandon the conviction that these great dif-
ferences will present the least difficulties to whatever
theory may explain the whole case.” T will now state, as
briefly as possible, what are the facts above referred to as
being of so anomalous a charncter, and there is little diffi-
culty in doing so, as we have them fully set forth, with
admirable clearness, in the essay above alluded to, and in
the same writer's Iatroduction to the Flora of New Zealand,
only requiring some slight modifications, owing to the later
discoveries which are given in the Handbook of the New
Zealand Flora. : : ;
Confining ourselves always to flowering plants, we find
that the flora of New Zealand is a very poor one, consider-
ing the extent of surface, and the favourable conditions of

-
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soil and climate, Tt consists of 1,085 species (our own
islands possessing about 1,500), but a very large proportion

of these are peculiar, there being no less than 800 endemic

species, and thirty-two endemic genera.

Out of the 285 species not peculiar to New Zealand, no
less than 215 are Australian, but a considerable number of
these are also Antarctic, Sonth American, or European ; so
that there are only about 100 specics absolutely confined to
New Zealand and Australia, and, what is important as in-
dicating a somewhat recent immigration, only some half-
dozen of these belong to genera which are peculiar to the
two countries, and hardly any to the larger and more im-
portant Australian genera. Many, too, are rare species
in both countries and are often alpines.

Far more important are the relations of the genera and
families of the two countries. All the Natural Orders of
New Zealand are found in Australia except three—Coriarise,
a widely-scattered group found in £011t]1 Europe, the
Himalayas, and the Andes; Escalloniem, a widely distri-
buted group; and Chloranthacews, found in Tropical Asia,
Japnn,’i)olynesiu, and South America. Out of a total of
310 New Zealand genera, no less than 248 are Australian,
and sixty of these are almost peculiar to the two countries,
only thirty-two however being absolutely confined to them.!
In the three large orders—Composite, Orchidem, and
Graminem, the genera are almost identical in the two
countries, while the species—in the two former especially
—are mostly distinet.

Here then we have apparently a wonderful resemblance
between the New Zealand flora and that of Australia, in-
dicated by more than two-thirds of the non-peculiar species,
and more than nine-tenths of the non-peculiar genera (255)
being Australian. But now let us look at the other side
of the question.

There are in Australia seven great genera of plants, each
containing more than 100 species, all widely spread over

! These figures are taken from Mr. G. M. Thomson’s address ““On the
Origin of the New Zealand Flora,” Trans. N. Z. Institute, XIV. {1881),
Liging the Intest that T can obtain. They differ somewhat from those given

iil the first edition, but not so as to affect the conclusions drawn from
them,
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the country, and all highly characteristic Australian forms,
—Acacia, Eucalyptus, Melaleuca, Leucopogon, Stylidium,
Grevillea, and Hakea, These are entively absent from New
Zealand, except one species of Lencopogon, a genus which
also has representatives in the Malayan and Pacific Islands.
Sixteen more Australian genera have over fifty species
each, and of these eight are totally absent from New Zea-
land, five are represented by one or two species, and only
two are fairly represented; but these two—Drosera and
Helichrysum—are very widespread genera, and might have
reached New Zealand from other countries than Australia,
But this by no means exhausts the differences between
New Zealand and Australia. No less than seven Austral-
ian Natural Orders—Dilleniaces, Buettneriacem, Polygalea:,
Tremandres, Casuarinew, Hemodoraces, and Xyridea are
entirely wanting in New Zealand, and several others which
are excessively abundant and highly characteristic of the
former country are very poorly represented in the latter.
Thus, Leguminosa are extremely abundant in Australia,
where there are over 1,000 species belonging to about 100
genera, many of them altogether peculiar to the country ;
yet in New Zealand this great order is most scantily repre-
sented, there being only five genera and thirteen species ;
and only two of these genera, Swainsonia and Clianthus,
are Australian, and as the latter consists of but two species
“it may as well have passed from New Zealand to Australia
as the other way, or more probably from some third country
to them both!! Goodeniacere with ten genera and 220
species Australian, has but two species in New Zealand—
and one of these is a salt-marsh plant found also in Tas-
mania and in Chile ; and four other large Australian orders
—Rhamnesm, Myoporines, Proteacer and Santalacems, have
very few representatives in New Zealand.
We find, then, that the great fact we have to explain
and account for is, the undoubted affinity of the New Zea-

! This aceords with the general scarcity of Leguminese in Oceanic
Islands, due probably to their usually dry and heavy seeds, not adapted to
any of the forms of aérinl transmission ; and it would indicate either that
New Zealand was never absolutely united with Australia, or that the union
was at 0 very remote period when Leguminose were cither not differen-
tinted or comparatively rare,
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land flora to that of Australia, but an affinity almost ex-
clusively confined to the least predominant and least
peculiar portion of that flora, leaving the most predominant,
most characteristic, and most widely distributed portion
absolutely unrepresented. We must however be careful
not to exaggerate the amount of affinity with Australia,
apparently implied by the fact that nearly six-sevenths of
the New Zealand genera are also Australian, for, as we
have already stated, a very large number of these are
European, Antarctic, South American or Polynesian genera,
whose presence in the two contiguous areas only indicates
a common origin. About one-eighth, only, are absolutely
confined to Australia and New Zealand (thirty-two genera),
and even of these several are better represented m New
Zealand than in Australia, and may therefore have passed
from the former to the latter. No less than 174 of the
New Zealand genera are temperate South American, many
being also Antarctic ordiuropean ; while others again are
especially tropical or Polynesian ; yet undoubtedly a larger
proportion of the Natural Orders and genera are common
to Australia than to any other country, so that we may say
that the basis of the flora is Australian with a large inter-
mixture of northern and southern temperate forms and
others which have remote world-wide affinities.

General Features of the Australian Floya and its Probable
Origin—Before proceeding: to poink out how the
peculiarities of the New Zealand flora may be best
accounted for, it is necessary to consider briefly what are
the main peculiaritics of Australian vegetation, from which
go important a part of that of New Zealand has evidently
been derived.

The actual Australian flora consists of two great
divisions—a temperate and a tropical, the temperate being
again divisible mto an eastern and a western portion.
All that is most characteristic of the Australian flora
belongs to the temperate division (though these often over-
spreafl the whole continent), in which are found almost all
the remarkable Australian types of vegetation and the
numerons genera peculiar to this part of the world.
Contrary to what occurs in most other countries, the
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tropical appears to be less rich in species and genera than
the temperate region, and what is still more remarkable it
contains fewer peculiar species, and very few pecaliar
genera.  Although the area of tropical Australia is about
equal to that of the temperate }mrt.inns. and it has now been
pretty well explored botanically, it has prolml_)ly not more
than half as many species.' Nearly 500 of its species are
identical with Indian or Malayan plants, or are very close
Tépresentatives of them; while there are more than 200

ndian genera, confined for the most part to the tropical
Portion of Australia. The remainder of the tropical flora
consists of a fow species and many genera of temperate

! SiF Joseph Hooker informs me that the number of tropical Aufralian
Plants discoverad within the last twenty years is very great, and that the
statement ns above made may have to be modified. Looking, however, at

e enormous disproportion of the fizures given in the ** Introductory
Fssay ” iy 1850 (2,200 tropical fo 5,800 temperate species) it seems hardly
Possible that a oreat difference should not still exist, at all events ns
regards species.  In Baron von Miieller's latast summary of the Australiau

Yora (Second Systematic Census of Avstralian Plants, 1889), he gives the
species at 8,830, of which 3,560 ocenr in West Australia, and 3,251 in

NeW Sonth Wales, On counting the species common to these two colonies
n fifty pages of the Census taken ot random, I find them to be about
oue-tenth of the total species in both.  This would give the number of
15tinet spacies in these areas as about 6,130,  Adding to these the species
culiar to Vietoria and South Australia, we shall have a flora of near
5500 i1 the temperate parts of Australia. It is true that West Australin
extends far into the tropics, but an overwhelming majority of the species
ave heen discovered in the south-western portion of the colony, while the
species that may be exelusively tropical will be more than balanced by those
Of tempemte Queensland, which have not been taken account of, as that
colony is half temperate miftl half tropical. It thus appears probable that
r“u_t ree fourths of the species of Australian plants occur in the temperate
Tegions, and are mainly characteristic of it Sir Joseph Hooker also

Oubts the generally greater richness of tropical over temperate floras which

Ve taken ag slinost an axiom. He says: *Toking similar arcas to

Usttalia in the Western World, .., tropical Africanorth of 20°S. Lat. ag
SEMNSE temporate Africa and Europe up to 47°—I suspect that the latter
Would present more genera and species than the former.” This, however,
APPars to me to b hnnllj'n case in point, because Europe 15 a dla!ll!l:t Con-
tinoyt from Africa and has had a very different past history, and it is not o
s tomarison to take the tropical nrea inone con‘hnent while the temperte
15 M up of widely separated areas in two continents. A closer parallel
lnny Parhaps be found in equal areas of Brazil and south temperate America,
O of Mexico and the Sonthern United States, in both of which cases T
fj}‘l’l’t’f«r there can be 1ittle doubt that the tropical arcas are far the richest.
eem Tate South Africa is, no doubt, always quoted as richer than an
Qual arey of tropieal Afriea or perhaps than any part of the world of cqual
XL, but this is admitted to Y»o an exceptional case.

B e e T W
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Australia which range over the whole continent, but these
form only a small portion of the peculiarly Australian genera.

These remarkable facts clearly point to one conclusion—
that the flora of tropical Australia is, comparatively, recent
and derivative, If we imagine the greater part of North
Australia to have begn submerged beneath the ocean, from
which it rose in the middle or latter part of the Tertiary
period, offering an gxtensive aren ready to be covered by
such suitable forms of vegetation as could first reach it,
something like the present condition of things would
inevitably arise. From the north, widespread Indian and
Malay plants would quickly enter, while from the south
the most dominant forms of warm-temperate Australia, and
such as were best adapted to the tropical climate and arid
soil, would intermingle with them. Even if numerons
islands had occupied the area of Northern Australia for
long periods anterior to the final elevation, very much the
same state of things wonld result.

The existence in North and North-east Australia
of enormous areas covered with Cretaceous and
other Secondary deposits, as well as extensive Tertiary
formations, lends support to the view, that during very
long epochs temperate Australia was cut off from all clgse
connection with the tropical and northern lands by a wide
extent of sea: and thisisolation is exactly what was requir.ed,
in order to bring about the wonderful amount of special-
isation and the high development manifested by the
typical Australian flora. Before proceeding further, how-
ever, let us examine this flora itself, so far as regards its
component parts and probable past history.

The Floras of South-eastern and South-western Australia,
—The peculiarities presented by the south-eastern and
south-western subdivisions of the flora of temperate
Australia are most interesting and suggestive, and are,
perhaps, unparalleled in any other part of the world.
South-west Australia is far less extensive than the south-
eastern division—less varied in soil and climate, with no
lofty mountains, and much sandy desert; yet, strange to
say, it contains an equally rich flora and a far greater
proportion of peculiar species and genera of plants.  As Sir
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tropical appears to be less rich in species and genera than
the temperate region, and what is still more remarkable it
containg fewer peculinr species, and very few pecaliar
genera, Although the area of tropical Australia is about
equal to that of the temperate portions, and it has now been
pretty well explored botanically, it has probably not more
than half as many species.! Nearly 500 of its species are
identical with Indian or Malayan plants, or are very close
representatives of them ; while there are more than 200
Indian genera, confined for the most part to the tropical
portion of Australia. The remainder of the tropical flora
consists of a few species and many genera of temperate

1 8it Joseph Hooker informs me that the nmmber of tropical Australian
plants discovered within the last twenty years is very great, and that the
statement as above made may have to be modified. Looking, however, at
the enormons disproportion of the figures given in the “ Introductory
Essay ™ in 1850 (2,200 tropical to 5,800 temperate species) it seems hardly
possible that & great difterence should not still exist, at all events as
regards specics.  In Baron von Miieller's latast summary of the Australian
Flora (Second Systesatic Census of Avstralicn Plants, 1889), he gives the
total species at 8,839, of which 3,560 occur in West Aunstralia, and 8,251 in
New South Wales. On counting the species common to these two colonies
in fifty pages of the Census taken at random, I find them to be about
one-tenth of the totwl species in both. This wounld give the number of
distinct species in these areas as about 6,130, Adding to these the &pecies
peculiar to Victoria and South Australia, we shall have a flora of near
6,500 in the temperate parts of Australia, It is true that West Australia
extends far into the tropics, but an overwhelming majority of the species
have been discovered in the south.western portion of the colony, while the
species that may be exelusively tropical will be more than balanced by those
of temperate Queensland, whioh have not been taken nccount of, as that
colony is half temporate an'd half tropical. It thus appears probable that
full three fourths of the species of Australian plants oceur in the temperate
regions, and are wainly chavacteristic of it. Sir Joseph Hooker also
doubts the generally greater richness of tropieal over temperate florns which
I have taken as almost an axiom. He says: “Taking similar areas to
Australia in the Western World, ¢.¢., tropical Africa north of 20° 8. Lat. as
agninst temperate Africn and Europe up to 471 suspect that the latter
would present more genera and species than the former.” This, however,
ulppmm tome to be hardly a ease in point, beeause Europe 15 a distinet con-
tinent from Africa and has had a very different past history, and it is not a
fiir comnparison to take the tropical area in one continent while the tempermte
i8 mutde up of widely separated areas in two continents, A closer parallel
muy perhips be found in equal areas of Brazil and south temperate America,
or of Mexico and the Southern United States, in both of which cases 1
suppose thers can be little doubt that the tropical arcas are far the richest,
Tomperate Sonth Africa is, no doubt, always quoted as richer than au
equul aren of tropical Afriea or perhaps than any part of the world of equal
extent, but this is admitted to be an exceptional ease,




CHAP, XXIT THE FLORA OF NEW ZEALAND 103

Australia which range over the whole continent, but these
form only a small portion of the peculiarly Australian genera.

These remarkable facts elearly point to one conclusion—
that the flora of tropical Australia is, comparatively, recent
and derivative. If we imagine the greater part of North
Australia to have begn submerged beneath the ocean, from
which it rose in the middle or latter part of the Tertiary
period, offering an gxtensive area ready to be covered by
such suitable forms of vegetation as could first reach it,
something like the present condition of things would
inevitably arise. From the north, widespread Indian and
Malay plants would quickly enter, while from the south
the maost dominant forms of warm-temperate Australia, and
such as were best adapted to the tropieal elimate and arid
goil, would intermingle with them. Even if numerous
islands had occupied the area of Northern Australia for
long periods anterior to the final elevation, very much the
same state of things would result.

The existence in North and North-east Australia

of enormous areas covered with Cretaceous and
other Secondary deposits, as well as extensive Tertiary
formations, lends support to the view, that during very
long epochs temperate Australia was cut off from all close
connection with the tropical and northern lands by a wide
extent of sea ; and this isolation is exactly what was required,
in order to bring about the wonderful amount of special-
isation and the high development manifested by the
typical Australian flora. Before proceeding further, how-
ever, let us examine this flora itself, so far as regards its
component parts and probable past history.

The Floras of South-eastern and South-western Australia,
—The peculiarities presented by the south-eastern and
south-western subdivisions of the flora of temperate
Australia are most interesting and suggestive, and are,
perhaps, unparalleled in any other part of the world.
South-west Australia is far less extensive than the south-
castern division—less varied in soil and climate, with no
lofty mountains, and much sandy desert; yet, strange to
gay, it contains an equally rich flora and a far greater
proportion of peculiar species and genera of plants.  As Sir
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Joseph Hooker remarks :—“ What differences there are
in conditions would, judging from analogy with other
countries, favour the idea that South-eastern Australia,
from its far greater area, many large rivers, extensive
tracts of mountainous country and humid forests, would
present much the most extensive flora, of which only the
drier types could extend info South-western Australia.
But such ig not the case ; for though the far greaterarea is
much the best explored, presents more varied conditions,
and is tenanted by a larger number of Natural Orders and
genera, these contain fewer species by several hundréds.™

The fewer genera of South-western Australia are due
“almost wholly to the absence of the numerous Eurgpean,
Antarctie, and South-American types found in the south-
castern region, while in purely Australian types
it is far the richer, for while it contains most of those
found in the east it has a large number altogether
pecaliar to it; and Sir Joseph Hooker states that
“there are abont 1S0 ‘genera, out of 600 in Sonth-
western Australia, that are either not found at all in
South-eastern, or that are represented there by a very few
spec:xesnonly, and these 180 genera include nearly 1,100
species. !

Geological Evplanation of the Differences of these Two
Flopas—These facts again clearly point to the conclusion
that South-western Australia is the remnant of the more
extensive and more isolated portion of the continent in
which the peculiar Australian flora was principally
developed. The existence there of a very large area of
aranite—S00 miles in length by nearly 500 in maximum
width with detached masses 200 miles to the north and
500 miles to the east—indicates such an extension ; for these

1 8ir Joseph Hooker thinks that later discoveries in the Australian Alps
and other parts of Bast and South Australia may have greatly modified or
erhaps reversed the aliove estimate, and the figures given in the preced-
g note indieate that this is so.  But still, the small area of South-west
Australia will be, proportionally, far the rvicher of the two. It is mueh to
be desived that the enormous mass of facts contained in Mr. Bentham's
WMora Australicnsis and Bavon von Miieller’s Consus should be tabmlated
and compared by some competent botanist, so as to exhibit the vavious

relutions of its wonderful vegetation in the samo manner as was done by
Sir Joseph Hooker with the materials available twenty.one years ago.




Jin a more or less fragmentary

cuar. xx1t THE FLORA OF NEW ZEALAND 495

granitic mass2s were certainly once buried nnder piles of
stratified rock, since denuded, and then formed the nucleus
of the old Western Australian continent. If we take the
1000-fathom line around the southern part of Australia to
represent the probable extension of this old land we shall see
that it would give a wide additional area sout h of the Great
Australian Bight, and form a continent which, even if the
greater part of tropical Australia were submerged, would be
sufficient for the development of a peculiar and abundant
flora. We must also remember that an elevation of 6000
feet, added to the vast amount which has been taken away
by denudation, would change the whole country, including s
what gre now the deserts of the interior, into a mountain-
ous and well-watered region.

But while this rich and peculiar flora was in process of
formation, the eastern portion of the continent must cither
have been widely separated from the western or had
perhaps not yet risen from the ocean. tl‘he who]‘c of this
part of the country consists of Palwozoic and Secondary
formations with granite and metamorphic rocks, the
Secondary deposits being largely developed on both sides
of the central range, extending the whole length of the
continent from Tasmania to Cape York, and constituting

the greater part of the plateau of the Blue Mountains and
other lofty ranges, During some portion of the Secondary
’ de of Australia must

and Tertiary periods therefore, this si
have been almost wholly submerged beneath the ocean;
and if we suppose that during this time the western part
of the continent was at nearly its maxumuin extent and
eleyation, we shall have a sufficient explanation ‘of the
great difference between the flora of Western and ]&;.tjtem
Australia, since the latter would only have been .a] e t3
receive immigrants from the former, at a later pexiod, ail
manner. . (1
If we examine the geological map of Australia l(glr“l.“ in
Stanford’s Compendium of Geography and Tm.vcl k ;u ‘tllm(:,
Australosia), we shall see gogl. reason to conc mt e' f‘ll}
the eastern and the western divisions of the cou_lt;:iy lt[at.
existed as separate islands, and only bumtllcmutl:1 ba m;:
comparatively recent €poc 1. This 15 1ndl ¥
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enormons streteh of Cretaceous and Tertiary formations
extending from the Gulf of Carpentaria completely across
the continent to the mouth of the Murray River. During
the Cretaceous period, thercfore, and probably throughout
a considerable portion of the Tertiary epoch,! there must
haye been a wide arm of the sea oceupying this area,
dividing the great mass of land on the west—the true seat
and origin of the typical Australian flora—from a long but
narrow belt of land on the cast, indicated by the continnous
mass of Secondary and Palwozoic formations already
referred to which extend uninterruptedly from Tasmania
to Cape York. Whether this formed one continuous land,
or was broken up into islands, cannot be positively
determined ; but the fact that no marine Tertiary beds
oceur in the whole of this area, renders it probable that it
was almost, if not quite, continuous, and that it not
improbably extended across to what is now New Guinea.
At this epoch, then (as shown in the accompanying map),
Australia may, not improbably, have consisted of a very
large and fertile western island, almost or quite extra-
tropical, and extending from the Silurian rocks of the Flin-
ders range in South Australia, to about 150 miles west of the
present west coast, and southward to about 350 miles south
of the Great Australian Bight. To the east of this, at a
distance of from 250 to 400 miles, extended in a north and
south direction a long but comparatively narrow island,
stretching from far south of Tasmania to New Guinea;
while the erystalline and Secondary formations of central
North Australia probably indicate the existence of one or
more large islands in that divection.

The eastern and the western islands—with which we are
now chiefly concerned—would then differ considerably in
their vegetation and animal life. The western and more
ancient land already possessed, in its main features, the

! From an cxamination of the fossil corals of the South.-west of Vietoria,
Professor P, M. Duncan conclundes—** that, at the time of the formation of
these deposits the central area of Australin was oceupied by sea, having
open water to the north, with reefs in the neighbourhood of Java.” The
age of these fossils is not known, but as almost all are extinet species, aud
some nre nlmost identical with European Plioeens and Miocene species,
they are supposed to belong to u corresponding period.  (Jowrnal of Geol.
Soe,, 1870.)

-
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peculiar Australian flora, and also the ancestral forms of
its strange marsupial fauna, both of which it had probably
received at some earlier epoch by a temporary union with
the Asiatic continent over what is now the Java sea.

E?Q':.'EI-'-'.".:
Walkrr & Lewiall o,

MAF SUHOWING THE FROBABLE CONDITION OF AUSTRALIA DURING THE CRETACEOUE
ANTY EANLY TERTIARY PERIGDE,

Tl white portions represent band ; the ghndeld parts sen.
% The existing Innid of Australis =2 shown 15 optline.

Fastern Australia, on the other hand, possessed only the
rudiments of its existing mixed flora, derived from three
Jdistinct sonrces.  Some important fragments of the typical
Anstralian vegetation had reached it across the marine

ERK
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strait, and had spread widely owing to the soil, climate and
general conditions being exactly suited toit: from the
north and north-east a tropical vegetation of Polynesian
type had occupied suitable areas in the north ; while the
extension southward of the Tasmanian peninsula, accom-
panied, probably, as now, with lofty mountains, favoured
the immigration of south-temperate forms from whatever
Antarctic lands or islands then existed. This supposition
is strikingly in harmony with what is known of the ancient
flora of this portion of Australia. In deposits supposed to
be of Eocene age in New South Wales and Vietoria fossil
plants have been found showing a very different vegetation
from that now existing. Along with a few Australian
types—such as Pittosporum, Knightia,and Eucalypths, there
oceur birches, alders, oaks, and beeches ; while in Tasmania
in freshwater limestone, apparently of Miocene age, are
found willows, alders, birches, oaks, and beeches,! all except
the latter genus (Fagus) now quite extinct in Australia?
These temperate forms probably indicate a more oceanic
climate, cooler and moister than at present. The union
with Western Australia and the establishment of an arid
interior by modifying the climate may have led to the ex-
tinction of many of these forms and their replacement by
gpecial Australian types more suited to the new conditions.

At this time the marsupial fauna had not yet reached this
eastern land, which was,lho\vever, occupied in the north by
some ancestral struthious birds, which had entered it by
way of New Guinea through some very ancient continental
extension, and of which the emu, the cassowaries, the
extinct Dromornis of Queensland, and the moas and kiwis
of New Zealand, are the modified descendants.

The Origin of the Australian Element in the New Zealand
Flora—We have now brought down the history of
Australia, as deduced from its geological structure and the
main features of its existing and Tertiary flora, to the period

: 5 On the Origin of the Fauna and Flora of New Zealand,"” by Captain
FQS“) Hutton, in dnnals and Mag. of Nat. Hist. Fifth sories, p. 427 (June,

884).
* Mo these must now be added the genern Sequoia, Myrica, Aralia, and

Acer, described by Baron von Ettingshausen, ( Z9ans, N.Z. Institute, Xix.,
P 449.)
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when New Zealand was first brought into close connection
with it, by means of a great north-western extension of that
country, which, as already explained in our last chapter, is
so clearly indicated by the form of the sea bottom (See
Map, p. 471). The condition of New Zealand previous to
this event is very obscure. That it had long existed as a
more or less extensive land is indicated by its ancient sedi-

mentary rocks; while the very small areas oceupied by -

Jurassic and Cretaceous deposits, imply that much of the
present land was then also above the sea-level. The

country had probably at that time a scanty vegetation of

mixed Antarctic and Polynesian origin ; but now, for the
first tinge, it would be open to the free immigration of such
Australian types as were suitable to its climate, and which
had already reached the tropical and subi-tropical portions of
the Eustern Australian island. Tt is here that we obtain
the clue to those strange anomalies and contradictions pre-
sented by the New Zealand flora in ifsrelation to Australia,
which haye been so clearly set forth by Sir Joseph Hooker,
and which have so puzzled botanists to account for. But
these apparent anomalies cease to present any difficulty
when we see that the Australian plants in New Zealand
were acquired, not directly, but, as 1t were, at second hand.
by union with an island which itself had as yet only
received a portion of its existing flora.  And then, further
difficulties were placed in the way of New Zealand re-
ceiving such an adequate representation of that portion
of the flora which had reached East Australia as its
climate and position entitled it to, by the fact of the union
being, not with the temperate, but with the tropical and
sub-tropical portions of that island, so that only those
groups- conld be aequired which were less exclusively
temperate, and had already established themselves in the
Warmer portion of their new home?

! The large collection of fossil plants from the Tertiary beds of New
Zealand which have been recontly described by Baron von Ettingshansen
{ Trans. N. Z. Inst,, vol. xxiii,, pp. 287—310}, prove that a change in the
vegetation has ocenyred similar to that which has taken place in Eastern
Anstralin, and that the plants of the two countries once resembled erch
other more than they do now. We have, first, a series of groups now
Lving in Australia, but which have become extinet in New Zealand, as

K K =
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It 1s therefore no matter of surprise, but exactly what we
should expect, that the great mass of pre-eminently
temperate Australian genera should be absent from New
Zealand, including the whole of such important families
as, Dilleniacee Tremandrem, Buettneriace, Polygalem,
Casuarinee and Hm=modoraces; while others, such as
Rutacem, Stackhousie, Rhamnew®, Myrtacem, Proteacem,
and Santalacem, are represented by only a few species,
Thus, too, we can explain the absence of ¢/l the peculiar
Australian Leguminos® ; for these were still mainly
confined to the great western island, along with the
peculiar Acacias and Eucalypti, which at a later period
spread over the whole continent. It is equally ageordant
with the view we are maintaining, that among the groups
which Sir Joseph Hooker enumerates as “keeping up the
features of extra tropical Australia in its tropical quarter,”
several should have reached New Zealand, such as Drosera
some Pittospore and Myoporinew, with a few Proteacew,
Loganiacew, and Restiacem ; for most of these are not onl
found in tropical Australia, but also in the Malayan and
Pacific islands,

Tropical Character of the New Zealond Flora Explained.—

In this origin of the New Zealand fauna by a north-western
route from North-eastern Australia, we find also an
explanation of the remarkable number of tropical groups of
plants found there : for thongh, as Sir Joseph Hooker has

Cassia, Dalbergis, Eucalyptus, Diospyros, Dryandra, Casuarina, and Ficus s
and also such northern genera as Acer, Planera, Ulmus, Querens, Alnus,
Myrica, and Sequoia. ~ All these latter, except Ulmus and Planera, have
been found also in the Eastern-Australian Tertiaries, and wo may therefore
consider that at this period the northern temperate clement in both floms
was identical.  If this flora entered both countries from the south, aud wis
really Antarctic, its extinction in New Zealand may have been dune to the
submergence of the country to the south, and its elevation and extension
towards the tropics, admitting of the incursion of the large number of
Polynesian and tropical Australian types now found there; while the
Australian portion of the same florn may have succumnbed at s somewhat later
kl‘c;riod, when the elevation of the Cretaceons and Tertiary sen united it with

Vestern Australia, and allowed the rich typical Australian flora o overrun
the country, Of course we are assuming that the identification of thess
genera s for the most part correct, though almost entirely founded on
loaves only. Fuller knowledge, both of the extinet flora itself and of the
Beological age of the several deposits, is requisite before any trustworthy
explatintion of the jlenomena can be arrived at,

——
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of tropical forms in the temperate zone, yet some means
must be afforded them for reaching a temperate island. On
carefully going through the Handbook, and comparing its
indications with those of Bentham's Flora Australicnsis, I
find that there are in New Zealand thirty-eight thoroughly
tropical genera, thirty-three of which are found in
Australia—mostly in the tropical portion of it, though a few
are temperate, and these may have reached it through New
Zealand.! To these we must add thirty-two more
geénera, which, though chiefly developed in temperate
Australia, extend into the tropical or sub-tropical portions
of it, amd may well have reached New Zealand by the
same route.

~ On the other hand we find but few New Zealand genera
certainly derived from Australia which are especially
temperate, and it may be as well to give a list “of such as

1 The following are the tropical gemera common to New Zealand and
Aunstmalin :— .

—

Nelicope. Queensland, Pacific Tslands,
Hugenia, Eastern and Tropical Australia, Asia, and Amerien. :
Passifiora, N.S.W. and Quoensland, Tropies of Okt World and Ameriea.
Myraine. Tropical nnd Temperate Australio, Tropieal and Bub-tropical roglons.
Sapota. Austmlia, Norfolk Tslands, Tropics.
Cgathodes. Australia and Paclfie Islands.
Parsonria.  Tropical Australia and Asia,
Geniostoma.  Queensiand, Polynesia, Asin,
Mifrasseme. Tropical and Temperate Austealis, Tndix.
Iromea. Tropleal Australis, Tropics,
MNazua, Temperate Austealia, Indls, Clinn.
Vitex. Tropical Australla, Tropieal and Sub-troplesl.
Pisonia. ‘Tropical Australin, Tropieal and Sab.tropieal,
1. Alternanthera, Tropieal Austmlia, Indis, and 8. America.
Teirdnthera.  Tropical Australia, Tropics.
. Santalum, Tropical and Sub.tropical Austmlin, Pueific, Malay Islandy,
Carnmbium. 'h'opical and Bub-fropical Anstratia, Pacltie Isiands.
Elatostewima.  Sub-tropies] Australia, Asia, Paelfle Istasds.
10. Peperomiie.  Tropical and Sub-tropical Australin, Tropics,
20." Piper. 'Tropical at Sub-tropieal Australia, Tropics.
21, Daerpdium, Tasmanla, Malay, and Pacific Islands,
22, Damwmara. Tropical Australin, Maluy, and Paeifie Islands. A
43, Dendvobinm, ‘Tropical Anstralia, Eastern Troples.
24, Bolbophylium,  Tropleal snd Sub-tropical Australia, Tropies
25, Sercoehilee. Tropleal and Sub-tropieal Avstralia, Fiji, and Maluy Tslands
N0 Freycinetio  Tropical Austmlia, Tropical Axia,
47, Cordyline, Tropical Anstralia, Pacific lslands,
2%, Dianella, Australia, Indin, Madagsscar, Pacifle Islands.
20, Cyperwt.  Austalin, Tropical rogions mainly.
a0, Fimbristylin, Tropical Australin, Tropieal reglons.
81, Pagpolem,  Tropieal and Sub4ropical grasses.
82, Trachne. Tropieal and Suletropical giasses,
33, Sporobolus. Tropleal and Sub-tropical grasses.

o4 o
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do occur with a few remarks. They are sixteen in number,
as follows - —

1, Pennantia (1 sp.). This genns has a species in Norfolk: Island, indi-

cating perhups its former extension to the north.west.

TPomaderris (3 sp.).  One species inhabits Vietoria and New Zealand,

indicating recent trans-oceanic migmtion.

. Quintinia (2 sp.). This genus has winged sceds facilitating migration,

. Olearia (20 sp.). Seeds with pappus.

. Crnspedia (2 sp.).  Seeds with pappus.  Alpine; identical with
Australian spocies, and therefore of comparatively recent introdue-
tion.

6. Celinisia (25 sp.). Sceds with ‘)ap]_mq. Ouly three Australian specics,
two of which are identical with Now Zealand forms, probibly
therefore derived from New Zealand,

7. Ozothamnus (3 sp.).  Seeds with pappus.

§. Epacris (4 sp.). Minute sceds. Some species are sub-trdpical, and
they are all found in the northern (warmer) island of New Zealund,

0. Archeria (2 sp.).  Minute seeds. A species common to E. Australin
and New Zealand.

10. Logania (3 sp.). Small seeds. Alpine plants,

11. Hedycaryn (1 sp.).

12, Chiloglottis (1 sp.). Minute sceds. In Auckland Islauds; alpine in

Austmalia.
13, Prasophyllum (1 sp.). Minute sceds.  Identical with Australian
. species, indicating recent transmission.

14, Orthoceras (1 sp.). DMinute seeds. Identical with an Australian

species,

15. Alepyrum (1 sp.).  Alpine, moss-like. An Antaretic type.

16. Dichelachne (3 sp.). Identical with Austrlinn species. An pwned

{rmss,

o

oW

We thus see that there are special features in most of
these plants that would facilitate transmission across the
sea between temperate Australia and New Zealand, or to
both from some Antarctic island; and the fact that in
several of them the species are absolutely identical shows
that such transmission has oceurred in geologically recent
times.

Species Common to New Zealand and Australia Mostly
Temperate Forms—Let us now take the specics which are
common to New Zealand and Australia, but found nowhere
clse, and which must therefore have passed from one
country to the other at a more recent period thar the mass
of genera with which we have hitherto been dealing.
These are ninety-six in number, and they present a strikin
contrast to the similarly restricted gencra in being wholly
temperate in character, the entive list presenting only a

.* —
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single species which is confined to sub-tropical' East
Australin—a grass (Apera arundinacea) only found ina few
localities on the New Zealand coast.

Now it is clear that the larger portion, if not the whole,
of these plants must have reached New Zealand from
Australia (or in a few cases Australia from New Zealand),
by transmission across the sea, because we know there has
been no actual land connection during the Tértiary period,
as proved by the absence of all the Ausiralian mammalia,
and almost all the most characteristic Australian birds,
insects, and plants. The form of the sea-bed shows that
the distance could not have been less than 600 miles, even
durings the greatest extension of Southern New Zealand

. and Tasmania; and we have no reason to suppose it to
have been less, because in other cases an equally abundant
flora of identical species has reached islands at a still
greater distance—notably in the case of the Azores and
Bermuda. The character of the plants is also just what
we should expeet : for about two-thirds of them belong to
genera of world-wide range in the temperate zones, such as
Ranunculus, Drosera, Epilobium, Gnaphalium, Senecio,
Convolyulus, Atriplex; .J[mzula, and many sedges and
grasses, whose exceptionally wide distribution shows that
they possess-exceptional powers of dispersal and vigour of
constitution, enabling them not only to reach distant

' countries, but also to establish themselves there. Another

set of plants belong to especially Antarctic or south tem-
rate groups, such as Colobanthus, Acena, Gaultheria,
ernettya, and Muhlenbeckia, and these may in some cases
have reached both Australia and New Zealand from some
now submerged Antarctic island. Again, about one-fourth
of the whole are alpine plants, and these possess two
advantages as colonisers. Their lofty stations };laco them
in the best position to have their seeds carried away by
winds ; and they would in this case reach a country which,
| having derived the earlier portion of its flora from the side
of the tropics, would be likely to have its higher mountains
and favourable alpine stations toa great extent unocenpied,
or occupied by plants unable to compete with specially
ndnptu? alpine groups.
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Fully one-third of the exclusively Australo-New Zealand
species belong to the two great orders of the sedges and
the grasses; and there'can be no doubt that these have
great facilities for dispersion in a variety of ways. Their
seeds, often enveloped in chaffy glumes, would be carried
long distances by storms of wind, and even if finally dropped
into the sea would have so much less distance to reach the
land by means of surface currents; and Mr. Darwin's
experiments show that even cultivated oats germinated
after 100 days’ immersion in sea-water.  Others
have hispid awns by which they wonld become attached
to the feathers of birds, and there is no donbt this is an
effective mode of dispersal. But a still more important

point is, probably, that these plants are generally, if not_

always, wind-fertilised, and are thus independent of any
peculiar insects, which might be wanting in the new
country,

Why Easily-Dispersed Plants have often Restricted Ranges.
—This last consideration throws light on a very curious
point, which has been noted as a difficulty by Sir Joseph
Hooker, that plants which have most clear and decided
powers of dispersal by wind or other means, have nt
generally the widest specific range ; and he instances the
small number of Composita common to New: Zealand and
Australia. But in all these cases it will, I think, be found
that although the species have not a wide range the genera
often have. In New Zealand, for instance, the Composita
are very abundant, there being no less than 167 species,
almost all belonging to Australian genera, yet only about
one-sixteenth _of the whole are identical in the two
countries. The explanation of this is not difficult.  Owing
to their great powers of dispersal, the Australian Composita
reached New Zealand at a very remote epoch, and such as
were adapted to the climate and the means of fertilisation
established themselves ; but being highly organised plants
with great flexibility of organisation, they soon became
modified in accordance with the new conditions, producing
many special forms in different localities ; and these, spread-
mg widely, soon took possession of all suitable stations.
Henceforth immigrants from Australia had to compete
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with these indigenous and well-established plants, and only
in a few cases were able to obtain a footing; whence it
arises that we have many Australian types, but few
Australian species, in New Zealand, and both phenomena
are directly traceable to the combination of great powers of
dispersal with a high degree of adaptability. Exactly the
same thing occurs with the still more highly specialised
Orchidex. These are not proportionally so numerous in
New Zealand (thirty-eight species), and ‘this is no doubt
due to the fact that so many of them require insect-
fertilisation often by a particular family or genus (whercas
almost any insect will fertilise Composite), and insects of
all orders are remarkably scarce in New Zealand.! This
would at once prevent the establishment of many of the

- . . . D
orchids which may have reached the islands, while those

which did find suitable fertilisers and other favourable con-
ditions would soon become modified into new species, It
is thus quite intelligible why only three species of orchids
are identical in Australia and New Zealand, although their
minute and abundant seeds must be dispersed by the
wind almost as readily as the spores of ferns.

Another specialised  group—the  Scrophularinesw—
abounds in New Zealand, where there are sixty-two species ;
but though almost all the genera are Australian only three
species are 0. . Here, too, the seeds are usually very small,
and the powers of dispersal great, assshown by several
European genera—Veranica, Euphrasia, and Limosella,
being found in the southern hemisphere,

Looking at the whole series of thesa Australo-New
Zealand plants, we find the most highly specialised
groups—Composite, Scrophularinem, Orchidem—with a
small proportion of identical species (one-thirteenth to one
twentieth), the less highly specialised—Ranunculaces,
Onagrarie and Erice—with a higher proportion (one-
ninth to one-sixth), and the least specialised—Juncem,

! Inscets am tolerahly abundant in the open mountsin regions, but very
scarco inthe forests.  Mr. Meyrick says that these am *strangely deficient
in indects, the same species oceurring throughout the islands;* and Me.
Pascoe remarked that *the forests of New Zealand were the most barren

mnpnt;y, eutomologically, he had ever visitod.” (Pros, Ent, Soc., 1883, o
xxix
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Cyperacem and Graminem—with the high proportion in
each case of one-fourth. These nine are the most
important New Zealand orders which contain species
common to that country and Australia and confined to
them ; and the marked correspondence they show between
high specialisation and want of specific identity, while the
generic identity is in all cases approximately equal, points
fo the conclusion that the means of diffusion are, in almost
all plants ample, when long periods of time are concerned,
and that diversities in this respect are not so important
in determining the peculiar character of a derived fora, as
adaptability to varied conditions, great powers of multi-
plication, ‘and inherent vigour of constitution. Thie point

will have to be more fully discussed in treating of the _

origin of the Antarctic and north temperate members of
the New Zealand flora.

Sumanary and Coneclusion on the New Zealand Flora.—Con-
fining ourselves strictly to the direct relations between the
plants of New Zealand and of Australia, as I have done in
the preceding discussion, I think I may claim to have
ghown that the union between the two countries in the lat-
ter part of the Secondary epoch at a time when Eastern
Australia was widely separated from Western Australia (as
shown by its geological formation and by the contour of
the sea-bottom) does sufficiently account for all the main
features of the New Zealand flora. Tt shows why the
basis of the flora is fundamentally Australian both as re-

gards orders and genera, for it was due either to a direct -

land connection or a somewhat close approximation
between the two countries. It shows also why the great
mass of typical Australian forms are unrepresented, for the
Australian flora is typically wesfern and femperate, and New
Zealand received its immigrants from the easfern island
which had itself received only a fragment of this flora, and
from the #repical end of this island, and thus could only
receive such forms as were not exclusively temperate in
character. It shows, further, why New Zealand contains
such a very large proportion of tropical forms, for we see
that it derived the main portion of its flora directly from
the tropics. Again, this hypothesis shows us why, though
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the specially Australian genera in New Zealand are
largely tropical or sub-tropical, the specially Australian
species are wholly temperate or alpine; for these are
comparatively recent arrivals, they must have migrated
across the sea in the temperate zone, and these temperate
and alpine forms are exactly such as would be best able to
establish themselves in a country already stocked mainly
by tropical forms and their modified descendants. This
hypothesis further fulfils the conditions implied in Sir
Joseph Hooker's anticipation that—< these great differ-
ences (of the Horas) will present the least’ difficulties to
whatever theory may explain the whole case,”—for it
showsethat these differences are directly due to the history
and development of the Australian flora itself, while the
resemblances depend npon the most certain cause of all
such broad resemblances—close proximity or actual land
conneetion.

One objection will undoubtedly be made to the above
theory,—that it does not explain why some species of the
prominent Australian genera Acacia, Eucalyptus, Melaleuca,
Grevillea, &e., have not reached New Zealand in recent
times along with the other temperate forms that have
established themselves. But it is doubtful whether any
detailed explanation of such a negative fact is possible,
while general explanations sufficient to cover it are not
wanting. Nothing is more certain than that numerous
plants never run wild and establish themselves in countries
where they nevertheless grow freely if cultivated ; and the
explanation of this fact given by Mr. Darwin—that they
are prevented doing so by the competition of better
adapted forms—is held to be gufficient. In this particular
case, however, we have some very remarkable evidence of
the fact of their non-adaptation. The intercourse between
New Zealand and Kurope has been the means of intro-
ducing a host of common European plants,—more than
150 in number, as enumerated at the end of the second
volume of the Handbook ; yet, although the intercourse
with Australia has probably been greater, only two or
three Australian plants have similarly established them-
selves.  More remarkable still, Sir Joseph Hooker states :
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“I am informed that the late Mr. Bidwell habitnally
scattered Australian seeds during his extensive travels in
New Zealand.” We may be pretty sure that seeds of such
excessively common and characteristic groups as Acacia
and Hucalyptus would be among those so scattered, yet we
have no record of any plants of these or other peculiar
Australian genera ever having been found wild, still less of
their having spread and taken possession of the soil in the
way that many European plants have done. We are, then,
entitled to conclude that the plants above referred to have
not established themselves in New Zealand (although
their seeds may have reached it) because they could not
successfully compete with the indigenous flora which was
already well established and better adapted to the con-
ditions of climate and of the organic environment, This
explanation is so perfectly in accordance with a large body
of well-known facts, including that which is known to
every one—how few of our oldest and hardiest garden
plants ever run wild—that the objection above stated will,
I feel convinced, have no real welght with any naturalists
who have paid attention to this class of questions.
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CHAPTER XXIII
-
o ON THE ARCTIC ELEMENT IN SOUTH TEMPERATE FLORAS

European Species and Genera of Plants in the Southern Hemisphore—
Aggressive Power of the Scandinavian Flora—Means by which Plants

E) have Migrated from North to South—-—Ncwlf moved Soil ns Affording
) Temporary Stations to Migrating Plants—Elevation and Depression of
(1) the Snow-line as Aiding tﬁhii ration of Plants—Changes of Climate

Favourable to Migration—The Migration from North {o South has been
long going on—Geological Changes as Aidin Migration—Proofs of
Migration by way of the Andes—Proofs of ) igration by way of the
Himalayas and Southern Asia—Proofs of Migration by way of the
African Highlands—Supposed Connection of South Africa and Australia
—The Endemic Genera of Plants in New Zealand—The Absence of
Southern Types from the Northern Hemisphere—Concluding Remarks
. on the New Zealand and South Tcmpcmto’i’loms. ]

WE have now to deal with another portion of the New
Zealand flora which presents perhaps equal difficulties—
that which appears to have been derived from remote parts
of the north and south temperate zones; and this will lead
us to inquire into the origin of the northern or Arctic
element in all the south temperate floras.

More than one-third of the® entire number of New
Zealand genera (115) are found also in Europe, and even
fifty-cight species are identical in these remote parts of
the world. Temperate South America has seventy-four
genera in common with New Zealand, and there are even
eleven species identical in the two countries, as well as
thirty-two which are close allies or representative species,
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A considerable number of these northern or Antarctic
plants and many more which are representative species, are
found also in Tasmania and in the mountains of temperate
Australia; and Sir Joseph Hooker gives a list of thirty-
eight species very characteristic of Europe and Northern
Asia, but almost or quite unknown in the warmer regions,
which yet reappear in temperate Australia. Other genera
seem altogether Antarctic—that is, confined to the extreme
southern lands and islands; and these often have repre-
sentative species in Southern America, Tasmania, and
New Zealand, while others oceur only in one or_two of
these areas. Many north temperate genera also oceur in
the mountains of South Africa. On the other hand, few if
any of the peculiar Australian or Auntarctic types have

spread northwards, except some of the former which have *

reached the mountains of Borneo, and a few of the latter
which spread along the Andes to Mexico.

On these remarkable facts, of which I have given but
the barest outline, Sir Joseph Hooker makes the following
suggestive observations — :

“ When T take a comprehensive view of the vegetation of
the Old World, I am struck with the appearance it presents of
there being a continuous current of vegetation (if I may so
fancifully express myself) from Scandinavia to Tasmania ;
along, in short, the whole extent of that are of the terres-
trial sphere which presents the greatest continuity of land.
In the first place gcam]iunvizm genera, and even species,
reappear everywhere from Lapland and Iceland to the tops
of the Tasmanian Alps, in rapidly diminishing numbers i
18 true, but in vigorous clevelop}n(:nt threughout. They
abound on the Alps and Pyrenees, pass on to the Caucasus
and Himalayas, thence they extend along the Khasia
hi'lountams, and those of the peninsulas of India to those of
Ceylon and the Malayan” Archipelago (Java and Borneo),
and after a hiatus of 30° they appear on the Alps of New
bouhth Wales, Vietoria, and Tasmania, and beyond these
again on those of New Zealand and the Antarctie Islands,
many of the species remaining unchanged throughout ! It
n‘l:xytem not \v!lat the vegetation of the bases and flanks of
these mountains may be ; the northern species may be

\K
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associated with alpine forms of Germanie, Siberian, Oriental,
Chinese, American, Malayan,' and finally Australian, and
Antarctic types; but whereas these are all, more or less,
local assemblages, the Scandinavian asserts his prerogative
of ubiguity from Britain to beyond its antipodes.” !

It is impossible to place the main facts more forcibly
before the reader than in the above striking passage. It
shows clearly that this portion of the New Zealand flora is
due to wide-spread causes which have acted with even
oreater effect in other south temperate lands, and that in
order to explain its origin we must grapple with the entire
problem of the transfer of the north temperate flora to the
southern hemisphere. Taking, therefore, the facts as given
by Sit Joseph Hooker in the works already referred to,
I shall discuss the whole question broadly, and shall
endeavour to point out the general laws and subordinate
causes that, in my opinion, have been at work in bringing
about the anomalous phenomena of distribution he has
done so much to make known and to elucidate.

Aggressive Power of the Scandinavian Flora—The first

important fact bearing upon this question is the wonderful

aggressive and colonising power of the Scandinavian flora,
as shown by the way in which it establishes itself in any
temperate country to which it may gain access. About 150
species have thus established themselves in New Zealand,
often taking possession of large tracts of country ; about the
same number are found in Australia, and nearly as many in
the Atlantic states of America, where they form the
commonest weeds,  Whether or not we accept Mr. Darwin’s
explanation of this power as due to development in the
most extensive land area of the globe where competition
has been most severe and long-contihued, the fact of the
existence of this power remains, and we can see how import-
ant an agent it must be in the formation of the floras of
any lands to which these aggressive plants have been able
to gain access.

But not only are these plants pre-eminently capable of
holding their own in any temperate country in the world,
but they also have exceptional powers of migration and dis-

! Introductory Essay On the Flora of Australia, p. 130,
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ersal over seas and oceans. Thisis especially well shown
y the case of the Azores, wlere no less than 400 out of a
total of 478 flowering plants are identical with European
species. These islands are more than 800 miles from
Europe, and, as we have already seen in Chapter XIL,
there is no reason for supposing that they have ever been
more nearly connected with it than they are now, since an
extension of the European coast to the 1,000-fathom line
would very little reduce the distance. Now it is a most
interesting and suggestive fact that more than half the
European genera which occur in the Australian flora oceur
also in the Azores, and in several cases even the species are
identical in both.! The importance of such a case as this
cannot be exaggerated, because it affords a demonstration
of the power of the very plants in question to pass over
wide areas of sea, some no doubt wholly through the air,
carried By storms in the same way as the European birds
and insects which annually reach the Azores, others by
floating on the waters, or by a combination of the two
methods ; while some may have been carried by aquatic
birds, to whose feathers many seeds have the power of
attaching themselves, and some even in the stomachs of
fruit or seed eating birds. We have in such facts as these
a complete disproof of the necessity for those great changes
of sea and land which are continually appealed to by those
who think land-connection the only efficient means of ac-
counting for the migration of animals or plants ; but at the
same time we do not neglect to make the fullest use of
such moderate changes as all the evidence at our com-
mand leads us to believe have actually occurrqd, and
especially of the former existence of iqtenncdiate islands,
80 often indicated by shoals in the midst of the deepest
oceans, R

Means by which Plonts have w_a.-iyrdta] from North to
Scuth—But if plants can thus passin considerable numbers
and variety over wide seas and oceans, it must be yet more
easy for them to traverse continuous areas of land, where-
ever mountain-chains offer suitable stations at moderate

1 Maoker, On the Flora of Australiv, p. 95.—H. €, Watson, in Godman’s
Azores, pp, 978,936,
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intervals on which they might temporarily establish them-
selves. The facilities afforded for the transmission of plants
by mountains has hardly received sufficient attention. The
numerous land-slips, the fresh surfaces of broken rock and
Erecipice, the debris of torrents, and the moraines deposited

y glaciers, afford numerous unoceupied stations on which
wind-borne seeds have a good chance of germinating. It is
a well-known fact that fresh surfaces of soil or rock, such
as are presented by railway cuttings and embankments,
often produce plants strange to the locality, which survive
for a few years, and then disappear as the normal vegeta-
tion gains strength and permanence.! But such a surface

1 As tigis is a point of great interest in its hearing on the dispersal of
lants by means of mountain ranges, I have endeavoured to obtain & few
lustrative facts :—

1. Mr. William Mitten, of Hurstpierpoint, Sussex, informs.me that when
the London and Brighton railway was in progress in his neighbourhood,
Melilotus vulgaris made its appearance on the banks, yemained for several
years, and then altogether disappeared. Another case is that of Diplotaxis
muralis, which formerly occurred only near the sea.coast of Sussex, and at
Lowes; but since the railway was made has spread along it, and still
maintains itself abundantly on the railway banks though rarely found
anywhere else,

2. A correspondent in Tasmania informs me that whenever the virgin
forest is cleared in that island there invariably comes up a thick crop of
a plant locally known as fire-weed—=a species of Senecio, probably S. Aus-
fralis. 1t never grows except where the fire has gone over the ground,
and is unknown except in such places. My correspondent adds :—““This
autumn I went back abont thirty-five miles through a dense forest, along
A track marked by some prospectors the year before, and in one spot
where they had camped, and the fire had burnt the fallen logs, &o., there
was a fine crop of “fire-weed.”  All around for many miles was a forest of
the largest trees and dense scrub.”  Here we have a case in which burnt
s0il and ashes favour the germination of a particular plant, whose seeds
are casily carried by the wind, and it is not difficult to see how this
[:ecnliarlty might favour the dispersal of the species for enormous distances,
y enabling it temporarily to grow and produce seeds on burnt spots,

8. In answer to an inquiry on this subject, Mr. H, C. Watson has been
kind enongh to send me n detailed account of the progress of vegetation
on the railway banks and enttings about Thames Ditton. This account is
written from memory, but as Mr. Watson states that he took a great
interest in watching the process year by year, there can be no reason fo
doubt the aceuracy of his memory. I give a few extracts which hear
especially on the subject we are discussing.

“ One rather remarkable biennial plant appeared early (the second vear,
as I recollect) and renewed itself vi:\mr two or three years, namely, fsatis
tinetoric—n species usually sup[msml to be one of our introduced, but
pretty well naturalised, plants.  The nearest stations then or since known
to me for this Zsafés are on chaik about Guildford, twenty miles distant,

'l Il
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rsal over seas and oceans. This is especially well shown

y the case of the Azores, where 1no les..s tlmr! 400 out of a
total of 478 flowering plants are identical with European
species. These islands are more than 800 miles from
Kurope, and, as we have already seen in Chapter XIIT,,
there is no reason for supposing that they have ever been
more nearly conmected with it than they are now, since an
extension of the European coast to the 1,000-fathom line
would very little reduce the distance. Now it is a most
interesting and suggestive fact that more than half the
European genera which occur in the Australian flora oceur
also in' the Azores, and in several cases even the species are
identical in both.! The importance of such a case 2s this
cannot be exaggerated, because it affords a demonstration
of the power of the very plants in question to pass over
wide areas of sea, some no doubt wholly through the air,
carried By storms in the same way as the European birds
and insects which annually reach the Azores, others by
floating on the waters, or by a combination of the two
methods ; while some may have been carried by aquatic
birds, to whose feathers many seeds have the power of
attaching themselves, and some even in the stomachs of
fruit or seed eating birds. We have in such facts as these
a complete disproof of the necessity for those great changes
of sea and land which are continually appealed to by those
who think land-connection the only efficient means of ac-
counting for the migration of animals or plants ; but at the
same time we do not neglect to make the fullest use of
such moderate changes as all the evidence at our com-
mand leads us to believe haye actually occurred, and
especially of the former existence of intermediate islands,
so often indicated by shoals in the midst of the deepest
oceans,
Means by which Plants have migrated Jrom. North to
Seouth.—But if plants can thus pass in considerable numbers
and variety over wide seas and oceans, it must be yet more
easy for them to traverse continuous areas of land, where-
ever mountain-chains offer suitable stations at moderate

! Hooker, O the Flora of Australin,

P 95 —H., €, Watson, in Godman'y
Azores, pp. 278-286,
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intervals on which they might temporarily establish them-
selves. The facilities afforded for the transmission of plants
by mountains has hardly received sufficient attention. The
numerous land-slips, the fresh surfaces of broken rock and
precipice, the debris of torrents, and the moraines deposited
by glaciers, afford numerous unoceupied stations on which
wind-borne seeds have a good chince of germinating. It is
a well-known fact that fresh surfaces of soil or rock, such
as are presented by railway cuttings and embankments,
often produce plants strange to the locality, which survive
for a few years, and then disappear as the normal vegeta-
tion gains strength and permanence! But such a surface

1 As tlys is a point of great interest in its bearing on the dispersal of
lants by means of mountain ranges, I have endeavoured to obtain a few
allustrative facts :—

1. Mr. William Mitten, of Hurstpierpoint, Sussex, informs me that when
the Tondon and Brighton railway was in progress in his neighbourhood,
Melilotus vulgaris made its appearance on the banks, remained for several
years, and then altogether disappeared.  Another case is that of Diplotaxis
muralis, which formerly ocenrred only near the sea-coast of Sussex, and at
Lewes ; but since the railway was made has spread along it, and still
maintains itself abundantly on the railway banks though rarely found
anywhere clse.

2. A correspondent in Tasmania informs me that whenever the virgin
forest is cleared in that island there invariably comes up a thick crop of
a plant locally known as fire-weed—a species of Senecio, probably 8. Aus-
tradis. It never grows except where the fire has gone over the ground,
and is unknown except in such places. My correspondent adds :—*“This
autumn I went back about thirty-five miles throngh a dense forest, along
a track marked by some prospectors the year before, and in one spot
where they had camped, and the fire had burnt the fallen logs, &e., there
was a fine crop of *fire-weed.” All around for many miles was a forest of
the largest trees and dense scrub.” Here we have a case in which burnt
soil and ashes favour the germination of a particular plant, whose seeds
are casily carried by the wind, and it is not difficult to see how this
Eeculinrity might favour the dispersal of the species for enormous distances,

y enabling it temporarily to grow and produce seeds on Lurnt spots.

3, In answer to an inquiry on this subject, Mr. H. (. Watson has been
kind enough to send me a detailed account of the progress of vegetation
on the milway banks and cunttings about Thames Ditton. This account is
written from memory, but as Mr. Watson states that he took a great
interest in watching the process year by year, there can bo no reason to
doubt the accuracy of hiy memory. I give o few extravts which bear
especially on the subject we are discussing.

“ One rather remarkable biennial plant appeared early (the second year,
a5 I recollect) and renewed itself either two or three years, numely, Zsatiy
tinctorin—a species usually supposed to be one of our introduced, but
pretty well naturalised, plants,  The nearcst stations then or since known
to me for this Zeatis are on chalk about Guildford, twenty miles distant,
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will, in the meantime, have acted as afresh centre of dis-
persal ; and thus a plant might pass on step by step, by means
of stations temporarily occupied, till it reached a district

There were two or three plants of it at first, never moro than half a dozen.
Once since I saw a plant of Zsatis on the railway bank near Vauxhall,

*“Close by Ditton Station three species appeared which may he called
interlopers,  The biennial Barbarea precor, one of these, is the least
remarkable, because it might have como as seed in the earth from some
grm!en. or possibly in the Thames gravel (used as ballast). At first it
increased to several plants, then beeame less numerons, and will soon, in
all probability, become extinct, crowded ont by other plants. Tha biennial
Petroselinum segetum was at first one very luxuriant plant on the slope of
the embankment. It inereased by sced into a dozen or a score, and is now
nearly if not quite extinet. The third species is Linaria purpures, not
strictly a British lﬂ:mt, but one establishell in some places on eld walls.
A single root of it appearcd on the chalk facing of the embankment b
Ditton Station. It has remained thers several years and grown into
vigorous specitmen. Two or three smaller examples are now seen by it.
donbtless sprung from some of the hundreds or thousands of seeds shed
by the original one plant. The species is not included in Salmon and
Brewer's Flora of Surrey.

“The main line of the railway has introduced into Ditfon parish the
perenninl Arabis hirsuta, likely to become a permanent inhabitant. The
species is found on the chalk and greensand miles away from Thames
'l;itton; but neither in this parish nor in any adjacent parish, so fur as
known to myself or to the authors of the flora of the county, does if:
occur. Some years after the railway was made o single root of this
Arabis was observed in the brickwork of an arch by which the mailway is
carried over a publie road. A year or two afterwanls there wers thres or
four plants. In some later year I laid somoe of the ripened seed.pods
between the bricks in plaves where the mortar had partly erumbled ont.
Now there are several scores of specimens in the brickwork of the arch.
It is presumable that the first seed may have been brought from Guildford.
But how could it get on to the perpendicular face of the brickwork 1

“Tha Bee Orchis (Oplirys apifera), plentiful on some of the chalk lands
in Surrey, is not a species of Thames Ditton, or (as I presume) of any
adjacent parish. Thus, I was greatly surprised some years l.xwk to seo
abont a hundred examples of it in flower in one clayey field either on the
ontskirts of Thames Ditton or just within the limits of the adjoining
parish of Cobham. T had crossed this same field in a former year without
observing the Ophrys there. And on finding it in the one field I elosely
searched the swrounding fields and copses, without finding it anywhere
else. Gradually the plants became fewer nnd fewer in that ona field,
and some six or sight years after its first discovery there the species had
fuite disappeared again, I guessed it had been introduced with chalk,
but conld abtain no evidence to show this.” '

4, Mr. A, Bennett, of Croydon, has kindly fornished me with some
information on the temporary vegetation of the banks and enttings on the
milway from Yarmouth to Caistor in Norfolk, where it passes over exton-
sive sandy Denes with n sparse vegetation. The first year after the
milway was made the banks produced abundance of Enathera odoroia
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where, the general conditions being more favourable, it
was able to establish itself as a permanent member
of the flora. Such, gencrally speaking, was probably the
process by which the Scandinavian flora has made its way
to the southern hemisphere ; but it could hardly have done
so to any important extent without the aid of those power-
ful causes explained in our eighth chapter—causes which
acted as a constantly recurrent motive-power to produce
that “ continuons current of vegetation ” from north to south
across the whole width of the tropics referred to by Sir
Joseph Hooker. Those causes were, the repeated changes

nnd Delphinitem Ajacis (the latter only known thirty miles off in com-
fields in Cambridgeshire), with Atriplex patule and A. deltoidea. Gradually

othe native sand plants—Carices, Grasses, Galivn verum, &e., established
themselves, and year by year covered niore ground till the new introduc-
tions aluost completely disappeared. The same phenomenon was observed
in Cambridgeshire between Chesterton and Newmarket, where, the soil
being different, Stellaria niedia and other annuslsappeared in large patches ;
but these soon gave way to a permanent vegetation of grasses, composites,
&e,, s0 that in the third yearno Steliaria was to be seen.

5. Mr. T. Kirk (writing in 1878) states that—‘*in Auckland, where a
dense sward of grass is soon formed, single specimens of the European milk
‘Ihistle (Cardieus malianus) have hwu%{nown for the past fifteen years;
but although they seeded freely, the seeds had no opportunity of germinat-
ing, so that the thistle did not spread. A remarkable exception to this
riils occurred during the formation of the Onehunga railway, where a fow
seads fell on disturbed soil, grew wup and flowered. The railway works
being suspended, the plant increased rapidly, and spread wherever it could
find disturbed soil.”

Agnin :—*“The fiddle-dock (Ruentes: pulcher) ocours in great abundance
on tﬁc formation of new streets, &e.,, hut soon becomes comparatively mre,
1t seoms probahle that it was one of the earliest plants naturalised here,
but thut it partially died out, its buried seeds retaining their vitality."

*Medicogo sativa and Apium grarcolens, are also noted s escapes from
cultivation which maintain themselves for a time but seon die ont.?

The preceding examples of the Lmporary establishment of plants on
newly exposed soil, often at considerable distances from the localities they
usually inhabit, might, no donbt, by further inquiry be greatly multiplied ;
bmt, unfortunately, the phenomenon has received Tittle attention, and is
not even referred to in the elaborate work of De Candolle (4éographic
Botanigne Raisonnés) in which almost every other aspect of the dispersion
and distribution of plants is fully discnssed.  Enough has been advanced,
however, to show that it is of constant occurrence, and from the point of
view here advocated it becomes of great importance in explaining the
almost world-wide distribution of many common plants of the north
temperate zonoe.

L Transactions ¢f the New Zealand Instituls, Yol. X. P. 367,
L L 2
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of climate which, during all geological time; appear to have
occurred in both hemispheres, culminating at rare intervals
in glacial epochs, and which have been shown to depend
upon changes ef excentricity of the earth’s orbit and the
oceurrence of summer or winter in aphelion, in conjunction
with the slower and more irregular changes of geographical
conditions ; these combined canses acting chiefly through
the agency of heat-bearing oceanic currents, muiy of snow-
and ice-collecting highlands. Let us now briefly consider
how such changes would act in favouring the dispersal of
plants.

Elevation and Depression of the Snow Line as Aiding the
Migration of Plants,.—We have endeavoured to show (in an
earlier portion of this volume) that wherever geographical,
or physical conditions were such as to produce any
_ considerable amount of perpetual snow, this would be

increased whenever a high degree of excentricity concurred
with winter m aphelion, and diminished during the
opposite phase. On all mountain ranges, therefore, which
reached above the snow-line, there would be a periodical
increase and decrease of snow, and When there were
extensive areas of plateau at' about the same level, the
lowering of the snow-line might cause such an increased
accumulation of snow as to produce great glaciers and
ice-fields, such as we have seen occurred in South Afric
during the last period of high excentricity. But along
with such depression of the lime of perpetual snow there
would be a corresponding depression of the alpine and
sub-alpine zones suitable for the growth of an arctic and
temperate vegetation, and, what is perhaps more important,
the depression would necessarily produce a great extension
of the area of these zones on all high mountains, because
as we descend the average slopes become less abrupt,—
thus affording a number of new stations suitable for such
temperate plants as might first reach them. But just
obove and below the snow-line is the area of most
powerful disintegration and denudation, from the alternate
action of frost and sun, of ice and water; and thus the
more extended area would be subject to the constant
oceurrence of land-slips, berg-falls, and floods, with their
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accompanying aceumulations of débis and of alluvial soil,
affording innumerable stations in which solitary wind-
borne seeds might germinate and temporarily establish
themselves. 7

This lowering and rising of the snow-line each 10,500
vears during periods of high excentricity, would oceur in
the northern ‘and southern hemispheres alternately ; and
where there were high mountains within the tropics the
two would probably overlap each other, so that the
northern depression would make itself felt in a slight
degree even across the equator some way into the southern
hemisphere, and vice zersd ; and even if the difference of
the hegzht of perpetual snow at the two extremes did not

Jwerage more than a few hundred feet, this would be
amply sufficient to supply the new and unoccupied
stations needful to facilitate the migration of plants. Tt
is well known that all great mountain ranges have
undergone such fluctuations, as proved by ice-marks below
the present level of snow and ice.

But the differences of temperature in the two hemi-
spheres caused by the sun being in periielion in the
winter of the one while it was in aphelion during the same
season in the other, would necessarily lead to increased
aeérial and marine currents, as already explained ; and
whenever geographical conditions were such as to favour
the production of glaciation in any area these effects would
bhecome more powerful, and would further aid in the
dispersal of the seeds of plants.

Changes of Climate Favaurabls to Migration.—1It is clear
then, that during periods when no glacial epochs were
produced in the northern hemis]i)here, and even when a
mild elimate extended over the whole polar area, alternate
changes of climate favouring the dispersal of plants would
oceur on all high mountains, and with particular force on
such as rise above the snow-line. But during that long-
continued, though comparatively recent, phase of high
excentricity which produced an extensive glaciation: in
the northern hemisphere and local glaciations in the
southern, these risings and lowerings of the snow-line on
all mountain ranges would have been at a maximum, and
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of climate which, during all geological time; appear to have
occurred in both hemispheres, culminating at rare intervals
in glacial epochs, and which have been shown to depend
upon changes ef excentricity of the earth’s orbit and the
occurrence of summer or winter in aphelion, in conjunction
with the slower and more irregular changes of geographical
conditions ; these combined causes acting chiefly through
the agency of heat-bearing oceanic currents, and of snow-
and ice-collecting highlands. Let us now briefly consider
how such changes would act in favouring the dispersal of
plants. :

Elevation and Depression of the Snow Line as Aiding the
Migration of Plants.—We have endeavoured to show (in an
earlier portion of this volume) that wherever geographical,
or physical conditions were such as to produce any
_ considerable amount of perpetual snow, this wonld be
increased whenever a high degree of excentricity concurred
with winter in aphelion, and diminished during the
opposite phase, On all mountain ranges, therefore, which
reached above the snow-line, there wonld be a periodical
increase and decrease of snow, and When there were
extensive areas of plateau at' about the same level, the
lowering of the snow-line might cause such an increased
uccumu%:\ti‘m of snow as to produce great glaciers and
ice-fields, such as we lave seen occurred in South Africa
during the last period of high excentricity. But along
with such depression of the line of perpetual snow there
would be a corresponding depression of the alpine and
sub-alpine zones suitable for the growth of an arctic and
temperate vegetation, and, what is perhaps more important,
the depression would necessarily produce a great exfension
of the area of these zones on all high mountains, because
as we descend the average slopes become less abrupt,—
thus affordine a number of new stations suitable for such
temperate plants as might first reach them. But just
cbove and below the snow-line is the area of most
powerful disintegmtion and denudation, from the alternate
action of frost and sumn, of ice and water; and thus the
more extended area would be subject to the constant
oceurrence of Jand-slips, berg-falls, and floods, with their
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accompanying accomulations of débris and of alluvial soil,
affording innumeérable stations in which solitary wind-
borne seeds might germinate and temporarily establish
themselves. o

This lowering and rising of the snow-line each 10,500
years during periods of Iigh excentricity, would oceur in
the northern and southern hemispheres alternately : and
where there were high mountaing within the tropics the
two would probably overlap each other, so that the
northern depression would make itself felt in a slight
degree even across the equator some way into the southern
hemisphere, and wice versi ; and even if the difference of
the hejght of perpetual snow at the two extremes did not
Jwerage more than few hundred feet, this would be
amply sufficient to supply the new and unoccupied
stations needful to facilitate the migration of plants. It
is well known that all great mountain ranges have
undergone such fluctuations, as proved by ice-marks below
the present level of snow and ice.

But the differences of temperature in the two hemi-
spheres caused by the sun Luing in perihelion in the
winter of the one while it was in aphelion during the same
geason in the other, would necessarily lead to increased
aérial and marine currents, as already explained ; and
whenever geographical conditions were such as to favour
the production of glaciation in any area these effects would
become more powerful, and would further aid in the
dispersal of the seeds of plants.

Changes of Climate Fovourable to Migration,—It is clear
then, that during periods when no glacial epochs were

roduced in the northern hemisphere, and even when a
mild climate extended over the whole polar area, alternate
changes of climate favouring the dispersal of plants would
oceur on all high mountains, and with particular force on
such as rise above the snow-line. But during that long-
continued, though comparatively recent, phase of high
excentricity which produced an extensive glaciation. in
the northern hemisphere and local glaciations in the
gouthern, these risings and lowerings of the snow-line on
all mountain ranges would have been at a maximum, and
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would have been increased by the depression of the ocean
which must have arisen from such a vast bulk of water
being locked up in land-ice, and which depression would
have produced the same effect as a general elevation of all
the continents. At this time, too, aérial currents would
have attained their maximum of force in both hemispheres ;
and this would greatly facilitate the dispersal of all wind-
borne seeds as well as of those carried in the plumage or
in the stomachs of birds, since we have seen, by the cases
of the Azores and Bermuda, how vastly the migratory
powers of birds are increased by a stormy atmosphere.
Migration from North to South has been long going on.—
Now, if each phase of colder and warmer mountain-glimate
—each alternate depression and elevation of the snow-line,,
only helped on the migration of a few species some stages
of the long route from ‘the north to the south temperate
regions, yet, during the long course of the Tertiary period
there might well have arisen that representation of the
northern flora in the southern hemisphere which is now so
conspicuous. For it is very important to remark that it is
not the existing flora alone that is represented, such as
might have been conveyed during the last glacial epoch
only; but we find a whole series of northern types
evidently of varying degrees of antiquity, while even some
genera characteristic of the southern hemisphere appear
to have been originally derived from Europe. Thus
Eucalyptus and Metrosideros have been determined by
Dr. Ettingshausen from their fruits in the Eocene beds of
Sheppey, while Pimelea, Leptomeria and four genera of
Proteacem have been recognised by Professor Heer in the
Miocene of Switzerland ; and the former writer has detected
fifty-five Australian forms in the Eocene plant beds of
Hiring (? Belgium)® Then we have such peculiar genera

* Sir Joseph Hooker informs me that he considers these identifications
worthless, and Mr. Bentham has also written very strongly against the
value of similar identifications by Heer and Unger, Giving due weight to
th:l :I[;nl\]::‘:xs ot; th:sf emiinent hotanists we must admit that Australian

ave not yet been demonstrated to have existed in Europe durin
the Tertiary period ; but, on the other hand, the evidence that HXI:’V did 5§
fAppears to have some weight, on acconnt of the improbability that the
numerons resomblances to Australisn plants which have been noticed by
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as Pachychladon and Notothlaspi of New Zealand said to
have affinities with' Arctic plants, while Stilbocarpa—
another peculiar New Zealand genus—has its nearest
allies in the Himalayan and Chinese Aralias. Following
these are a whole host of very distinet species of northern
gemera which may date back to any part of the Tertiary
period, and which occur in every south temperate land.
Then we have closely allied representative species of
Euwropean or Arctic plants; :m(l, lastly, a number of
identical species—and these two classes are probably due
entirely to the action of the last great glacial epoch, whose
long continuance, and the repeated fluctuations of climate
with w.hich it commenced and terminated, rendered it an
agent of snfficient power to have brought about this result.
® " Here, then, we have that constant or constantly
yecurrent process of dispersal acting throughout long
pefiods with varying power—that “ continuous current of
vegetation ” as it has been termed, which the facts
demand ; and the extraordinary phenomenon of the
species and genera of European and even of Arctic plants
being represented abundantly in South America, Australia,
and New Zealand, thus adds another to the long series of
phenomena which are rendered intelligible by frequent
alternations of warmer and colder climates in either
hemisphere, culminating, at long intervals and in favour-
able situations, in actual glacial epochs. ol

Geological Changes as Aiding Migration—It will be well
also to notice here, that there is another aid to dlspers§on
dependent upon the changes effected by denudation
during the long periods included in the duration of the
species and genera of plants. A considerable numlber of

frrent observers should all be illusory ; while the well established fact
:}II' ‘%1: former wide distribution of many tropical or now restricted typﬁ.or
JJants and animals, so frequently illustrated in the present volime, Temoves
the antecedent improbability which is supposed to_attach to such 1der‘11t[1ﬁ-
cations. I am myself the more mclmc(_i to z_lcvcpt them, bocaus:e, according
to the views here advocated, such mlglzmnons must have taken placo at
remote as well as at recent epochs 3 and the preservation of some of these

s in Australia while they have become extinct in Europe, is exactly

mellolul by numerons facts in the distribution of animals which have

wen advendy referred to in Qhapter XIX., and elsewliere in this volume,
and also repeatedly in my larger work.
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the plants of the Miocene period of Europe were so much
like existing species that a]though they have generally re-

ceived fresh names they may well have been identical ;

and a large proportion of the vegetation during the whole

Tertiary period consisted of genern which are still living!

But from what is now known of the rate of sub-aérial

denudation, we are sure, that during each division of this

rcriod many mountain chains must have been considerably

owered; while we know that some of the existing ranges

have been greatly elevated. Ancient voleanoes, too, have

been destroyed by denudation,and new ones have been built

up, so that we may be quite sure that ample means for the

transmission of temperate plants across the tropigs, may

hayveexisted in countries where they are now no longer to be

found. The great mountain masses of Guiana and Brazil,”
for example, must have been far more lofty before the

sedimentary covering was denuded from their granitic

bosses and metamorphic peaks, and may have aided the

southern migration of plants before the final elevation of
the Andes. And if Africa presents us with an example of
a continent of vast antiquity, we may be sure that its
great central plateaux once bore far loftier mountain
ranges before they were reduced to their present condition
by long ages of denudation, .

Proofs of Migration by Way of the Andes—We are now
prepared to apply the principles above laid down to the
explanation of the character and affinities of the various
portions of the north temperate flora in the southern
hemisphere, and especially in Australia and New Zealand.

At the present time the only unbroken chain of
highlands and mountains connecting the Arctic and north
temperate with the Antarctic lands is to be found in the
American continent, the only break of importance being
the comparatively low Isthmus of Panama, where there is

' Out of forty-two genera from the Eocene of Sheppey enumerated
by Dr. Ettingshausen in the Geologicel Magasine for Jannary 1880, only
two or three appeitr to be extinet, while there is a most extraordinary inter-
mixture of tropical and temperate forms—>Muss, Nipa, and Victoria, with

tylus, Prunns, Acer, &e.  The rich Miocene flora of Switzerland,

described by Professor Heer, presents o still larger proportion of living
genera,
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a distance of about 300 miles occupied by rugged forest-
clad hills, between the lofty peaks of Veragua and the
northern extrémity of the Andes of New Grenada. Such
distances are, as we have already seen, no barrier to the
diffusion of plants; and we should accordingly expect that

is great continuous mountain-chain has formed the most
effective agent in aiding the southward migration of the
Arctic and north temperate vegetation. We do find, in
fact, not only that a large number of northern genera and
many species are scattered all along this line of route, but
that at the end of the long journey, in Southern Chile and
Fuegia, they have established themselves in such numbers
as to form an important part of the flora of those countries,
From the lists given in the works already referred to, it
appears that there are between sixty and seventy northern
genera in Fuegia and Southern Chile, while about forty of
the species are absolutely identical with those of Europe
and the Arctic regions, Considering how comparatively
little the mountains of South Temperate America are yet
known, this is a very remarkable result, and it proves
that the transmission of species must have gone on up to
comparatively recent times. Yet, as only a few of these
species are now found along the line of migration, we see
that they only occupied such stations temporarily ; and we
may counect their disappearance with the passing away of
the last glacial period which, by raising the snow-line,
reduced the area on which alone they could exist, and
exposed them to the competition of indigenous plants from
the belt of country immediately below them.

Now, just as these numerous species and genera have
undoubtedly passed along the great American range of
mountains, although ouly now found at its two extremes,
so others have doubtless passed on further; and have
found more suitable stations or less severe competition in
the Antarctic continent and islands, in New Zealand, in
Tasmania, and even in Australia itself. The route by
which they may have reached these countries is easily
marked out. TImmediately south of Cape Horn, at a
distance of only 500 miles, are the South Shetland Islands
and Graham’s Land, whence the Antarctic continent or a

»
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group of large islands probably extends across or around EI!C
south polar area to Victoria Land and thence to Adélie
Land. The outlying Young Island, 12,000 fect high, is
about 750 miles south of the Macquarie Islands, which
may be considered a southern outlier of the New Zealand
group ; and the Macquarie Islands are about the same
distance from the 1,000-fathom line at a point marking
the probable southern extension of Tasmania. Other
islands may have existed atintermediate points; but, even
as it is, these distances are not greater than we know are
traversed by plants both by flotation and by airial currents,
especially in such a stormy atmosphere as that of the
Antarctic regions. Now, we may further assume, that
what we know occurred within the Arectic circle also took

place in the Antarctic—that is, that there have been "

alternations of climate during which some portion of what
are now ice-clad lands became able to support a con-
siderable amount of vegetation! During such periods
there would be a steady migration of plints from all
southern circumpolar countries to people the comparatively
unoccupied continent, and the southern extremity of
America being considerably the nearest, and also being the
best stocked with those northern types which have such
great powers oft migration and colonisation, such plants
would form the bulk of the Antarctic vegetation, and
during the continuance of the milder southern climate
would occupy the whole area.

When the cold returned and the land again became ice-
clad, these plants would be crowded towards the outer
margins of the Antarctic land and its islands, and some of
them would find their way across the sea to such countries
as offered on their mountain summits suitable cool
stations; and as this process of alternately receiving plants

from Chile and Fuegia and transmitting them in all

directions from the central Antarctic land may have been

! The recent discovery by Lieutenaut Jensen of 4 rich flors on rocky peaks
rising out of the continental ice of Greenland, as well as the abundant
vegetation of the highest northern latitudes, renders it possible that even
now the Antarctic continent may not be wholly destitute of vegetation,
although its climate and physical condition are far less favourable than
those of the Arctic lands, ~ (See Nature, Vol. XXL. . 345.)

.
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repeated several times during the Tertiary period, we have
no difficulty in understanding the general community
between the European and Antarctic plants found in all
south temperate lands. Kerguelen’s Land and The Crozets
are within about the same distance from the Antarectic
continent as New Zealand and Tasmania, and we need not
therefore be surprised at finding in each of these islands
some Fuegian species which have not reached the others.
Of course, there will remain difficulties of detail, as there
always must remain, so long as our knowledge of the past
changes of the earth’s surface and the history of the particu-
lar plants concerned is so imperfect. Sir Joseph Hooker
notes,for example, the curious fact that several Composite

4 common to three such remote localities as the Auckland
Islands, Fuegia, and Kerguelen’s Land, have no pappus or
seed-down, while such as have pappus are in no case com-
mon even to two of these islands. © Without knowing the
exact history and distribution of the genera to which these
plants belong it would be useless to offer any conjecture,
except that they are ancient forms which may have
survived great geographical changes, or may have some
peculiar and exceptional means of dispersion.

Proofs of Migration by way of the Himalayas and South-
ern Asia.—But although we may thus explain the presence
of a considerable portion of the European element in the
Horas of New Zealand and Australia, we cannot account for
the whole of it by this means, because Australia itself con-
tains a host of European and Asiatic genera of which we
find ‘no trace in New Zealand or South America, or any
other Antarctic land. We find, in fact, in Australia two
distinct sets of European plants. First we have a number
of species identical with those of Northern Europe or Asia
(of the most characteristic of which—thirty-eight in
number—Sir Joseph Hooker gives a list) ; and in the sec-
ond place a series of European genera usually of a some-
what more southern character, mostly represented by
very distinet species, and all absent from Nlew Zealand ;
such as Clematis, Papaver, Cleome, Polygala, Lavatera,
Ajuga, &. Now of the first set—the North European
species—about three-fourths oceur in some parts of America,
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and about half in South Temperate America or New Zea-
land ; whence we may conclude that most of these, as well
as some others, have reached Australia by the route already
indicated. The second set of Australo-European genera,
however, and many others characteristic of the South Euro-
pean or the Himalayan flora, have probably reached
Australia by, way of the mountains of Southern Asia,
Borneo, the Moluceas, and New Guinea, at a somewhat
remote period when loftier ranges and some intermediate
Ee:mks may have existed, sufficient to carry on the migration
y the aid of the alternate climatal changes which are
known to have occurred. The long belt of Secondary dnd
Palazozoic formations in East Australia from Tasmapia to
Cape York continued by the lofty ranges of New Guinea, in-
dicates the route of this immigration, and sufficiently ex-*
plains how it is that these northern types are almost wholly
confined to this part of the Australian continent. Some of
the earlier immigrants of this class no doubt passed over to
New Zealand am? now form a portion of the pecnliar genera
confined to these two countries ; but most of them are of
later date, and have thus remained in Australia only.

Proafs of Migration by way of the African Highlands—
It is owing to this twofold current of vegetation flowing
into Australia by widely different routes that we have in
this distant land a better representation of the European
flora, both as regards species and genera, than in any other
part of the southern hemisphere ; and, so far as I can judge
of the facts, there is no general phenomenon—that s,
nothing in the distribution of genera and other groups of
plants as opposed to cases of individual species—that is
not fairly accounted for by such an origin. It further
receives support from the case of South Africa, which also
contains a large and important representation of the north-
ern flora, But here we see no indications (or very slight
s flux which has given Australia

ones) of that southern intiux : o laad
such a community of vegetation with the . ntarct,lch t:m s,
There are no loss than sixty genera of strlctly nort! fm-
perate plants in South Africa, none of which occur in Aus-
tralia ; while very few of the specics, so characteristic of
Australia, New Zealand, and Fuegia, are found there. It
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is clear, therefore, that South Africa has received its Euro-
pean plants by the direct route through the Abyssinian
highlands and the lofty equatorial mountains, and mostly
at a distant period when the conditions for migration were
somewhat more favourable than they are now. The much
greater directness of the route from Northern Europe to
South Africa than to Australia; and the existence even
now of lofty mountains and extensive highlands for a large
portion of the distance, will explain %\vhnt Sir Joseph
Hooker notes as “a very curious fact ”) why South Africa
has more very northern European gencra than Australia,
while Australia has more identical species and a better rep-
resengation on the whole of the European flora—this being
clearly due to the large influx of species it has received
from the Antarctic Islands, in addition to those which have
entered it by way of Asia. The greater distance of South
Africa even now from any of these islands, and the much
deeper sea to the south of the African continent, than in
the case of Tasmania and New Zealand, indicating a
smaller recent extension southward, is all quite in harmony
with the facts of distribution of the northern flora above
referred to.

Supposed Connection of South Africa and Australic.—
There remains, however, the small amount of direct affinity
between the vegetation of South Africa and that of Austra-
lia, New Zealand, and Temperate South America, consisting
in all of fifteen genera, five of which are confined to
Australia and South Africa, while several natural _orders
are better represented in these two countries than in any
other part of the world. This resemblance has been sup-
posed to imply some former land-connection of all the great
southern lands, but it appears to me that any such suppo-
sition is wholly unnecessary. The differences between the
faunas and floras of these countries are too great and too
radical to render it possible that any such connection
should have existed except at a very remote period. But
if we have to go back so far for an explanation, a much
simpler one presents itself, and one more in accordance
with what we have learnt of the general permanence of
deep oceans and the great changes that have taken place
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and about half in South Temperate America or New Zea-
land ; whence we inay conclude that most of these, as well
as some others, have reached Australia by the route already
indicated. The second set of Australo-European genera,
however, and many others characteristic of the South Euro-
pean or the Himalayan flora, have probably reached
Australia by.way of the mountains of Southern Asia,
Borneo, the Moluceas, and New Guinea, at a somewhat
remote period when loftier ranges and some intermediate
peaks may have existed, sufficient to carry on the migration
by the aid of the alternate climatal changes which are
known to have occurred. The long belt of Secondary dnd
Palizozoic formations in East Australia from Tasmania to
Cape York continued by the lofty ranges of New Guinea, in-

dicates the route of this immigration, and sufficiently ex- *

plains how it is that these northern types are almost wholly
confined to this part of the Australian continent. Some of
the earlier immigrants of this class no doubt passed over to
New Zealand and now form a portion of the peculiar genera
confined to these two countries; but most of them are of
later date, and have thus remained in Australia only.
Proafs of Migration by wey of the African Highlands.—
It is owing to this twofold current of vegetation flowing
into Australia by widely different routes that we have in
this distant land a better representation of the European
flora, both as regards species and genera, than in any other
part of the southern hemisphere ; and, so far as I can Judge
of the facts, there is no general phenomenon—that is,
nothing in the distribution of genera and other groups of
plants as opposed to cases of individual species—that is
not fairly accounted for by such an origin. It further
receives support from the case of South Africa, which also
contains a large and important representation of the nortli-
ern flora. But here we see no indications (or very slight
ones) of that southern influx which has given Australia
such a community of vegetation with the Antarctic lands.
There are no less than sixty genera of strictly north tem-
perate plants in South Africa, none of which oceur in Aus-
tralia;.while very few of the species, so characteristic of
Australia, New Zealand, and Fuegia, are found there, Tt

¥
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is clear, therefore, that South Africa has received its Euro-
pean plants by the direct route through the Abyssinian
highlands and the lofty equatorial mountains, and mostly
at a distant period when the conditions for migration were
somewhat more favourable than they are now. The much
greater directness of the route from Northern Eunrope to
Sonth Africa than to Australia; and the existence even
now of lofty mountains and extensive highlands for a large

ortion of the distance, will explain (what Sir Joseph

ooker notes as “a very curious fact ”) why South Africa
has more very northern European genera than Australia,
while Australia has more identical species and a better rep-
resendation on the whole of the European flora—this being
clearly due to the large influx of species it has receive
from the Antarctic Islands, in addition to those which have
entered it by way of Asia. The greater distance of South
Africa even now from any of these islands, and the much
deeper sea to the south of the African continent, than in
the case of Tasmania and New Zealand, indicating a
smaller recent extension southward, is all quite in harmony
with the facts of distribution of the northern flora above
referred to.

Suppased Connection of South Africa and Australic—
There remains, however, the small amount of direct affinity
between the vegetation of South Africa and that of Austra-
lia, New Zealand, and Temperate South America, consisting
in all of fifteen genera, five of which are confined to
Australia and South Africa, while several natural orders
are better represented in these two countries than in any
other part of the world. This resemblance has been sup-
posed to imply some former land-connection of all the great
sonthern lands, but it appears to me that any such suppo-
sition is wholly unnecessary. The differences between the
faunas and flors of these countries are too great and too
radical to render it possible that any snc%\ connection
should have existed except at a very remote period. But
if we have to go back so far for an explanation, a much
simpler one presents itself, and one more in accordance
with what we have learnt of the general permanence of
deep oceans and the great changes that have taken place
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in the distribution of all forms of life. Just as we explain
the presence of marsupials in Australia and America and
of Centetide in Madagascar and the Antilles, by the pre-
servation in these localities of remnants of once wide-spread
types, so we should prefer to consider the few genera com-
mon to Australia and South Africa as remnants of an
ancient vegetation, once spread over the northern hemi-
sphere, driven southward by the pressure of more special-
ized types, and now finding a vefuge in these two widely
separated southern lands. It is suggestive of such an ex-
planation that these genera are either of very ancient
groups—as Conifers and Cycads—or plants of low organ-
isation as the Restincem—or of world-wide distribution, as
Melanthacez:. . ;
The Endemic Generaof Plants in New Zealand.—Returning -
now to the New Zealand flora, with which we dre more
especially concerned, there only remains to be considered
the peculiar or endemic genera which characterise it.
These are thirty-two in number, and are mostly very
isolated. A few have affinities with Arctic groups, others
with Himalayan, or Australian genera ; several are tropical
forms, but the majority appear to be altogether peculiar
types of world-wide groups—as Leguminos®, Saxifragem,
Composita, Orchidew, & We must evidently trace back
these peculiar forms to the earliest inmigrants, either from
the north or from the south ; and the great antiquity we are
obliged to give to New Zealand—an antiquity supported
by every feature in its fauna and flora, no less than by its
geological structure, and its extinet forms of lifel—affords
ample time for the changes in the general distribution of
plants, and for those due to isolation and modification undey

! Dr. Heetor notes the oceurrence of the genus Dammara in Trisssic
deposits, while in the Jurassic period Now Zealand possessed the gener

alaozamin, Oleandriym, Al:thopteris, Camplopleris, Ciycadites, Eeliino.
strobies, &e., all Indian forms of the same aze. Neocomian beds contain
t true dicotyledonons leal with D emmara and Armearia. The Cretaceons
df’l?"*"—‘! have produced a rich flora of dicotvledonous plants, many of
“t}!‘\mh are of the same genern as the existing flora ; while the Miocene and
o hzr.'l_‘«:mnry deposits produce plants almost identieal with thoss now
mhabiting the country, together with many North T cmperate genern which

have since becomo exfinet, (See 1. 499 y N
Inst., Vol. X1, 1879, . 630.) 1 499, footnote, and P'rans. New Zealand
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the influence of changed conditions, which are manifested
by the extreme peculiarity of many of these interesting
endemic forms.

The Absence of Southern Types from the Northern Hemi-
sphere—We have now only to notice the singular want of
reciprocity in the migrations of northern and southern
types of vegetation. In return for the vast number of
Kuropean plants which have reached Australia, not one
single Australian plant has entered any part of the north
temperate zone, and the same may be said of the typical
southern vegetation in general, whether developed in the
Antarctic lands, New Zealand, South America, or South
Africg. The furthest northern outliers of the southern
flora are a few genera of Auntarctic type on the Bornean
Alps; the genus Actena which has a species in California;
two representatives of the Australian flora—Casuarina
and Stylidium, in the peninsula of India; while China
and the Philippines have two strictly Australian genera of
Orchidem—DMicrotis and Thelymitra, as well as a .Resti-
aceous genus. Several distinet causes appear to have
combined to produce this curious inability of the southern
flora to make its way into the northern hemisphere. The
primary cause is, no doubt, the totally different distribution
of land in the two hemispheres, so that in the south there
is the minimum of land in the colder parts of the
temperate zone and in the north the maximum. This is
well shown by the fact that on the parallel of Lat. 50° N.
we pass over 240° of land or shallow sea, while on the
same parallel of south latitude we have only 4°, where we
cross the southern }mrt of Patagonia. Aéain the three
most important south temperate land-areas—South Tem-
perate America, South Africa, and Australin—are widely
separated from each other, and have in all probability
always been so ; whereas the whole of the north temperate
lands are practically continuous, Tt follows that, instead of
the enormous northern avea, in which highly organised and
dominant groups of plants have been developed gifted
with great colonising and aggressive powers, we have in
the south three comparatively small and detached areas, in
which rich floras have been developed with special adapta-
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tions to soil, climate, and organic environmenf-, but [

comparatively impotent and inferior beyond their own .

domain. 5
Another circumstance which makes the contest between

the northern and southern forms still more unequal, is the

much greater hardiness of the former, from having been

developed in a colder region, and one where alpine and

arctic conditions extensively prevail ; whereas the southern

floras have been mainly developed in mild regions to

which they have been altogether confined. While the

northern plants have been driven north or south by each

succeeding change of climate, the southern species have

undergone comparatively shight changes of this nature,

owing to the areas they occupy being unconnected with

the ice-bearing Antarctic continent. It follows, that®

whereas the northern plants find in all these southern

lands a milder and more equable climate than that to

which they have been accustomed, and are thus often able

to grow and flourish even more vigorously than in their

native land, the southern plants would find in almost

every part of Europe, North America or Northern Asia, o

more severe and less equable climate, with winters that

usually prove fatal to them even under cultivation. These

causes, taken separately, are very powerful, but when

combined they must, I think, be held to be amply sufficient

to explain why examples of the typical southern.vegetation

are almost unknown in the north temperate zone, while a

very few of them have extended so far as the northern

tropie.! s

! The fact stated in the last edition of the Orizin o Specicx (p. 340) on
the authority of Sir Joseph Hooker, thiat .'\u.'\‘tjmlin{ .’l;fms ffl’u 3rtup)idl\‘
sowing themselves and lwcoming naturalised on the Neiloherrie monntains
in the southern part of the Indian Peninsnla, thongh an exception to the
rule of the inability of Austealian plants to become nutnm‘iml in the
Northern Hewrisphere, is yet quite in harmony with the Tiypothesis here
advocated.  For not only s the clininte of the Neilgherries more favonr-
able to Australian !-hmm than any part of the North Temperate zone, but
the entire Indian Peninsula has oxisted for unknown ages as an istand and
thus possesses the ““insular' characteristio of g comparatively poor and
less developed flora and fauna as compared with the truly “ continental

Malayan nud Himalayan rvegions.  Australidn plants are thus enabled to
-'rrmnpntn with those of the Indian Peninsuly highlinds with a fair chanes
of sneeess,
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Concluding Remarks on the Last Two Chapters—QOur
inquiry into the external relations and probable origin of
the fauna and flora of New Zealand, has thus led us on to
a general théory as to the cause of the peculiar biological
relations between the northern and the southern hemi-
spheres; and no better or more typical example could
be found of the wide range and great interest of the
study of the geographical distribution of animals and
plants.

The solution which has here been given of one of the
most difficult of this class of problems, has been rendered
possible solely by the knowledge very recently obtained
of the form of the sea-bottom in the southern ocean, and
of the Seological structure of the great Australian continent.

*Without this knowledge we should have nothing but a
series of guesses or probabilities on which to found our
hypothetical explanation, which we have now been able
to build up on a solid foundation of fact. The complete
soparation of East from West Australia during a portion of
the Cretaceous and Tertiary periods, could never have been
guessed till it was cstubljshe({ by the laborious explorations
of the Australian geologists ; while the hypothesis of a com-
paratively shallow sea, uniting New Zealand by a long route
with tropical Australia, while a profoundly deep ocean
always separated it from temperate Australia, would have
been rejected as too improbable a supposition for the
foundation of even the most enticing theory. Yet it is
mainly by means of these two facts, that we are enabled
to give an adequate explanation of the strange anomalies
in the flora of Australia and its relation to that of New
Zealand.

In the more general explanation of the relations of the
various northern and southern floras, I have shown what
an important aid to any such explanation is the theory of
repeated changes of climate, not necessarily of great
amount, given in Chapters VIIL and IX. ; while the whole
discussion justifies the importance attached to the theory
of the general permanence of continents and oceans, as
demonstrated in Chapter VI,, since any rational explana-
tion based nupou facts (as opposed to mere unsupported

MM
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conjecturc) must take such general permanence as
starting-point. The whole inquiry into the phenomena
presented by islands, which forms the main subject of the
present volume has, I think, shown that this theory does
afford a firm foundation for the discussion of questions
of distribution and dispersal ; and that by its aid, com-
bined with a clear perception of the wonderful powers
of dispersion and modification in the organic world when
long periods are considered, the most difficult problems
connected with this subject cease to be insoluble.
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- CHAPTER XXIV

SUMMARY AND CONCLUSION

The Present Volume is the Development and Application of a Theory—
Statement of the Biologicul and Physical Causes of Dispersal—Investi-
gation of the Facts of Dispersal—of the Means of Dispersal—of Geo-

taphical Changes Affecting Dispersal—of Climatal Changes Affecting
Dispersal—The Glacial Epoch and its Causes —Alleged®Ancient Glacial
Epochs—Warm Polar Climates and their Causes—Conclusions as to
(Geological Climates—How far Different from those of Mr. Croll—
Supposed Limitations of Geological Time—Time Amiﬂy Sufficient both
for Gieological and Biological Development—Insular Faunas and Floras

—The North Atlantic Islands—The Galapages—St. IHelena and the

Sandwich Islands—Great Britain as a Recent Continental Island—

Borneo and Java—Japan and Formosa—Madagascar a8 an_Ancient

Continental Island—Celebes and New Zealand as Anomalous Islands—

The Flom of New Zealand aud its Origin—The European Element in the

South Temperate Floras—Coneluding Remarks,

THE present voluine has gone over a very wide field both
of facts and tneories, and it will be well to recall these to
the reader’s attention and point out their connection with
each other, in a concluding chapter. I hope to be able to
show that, although at first sight somewhat fragmentary
and disconnected, this work is really the development of a
clear and definite theory, and its application to the solution
of a number of biological problems. That theory is,
briefly, that the distribution of the various species and
groups of living things over the earth’s surface, and their
aggregation in definite assemblages in certain areas, is the
M M2
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direct result and outcome of a complex set of causes, which
may be grouped as “ biological ” and “ physical.” The
biological causes are mainly of two kinds—firstly, the
constant tendency of all organisms to increase in numbers
and to occupy a wider area, and their various powers of
dispersion and migration through which, when unchecked,

they are enabled to spread widely over the globe; and, -

secondly, those laws of evolution and extinction which
determine the manner in which groups of organisms arise
and grow, reach their maximum, and then dwindle away,
often breaking up into separate portions which long
survive in very remote regions. The physical causes are
also mainly of two kinds. We have, first, the geographical
changes which at one time isolate a whole fauna and flora,
at another time lead to their dispersal and intermixturf
with adjacent faunas and floras—and it was here important
to ascertain and define the exact nature and extent of
these changes, and to determine the question of the
weneral stability or instability of continents and oceans ; in
the second place, it was necessary to determine the exact
nature, extent and frequency of the changes of climate
which have occurred in various parts of the earth,—
because such changes are among the most powerful agents
in cansing the dispersal and extinction of plants and
animals, Hence the importance attached to the question
of geological climates and their causes, which have been
here investigated at some length with the aid of the most
recent researches of geologists, physicists, and explorers,
These various inquiries led on to an investigation of the.
mode of formation of stratified deposits, with a view to fix
within some limits their probable age; and also to an
estimate of the probable rate of development of the organic
world : and both these processes are shown to involve, so
far as we can judge, {»erimls of time less vast than have
generally heen thought necessary,

The numerous facts and theories established in the
First Part of the work are then applied to explain the
phenomena presented by the floras and faunas of the chief
islands of the globe, which are classified, in accordance
with their physical origin, in three groups or classes, cach

>
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of which are shown to exhibit certain well-marked biological
features.

Having thus shown that the work is a conected whole,
founded on the principle of tracing out the more recondite
causges of the distribution of organisms, we will briefly
indicate the scope and object of the several chapters, by
means of which this general conception has been carried

onut.

Beginning with simple and familiar facts relating to
British and European quadrupeds and birds, I have

defined and shown the exact character of “areas of
distribution,” as applied to species, genera, and families,
and hawe illustrated the subject by maps showing the
peculiarities of distribution of some well-known groups of
birds. Taking then our British mammals and land-birds,
I follow them over the whole area they inhabit, and thus
obtain a foundation for the establishment of “zoological
regions,” and a clear insight into their character as
distinet from the usual geographical divisions of the globe.
The facts thus far establis?wd are then shown to be
necessary results of the “law of evolution.” The nature
and amount of “ variation” is exhibited by a number of
curious examples; the origin, growth, und_ (lemy’of'
species and genera are traced, and all the interesting
phenomena of isolated groups and discontinuous generic
and specific arcas are shown to follow as logical conse-
quences. :
The next subject investigated is the means by which
the various groups of animals are enabled to overcome the
natural barriers which often seem to limit them to very
restricted areas, how far those barriers are themselves
liable to be altered or abolished, and what is the exact
nature and amount of the changes of sea and land which
our earth has undergone in past times. This latter part
of the inquiry is shown to be the most important as it is
the most fundamental ; and as it is still a subject of
controversy, and many erroncous views prevail in regard
to it, it is discussed at some length. Several distinct
classes of evidence are adduced to prove that the grand
features of our globe—the position of the great oceans
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and the chiet land-areas—have remained, on the whole,
unchanged thronghout geological time. Our continents
are shown to be built up mainly of “shore-deposits ” ; and
cven tlie chalk, which is so often sajd to be the exact,
cquivalent of the “globigerina ooze ™ now  forming in
mid-Atlantic, is ghown to be a comparatively shallow-
water deposit formed in inland seas, or in the immediate
vicinity of land. The general stability of continents has,
however, been accompanied by constant changes of form,
and insilar conditions have prevailed over every part in
suceession ; and the effect of such changes on the distribu-
tion of organisms is pointed ont.

We then approach the consideration of another set of
changes—those of climate—which have probably beg
agents of the first importance in modifying the specific
forms as well as the distribution of animals. Here again
we find ourselves in the midst of fierce controversies.
The occurrence of a recent glacial epoch of great severity
in the northern hemisphere is now universally admitted,
but the causes which brought it on are matter of dispute,
But unless we can arrive at these causes, as well as at
those which produced the equally well demonstrated mild
climate in the Arctic regions, we shall be quite unable to
determine the nature and amount of the changes of
climate which have occurred throughout past ages, and
shall thus be left without a most important clue to the
explanation of many of the anomalies in the distribution

‘of animals and plants.

I have therefore devoted three chapters to a full
mvestigation of this question. T have first given such a
sketch of the miost salient facts as to render the phenomena
of the glacial epoch clear and intelligible. 1 then review
the various suggested explanations, and, taking up the
two which alone seem tenable, I endeavour to determine
the true principles of each. While adopting renerally
Mzr. Croll's views as to the causes of the glacial epoch,”
I have introduced certain limitations and modifications,
I have pointed out, I believe, more clearly than has
hitherto been done, the very different effects on climate of
water in the liquid and in the solid state; and I have
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shown, by a variety of evidence, that without high land
there can be no permanent snow and ice. I'rom these
facts and principles the very important conclusion is
reached, that the alternate phases of precession—causing
the winter of each hemisphere to be in aphelion and
perihelion cach 10,500 years—would produce a complete
change of climate only where a country was particlly
snow-clad : while, whenever a large area became almost
wholly buried in snow and ice—as was certainly the case
with Northern Europe and America during the glacial
epoch—then the glacial conditions would be continued
and perhaps even intensified when the sun approached
‘nearest to the earth in winter, instead of there being at
otlmt- ime, as Mr. Croll maintains, an almost perpetual
spring. This important result is supported by reference
to the existing differences between the climates of the
northern and southern hemispheres, and by what is known
to have occurred during the last glacial e¢poch; and it is
shown to be in complete harmony with the geological
avidence as to interglacial mild periods.

Discussing next the evidence for glacial epochs in
earlier times, it is shown that Mr. Croll’s views are opposed
by a vast body of facts, and that the geological evidence
leads irresistibly to the conclusion that during a large
portion of the Secondary and Tertiary periods, uninter-
rapted warm climates prevailed in the north temperate
zone, and so far ameliorated the climate of the Arctic
regions as to admit of the growth of a luxuriant vegetation
in the highest latitudes yet explored. The geographical
condition of the northern hemisphere at these periods is
then investigated, and it is shown to have been probably
such as to admit the warm tropical waters freely to
penetrate the land, and to reach the Arctic seas by
several channels; and, adopting Mr. Croll's caleulations
as to the enormous quantity of heat that wounld thus be
conveyed northwards, it is maintained that the mild
Arctic climates are amply accounted for. With such
favourable geographical ~conditions, it is shown, that
changes of excentricity and of the phases of precession
wonld have no other effect than to cause greater differences
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of temperature between summer and winter ; but, wherever
there was a considerable extent of very lofty mountains
the snow-line would be lowered,and the snow-collecting area
being thus largely increased a considerable amount of
local glaciation might result. Thus may be explained the
presence of enormous ice-borne rocks in Kocene and
Miocene times in Central Europe, while at the very same
period all the surrounding country enjoyed a tropical or
sub-tropical climate,

The general conclusion is thus reached, that geographical
conditions are the essential canses of great changes of
climate, and that the radically different distribution of
land and sea in the northern and southern hemispheres ®
has generally led to great diversity of climate in the
Arctic and Antarctic regions, The form and arrangement
of the continents is shown to be such as to favour the
transfer of warm oceanic currents to the north far in
excess of those which move towards the south, and
whenever these currents had free passage through the
northern land-masses to the polar area, a mild climate
must have prevailed over the whole northern hemisphere,
It is only in very recent times that the great northern
continents have become so completely consolidated as
they now are, thus shutting out the warm water from
their interiors, and rendering possible a wide-spread and
intense glacial epoch. But this great climatal change was
actually brought about by the high excentricity which
occurred about 200,000 years ago; and it is doubtful if a
similar glaciation in equally low latitudes could be produced
by means of amy such geographical combinations as
actually occur, without the concurrence of a high excen-
tricity.,

A survey of the present condition of the earth supports
this viaw, for though we have enormous mountain ranges
in every latitude, there is no glaciated country south of
Greenland in N. Lat. 61°, But directly we go back a
very short period, we find the superficial evidences of
glaciation to an enormous extent over three-fourths of the
globe. In the Alps and Pyrenees, in the British Isles
and Scandinavia, in Spain and the Atlas, in the Caucasus

D e ——
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and the Himalayas, in Eastern North America and west
of the Rocky Mountains, in the Andes of South Temperate
America, in South Africa, and in New Zealand, huge
moraines and other unmistakable ice-marks attest the
universal descent of the snow-line for several thousand
feet below its present level. If we reject the influence of
high excentricity as the cause of this almost universal
glaciation, we must postulate a general elevation of ail
these mountains about the same time, geologically speaking
—for the general similarity in the state of preservation of
the ice-marks and the known activity of denudation as a
destroying agent, forbid the idea that they belong to
widely separated epochs. It has, indeed, been suggested,
that denudation alone has lowered these mountains so _m_uch
during the post-tertiary epoch, that they were previously
of sufticient height to account for the glaciation of all of .
them; but this hardly needs refutation, for it is clear
that denudation could not at the same time have removed
some thousands of feet of rock from many hundreds of
square miles of lofty snow-collecting plateaus, _and yet
have left moraines, and blocks, and even gl:u:lal. strie,
undisturbed and uneffaced on the slopes and in the
valleys of these same mountains. f o 5 !
The theory of geological climates set forth in .ﬂns
volume, while founded on Mr. Croll’s resm}rchps, differs
from all that have yet been made publie, n clearly
tracing ont the comparative influence of gquraphlcal and
astronomical revolutions, showing that, while the former
have been the chief, if not the exclusive, causes of the
long-continued mild climates of the Aretic regions, the
concurrence of the latter has been essential to the
production of glacial epochs in the temperate zones, as
well as of those local glaciations in low latitudes, of which
there is such an abundance of evidence. ;
The next question discussed is that of geological
time as bearing on the development of the organic world,
The periods of time usually demanded by geologists have
been very great, and it was often assumed that there was
no occasion to limit them. But the theory qf_de\'elopment
demands far more; for the earliest fossiliferous rocks
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prove the existence of many and varied forms of life which
require unrecorded ages for their development—ages
probably far longer than those which have elapsed from
that period to the present day. The physicists, however,
deny that any such indefinitely long periods are available.
The sun is ever losing heat far more rapidly than it can
be renewed from any known or conceivable source. The
earth is a cooling body, and must once have been too hot
to support hife ; while the friction of the tides is checking
the earth’s rotation, and this cannot have gone on
indefinitely without making our day much longer than it
is. A limit is therefore placed to the age of the habitable
earth, and it has been thought that the time so allowgd is
not sufficient for the long processes of geological change
and organic development. It is therefore important to
inquire whether these processes are cither of them so
excessively slow as has been supposed, and I devote a
chapter to the inquiry.

Geologists have measured with some aceuracy the
maximum thickness of all the known sedimentary rocks.
The rate of denudation has also been recently measured
by a method which, if not precise, at all events gives
results of the right order of magnitude and which err on
the side of being too slow rather than too fast.  If, then, the
mazimum thickness of the lnown sedimentary rocks is taken
to represent the average thickness of all the sedimentary
rocks, and we also know the amount of sediment carried to
the sea or lakes, and the aree over which that sediment is
spread, we have a means of caleulating the time required
for the building up of all the sedimentary rocks of the
geological system. Thave here inquired how far the above
suppositions are correct, or on which side they probably
err ; and the conclusion arrived at is, that the time
required is very much less than has hitherto been
supposed,

Another estimate is afforded by the date of the last
glacial epoch if coincident with the last period of high
excentricity, while the Alpine glaciation of the Miocene
period is assumed to have been cansed by the next earlier
phase of very high excentricity. Taking these as data, the
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proportionate change of the species of mollusca affords
a means of arriving at the whole lapse of time represented
by the fossiliferous rocks ; and these two estimates agree
in the erder of their magnitudes.

It is then argued that the changes of climate every
10,500 years during the numerous periods of high
exeentricity have acted as a motive power in hastening on
both geological and biological change. By raising and
lowering the snow-line in all mountain ranges it has
cansed increased denudation ; while the same changes
have caused much migration and disturbance in the organie
world, and have thus tended to the more rapid modification
of species, The present epoch béing a period of very low
excentricity, the earth is in a phase of caceptionel stalility
both physical and organic ; and it is from this period of
exceptional stability that our notions of the very slow rate
of change have been derived.

The conclusion is, on the whole, that the periods allowed
by physicists are not only far in excess of such as are
required for geological and organic change, but that they
allow ample margin for a lapse of time anterior to the
deposit of the earliest fossiliferous rocks several times
longer than the time which has elapsed since their deposit
to the present day. Al g Rone

Having thus Inid the foundation for a scientific interpre-
tation of the phenomena of distribution, we proceed to the
Second Part of our wor]s—the discussion of a series pf
typichl Insular Faunas and Floras with a view to explain
the interesting phenomena they present. Taking first two
North Atlantic groups—the Azores and Bermuda—it is
shown how important an agent in the dispersal of most
animals and plants is a stormy atmosphere. Although 900
and 700 miles respectively from the nearest continents.
their productions are very largely identical with those of
Europe and America ; and, what is more important, fresh
arrivals of birds, insects, and plants, are now taking place
almost annually. These islands afford, therefore, test
examples of the great dispersive powers of certain groups
of organisms, and thus serve as a basis on which to found
our explanations of many anomalies of distribution.  Passing
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on to the Galapagos we have a group less distant from a con-
tinent and of larger area, yet, owing to special conditions, of
which the comparatively stormless equatorial atmosphere is
the most important, exhibiting far more speciality in its pro-
ductions than the more distant Azores. Still, however, its
fauna and flora are as unmistakably derived from the
American continent as those of the Azores are from the
European.

We next take St. Helena and the Sandwich Islands, both
wonderfully isolated in the midst of vast oceans, and no
longer exhibiting in their productions an exclusive affinity
to one continent. Here we have to recognise the results
of immense antiquity, and of those changes of geography,
of climate, and m the general distribution of organisms
which we know have occurred in former geological epochs,
and whose causes and consequences we have discussed in
the first part of our volume. This concludes our review of
the Oceanic Islands.

Coming now to Continental Islands we consider first
those of most recent origin and offering the simplest phe-
nomena ; and begin with the British Isles as affording the
best example of very recent and well known Continental
Islands. Reviewing the interesting past history of Britain,
we show why it is compumtivgly poor in species and why
this poverty is still greater in Ireland. By a careful
examination of its fauna and florait isthen shown that the
British Isles are not so completgly identical, biologically,
with the continent as has been supposed. A considerable
amount of speciality is shown to exist, and that this
speciality is real and not apparent is supported by the fact,
that small outlying islands, such as the Isle of Man the
Shetland Isles, Lundy Islnn.d, and the Isle of Wiglnt’, all
possess certain species or varieties not found elsewhere.

Borneo and Java are next taken, as illustrations of tropi-
cal iglands which may be not more ancient than Britain
but which, owing to their much larger area, greater distanc(:
from the continent, and the extreme richness of the
equatorial fauna and flora, possess a large proportion oi'
peculiar species, though these are in general ver

. clog
allied to those of the adjacent parts of Asia, 7 ScLoR
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nary studies we have made enable us to afford a simpler
and more definite interpretation of the peculiar relations
of Java to the continent and its differences from Borneo
and Sumatra, than was given in my former work (7%e
Geagraphical Distribution of Animals).

Japan and Formosa are mext taken, as examples of.
islands which are decidedly somewhat more ancient than
those previously considered, and which present a number
of very interesting phenomena, especially in their relations
to each other, and to remote rather than to adjacent parts
of the Asiatic continent.

We now pass to the group of Ancient Continental Islands,
of which Madagascar 1s the most typical example. It is
surrounded by a number of smaller islands which may be
tormed its satellites since they partake of many  of its
peculiarities; though some of these—as the Comoros and
Seychelles—may be considered continental, while others—as
Bourbon, Mauritiug, and Rodriguez—are decidedly oceanic.
Int order to understand the peculiarities of the Madagascar
fauna we have to consider the past history of the African
and Asiatic continents, which it is shown are such as to
account for all the main peculiarities of the fauna of these
islands without having recourse to the hypothesis of a now-
submerged Lemurian continent, Considerable evidence
is further adduced to show that “ Lemuria ” is a myth,
cince not only is its existence unnecessary, but it can be
proved that it would not explain the actual facts of distri-
bution. The origin of the interesting Mascarene wingless
birds is discussed, and the main peculiarities of the
remarkable flora of Madagascar and the Mascarene islands
pointed out; while it is shown that all these phenomena
are to be explained on the general principles of the perma-
nence of the great oceans and the comparatively slight
fAuctuations of the land area, and by taking account of
established palmontological facts.

There remain two other islands—Celebes and New
Zealand—which are classed as “ anomalous,” theone because
it is almost impo&sib]e to Place it in any of the six
zoological regions, or determine whether it has ever been
actually joined to a continent—the other beeaunse ir
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combines the characteristics of continental and oceanic
islands.

The peculiarities of the Gelebesian fauna have already

been dwelt upon in several previous works, but they are
so remarkable and so unique that they cannot be omitted
in a treatise on “ Insular Faunas ”; and here, as in the case
of Bormeo and Java, fuller consideration and the znpli-
cation of the general principles laid down in our i‘n‘st
Part, lead to a solution of the problem at once more simple
and more satisfactory than any which have been previously
proposed. I now look upon Celebes as an outlying
portion of the great Asiatic continent of Miocene times,
which either by submergence or some other cause had Jost
the greater portion of its animal inhabitants, and since
then has remained more or less completely isolated from
every other land. Tt has thus preserved a fragment of a
very ancient fauna along with a number of later types
which have reached it from surrounding islands by the
ordinary means of dispersal. This sufficiently explains all
the peculiar agiinities of its animals, though the peculiar and
distinctive characters of some of them remain as mysterious
as ever,
. New Zealand is shown to be so completely continental in
1ts geological structure, and its numerous wingless birds so
clearly imply a former connection with some other land
(as do its numerous lizards and its remarkable reptile, the
Hatteria), that the total absence of indigenous land-
Iammalia was hardly to be expected. Some attention is
therefore given to the curious animal which has been seen
!)ut never captured, and this is shown to be probably
identical with an animal referred to by Captain Cook.
The more accurate knowledge which has recently been
obtmne(.l of the sea bottom around New Zealand enables
us to determine that the former connection of that island
with Australia was. towards the north, and this is found
Y agree well with many of the peculiarities of its
fallna_

The flora of New Zealand and that of Australia are
noW both so well known, and they present so many
peculiarities, and relations of so anomalous a character,
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as to present in Sir Joseph Hooker’s opinion an almost
isoluble problem. Much additional information on the
physical and geological history of these two countries has,
however, been obtained since the appearance of Sir Joseph
Hooker's works, and T therefore determined to apply to
them the same method of discussion and treatment which
has been usually successful with similar problems in the
case of animals. The fact above noted, that New Zealand
was confected with Australia in its northern and tropical
portion only, of itself affords a clue to one portion of the
specialities of the New Zealand flora—the presence
of an unusual number of tropical families and genera,
while the temperate forms consist mainly of species either
identical with those found in Australia or closely allied to
them. But a still more important clue is obtained in the
geological structure of Australia itself, which is shown to
have been for long periods divided into an eastern and
a western island, in the latter of which the highly peculiar
flora of temperate Australia was developed. This 1s found
to explain with great exactness the remarkable absence
from New Zealand of all the most abundant and
characteristic Australian genera, both of plants and of
animals, since these existed at that time only in the
western island, while New Zealand was in connection with
the castera island alone and with the tropical portion of
it. From these geological and physical facts, and the
known powers of dispersal of plants, all the main features,
and many of the detailed peculiarities of the New Zealand
flora are shown necessarily to result.

Our.lnst. chapter is devoted to a wider, and if possible
more interesting subject—the origin of the European
elem-ent in the ﬁoms of New Zealand and Australia, and
also in those of South America and South Africa. This is
so especially a botanical question, that it was with some
diffidence ‘I entered upon it, yet it arose so naturally from
the study of the New Zealand and Australian floras, and
seemed to have so much light thrown upon it by our
preliminary studies as to changes of climate and the causes
which have favoured the distribution of plants, that T felt
my work would be incomplete without a consideration of
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it. The subject will be so fresh in the reader’s mind that
a complete summary of it is unnecessary. I venture to
think, however, that I have shown, not only the several
routes by which the northern plants have reached the
various southern lands, but have pointed out the special aids
to their migration, and the motive power which has urged
them on.

In this discussion, if nowhere else, will be found a
complete justification of that lengthy investigation of the
exact nature of past changes of climate, which to some
readers may have seemed unnecessary and unsuited to
such a work as the present. Without the clear and
definite conclusions arrived at by that discussion, and
those equally important views as to the permauelfcc of
t}_le great features of the earth’s surface, and the wonderful
dispersive powers of plants which have ‘been so frequently
brought before us in our studies of insular floras, I should
not have ventured to attack the wide and difficult problem
of the northern element in southern floras.

o

In concluding a work dealing with subjects which have
occupied my attention for many years, I trust that the
reader who has followed me throughout will be imbued
with the conviction that ever presses upon myself, of the
complete interdependence of organic and inorganic nature.
th only does the marvellous structure of each organised
being involve the whole past history of the earth, but such
apparently unimportant facts as the presence of certain
types of plants or animals in one island rather than in
mlqthor, are now shown to be dependent on the long
series of past geological changes—on those marvellous
astronomical revolutions which cause a periodic variation
of terrestrial climates—on the apparently fortuitous action
of storms and currents in the conveyance of germs—and
on the endlessly varied actions and reactions of organised
beings on each other, And although these various causes
are far too complex in their combined action to enable us
to follow them out in the case of any one species, yet
their broad results are clearly recognisable ; and we are
thus encouraged to study moare completely every detail and




CHAT. XXIV SUMMARY AND CONCLUSION 645

every anomaly in the distribution of living things, in the
firm conviction that by so doing we shall obtain a fuller
and clearer insight into the course of nature, and with
increased confidence that the “mighty maze” of Being we
see everywhere around us is “not without a plan.”
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it. The subject will be so fresh in the reader’s mind that
a complete summary of it is unnecessary. I venture to
think, however, that I have shown, not only the several
routes by which the northern plants have reached the
various southern lands, but have pointed out the special aids
to their migration, and the motive power which has urged
them on.

In this discussion, if nowhere else, will be found a
complete justification of that lengthy investigation of the
exact nature of past changes of climate, which to some
readers may have seemed unnecessary and unsunited to
such a work as the present. Without the clear and
definite conclusions arrived at by that discussion, and
those equally important views as'to the permanetice of
the great features of the earth’s surface, and the wonderful
dispersive powers of plants which have heen so frequently
brought before us in our studies of insular floras, I should
not have ventured to attack the wide and difficult problem
of the northern element in southern floras.

In concluding a work dealing with subjects which have
occupied my attention for many years, T trust that the
reader who has followed me throughout will be imbued
with the conviction that ever presses upon myself, of the
complete interdependence of organic and inorganic nature.
Not only does the marvellous structure of each organised
being involve the whole past ]’:istory of the earth, but such
apparently unimportant facts as the presence of certain
types of plants or animals in one island rather than in
:mqthcr, are now shown to be dependent on the long
series of past geological changes—on those marvellous
astronomical revolutions which cause a periodic variation
of terrestrial climates—on the apparently fortuitous action
of storms and currents in the conveyance of germs—and
on the endlessly varied actions and re;

f actions of organised
beings on each other. And although these various causes
are far too complex in the

_ Ir combined action to enable us
to follow them out in the case of any one species, yet
t};elr broad results are clearly recognisable ; and we are
thus encouraged to study more completely pvery detail and
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every anomaly in the distribution of living things, in the
firm conviction that by so doing we shall obtain a fuller
and clearer insight into the course of nature, and with
increased confidence that the “mighty maze” of Being we
see everywhere around us is “not without a plan.”
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on small amount of marine denuda.
tion, 225
Genera, extent of, 17

Generic areas, 1
Generic and Family distribution, 25
Genus, defined and {llnatrted; 17
Geogmphieal change as a canse of glacia-
tion, 148
c)u‘\:a;,:en, influonce of, on climate, 150,
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(-eogné)‘hiul clnngu', effect of, on Arctic
nntes,
changes of Jnn amd Borneo, 885
ohanges M‘ll:tulll)'lug orgmnlamn. 223

and geograp con-
“ditions, 204
time, 210
ohango. probably quicknr In remote
times, 223

time, value of the estimate of, 22¢
time, messureanent of, 225
clmngva M Aiding the migration of
plants, &
climates u affecting  distribution,
L34
climates, summary of causes of, 536
time, snmmary of views on, 530
Geology of Borneo, 375
of Madagnscar, 412
of Celebes, 451
of Now Zealand, 472
of Anstralis, 404
Geomalacns maculosus, 356
@ Glacial climate not lncnl 118
deposits of Scotland, 112
Glaginl epoch, proofs of, 107
offocts of, on animal life, 117
alternations of climate dnﬂuu. 118
as cnuslns migeation ava extinetion,
causes of, 125
th;: essentinls to the produetion of,
pmhuhle date of the, 160
and the climax of continental develop-
ment, 206
date of lnst, 235
Glacial phenomena in North America,
11

Glaciation was greatest where rainfall iz
now greatest, 189
ncuon of meteorological causes on,

mmmn ¢ of chief causes of, 144

in Northern Howmlspliere, the only
efficient canse of, 144

o( \ew Zealand and South Africa,

locnl, dne to high exocntrlolly. 207

wides in recent times, 5496
Gleichenia in Greenland, 186

in relstion to chn!k. 89
Glohigering.caze, analysis of. 01
Globlgorine, where found, 92
Glyptostrobus, fossil, 196

1&, cl:smlctlrcnm of, in St. Helena,

Godmnn. Mr., on binds reaching the
Azores, M8, 250

Gray, Professor Asza. on extinetion of
Bumluuul plants by the glacial

o 123
Great lgrimln and Japan, beds common
to, 306

Greenland, an anomaly in the Northern
Homisphere, 154

Miocene

Crataceous flora of, 185

flora of iee-surraunded rocks of, 422
Grinnell Land, fossil flors of, 184
Guernsey, yeculmr crula\ls-ﬂy in, 8455
Gulick, Rey. J. T., on Achatinelling, 318
Gnnlb«:r, Dr., on gizantic tortolses, 279

on peculiar British flshes, S¢1

rofrichus gibsii, 804

on lizards in the London Docks, 431

on Indinn toads in Manritins, 438
Guppy. Mr., on chialk of Solomon [skands,

.

Haast, Dr., on otterlike mammal in New
Zealand, 4706
Hubitability of globe due to disproportion
of land and water, 200
Haplothoraz brerchellil, 200
Hartlaub, Dr,, on ** Lomurin, ™ 423, 426
Hatleria punetata, 489
Haughton, Professor, on heat earried b7
ocean-currents, 104
comparison of Mioeene and existing
climates, 107
on gcnlozlul time, 211, 219
on thickpess of sedimentary rocks,

210
Hawailan fununa and florn, antiguity of,
328
Heat a:u.l cold, how dispersed or stored up,
s

Heat required to melt snow, 154
evolved by frozen water, its nature
and elfocts, 145
cut off by cloud nnd fogs, 145
Hector, Dr., on Triassic and Jurassic
florn of New Zealawd, 620
Heer, Professar, on chalk sea in Central
Eumpe, 83
ﬂLﬂpml. Pmteuor, an insects of Bermuda,

2060
on Innd-shells of Bermuda, 97
Helianthemum Bresert, 560, sm
Helioduy, an American fossil, 69
Haelix, 17
Hemiptera of 8¢, Helenn, 508
Hepatior, pecaliar Britiah, 206
non-Europesn genern of, in Britain,
107
Hesporomys, 25
Hesperornis allied to ostriches, 481
Hieracinm iricuwm, 162
Tigh Band essentinl to the production of a

Fl.nclnl opoch, 195

Hildebraml, Dr. W., on flora of the
Sandwich Tslands, 321

Hlnmlr._mn binls and inseets In Celebes,

Hi

Greeno, Dr. J. Reay, on ek 1 in
Bourbou and Mauriting, 435
l)n‘uﬂ?nﬂ Tous of sun.heat ln clouds in,

l

oy in Yorkshire ns proving
a Iulld climate, 110

Tlochstotter on the aquatle mamn:al of

New Zealand, 475
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Hookc;. Sir Joseph, on the Galapagos
B o

ri, 287
on allinities of St. Helona plants, N0
on peenlineg British )1Ianla, 200, 20
ou the flora of New Zealand, 488
on _ proportion of Aempernte wd
tropleal Avstralian floras, 402
on current of vegetation from north
to south, 510
on supposed occurrence of Anstralian
plants in Eugland in the Tertinry
period, 518
Horne, Mr. John, on jce-sheet covering
the Isle of Man, 115
Hull, Professor, on Permulan lLreccias in
Treland indicating fee.action, 201
Humming-birds, restricted ranges of, 16
Hutton, Captain, on strathious binds of
New Zealand, 470
Huxley, 1I‘ﬂ:ifcmsm‘. on geological time,
21

on European origin of African animals,
410

Hyomoschus, 27
Hyracoiden, restricted rango of, 8

L.

Iec.action, what evidences of, during the
Tertiary porlod, 178
Indications of ancient, 200
Iec-homz rocks, o test of & glacial epoch,
17

in Miocene of N, Haly, 178

in Eoccens of Alps, 178

in Eocene of Carpathians and Apen.
nines, 170

absence of, n English and N, Awmerd-
ean Tertinries, 180

lc’-‘-c-‘l'i. why improbable or lmpossible,

161

Teeland, a continental stand, 450
Tetorlda, 20 °
Ignanida, 50
Tnddian binds in Farmoss, 407
Indlian Ocean ns s fonrce of heat in Ter-
tinry times, 102
llnli.m4 nﬁelwn of plants in Australia,
Indicator, distribution of, 25
Inseetivora in Madagaseat, 417
Inwects, dispersul of, 77
of the Miocene periad, 77
restrictlon of range of, 78
of the Azoras, 245
o; }llcn;!:;ln. 200
of the Galnpusos, 254
of St "ule!'x:? 208
of the Bandwich Islands, 518
peetliar Britiv)), 544
of Celebes, peculinrities of, 462
sedreity of, In New Zealand, 505
Insular fannias, siunmary of conelusions as
10, 630, 644
Interginoial warm J‘»oriods on the continent
end in North Amserica, 121

Intorglacial pericds and their probable
charmeter, 152

Interglacial puriods will not. ocouy during
an e-|ioch of extreme glacintion, 135

Interglacinl elimates never very warim,

na
Irelandd, poverty of, In reptiles, @
in plants, 459
pecullar fishes of, 152
plants of, not found in Great Dritain,

Islands, classification of, 242
lm&grtmtcu of, in study of dis{ribu-
n, 241
remote, Low stocked with plants
and animals, 201
submerged between Madagasear amd
India, 425
Isle of Wight, peculiar Leatle of, 351
Tsatla tinctoria, on railway bank, 514
Ithaginis, 25

o
J.

Japan, zoological features of, 594
maalia of, 194
Linds of, 390
binds peculiar to, 308
birds in distant areas, $00
Japan and Formosa, 191
Java, fiuna of, 453
Asiatic spocles in, 384
Java and Borneo, past elianges of, 885
Juys, distribution of species of, 20
of Eavope and Japan, 67
Juffreyz, Dr. Gwyn, on shallow-water
mollusen in chalk, 02
on fossil shallow.water shells in deep
water, 347
Jones, Mr., on migration of birdy to
Bermuda, 268
on vegetation of the Bersnudas, 972
Juan Fernandez, flors and fauna of, 287
Judd, Prof. J, \ﬂ'.. on aleence of glacis-
tion lilal c‘zu!. E‘:Eo]w, 199
on fation of the Alps prodiced by
tﬁc:iiuu, 1590 4 2
Juniperur barbadensis, 72
Jura, travelled Blocks on, 110
Jurassic warm Arctic climate, 202

K.

Keeling Islandg, anlaly of, 286

Kirk, Mr. T., on tewporary introduced
Planls, 616

Kuowledge of various kinds requinsd for
x_m:;ly of geograplical distribution,
L5

|

Lagopus reotfens, 540
Land as u Larnier to ocean-currents, 150

-,
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Land and sea, changes of, 83
bo)w;oclnugen of, nffect climnto, 148,
M

Land and water, dis |m!1onlon of, ronders
globe haliiable, 204

Land.birds of Celebes, 1ist of, 406

Land-connection, how far necessary to
(lisf\crsnl of mammals, 73

Land-shells, great antiquity of, 79

universal distribution of, 70

causes favouring the abundance of,

70
of the Azores, 256
of Bermuda, 270
of the Galapagos, 254
of 81 Helena, 30&
of the Sandwich Islands, 316
of the Seychelles, 434
Laurus canariensis, 200
Leguat on animals of Bourbon, 435
on the Solitaire, 436
Mg.umiwm, abundance of, in Australia,
4

&' Lemuria,” & sup osed submerged conti-
nent, 422-426

Lomurs in Madagasesr, 416

Lendenfeld, Dr. von, on glaciation in
the Australian Alps, 163

Teopard, enormous ranga of, 14

Lepidoptora, list of peculiar British, 347

Lepidosiren, 63

Lepidosiren paradoza and L. anncctens,

9
TLepidesternida, 27
Limestone as indicating change of sea nnd

land, 54
Limnaa involuta, 5560
Linaria purpurea, on rajlway bank, 614
Liopetma hockstctieri, in New Zealand,

488
Liotrichide, 20
Tist of the land-birds of Colobes, 466
Lizard peeuliar to the Mascarene Islands,

4
Lizards of the Galapagos, 278
1ocal variation of colour of, 431
of Now Zealand, 458 L
Lobolincew, abundance of, i the Sandwich
Islands, 524
Locality of n species, importance of, 12
Loddigesia mirabilis, rarity of, 16
Lonl, Mr., on species of Urotrichus,
a4

Luw-g;mlu and high-grade heat, 145
Lowlands nowhere covered with perpetunl

snow, 136
Lundy 1sland, peculiar beetles of, 554
Lyell, Rir Charles, on permanence of con-
tinents, §
on calearcons mud, 90
on the distribution of chalk, 93
on geographical canses ns modifying
mato, 148
on cstimate of geological time, 211,

mx.;i'!uducaliou of gedimentary rocks,
ny Y
Lynxes, a Palicarctic group, 41 *

!

M,

MaLaolidan, Mr., o peuiliar Betish s
dis-ftles, 355
Madagascay, physical festures of, 412
former condition of, 414
Tiologlteal features of, 416
mammalin of, 416
reptiles of, 417
relation of, to Afries, 418
ovarly history of, 410
birds of, in relation to ** Lemuris,”
422 4
florn of, 430
conc&m!on on fauna and florn of,

44

great antiquity of, 446
Madagasear and Africa, contrast of, 6
Maillard on animals of Bourhon, 435
.\lam_v’lslmads, local peculiarities of flora

n, 187

past history of, 350
Malayan birds in Formosa, 406
Mammalia of BEast As=ia, range of, 54

of North Afvica, range of, 34
Manunalis, dir«prm{ of, 78

of Beitain, range of, 33

poverty of: 429

of Borneo, 376

of Java, 382

of the Philippines, 557

of Japan, 308

of Foriposa, 402

conrmon to Formosa and Indin, 403

of Madaznsear, 416

of Comoro Islands, 425

of Celobes, 455; whenee derlved, 457

of New chth 4T
Maorl legend of origin of the forost-rat,

47

5
Mnoris, their aceounts of the moa, 477
Map of the old Rhone glacier, 110
of North and South Polar Reglons,

138

of the Azores, 248

of Bermuda, 268

of the Galapagos, 276, 277

of the South Atlantic Ocean, 203

of the Sandwich Islands, 811

of the Nortli Pacific with jts sul.
mn:fe«l banks, 512

of Britigh Isles and the 100-fathom
bank, 338

of Borneo and Jaya, 874

of Japan nnd Formosa, 302

physieal, of Madagascar, 411

of the Madagasear group, 4156

of the Indian Ocean, 425

of Celebes, 452

of 3u-bottom avound New Zealand,

472
of Australin in Cretaceous period,

407

Marcon, Professor Jules, on the Pliocene
and glacial epochs, 233

Marmot, range of, 15

Mars sls( ‘éllusuatins glacial theories, 164,
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Mars, no true ice-cap on, 166
Mursupials, mnge of, 30
nmha Prof, O, C., on the Atlantossurus,

a8
on Hesperornis, 481
Marsh, D[r.. on ols as desert-makers,

Mascarene Islands, 428445

Mnscnrclz‘o plants, curlous relations of,
endeniie genera of, 443

Magearene flora, frmgmentary character of,

abundance of ferns in, 445
Manriting, Bourbon, and Rodriguez, 454
Measurements of geological thne, 233

ag;ggmunt. of various estimates of,

concluding remarks on, 236
Medicago sativa in New Zealand, 615
Mei:nlmldm. b
Melengris, 50
Melflotus vulparie, on rallway banks, 513

Meliplagide, 47
Mellmn. on the early history of St.
Helenn, 205
Melospiza melodia, varintion of, &5
Merycotherityg, 123
Meteoralogical canses as intensifying gla-
ciation, 142
Migration caunsed by glacial epoeli, 122
of Mrds to Bermuda, 267
of plants from north to south, 112
of plants and alterations of snow line,

51

g
of plants due to changes of climate,
817
of plants from north to south, long
continuned, 518 -
of plants aided by geological chianges,
519
of‘, plants by way of the Andes,
520
ofd lants by way of Himalsyus and
&mth Asis, 529
of plants throngh Africs, 52
Mild Avctic climates, stratigraphical ovi-
dence ?f,] rl'("s'l
causes of, y
de{-endont on geographical clanges,
o

elfects of high excentricity on, 108
summary of causes of, 537
Mioeene Arctic flora, 163
flora of Europe, 123
" of Java,
tm?nn of Europe and North Indis,

419
Mississippi, matter carried away by, 172
Mitton, Mr. William, on peculiar British
mosses and hepatica, 1645, 168
o1 temporary appearance of plants,
53

Muiotiltide, a nearctic group, 49

Mnium, ::'nllnr spocies of, in the Dront.
hlm mountning, 968

Moas of New Zealand, 476

Mollusea, dispersal of, T
Monotremata, restricted range of, 30
Maraines, 105
of Tvrea, 110
More, “)‘l’: A. G., on peenliar Irish plants,

Morgnn, Mr, C. Lloyd, on thickness of
foriwations not affocted by dennda.
tion, 220
Meseley, Mr. Ho N., on seeds carried by
birds, 259
on the tlora of Bermuda, 272
Mosses, peculiar British, 366
no'lll-lCurol\(-nn genern of, in Britain,
H
lu:nr(}s diffused and why restricted,

3
Mt St Hlias, why not ice-clad, 154
Mountain chaing aiding the dispersal of
plants, §1
as alds to migration of plants, 518
Mueller, Baron von, census of Australiay
plants, 402 o
Munia drunneiceps, in Celebes, 463
Murray, Mr. J., on oceanle deposits, 86 &
on chalk-like globigerinn-ooze, 92
o wean height of continents, 216
on land-area of the globe, 221
Mus, 17, 20
Mygale pyrenaica, range of, 16, 24
M. muacovitica, 24
Myialestes helianthea in Celebes, 463
lerlmﬁ%:, 20
Myrsine, fossil in Greenland, 186
Myuhvl:sgdum. sub-fossil {n Spitzbergen,

N.

Nares, Capt. Sir G., on snow and ice
Nigh Intitudes, 135 S
on abrapt elevation of Bermuda, 254
Nesretic Region, definition of, 48
mmnmalia of, 48
birds of, 49
reptiles of, 50
Nectarinea osca, restricted range of, 16
Neilgherries, Australian plants naturm.
lized in, 528
Neotropical Reglon, definition of, 51
low types of, 52
Novill, Mr. Geoffrey, on land-shells of 13
Seyehelles, 434
on destruction of Seyehelles florn, 145
Now species, origin of, 50
Newton, Mr. E., on short wings of tho
Seychelles dovo, 487
Newton, Professor, on rocently oxtinct
*  birds, 497
}\Iewt;. nl;lhictcd range of, 80
New Zealand, recent glaciation of, 163
New Zealand, 471 A
geology of, 472 2
form of sea-bottom around, 478
2oological charncter of, 478
manunnlia of, 474

.




New Zealand, wingless birds of, 476
past changes of, 478
winged birds and lower vertelbrates

of, 482

ded;m‘gt‘ma from peculiarities of fauna
of,

peml of its union with N. Australia,

the flora of, 487, 506
otadn of Australian clement In the
ora of, 408
tropical clsrncter of flora, 500
{ropical genera comumon to Australia,
01

L
tcmpe_mtgo ;pccles common to Aus-

route of Arctic plants to, 521
Buropean plants in, 500
endemic genera of plants in, 526
t antiquity of, 526
Nordenskjold, Prof., on absence of per.
petunl snow In N, Asia, 185
on gucont milder climate in Spitz.
bergen, 152
®  ou former Polar climates, 187
on geology of Bpitzbergen, 183
North Amel glacial phenomens in,
116

interglacial warm periods in, 121
condition of, in Tertinry period, 194
Northern geners of plants in B, temperate
Americs, 521
hemisphere, absence of southern
plants from, 527
florn, hardiness of, 52§

0.

Ocean-carrents ns carriers of plants, 81
as affecting interglacial periods, 162
a8 determining climate, 153
effects of; In Tertiary timos, 106
Ocean, Darwin on permanencs of, 100
Oceanlc and continental islands, 242 .
Oceanie islands a proof of the permianence
of oceans, 100
Oceanio istands, 344
—the Azores, 247
goneral rewarks on, 320
Ootodontidm, 27
(Enanthe fluriatilis, 961
(Eninghon, Miocene flor of, 188
Enothera odorata, on & rmailway banlk,

ald

Oliver, Professor, on peculiar Bermudan
plants, 272

Operculata, scarcity of, in the Sandwich
Islands, 317

Ophrys ﬁ'l.fm, temporary appearance of,
o
d:«% specics have restricted ranges,

Orchld'a_ abundanece of, in Bourbon and

Mauritins, 446
mg enhncst universal in the tropics,

INDEX 559

Orders, distribution of, 50
Organic change dependent on change of
conditions, 225, 228
Oriental Region, definition of, 44
mammals and birds of, 44
roptiles of, 456
inseots of, 45

| Origin of now spocies, 56, 60

of new genern, 61
of the Galapagos flora, 258
of the beetles of St. Helena, 205
of Australinn eloment in the New
Zealand flora, 498
Orkney, peculiar fishes of, 341
Orthonyx not & New Zealand genus,
483
Ospray, wide range of, 15
Ostriches, limitation of, 30
Otter-liko mammal in New Zealand, 475
Overlapping and discontinuous areas, 28

P
Pachyglossn  aurcolimbate, in Colebes,
468

Paliarctic Region, limits of, 59
characteristic features of. 41

Paleozoie formations, depth of, round

London, 218

Palm confined to Round Island, 444

Panax, fossil in Greenland, 186

Papilio, 17

[‘nra,;l:’no)ﬁ. no wild horses or cattle in,

Parnassius, Palearctic, 42

Parus aler, 19

P. borealis, 19, G4

P. Yritannicus, 121

P. camtschatkensis, 10

P. cinctns, 20

P. earuleus, 20

P. ocyaneus, 20

P. eristatus, 20

P, ledouci, 20

P. tugubriz, 20

P, major, 19

P. palustris, 19 ; discontinuons arca of,
(5]

P. teneriffor, 20

Passeres of the SBandwich Islsnds, 314

Past changes of Now Zealand, 478

DPayer, Lient., on evaporation of ico dur-
ing the Arctic summer, 140

Peculiar fauna of New Zealand, deduc-
tions from, 484

Pengelly, Mr., on submerged forests, 135

Pennula’ millef, in Sandwich TIsiands,

Permanence of continents, summary of
ovidence for, 103

Permian formation, indications of fce-
action in, 200

Perodicticns, a local genus, 26

Pmm;lli:um aegetum, on railway lank,
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Philippine Istands, 387
mammalia of, 367
binds of, 488
past Listory of, 830
Phyllodectylus palapagensis, 270
Piiyloscopus borealis, rango of, 15
Physical eanses which determine distribu-
tion, 533
features of Formosa, 401
Piea, 17
Pickering, Dr., on the flors of the Sand.
wich Islands, 325
on temperate forms on mountains of
the Sandwich Islands, 323
Pithecia monachus, distribution of, 18
P, rustbarbata, 18
Pitta, distribution of, 95
Plants, dispersal of, 80
soods of, sdapted for dispersal, 80
wlilgamnge of species and genera of,

poverty of, in Ireland, 359

yeculiar British, 350

of Ireland not in Great Britain, 264

cause of thelr wide diffusion and war-
row restriction, 860

casily dispersed often have restricted

Tanges, 504
howl }bey wigrate from norih to south,
014

of exisling genern throughout the
Tertiary period, 520

southern migration of, by way of the
Himalayas, 525

ngm migration of, through Afriea,

en;!;nic genera of, In New Zealand,

Platypus, 20
Pleetiodon longirostris of Bermuda, 296
Po, matter earvied away by, 173
Podargus, Australian genus, 47
Paceilozonites, pecullar to Bermuda, 270
FPoinefana regia in Madagnscar, 440
Populus, fossil in Bpitzbergen, 184
Pourtales, Count, on m 1 formation
of chalk, 95
on sedimentary deposits in Gulf of
Mexico, 232
Poverty in species of Britaln, 538
Precession of Equinoxes, influcnes of, on
climate, 126
Pregervation of specles, 63
Proboscidea, range of, 80
Proteus, why preserved, 63
Paophin, range of species of, 18
Pteroptochidm, 20
Pyrcnean {bex, restricted rango of, 15

R

Ruilways, new plants on, 513
Rameay, Mr. Wardiaw, on Philippine
birds, 888

l"r:;easor, on nnclent land surfices,

Ihmnay.ol’mfumr, on geological time
212
onqltghickncss of sodimoentary rocks.

Rat, native, of New Zealand, 4556

Rate of organic change usually measured
by an incorroct scale, 252

Rats in the Galapagos, 278

Raven, wide range of, 16

Reade, T. Mellard, on chinnges of sea and

nd, 84
Recent continental islands, 248, 331
Red clay of Bermuda, 265
qu‘lilex;‘ dispersal of, 75
of the Galspagos, 278
of the Sandwich fslands, 516
canse of scareity of, in British Isles,

339
of Madagascar, 417
of the Seychelles, 410
of Mauritius and Round Island, 438
of Now Zealand, 453
Riodolama altivola in Madagnseas, 440
Hihua toxicodendron in Becmuda, 272
Ridgway, Mr., on birds of Galapagos, 281
River-channels, buried, 386
Loches moutonndes, 108
Itodents in Madagnsear, 417
Rownd Island, n snake and & palin peeuliar
A to, 438, 444
Numex pulcher in New Zealand, 513
Rye, My, B. C., on peculiar British in-
sects, 345, 351

B

8t. Helena, 202
offects of European occupation on the
vegetation of, 204
insects of, 208
land-shells of, 304
absepce of fresh-water organisms in,

304
native vegetation of, 805
Salvin, Mr., on the birds of the Galapagos,
280

Sandwich Iskands, the, 810

roptiles of, 816
Iand-shells of, 316
{nsects of, 318
vegetation of, 321
antiquity of fanna and flogs of, 528
Snassafras, in Swiss Miocene, 183
Scandinavian flora, sggressive power of,
511
Sclvm.ir;c T\'oyngus, comparative results
of,
Selurus, 26
Sclater, blsr{' P. L., on zoological regions,

82,

Seotland, glacial derosiis of, 112115
wobable rato of denudation in, 178
liocene tlora of, 154

peculiar fishes of, 841
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Sootophilus tuberenlatus in New Zealand,
47

+
Scrophularinese, why few specics are com-
mon to Australin and New Zealand,
H05
Sea, depth of, aronnd Madagascar, 414
depth of, around Celebes, 452
‘Sea-bottomn arountl Now Zealand snd Ans-

tralin, 478
Fendevel, cimnmu of, dependent on gla-
cintion, 16
lex offects of glaciation on, 162,

164
rise of, a canuse of denndation, 174
Seas, inland, in Tertiary period, 101
Section of sea-bottomn sear Bermuds, 264
Bodges and grasses common to Australin
and New Zealand, &4
Redimentary rocks, how o estimate thiek-
ness of, 217
thinning out of, 217
how formed, 215
tickness of, 217, 221
summary of conelusions on the rate
of formation of the, 221
Seabohun, Mr., on Parus pahotris, 65
on Emberiza schaniclus, 66
on snow in Siberis, 165
on birds of Japan, 306
Seads, dispersal of, 257
carriedd by birds, 258
Senecto  australis, on burnt  ground,

513
Sorlelnns, Palxarctio, 42
Seychelles Archipelago, 420
birds of, 490
reptiles and amphibia of, 430
fresh-water fishes of, 443
land.shells of, 454
Sharp, Dr. D., on beetles of the Sandwich
Istands, 819
on pecnliar British beetles, 346
Shells, pecnliar to Britain, 356
Shetland Isles, peenlinr bootle of, 154
Shore deposits, 85, 211
|n'33 the permanonce of continents,

i
distance from const of, 221
Stalia sialis, varintion of, 58
Siberia, amount of snow and its sudden
dissppearnnes in, 166
Silurian bonlder-beds; 201
warm Arctic climate, 202
Simiidae, o7
Stayrisehinm bermudiannm, 252
Skurlc:lxlc_\'. M{é’ on four distinel benlder.
1

on_ Tertlary deposits in Egypt aml
Niulin, 19
on ollmatic stability of prosent epoch,

239
Blug peculiar to Irc]nn(l,‘ ane
Snake peenline to Round Island, 438
Snakes of the Galapagos, 280

of the Seychellos, 451

Snow and jco, properties of, in relation to

climate, 191
Suow, offects of, on climate, 193

Snow, quantity of heat required to melt,
134

often of small amount in high lati-
tudes, 134

never perpetusl on lowlands, 156

conditions determining  perpetual,

137
maintains cold by refleeting the solar
heat, 144 '
Suow-line, alterations of cansing migmtion
of plants, 516
Rollas, Mr, J, W,, ox greater intensity of
telluric action in past tine, 223
Santh Afriea, recent glaciation of, 163
mm‘:y northern genera of plants in,
624

49

its supposed connection with Ans-
um.p:gs

South American plants in New Zealand,

a2l
South Tempernto Americn, poor in species,
53
climate of; 146
Southern flors, comparstive tenderness

of, &
Sotithernt  plants, why absent in the
Northern Hemisphere, 527
Space, temperature of, 129 3
Specialisation antagonistic to diffusion of
specien, 505
Species, arigin of new, 56
extinction of, 63
rise and decay of, (1
epoch of exceptional stabllity of, 233
dying out and replacement of, 409
preseevation of, in iskands, 410
Specitic arens, 14; discontinuous, 64
Spirantkes romanzovians, S04
Spitzbergen, Miocans flora of, 184
albsence of boulder-beds in, 157
Sprace, Dr. Richard, on the dispersion of

* _hopaticw, 36
Stnblllt?' of extreme gincial eonditions,

150
Stalnton, Mr. H. T., on peealisr Dritish
moths, $46-950
Smn[\';ai wountains, why not fce.clad,
o

Stu*linusi genera of, in New Zealand,
459
Stellavia media, teaporary appearance of,

gk

Siemm:, process of abortion of keel of,
Fre

ol

Stow, Mr. G. W., on glacial phenomens
in South Africa, 163

smume.-l rocks formed near shores, 85,

87
deposits, how formed, 218
Strlated rocks, 107
N;g; in the Perminn formation,

Striz flammen, range of, 15
| Struthiones, 30
Struthions birds of New Zealaud as indi-
cating past chunges, 478
Stylidinm, wide rangs of, 184
Snbanerged forests, 534
0 o0
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Bubsidence of isthmus of Pauama, 151
Sumatra, goology of, 455

Bweden, two deposits of il " in, 121
Swimming powers of mammalin, 74
Swinhoe, Mr. Robart, researches in For.

mosa, 400

Switzerland, interglacial warm periods in,
1

Sylviada, overlapping geners of, 20

T.

Talpide, & Palaarctic group, 41
"Fapirs, distribution of, 25
former wide range of, 408
Tarsins, 63
Tarsfus rpectrum in Colobes, 456
Tasmania and North Austmalia, resem-
blance of, 6
route of Arctic plants to, 52
Tazodinm diztickm in Spitabergen, 184
Temperute climates in Aretic regions,
151
Australian genorn of plants in Now
Zealand, 502
Australian spocies of plants in Now
V. d, 502
Tempernture, how dopendent on sun's
distance, 120
of spnce, 120
Temm;y_-' ‘;:hcial epochs, ovidence againgt,
‘

warm climnates, continuous, 157
Test of glaciation at any period, 175
Testwdo abingdonii, 279
T. sicrophyes, 378
Tetrogallus, distribution of, 24
Thais, & Palmarctic genns, 42 )
'I'homngn, Bir Willlam, ot age of the earth,

Sir Wyville, on organisms in the
globigerina.ooze, S0
nualysis of globigarinn-onze, 91
Thryotkorus bewicicii, discontinulty of,

YT of Scotland, 112
several distinet formations of, 121
Tits, distribution of species of, 10
Tarreya, fossil in Spitzbergen, 185
Tortoises of tha Galapazos, 078
Trade-winds, how wodified by & gasial
epoch, 142
Ride, 27
Tﬁnvr]lrd blocks, 108
crnaretos, an isolated genus, 29
Trinssic warin Arctie olimate, 200
oo ¥X not & Now Zealand genis,

Trichoptern peoulinr to Britain, 356
Trogons, distribution of, 25
mPi?!&:Mnitlen of New Zealand birds,

claractor of the New Zealand flora,
cause of, M0 h

Eener common to Now Z
ekl ow Zewland and

|

Turdus, 17, 26

Turdus fuscescens, variation of, 68, 50

Tylor, A., on estimnting the rate of denu.
dation, 214

Tyrannidm, an American family, 50

i

Uraniide, 28
Uropeltid, 30
Urotrichns, distribution of, 25

Ursus, 26

V.

Varlation in animals, 57
nmount of, in N. Amorican binds,
58

Vegetation, local peculinrities of, 185
offects of Polar night on, 198
Fesperugs arrotinus, mnge of, 14
Vireo bellli, sapposed discontinuity of,
68
Vireonidie, an American family, 49

w.
Wnllic{h. Dr., on habitat of globigerine,
12

Warren, Mr. W., Information on British
lopldopters, 547
Water, properties of, in relation to elinate,

151, 188
"Waterhouse, Mr., on Galapagos beetles,
84

Wales, peculine fish of, 5341
Warm climates of northern Iatitudes, long
persistence of, 201
Watson, Mr, H. C., on the florn of the
Azores, 256
on peerline British plants, 859
on vegetation of ralrwny banks, 513

| Webh, Mr., on eomparison of Mars and

the Earth, 166
West Australls, rich flom of, 404
former extent and fsolation of, 407
West Indies, n Nootropical district, &3
White, Dr. ¥. Buchanan, on the Hemipters
of 8t Helena, 203
Mr. John, on native socounts of the

maon, 457
Whitehead, Mz, John, on Bornesn Winls,

bR
Wilson, Mr. Secott B.,-on hinls of thn
Sandwich Islands, 814
Winged binds of New Zealand, 458
Wingless bivds never inlabit continents,
ur

487
their cvidence against ** Lemurin™
s
of Now Zealnl, 476

Wings of struthions linds show retrogrule
developinent, 437

O
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Winter temperature of Europe and Auer-
lea, 196
Wolf, mtize of, 14
Wollaston, Mre. T, V., on insular elinracter
of St. Haolena, 294
on 8Bt Heloun shells
onr

and  (nsects,
Wood, Mr. Searles V., Jun., on formation
of UL 114
on alternations of climate, 118
on causes of glacial epochs, 125
conclusive objection to the excen-
tricity theory, 160

on confinvots warm Tertiary cli-
2 mates, 180
Woodward, Dr. 8. P., on Ammonites

A living in shallow water, 85
Woodward, Mr., on * Lemuria,” 426 |
Wright, Dr. Porcival, on lizards of the Sey. |

challes, 431

Young, Professor J., ou contemporaneonus
ts, 201

formation of doposits,
Young Island, lofty Sntuarctic, 522

7

Zoolozy of the Azorvs, 248
of Bermuda, 262 .
of the Sandwich Islands, 313
of Borneo, 476
of Madagascar, 416
of islands ronmd Celebes, 453
of Colebes, 405
Zoological and geographical regions com-
pared, 32, 54
Zoological features of Japan, 303
character of New Zealand, 4758

THE END










