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PREFA CE.

TaE 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 considered as a popular
supplement to and completion of that worl.

It is, however, at the same time a complete work in itself;
and, from the mode of treatment adopted, it will, I hope, be well
calculated 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 same time tolerably full, it is hoped that they will prove
both instructive and interesting. The plan of my larger work
required that genera only should be taken account of; in the
present volume I often discuss the distribution of specdes, and
this will help to render the work more intelligible 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 “ Conclusion,” render it
unnecessary for me to offer any further remarks on these points.
I may, however, state generally that, so far as I am able to
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CHAPTER 1L

INTRODUCTORY.

Remarkable Contrasts in distribution of Animals—DBritain and Japan—
Australia 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 best subjects for the study of distribu-
tion—Qutline of the subjects to be discussed in the present volume.

WuEN an Englishman travels by the nearest sea-route from
Great Britain to Northern Japan he passes by countries very
unlike his own, both in aspeet 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 volcanic 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, thrushes, buntings, and house-
sparrows, some absolutely identical with our own feathered
friends, others so closely resembling them that it requires a
¢ B2



4 ISLAND LIFE, [PART 1.

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 strange Australian forms, while even
the vegetation is all changed, and no gum-tree, or wattle, or
orass-tree meets the traveller's eye.

But there are some more striking cases even than this, of the
diversity of the productions of countries not far apart. In the
Malay Archipelago there are two islands, named Bali and
Lombok, ‘each about as large as Corsica, 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 quad-
rupeds than do England and Japan. The birds of the one are
extremely unlile those of the other, the difference being such
as to strike even the most ordinary observer., Bali has red and
green woodpeckers, barbets, weaver-birds, and : black-and-white
magpie-robins, mone of which are found in Lombok, where,
however, we find sereaming cockatoos and friar-birds, and the
strange mound-building megapades, which are all equally un-
known in Bali. Many of the kingfishers, crow-shrikes, and
other birds, though of the same general form, are of very distinct
species ; and though a considerable number of birds are the same
in both islands the difference is none the less remarkable—as
proving that mere distance is one of the least important of the
causes which have determined the likeness or unlikeness in the
animals of different countries.

P SN A — S S SR PR S
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CHAP. 1.] INTRODUCTORY. &

In the western hemisphere we find equally striking examples.
The Eastern United States possess very peculiar and interesting
plants and animals, the vegetation becoming more luxuriant as
we go south but not altering in essential character, so that when
we reach the =outhern extremity of Florida we still find our-
selves in the midst of oaks, sumachs, magnolias, vines, and
other characteristic forms of the temperate flora; while the
birds, insects, and land-shells are almost identical with those
found further north. DBut if we now cross 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 no 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 are almost all West Indian, while the North American
types of plants and animals have almost all completely
disappeared, we shall be convinced that such differences and
resemblances cannot be due to existing conditions, but must
depend upon laws and causes 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 censtant, nor
does it bear amy 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
g0 much nearer together. So the differences between the birds
and quadrupeds of temperate Tasmania and tropical North
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 perfeet similarity of climate and general conditions has
any tendeney to produce similarity in the animal world. The
equatorial parts of Brazil and of the West Coast of Africa are
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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 monkeys; in the latter
elephants, antelopes, and man-like apes; while among birds,
the toucans, chatterers, and humming-birds of Brazil are re-
placed by the plantain-eaters, bee-eaters, 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 unlike
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,
although 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, although
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 globe, offer similar
problems of greater or less complexity and interest, and the
time has now arrived when their solution can be attempted with
some prospect of success. Many 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 outcome and residual produet 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
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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 ex-
tinction 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 knowledge of
the fauna and flora 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 ;?

! 1 cannot avoid here referring to the enormous waste of labour and
money with comparatively scanty 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 of remote lands
and islands. They have brought home fragmentary collections, made in
widely scattered localities, and these have been usually described in huge
folios, whose value is often in inverse proportion to their bulk and cost.
The same species have been collected again and again, often desecribed
several 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 the most frequently visited and most in-
teresting islands on the globe are still very imperfectly known, while their
native plants and animals are being yearly exterminated, and this is the
case even with eountries under the rule or protection of European
governments. Such are the Sandwich Islands, Tahiti, the Marquesas, the
Philippine Islands, and a host of smaller ones ; while Bourbon and Mauritius,
8t. Helena, and several others, have only been adequately explored after
an important portion of their productions has been destroyed by cultiva-
tion or the reckless introduction of goats and pigs. The employment in
each of our possessions, and those of other European powers, of a resident
naturalist at a very small annual expense, would have done more for
the advancement of knowledge in this direction than all the expensive
expeditions that have again and again circumnavigated the globe,




8 ISLAND LIFE. [PART I:

and in many cases it can 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 explanation of the complex facts
of distribution could be arrived at or even conceived; for if
each species was created where it is now found no further
inquiry can take us beyond that fact; and there is an end of
the whole matter. Another important factor in our interpreta-
tion of the phenomena 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,
North 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 already 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 organisms;
and when, as too frequently is the case, this is altogether
wanting, we have to trust to collateral evidence and more or
less probable 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 im-
perfect, though the blanks upon the geological map of the world

1 The general facts of Palmontology, as bearing on the migrations of

animal groups, are summarised in my Geographical Distribution of Animals,
Vol. I, Chapters VI., VIL, and VIIL
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are yearly diminishing in extent. Lastly, as a most valuable
supplement to geology, we require ‘to know the exact depth
and contour of the ocean-bed, since this affords an important
clue to the former existence of now-submerged lands, uniting
islands to continents, or affording intermediate stations which
have aided the migrations of many erganisms. This kind
of information has only begun to be obtained during the last
few years; and it will beiseen in the latter part of this volume,
that some of the most recent ‘deep-sea soundings have afforded
a basis for an explanation of one of the most difficult and
interesting questions 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 organisms; but there are
others of even a more fundamental character, and the impor-
tance of which is only mow beginning to be recognised by
students of nature. These are, firstly, the wonderful alterations
of climate which have cecurred 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 existing continents and oceans. If glacial
epochs in temperate lands and mild climates near the poles
have, as now believed by men of eminence, occurred several
times over in the past history of the earth, the effects of such
great and repeated changes, both on the migration, modification,
and extinction, of species, must have been of overwhelming
importance—of more importance perhaps than even the geo-
logical changes of sea and land. It is therefore necessary to
consider the evidence for these climatal changes; 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 a great system of terres-
trial development. The latter is the conclusion we arrive 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 anomalous biological and geological phenomena, and
one which is especially valuable for the light it throws on the
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dispersal and existing distribution of organisms, The other
important theory, or rather corollary from the preceding theory
—that of the permanence of oceans and the general stability
of continents throughout all geological time, is as yet wvery
imperfectly understood, and seems, in fact, to many persons in
the nature of a paradox., The evidence for it, however, appears
to me to be 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 merey of every wild theorist who chooses to
imagine the former existence of a now-submerged continent 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 interesting facts
in the distribution and affinities of organic forms are presented
by islands in relation to each other and to the surrounding
continents. The study of the productions of the Galapagos—
g0 peculiar, and yet so decidedly related to the American con-
tinent—appear 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 with the history of the
earth and its inhabitants has hardly yet been recognised; and
it is in order to direct the attention of naturalists to this
most promising field of research, that I 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 continents undergoing some of the various
changes to which they are ever subject; and the correlative
statement, that every part of our continents have again and
again passed through insular conditions, has not been sufficiently
considered, but is, I believe, the statement of a great and most
suggestive truth, and one which lies at the foundation of all

T - S S i W






- CHAPTER II.

THE ELEMENTARY FACIS OF DISTRIBUTION.

Importance of Locality as an essential character of Species—Areas of Dis-
tribution—Extent and Limitations of Specific Areas—8pecific range of
Birds—Generic Areas—Separate and overlapping areas—The species of
Tits as illustrating Areas of Distribution—The distribution of the species
of Jays—Discontinuous generic areas—Peculiarities of generic and
family distribution—General features of overlapping and discontinuous
areas—Restricted areas of Families—The distribution of Orders.

So 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 required no explana-
tion. It was assumed that every animal was exvactly 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 con-
ditions of that counfry were not suitable to it, but in what
the unsuitability consisted we could rarely hope to discover.
Hence 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 came to be generally
adopted, and it was seen that each amimal could only have
come into existence in some area where ancestral forms closely
allied to it already lived, a real and important relation was
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cstablished between an animal andits native country, and a
new set of problems at once sprang into existence. From the
old point of view the diversities of animal life in the separate
continents, even where physical conditions werealmost identical,
was the fact that excited astonishment ; but seen by the light
of the evolution theory, it is the wesemblances rather than the
diversities in these distant continents and islands that are most
difficult to explain.. It thus comes to be admitted that a know-
ledge of the exact area occupied by a.species or a:group is
a real portion eof 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 present
state of the organic world was brought about, until we have
ascertained with some accuracy the general laws of the dis-
tribution 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 permanently
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 18 moreover usually limited to one continuous area,
over the whole of which it is more or less frequently to be met
with, but there are many partial exceptions to this rule. Some
animals are so adapted to certain kinds of country—as to forests
or marshes, mountains or deserts—that they ecannot live long
elsewhere. These may be 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. Asan example we
may name the chamois, which lives only on high mountains,
but is found in the Pyrenees, the Alps, the Carpathians; in
some of the Greek mountains and the Claucasus. 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 Central Europe it is unknown till we come to
the Alps, the Pyrences, and the Caucasus, where it again appears.
This is one of the best cases known of the discontinuous dis-
tribution of a speeics, there being a gap of about a thousand miles
between its southern limits in Russia, and its reappearance in
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the Alps. There are of course numerous instances in whick
E.PEGiEE- geeur 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 a distinct
variety, race, or sub-species, inhabits the intervening district.

Ertent and Limitations 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, elk, and
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 any species of mammal. Little doubt exists as to the iden-
tity 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 hemi-
spheres. Among the undisputed 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 serotinus, which is found over the larger part
of North America, Europe and Asia, as far 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

PP
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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 (Mygale Pyrenaica), a curious small in-
sectivorous 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
involve a different question 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 only what might be
expected considering their powers of flight; but, what is very
curious, we also find more striking (though perhaps not more
frequent) examples of extreme limitation of range among birds
than among mammals. Of the former phenomenon perhaps
the most remarkable case is that afforded by the osprey or
fishing-hawlk, which ranges over the greater portion of all the
continents, as far as Brazil, South Africa, the Malay Islands, and
Tasmania. The barn-owl (Striz fammea) 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 has probably the widest range,
extending from the arctic regions to Texas and New Mexico in
America, and to North India and Lake Baikal in Asia; while
the little northern willow-wren (Phylloscopus borealis) ranges
from Norway across Asia to Alaska, and southward to Ceylon,
China, Borneo, and Timor,

Of very restricted continental ranges the best examples in
Europe are, the little blue magpie (Cyanopica cooki) confined to
the central portions of the Spanish peninsula ; and the Italian
sparrow found only in Italy and Corsica. In Asia, Palestine
affords some examples of birds of very restricted range—a
beautiful sun-bird (Nectarined oser) a peculiar starling (dmy-
drus Tristramnii) and some others, being almost or quite con-
fined to the warmer portions of the valley of the Jordan., In
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the Himalayas there are numbers of birds which have #ery
restricted ranges, but those of the Neilgherries are perhaps
better known, several species of laughing thrushes and some
other birds being found enlyon the summits of these mountaing.
The most wonderfully restricted ranges are, however, to be
found among the humming-birds of tropical Ameriea. The
great voleanic 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 extinet volcano of
Chiriqui in Veragua has a species confined to its wooded ¢rater.
One of the most strange and beautiful of the humming-birds
(Loddigesia mirabilis) was obtained once only, more than forty
years ago, near Chachapoyas in the Andes of northern Peru ;
and though Mr, Gould has sent many drawings of the bird to
people visiting the district and has 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 mnarrow 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 continent 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 larze numbers are restrieted
to the equatorial forests, or to the upland plains. In North
Ameriea, if we exclude the tropical and the arctic portions, a
considerable number of species range over all the temperate
parts of the continent, while still more are restricted to the
east, the centre, or the west, respectively.

Generic Areqs—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 closely-allied species termed
genera. What a genus is will be sufficiently understood by a
few illustrations. 'All the different kinds of dogs, jackals, and

! Since these lines were written, the report comes that fresh specimens
have been found in the same locality.
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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, Corvus ; but the magpie belongs to another,
though closely-allied genus, Pica, distingnished by the different
form and proportions of its wings and tail from all the species
of the crow genus. The number of species in a 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 specics; 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 hundred 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,

Separate and overlapping Areas—The species of a genus are
distributed in two ways. Either they oceupy distinct areas
which do not touch each other and are sometimes widely
separated, or they touch and occasionally overlap each other,
each species occupying an area of its own which rarely coin-
cides exactly with that of any ether 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 comparatively rare. It occurs, however, in the Amazon
valley, where several species of monkeys, birds, and insects

come up to the sonth bank of the river but do not pass it,
)



18 ISLAND LIFE. [rART 1.

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 (Pithecia monachus?) 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 (Galbula rufoviridis and G. cyaneicollis); and among
insects we have at Santarem, on the south bank of the Ama-
zon, the beautiful blue butterfly, Callithex sapphira, while almost
opposite to it, at Monte-alegre,an allied species, Callithea Leprieuri
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, ealled trumpeters, and forming the genus Psophia. There
arc 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 its
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 genus is a more
common phenomenon, and is almost universal where these
species are numerous in the same continent. It is, however,
exceedingly irregular, so that we often find one species extend-
g 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, D. dominica
comes as far as South Carolina, D. cwrulea to Virginia, D, dis-
color to Southern Maine and Canada; four other species go

et
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farther north in Canada, while five more extend to the borders
of the Arctic zone.

The species of Tits as illustrating areas of distribution.—In our
own hemisphere the overlapping of allied species may be well
illustrated by the various kinds of titmice, 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 does not extend into China and
Japan, where distinct species are found. Next in extent of
range is the coal tit (Parus afer), which inhabits all Europe
from the Mediterranean to about 64° N. latitude, in Asia Minor
to the Lebanon and Caucasus, and across Siberia to Amoorland.
The marsh tit (Parus palustiis) inhabits temperate and south
Europe from 61° N. latitnde 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 over-
laps 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 species
(Parus camtschatlensis) ranges from North-eastern Russia across
Northern Siberia to Lake Baikal and to Hakodadi in Japan, thus
overlapping Parus borealis in the western portion of its area.
Our little favourite, the blue tit (Parus ceruleus) 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
eyancus) overlaps the range of P, carulevs in Western Europe as
far as St. Petersburg and Austria, rarely straggling to Den-
mark, 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 feneriffe, a beautiful dark blue form of
our blue tit, inhabits North-west Africa and the Canaries ; Parus
- ledouei, closely allied to our coal tit, is found only in Algeria
g2
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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 cincfus, another allied form, is confined
to the extreme north in Lapland, Finland, and perhaps Northern
Russia and Siberia. Another beautiful little bird, the crested tit-
mouse (Parus eristafus) is sometimes placed in a separate genus.
It inhabits nearly all Central and South Europe, wherever there
are pine forests, from 64° N. latitude to Austria and North Ttaly,
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 in North 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

distinetion of others, and the difficulty in many cases of ascer-
taining their actual distribution, it has not been found prac-
ticable to illustrate this genus by means of a map. For this
purpose we have chosen the genus Garrulus or the jays, in which
the species are less numerous, the specific areas less extensive,
and the species generally better defined; while being large and
handsome birds they are sure to have been collected, or at least
noticed, wherever they occur. There are, so far as yet known,
twelve species of true jays, occupying an area extending from
Western Europe to Eastern Asia and Japan, and nowhere pass-
ing 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
Palmarctic! genera. The following are the species, beginning
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

! The Palssarctic region includes temperate Asia and Europe, as will be
explained in the next chapter.

Y
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British Isles and all Europe except the extreme north, extend-
ing 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 no means
uniform within the area they actually occupy.

2, Gurrulus cervicalis.—The 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 eclosely
allied to the common species, but quite distinct, inhabiting
a comparatively small area in South-eastern Europe, and
Western Asia.

4. Garrulus atricapilius.—The Syrian jay, is very closely allied
to the last, and inhabits an adjoining area in Syria, Palestine,
and Southern Persia.

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

6. Garrulus brandti.—Brandt’'s jay, is a very distinect
species, having an extensive range across Asia from the Ural
Mountains to North China, Mandchuria, and the northern island
of Japan, and also erossing the Urals into Russia where it has
been found as far west as Kazan in districts where the common
Jjay also occurs.

7. Garrulus lanceolatus—The black-throated jay, is a very
distinet form known only from the North-western Himalayas
and Nepal, common about Simla, and extending 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. Garrulus sinensis—The Chinese jay, is very clogely allied
to the Himalayan, of which it is sometimes classed as a
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‘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 Moupin 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 japonicus.—The Japanese jay is very closely
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.

12, Gorrulus lidthi—This is the handsomest of all the
Jjays, the head, neck, and wings being azure blue. Its locality
was long doubtful, but it has now been ascertained to inhabit
Japan, where it is evidently very rare, its exact habitat being
still unknown.

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 Messrs. Blakiston and Pryer for
Japan. There i1s, however, much uncertainty in many places,
and gaps have to be filled up conjecturally, while such a large
part of Asia is still very imperfectly explored, that considerable
modifications may have to be made when the country becomes
more accurately known. But though details may be modified
we can hardly suppose that the great features of the several
specific areas, or their relations to each other, 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 iso-
lation of many of the species; while the next most striking
feature is the manner in which the Asiatic species almost sur-
round a vast area in which no jays are found. The only species
with large areas, are the European (. glandarius and the Asiatic
(. Brandti. The former has three species overlapping it—in
Algeria, in South-eastern and in North-eastern Europe respect-
ively, The Syrian jay (No. 4), is not known to occur anywhere
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with the black-headed jay (No. 8), and perhaps the two areas do
not meet. The Persian jay (No. 5), is quite isolated. The Hima-
layan and Chinese jays (Nos. 7, 8, and 9) form a group 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 alone it is closely 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 non-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. Severtzoff collected assid-
uously, 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 i1s now a decaying
one, and that it has at no very distant epoch occupied a larger
and more continuous area, such as that of the genus Parus at
the present day.

Discontinuwous generic Areas—It 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 sufficient accuracy. The best and most remarkable
case among European birds is that of the blue magpies, forming
the genus Cyanopica. One species (C. cooki) is confined (as
already stated) to the wooded and mountainous districts of Spain
and Portugal, while the only other species of the genus (C, eyanus)
is found far away in North-eastern 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 M. muscovitica, being found
only on the banks of the Volga and Don in South-eastern
Russia, while the other, M. pyrenaica, is confined to streams on
the northern side of the Pyrenees. In tropical America there
are four different kinds of bell-birds belonging to the genus
Chasmorhynchus, each of which appears to inhabit a restricted
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area completely separated from the others. The most northerly
is O, tricarunculutus of Costa Ricaand Veragua, a brown bird with
a white head and three long caruncles growing upwards at the
base of the beak. Next comes C. variegatus, in Venezuela, a
white bird with a brown head and numerous caruncles on the
throat, perhaps conterminous with the last; in Guiana, ex-
tending to near the mouth of the Rio Negro, we have C. niveus,
the bell-bird deseribed by Waterton, which is pure white, with
a single long fleshy caruncle at the base of the beak ; the last
species, € 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 there-
fore known to the native Indians wherever they exist, and we
may be the more sure that they do not spread over the inter-
vening areas where they have never been found, and where the
natives know nothing of them. :

A good example of isolated species of a group nearer home,
1s afforded by the snow-partridges of the genus Tetraogallus.
One species inhabits the Caucasus range and nowhere else,
keeping to the higherslopes from 6,000 to 11,000 feet above the
sea, and accompaning the ibex in its wanderings, as both feed
on the same plants, Another 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 Hima-
layas, 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 over-
lap ; the last species inhabit the Altai mountains, 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 half the circumference of the globe.
Another example among quadrupeds is a peculiar genus of moles
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named Urotrichus, of which one species inhabits Japan and the
other British Columbia. The euckoo-like honey-guides, forming
the genus Indicator, are tolerably abundant in tropical Africa,
but there are two outlying species, one in the Eastern Hima-
laya mountains, the other in Borneo, both very rare, and
quite recently an allied species has been found in the Malay
peninsula.  The béautiful blue and green thrush-tits forming
the genus Cochoa, have two species in' the Eastern Himalayas,
while the third is confined to Java; the curious genus Hupetes,
supposed to be allied to the dippers, has two species in Sumatra,
and the other species two thousand miles distant in New Guinea ;
lastly, the lovely ground-thrushes of the genus Pitta, 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.—Theexamples
now given sufficiently illustrate the mode in which the several
species of a genus are distributed.© We havé next to consider
genera as the component parts of families, and families of orders,
from the same point of view.

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 amimals 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 distinct 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 Australia ; Ursus (the bear genus) absent from
Australia and tropical Africa; Cervus (the deer genus) with
nearly the same range; and Seciurus (the squirrel genus) found
in all the continents but Australia. Among birds Turdus, the
thrush, and Hirundo, the swallow genus, are the only perching
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birds which are truly ecosmopolites ; but there are many genera
of hawks, owls, wading, and swimming birds which have a
world-wide range.

As a great many genera consist of single species there is no
lack of cases of great restriction, suchas 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 Peru and Chili south of 9° 8. 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
(Ithaginis) found only above 10,000 feet from Nepal to East
Thibet ; the bald-headed starling of the Philippine islands, the
lyre-birds of East 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 interest-
ing problems to the student of distribution. 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 con-
fined to Asia, while the other, Auchenia, comprising the llamas
and alpacas, is found only in. the high Andes and in the plains
of temperate Seuth America. Not only are these two genera
separated by the Atlantic and by the greater part of the land of
two continents, 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 Centetidz,
a family of small insectivorous animals, which are wholly con-
fined 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 separat-
ing allied genera. Two families of rat-like animals, Octodon-
tidee and Echimyidee, are also divided by the Atlantic. Both are
mainly South America, but the former has two genera in North
and East Africa, and the latter also two in South and West
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Africa. Two other families of mammalia, though confined to
the Eastern 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 to West Africa. The other family is
the Simiide 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 a greater
space than the Echimyide and other rodents of Africa and
South America.

Among birds and reptiles we have several families, which,
from being found only within the tropies of Asia, Africa, and
America, have been termed tropicopolitan groups. The Mega-
lemidee or barbets are gaily coloured 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 America, less so in Asia, and with a single genus of
two species in Africa.

Among reptiles we have two families of snakes—the Dendro-
phide or tree-snakes, and the Dryiophida or green whip-snakes
—which are also found in the three tropical regions of Asia,
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 small family Lepidosternide are divided
between tropical Africa and South America, while even the
peculiarly American family of the iguanas is represented by
two genera in Madagascar. Passing on to the Amphibians the
worm-like Ceeciliadee are tropicopolitan, as are also the toads of
the family Phryniscide. Insects also furnish some analogous
cases, three genera of Cicindelidee (Pogonostoma, Ctenostoma,
and Peridexia) showing a decided connection between this
family in South America and Madagasear; while the beautiful
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genus of diurnal moths, Urania, is confined to the same
two countries. A somewhat similar but better known illus-
tration is afforded by the two’ genera of ostriches, one confined
to Africa and Arabia, the other to the plains of temperate South
America.

General features of Overlapping and Discontinuous Aveas,—
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 conterminous and overlapping areas which we have seen to
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 over-
lapping 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 (Sylviade) are found, and as each
of the thirty-three genera of this family inhabiting temperate
Europe 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 monkeysof the family Cebida
oceur in many distriets ; 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 extensive families we find a few
instances of one or two genera isolated from the rest, as the
spectacled bear, Tremarctos, found only in Chili, while the
remainder of the family extends from Europe and Asia over
North America to the mountains of Mexico, but no further
south; the Bovide, or hollow-horned ruminants, which have
a few isolated genera in the Rocky mountains and the islands
of Sumatra and Celebes; and from these we pass on to the
cases of wide separation already given.

Restricted Areas of Families.—As families sometimes consist
of single genera and even single species, they often present
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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 zoological 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 Afriea or to
the Malay Islands, are exceedingly numerous. So, in Africa,
very few groups of animals range over the whole of it without
going beyond either into Europe or Asia 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 America introduces
difficulties, for almost all the groups especially characteristic 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 describe the range of
animals, we are naturally led to ask whether any other division
can be made which will be more ugeful, 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 extent
also on the continent; 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
extreme inconvenience has already been pointed out. The
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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 o Zoological
Region.—We will first take our commonest wild mammalia and
see how far they extend, and especially whether they are con-
fined to Europe or range over parts of other continents :

Il At Europe | N. Africa | Siberia, Afghanistan.
9, FoxX ...coreevnveseess. | Burope | N. Africa | Central Agia to Amoor.
3. Weasel............... Europe | N. Africa i Central Asia to Amoor.
. 4. Ofter.........c.c..... | Europe | N. Africa | Biberia,

5. Badger............... | Europe | N. Africa | Central Asia to Amoor.
6. Stag ......ccevceeeeen. | Europe | N. Africa | Central Asia to Amoor.
7. Hedgehog ......... | Europe — Central Asia to Amoor,
8. Mole.................. | Europe - Central Asia.

9. Squirrel ............ | Europe - Central Asia to Amoor.
10. Dormonse............ | Europe — —
11. Water-rat..... ...... | Europe — Central Asia to Amoor,
T H AR e Europe - W. Siberia, Perzia.
15. Rabbit ............... | Burope | N. Afrieca —

We thus see that out of thirteen of our commonest quad-
rupeds 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 in-
habitants of the New World, being as common in the northern
parts of North America as they are with us ; but with these ex-
ceptions the entire range of our commoner species is given, and
they clearly show that all Northern Asia 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 gquadrupeds of Germany, we shall find
that these too, although much more numerous, are confined to
the same limits, except that some of the more arctic kinds, as
already stated, extend into the colder regions of North America,

Lange of Eust Asian and North African Mammals.—Let us
now pass fo the other side of the great northern continent, and
examine the list of the quadrupeds of Amoorland, in the same
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We find, that out of a total of 118 British Passeres there are:

32 species which range to North Africa and Central or
East Asia.

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

43 species which range to North Africa and Western Asia,

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

Asia,

6 speciés which range to West Asia, but not to North Africa.

6 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 tem-
perate portions of Asia and North Africa must be added to Europe
to form a natural zoological division of the earth. We must also
note how comparatively few of these overpass the limits thus
indicated ; only seven species extending their range occasionally
into tropical or South Africa, eight into some parts of tropical
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 mnot follow necessarily, because it is
possible that a totally distinet 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 Europe.
The birds of Eastern Siberia have been carefully studied by
Russian naturalists and afford us the means of making the
required comparison, There are 151 species belonging to the
orders Passeres and Picariee (the perching and climbing birds),
and of these no less than 77, or more than half, are absolutely
identical 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
whichever 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,
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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 demarcation between the temperate and tropical
faunas, though this line will be so irregular, owing to the com-
plex system of valleys and ridges, that in our present ignorance of
much of the country it eannot 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 Palearctic region
a little south of Shanghae on the coast. Several tropical genera
come as far as Ningpo or even Shanghae, but rarely beyond;
while in Formosa and Amoy tropical forms predominate. Such
decidedly northern forms as bullfinches and hawfinches are found
at Shanghae ; hence we may commence the boundary line on
the coast between Shanghae and Ningpo, but inland it probably
bends a little southward, and then northward to the mountains
and valleys of West 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 Palmarctic, although its extreme southern
portion, owing to its mild insular climate and evergreen vege-
tation, gives shelter to a number of tropical forms,

Characteristic features of the Palearciic Region.—Having thus
demonstrated the unity of the Palmarctic region by tracing out
the distribution of a large proportion of its mammalia and birds,
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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
Procerus and Procrustes, containing nearly 300 species, is almost
wholly confined to this region, and would alone serve to distin-
guish it zoologically from all other parts of the globe.

Having given so full an exposition of the facts which deter-
mine the extent and boundaries of the Palmarctic region, there
is less need of entering into muech detail as regards the other
regions of the Eastern” Hemisphere ; their boundaries being
casily 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 tropiecal and south
Afriea, to which is appended the large island of Madagascar and
the Mascarene Islands to the east and mnorth of it, though these
differ materially from the continent, and will have to be dis-
cussed 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 remarkable
animalsat once separating it from the Palmarctic and every other
region. The gorilla and chimpanzee, the baboons, numerous
lemurs, the lion, the spotted hywna, the aard-wolf and hysna-
dog, zebras, the hippopotamus, giraffe, and more than seventy
peculiar antelopes. Here we have a wonderful collection of large
and peculiar quadrupeds, but the Ethiopian region is also charac-
terised by the absence of others which are not only abundant in
the Palmarctic region but in many tropical regions aswell. The
most remarkable of these deficiencies are the bears, the deer,
and wild oxen, all of which abound in the tropical parts of Asia
while bears and deer extend into both North and South America.
Besides the large and conspicuous animals mentioned above,
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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 Oriental region are, the longz-armed
apes, the orang-utans, the tiger, the sun-bears and honey-
bears, the tapir, the chevrotains or mouse-deer, and the Indian
elephant. Its most conspicuous birds are the immense number
and variety of babbling-thrushes (Timaliide), its beautiful
little hill-tits (Liotrichide), its green bulbuls (Phyllornithida),
its many varieties of the crow-family, its beautiful gapers and
pittas adorned with the most delicate colours, its great variety
of hornbills, and its magnificent Phasianidw®, 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 mam-
malia which are peculiar to this region are, monkeys of the
cenus Presbyter, extending to every part of it; lemurs of three
peculiar genera—Nyeticebus and Loris (slow lemurs) and
Tarsius (spectre lemurs) ; the flying lemur (Galeopithecus), now
classed 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 Orthotomus, are
found over the whole region, and almost alone serve to charac-
terise it, as do the fine laughing-thrushes, forming the genus
Garrulax; while the beautiful grass-green fruit-thrushes (Phyl-
lornis), and the brilliant little minivets (Perierocotus), 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 distri-
buted, and which may be said to characterise the region, is
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Insectivora, Clarnivora, nor Ungulata, while even the rodents are
only represented by a few small rats and mice. In the Pacific
Islands mammals are altogether absent (exeept perhaps in New
Zealand), but in the Moluceas 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, as was almost
certainly the case with the semi-domesticated dingo of Australia.
These peculiarities in the mammalia 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 think-
ing 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, erows, and other familiar types of the Eastern
Hemisphere ; yet a considerable number of the most character-
istic Oriental families are absent. Thus there are no vultures,
woodpeckers, pheasants, 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 mammalia. The most
conspicuous and characteristic birds of the Australian region are,
the piping crows; the honey-suckers (Meliphagide), a family
quite peculiar to the region ; the lyre-birds; the great terrestrial
kingfishers (Dacelo); the great goat-suckers called more-porks
in Australia and forming the genus Podargus; the wonderful
abundance of parrots, ineluding such remarkable forms as the
white and the black cockatoos, and the gorgeously coloured brush-
tongued lories; the almost equal abundance of fine pigeons
more gaily eoloured than any others on the globe; the strange
brush-turkeys and mound-builders, the only birds that never sit
upon their egos, but allow them to be hatched, reptile-like, by
the heat of the sand or of fermenting vegetable 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 remark-
able for their tree-kangaroos, their birds-of-paradise, their raquet-
tailed kingfishers, their great erown-pigeons, their erimson lories,
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quite so conspicuous but nevertheless very impﬁftﬂ:ﬂL We have
first, three peculiar genera of moles, one of which, the star-
nosed mole, is a most extraordinary creature, quite unlike
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 distinct 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 peculiar genera. Coming to
the rodents we find that the mice of America differ in some
dental peculiarities from those of the rest of the world, and
thus form several distinet genera; the jumping mouse (Xapus)
is a peculiar form of the jerboa family, and then we come to the
pouched rats (Geomyida) a very curious family consisting of
four genera and nineteen species, peculiar to North Ameriea,
though not confined to the Nearctic region. The prairie 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 no hedgehogs, nor wild pigs, nor dormice, and only one wild
sheep in the Rocky Mountains as against twenty species of
sheep and goats in the Pal®arctic region.

In birds also the similarities to our own familiar songsters
first strike us, though the differences are perhaps really greater
than in the quadrupeds. We see thrushes and wrens, tits and
finches, and what seem to be warblers and flycatchers and
starlings in abundance; but a closer examination shows the
ornithologist that what he took for the latter are really qnite
distinct, and that there is not a single true flycatcher of the
family Muscicapida, or a single starling of the family Sturnide
in the whole continent, while there are very few true warblers
(Sylviide), their place being taken by the very distinct families
Mnuiotiltidee or wood-warblers, and Vireonida or greenlets, In
like manner the flycatchers of America belong to the totally
distinet family of tyrant-birds, Tyrannid®, and those that look
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" exists between the faunas of North America and Europe is
of a very distinet nature from that which connects together
Western Europe and North-eastern Asia in the bonds of
zoological unity.

Definition and Characteristic Groups of the Neotropical Region.
—The Neotropical region requires very little definition, since it
comprises the whole of America south of the Nearctic region,
with the addition of the Antilles or West Indian Islands. Its
zoological peculiarities are almost as marked as those of
Australia, which, however, it far exceeds in the extreme richness
and variety of all its forms of life. To show how distinet it is
from all the other regions of the globe, we need only enumerate
some of the best known and more conspicuous of the animal
forms which are peculiar 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
distinet from those of the rest of the world than any other con-
tinent can boast of. Among birds we have the charming sugar-
birds, forming the family Ceerebide, the immense and wonder -
fully varied group of tanagers, the exquisite little manakins,
and the gorgeously-coloured chatterers ; the host of tree-creepers
of the family Dendrocolaptidee, the wonderful toucans, the puff-
birds, jacamars, todies and motmots ; the marvellous assemblage
of four hundred distinet kinds of humming-birds, the gorgeous
macaws, the curassows, the trumpeters, and the sun-bitterns.
Here again there is no other continent or region that can
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 two
great tropical regions of the Eastern Hemisphere (the Ethiopian
and the Oriental) combined.

As an additional indication 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
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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 portion 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 a large proportion
of the peculiar Neotropical groups extend as far as Costa Rica.
Iiven in Guatemala and Mexico we have howling and spider-
monkeys, coati-mundis, tapirs, and armadillos ; while chatterers,
manaking, ant-thrushes, and other peculiarly Neotropical groups
of birds are abundant. 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 humming-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 con-
siderable proportion of north-temperate forms. But it eontains
armadillos, cavies and opossums; and its birds are all of
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 abun-
dance of hang-nests, tyrant-birds, ant-thrushes, tree-creepers,
and a fair proportion of humming-birds, tanagers and parrots.
The zoology is therefore thoroughly Neotropical, although
somewhat poor; and it has a number of peculiar forms—as the
chinehillas, alpacas, &e., 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
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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 injuriously. Or,
again, it may affect a great many injuriously, to such an
extent as to require some change in their structure or habits
to enable them to get on as well as before. Now “variation ”
and the “struggle for existence” 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
centuries, or perhaps even a few generations, one or more new
spectes will be almost sure to be formed.

Variation in Animals—To make this more intelligible to
those who have not considered the subje«::t, and to obwviate the
difficulty many feel about * favourable variations occurring at
the right time,” it will be well to diseuss this matter a little
more fully. Few persons consider how largely and universally
all animals are varying. We know, however, that in every
generation, 1If 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 domesticated animals
we know this to be the case, and it is by means of the continual
selection of such slight varieties to breed from that all our ex-
tremely different domestic breeds have been produced. Think
of the difference in every limb, and every bone and musele, and
probably in every part, internal and external of the whole body,
between a greyhound and a bull-dog ! Yet, if we had the whole
series of ancestors of these two breeds before us, we should pro-
bably find that in no one generation was there a greater differ-
ence 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 are able to adduce
positive proof of their opinion,
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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 ex-
tent 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 varia-
tion in the dimensions and proportions of the various organs of
from 10 to 25 per cent. as is here proved to occur, we may as-
sume from 3 to 6 per cent. as generally oceurring 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 occur 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 population of any species into three groups
of equal extent, with regard to any particular 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 prevailed with little variation, one in
which the character was greatly, and one in which it was little,
developed. If we formed our groups, not by equal numbers,
but by equal amount of wvariation, we should probably find, in
accordance with the law of averages, that the central group in
which the mean characteristics prevailed was much more nume-
rous than the extremes, perhaps twice, or even three times, as
great as either of them, and forming such a series as the follow-
ing—10 maximum, 30 mean, 10 minimum development. In
ordinary cases we have no reason to believe that the mean cha-
racters or the amount of variation of a species changes materially
from year to year or from century to century, and we may there-

1 These facts are taken from a memoir on The Mammals and Winter
Birds of Florida, by J. A. Allen; forming Vol. II., No. 3, of the Bulletin
of the Museum of Comparative Zoology at Harvard College, Cambridge,
Massachusetts,
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greater wariness can escape their new foes. We may thus easily
understand how a series of changes may occur at distant inter-
vals, each leading to the selection and preservation 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 in nature.

Among these species, however, there will be some which will
have become adapted to very local or special conditions, 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 adapted to succeed in the struggle
for existence with other animals, will spread over a wider area,
and increase so as to become common species. Sometimes these
will acquire such a perfection of organisation by successive
favourable modifications that they will be able to spread greatly
beyond the range of the parent form. They then become what
are termed dominant species, maintaining themselves 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 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
cenus 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, &e.; 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

b o

o gl i

A —" o A s it s A o P R N N e g B






62 ISLAND LIFE. [panr 1.

from the influx of new or more highly organised animals, we may
there expect to find the remains of groups which have elsewhere
become extinet. In islands which have been long separated
from their parent continents these conditions are exactly fulfilled,
and it is in such 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 baving 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 be saved. 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 ancient of all vertebrates; while the
(aleopithecus and Tarsius of the Malay islands and the potto
of West Africa, survive amid the higher mammalia of the
Asiatic and African continents owing to their nocturnal habits
and concealment in the densest forests,

The Rise and Decay of Species and Genera—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 conelusions as to the mode of distribution of animals.
When a species or a genus is increasing and spreading, it
necessarily occupies a continuous area which gets larger and
larger till it reaches a maximum ; and we accordingly find that
almost all extensive groups are thus continuous. When decay
~ commences, and the group, ceasing to be in harmony with its
environment, 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 group into two or more disconnected
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of mammalia. It will be interesting therefore to examine the
fow cases on record, as we shall thereby obtain additional know-
ledge of the steps and processes by which the distribution of
varieties and species has been brought about,

Discontinuity of the Aven of Parus palustris—Mr. Seebohm,
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 ex-
amined 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, the sub-species P. borcalis, In Japan and Kam-
schatka other varieties are found, which have been named
respectively P. japonicus and P. camschatkensis. 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 distinet species from
Parus palustris, as it 1s reckoned in Gray’s Hand List of Birds,
and also in Sharpe and Dresser’'s Birds of Burope, then Parus
pelustris has a most remarkable discontinuous distribution, as
shown 1n the accompanying map, one portion of its area com-
prising 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 baving a very
similar climate, but with a distance of about 4,000 miles be-
tween them. If, however, these two forms are reckoned as
sub-species only, then the area of the species becomes con-
tinuous, while only one of its varieties or sub-species has a
discontinuous area. It is a curious fact that P. palustris and
P. borealis are found together in Southern Scandinavia and in
some parts of Central Europe, and are said to differ somewhat
in their note and their habits, as well as in colouration.

Discontinuity of Emberiza scheniclus.—The other case is that
of our reed bunting (Emberiza sehaniclus), 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

1 See Ibis, 1879, p. 32.
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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 however the above-named barriers disappear, the forests
being almost continuous 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 main-
tained their continuity towards the north, while even when
differentiated into two or more allied species their areas are
often conterminous or overlapping.

Almost the only bird that seems to have a really discon-
tinuous range is the species of wren, Thryothorus bewickii, of
which the type form ranges from the east coast to Kansas and
Minnesota, while a longer-billed variety is 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 the greenlet, Vireosylvia gilvus, of the Eastern
States, and its variety, V. swainsonii, of the Western; and of
the purple red-finch, Carpodacus purpureus, with its variety C.
ealifornicus ; but unfortunately the exact limits of these varieties
are in neither case known, and though each one is characteristic
of its own province, it is possible 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 remark-
able 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 distinet species, are all
different phases of one phenomenon—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 our sketch of the mode of distribution
of higher groups.

Distribution and Antiquity of Families—dJust as genera are
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has been named Heliodus by 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 living genera be-
longing 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 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 existing 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 means of
continents now sunk beneath the ocean,

Concluding Remarks.—When writing on the subjeet of dis-
tribution it usually seems to have been forgotten that the
theory of evolution absolutely necessitates the former existence
of a whole series of extinct genera filling up the gap between
the isolated genera which in many cases now alone exist; while
it is almost an axiom of ‘ natural selection ”” that such nume-
rous 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
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floatine trees, or those floating islands which are often formed
at the C;]’lﬂllths 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 is 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 mice might
have been carried away on the trees which formed part of such
a raft, and might thus colonise a new island; though, as it
would require a pair of the same species to be carried away
together, such accidents would no doubt be rare. Insects, how-
ever, 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 distinet
marks of relationship, we may be sure that an actual land con-
nection, 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
gréat land masses radiate from the arctic regions as a common
centre, the only break being at Behrings Strait, which is so
shallow that a rise of less than a thousand feet would form a
broad isthmus connecting Asia and America as far south as the
parallel of 60° N. Continuity of land therefore 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
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their eggs being deposited in water, and in their aquatic or
semi-aquatic habits. ~ They have another advantage 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 pro-
ductions of the globe. Some genera of Batrachia have almost
a world-wide distribution ; 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 zome. 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 distinet systems often
approach each other and may be made to change their course
from one to the other basin by very slight elevations or depres-
sions 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, how-
ever, 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 arein the colder regions of the
earth, where the transporting power of ice may have come into
play. High ranges of mountains, if continuous for long
distances, rarely have the same species of fish in the rivers on
their two sides. Where exceptions oceur, it 1s often due to the
great 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 impass-
able 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
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restriction to limited areas; and it is only by bearing these
considerations in mind that we can find a satisfactory ex-
planation of the many anomalies we meet with in studying
their distribution.

The Dispersal of Land Mollusca.—The ounly other group
of animals we need now refer to is that of the air-breathing
mollusca, commonly called land-shells. These are almost as
ubiguitous 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 cosmopolitan, 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. It is pretty certain that
they have no means 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 a diaphragm of secreted
mucus, 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, 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 Antiguity of Land-Shells—The clue to the almost
universal distribution of the several families and of many genera,
is to be found, however, in their immense antiquity. In the
Pliocene and Miocene formations most of the land-shells are
either identical with living species or closely allied to them,

1 Mr, Darwin found that the large Heliz pomatia lived after immersion
in 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 being
floated many hundred miles at a stretch, and if we suppose the shell to be
partially protected in the crevice of a log of wood, and to be thus out of
water in calm weather, the distance might extend to a thousand miles or
more, The eggs of fresh-water mollusca are known to attach themselves
to the feet of aquatic birds, and this is supposed to account for their very
wide diffusion.
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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 argument in particular cases. A few general
remarks only will therefore be made here.

Special adaptability of Seeds for dispersal,—Plants possess
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 be carried enormous distances. It is true, as
De Candolle remarks, that we have no actual proofs of their
being so carried ; but this is not surprising when we consider
how small and inconspicuous most seeds are. Supposing every
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 the 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
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find the oceans, from which the sediments came to form the
various deposits we now see. This view was beld by so acute
and learned a geologist as Sir Charles Lyell, who says :—* Con-
tinents therefore, although permanent for whole geological
epochs, shift their positions entirely in the course of ages™ M.
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 con-
tinuity of animal and vegetable life on the globe points to it.
The molluscous fauna of the eastern coast of North America is
very similar 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 ” required. Again, in the same pamphlet
Mr. Reade says :—“ It can be mathematically demonstrated that
the whole, or nearly the whole, of the sea-bottomm has been at
one time or other dry land. If it were not so, and the oscilla-
tions of the level of the land with respect to the sea were con-
fined within limits near the present continents, the results would
have been a gradual diminution instead of development of the
calcareous rocks. To state the case in common language, the
calcareous portion of the rocks would have been washed out
during the mutations, the destruction and re-deposit of the con
tinental rocks, and eventually deposited in the depths of the
immutable sea far from land. Immense beds of limestone would
now exist at the bottom of the ocean, while the land would be
composed of sandstones and argillaceous shales. The evidence
of chemistry thus confirms the inductions drawn from the
distribution of animal life upon theglobe.”

So far from this being a “mathematical demonstration” it
appears to me to be a complete misinterpretation of the facts.

1 Principles of Geology, 11th Ed., Vol. L., p. 258.
2 On Limestone as an Index of Geological Time.
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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 the furthest limits.
Beyond these limits the only deposits (with few exceptions) are
organic, consisting of the shells of minute caleareous or siliceous
organisms with some decomposed pumice and voleanie dust which
floats out to mid-ocean. It follows, therefore, that by far the
larger part of all stratified deposits, especially those which con-
sist of sand or pebbles or any visible fragments of rock, must
have been formed within 50 or 100 miles of then existing con-
tinents, or if at a greater distance, in shallow inland seas receiving
deposits from more sides than one, or in certain exceptional areas
where deep ocean currents carry the débris of land to greater
distances.!

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. Professor Archibald Geikie says :—*“ Among the

1 In his Preliminary Report on Oceanic Deposit, Mr. Murray says:—*¢It
has been found that the deposits taking place near continents and islands
have received their chief characteristics from the presence of the délris
of adjacent lands. In some cases these deposits extend to a distance of
over 150 miles from the coast.” (Proceedings of the Royal Society,
Vol. XXIV. p. 519.)

“The materials in suspension appear fo be almost entirely deposited
within 200 miles of the land.” (Proceedings of the Royal Society of Edin-
burgh, 1876-77, p. 253.)
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oceanic mud should have been at once seized upon, and the
conclusion arrived at that chalk is a deep-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 approxi-
mately with chalk in chemical composition, 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 and
oxide of iron.' Chalk, on the other hand, contains usually
from 94 to 99 per cent. of carbonate of lime, and a very minute
quantity of alumina and silica, This large proportion of car-
bonate of lime implies some other source of this mineral, and
it is probably to be found in the excessively fine mud produced
by the decomposition and denudation of coral reefs. Mr. Dana,
the geologist of the United States Exploring Expedition, found
in the elevated coral reef of Oahu, one of the Sandwich Islands,
a deposit closely resembling chalk in colour, texture, &e.; while
in several growing reefs a similar formation of modern chalk
undistinguishable from the ancient, was observed.? Sir Charles

I Sir W. Thomson, Voyage of Challenger, Vol. TL, p. 374.
£ The following is the analysis of the chalk at Oahu:—

Carbonate of Lims,.cc.cesssssassnsnansss erars 92:800 per cent.
Carbonate of Magnesis..............coevunn. 2-385 o
AT & o e s R bl -
Oxidaiof Trom, &5 et i s i vt 0-543 =,
T e A i B e s Bl e i
Phosphoriec Acid and Fluorine.............. 2113 i
Wator and 1085, 5.5 seseucsass saivmenee 148

This chalk consists simply of comminuted 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 of the
United States Exploving Expedition, p. 150.)

This absence of Globigerine is a local phenomenon. They are quite
absent in the Arafura Sea, and no Globigerina-coze was found in any of
the enclosed seas of the Pacific, but with these exceptions the Globigerine
“are really found all over the bottom of the ocean,” (Murray on Oceanie
Deposits—Proceedings of Royal Saciety, Vol. XXIV., p. 523.)

The above analysis shows a far closer resemblance to chalk than that
of the Globigerina-ooze of the Atlantic, four specimens of which given by

i - e,






a0 ISLAND LIFE. [ParT I,

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 sup-
ported by the fact that in many stations not far from our own
shores Globigerine 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.

Now with regard to the depth at which our chalk was formed,
we have evidence of several distinct kinds to show that it was
not profoundly oceanic. Mr. 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.” * This is important and
weighty evidence, and it is supported in a striking manner by
the nature of the molluscan fauna of the chalk. Mr. Gwyn
Jeffries, one of our greatest 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 declares
that they are all comparatively 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

! Notes on Reticularian Rhizopoda ; in Microscopical Journal, Vol. XIX.,
New Beries, p. 84.
* Proceedings of the Royal Society, Vol. XXIV, p. 532,
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and even pure sands and sandstones, characterised 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,
indicating a rich and varied flora,

Now all these facts are totally opposed to the idea of any-
thing like oceanic conditions having prevailed in Europe during
the Cretaceous period ; but it is quite consistent with the ex-
istence 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 Maestricht beds in Belgium and the Faxoe
chalk in Denmark are both highly coralline, the latter being,
in fact, as completely 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 Scandinavia 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 diverted into the inland European sea,
and would bring with it that abundance of Globigerinz, 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 conditions for the production of the true chalk, as
well as the other members of the Cretaceous formation. The
products of the denudation of its shores and islands would form
the various sandstones, marls, and clays, which would be de-
posited 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, would receive only the impalpable mud of
the coral-reefs and the constantly falling tests of Forami-
nifera. 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 sometimes the winged reptiles that flew overhead, The
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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 believe they have existed.

The several considerations now adduced are, I think, suffi-
cient to show that the view put forth by some naturalists (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 condition of Europe during that period. In-
stead of being a wide ocean, with a few scattered islands,
comparable to some parts of the Pacific, it formed as truly a
portion of the great northern continent as it does now, althongh
the inland seas of that epoch may have been more extensive and
more numerous than they are at the present day.!

Fresh-water and Shove Deposits as proving the Permanence of
Continents,—The view here maintained, that all known marine
deposits have been formed near the coasts of continents 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

! In his lecture on Geographical Evolution (which was published after
the greater part of this chapter had been written) Professor Geikie expresses
views in complete accordance with those here advocated. He says:—* The
next long era, 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 a few hundred feet deep over
the site of our continent, even at their deepest part. Upon their bottom
there gathered a vast mass of caleareous mud, composed in great part of
foraminifera, corals, echinoderms, and molluses. Our English chalk, which
ranges across the north of France, Belgium, Denmark, and the north of
Germany, represents a portion of the deposits of that sea-floor.” The
weighty authority of the Director of the Geological Survey of Scotland
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,
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field slate, with plants, insects, and marsupials ; and the Oolitie
coal of Yorkshire and Sutherlandshire. Beds of the same age
oceur in the Rocky Mountains of North America, containing
abundance of Dinosaurians and other reptiles, among which is
the Atlantosaurus, the largest land-animal ever known to have
existed. 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 mammal,
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 in the Connecticut valley and
the Rocky Mountains show tracks or remains of land reptiles,
amphibians and mammalia, 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 Sand-
stone in Germany ; while the beds of rock-salt in this forma-
tion, both in England and in many parts of the continent,
could 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 conditions. The
Permian formation has a rich flora often producing 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 Carboniferous formation we find the
most remarkable proofs of the existence of our present continents
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; in many parts of continental
India, extensively in China, and in Australia, Tasmania and

1 Introduction and Succession of Vertebrate Life in America, by Professor

0. C. Margh, Reprinted from the Popular Science Monthly, March, April,
1878.
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CHAP. VIL.] THE GLACIAL EPOCH. 105

that could have produced them. Whenever 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 Scotland. The two
sets of phenomena are so exactly identical that no one who has
ever compared them can doubt that they are due to the same
canses. But we have further and even more convineing evi-
dence, Glaciers produce many other effects besides these two,
and whatever effects they produce in Switzerland, 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.

A GLACIERL WITH MORAINER,

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
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istic of temperate latitudes (Elephas antiguus and Rhinoceros
hemitechus). But when it occurs in gravels or in water-borne
cave-deposits it is sometimes associated with the mammoth, the
woolly rhinoceros and the reindeer, animals which, as certainly,
imply a cold or even arctic climate. This difference is intelligible
if we consider that the hyzna which earried the bones of all
these animals into the caves, is itself indicative of a mild
climate, and that there is nothing to cause the remains of
animals of successive epochs to be intermingled in such caves.
In the gravels however it is very different. During the warm
periods the rivers would be inhabited by hippopotami, and the
adjacent plains by elephants and horses, and their remains
would be oceasionally imbedded in deposits formed during
floods. But when the cold period came on and these had
passed southward, the same river banks would be grazed by
mammoths and reindeer whose remains would sometimes inter-
mingle with those of the animals which preceded them. Ifis
to be noted, also, that in many of these river-deposits there
are proofs of violent floods causing much re-arrangement of
materials, so that the remains of the two periods would be thus
still further intermingled.

The fact of the hippopotamus having lived at 54° N, Lat. in
England, quite close to the time of the glacial epoch, is absolutely
inconsistent with a mere gradual amelioration of climate from
that time till the present day. The immense quantity of vege-
table food which this creature requires, implies a mild and
uniform climate with hardly any severe winter ; and no theory
that has yet been suggested renders this possible except that of
alternate cold and warm periods during the glacial epoch itself.
In order that the hippopotamus could have reached Yorkshire
and retired again as the climate changed, we may suppose it to
have been a permanent inhabitant of the lower Rhone, between
which river and the Rhine there is an easy communication by
means of the Doubs and the Ill, some of whose tributaries
approach within a mile or two of each other about fifteen miles
south-west of Mulhausen. Thence the passage would be easy

1 A. Tylor, on “Quaternary Gravels.” Quarterly Journal of Geological
Society of London, 1869, pp. 83-95 (woodcuts).
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4. Changes in the distribution of land and water,

5. Changes in the position of the earth’s axis of rotation,

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 inadequate
to produce the observed effects. Causes (5) (6) and (7) are
all 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 demonstrated facts, and which are uni-
versally 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. It is therefore to these two causes that we shall confine
our inquiry, taking first those astronomical causes whose complex
aud wide reaching effects have been so admirably explained and
discussed by Dr. Croll in numerous papers and in his work—
“ Climate and Time in their Geological Relations.”

Astronomical Cawses 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 ifs
orbit which is nearer to the sun, so that our winter is not only
milder, but several days shorter, than that of the southern
hemisphere, The distribution of land and sea and other local
causes prevent us from making any accurate estimate of the
effects due to these differences ; but there can be no doubt that
if our winter were now as long as our summer, 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
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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 the vapour
thus produced is conveyed by the aerial currents to distant
countries, where, on being condensed into 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 power-
ful 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 any part of the earth where the sun shone brightly
throughout 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 and water; and
though some heat does penetrate the ground and is stored up
there, this is so little in proportion to the whole amount received,
and the larger part of it is so soon given out from the surface
layers, that any surplus heat that may be thus preserved during
one summer 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 subjeet 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
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158 ISLAND LIFE, [PART 1,

hemisphere, and, passing everywhere over a wide ocean, they
supply the moisture necessary to produce the enormous quantity
of snow whieh falls in the Antarctic area. During the period we
are now discussing, however, this state of things would have
been partially reversed. The south polar area, having its
winter in perifielion, 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 meisture, which is the prime
necessity to produce a condition of glaciation,

But this is only one-half of the effect that would be produced,
for the inereased force of the trades sets up another action which
still further helps on the accumulation 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 south-
ward owing to the peculiar form of the east coast of South
America, and so go to swell the Brazilian current and ameliorate
the climate of the southern hemisphere.

That effects of this nature would follow from any increase of
the Arctie, 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 each other in a remarkable way.
The increase of snow and ice in the northern hemisphere is the
cause of an increased supply 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
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state of almost perpetual glaciation of much of the land would
result, nﬂtwfthstanding that the whole earth should theoretically
be at a somewhat higher temperature. Two main causes would
bring about this glaciation. A very large area of eclevated 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
currents eould 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 necessarily offer an almost continu-
ous 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 afford
habitable surfaces or produce any woody vegetation,
Notwithstanding, therefore, the criticism above referred to,
T 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 modified so as to allow a freer
passage of currents in the tropies, do really exhibit a condition
of the earth which, by geographical changes alone, would bring
about a perpetual summer or an almost universal winter. But
we have seen in our sixth chapter that there is the strongest
cumulative evidence, 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. Sueh an hypothesis, however, is not without its
use in our present inquiry, for if we obtain thereby a clear
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penetrates within the Arectic circle, is through Behring’s Straits ;

* but this is both shallow and limited in width, and the con-

sequence 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
1cy Ocean.

But if there were other and wider openings into the Arctic
Ocean, a vast quantity of the heated water which is now turned
backward wounld 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 be caused by the
breaking up or the lowering of such Arectic 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 zomes would again tend to raise the winter
temperature, and render any long continuance of snow in
their vieinity 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 pre-
vails. Tt ig, no doubt, difficult and often impossible to deter-
mine how long any particular geographical condition lasted, or
whether the changes in one country were exactly coineident
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 Tertiary period, which must have produced a
decided effect on the climate of the northern hemisphere,

Geographical Changes favouring mild Novthern Climates in
Tertiory 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-eastward to the valley of the Euphrates
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210 ISLAND LIFE. [rarr 1.

Silurian formation is divided into Upper and Lower Silurian, -

each characterised by a distinct 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
Sandstone, the Lower Llandovery Slates, &e., each usually
characterised by a difference of mineral composition or me-
chanical structure, as well as by some peculiar fossils. These
beds and formations vary greatly in extent, both above and
beneath the surface, 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 respectively above and beneath it
may come into contact. As an example of this thinning out,
American geologists adduce the Paleozoic formations of the
Appalachian Mountains, which have a total thickness of 42,000
feet, but as they are traced westward thin out till they become
only 4,000 feet in total thickness. In like manner the Carboni-
ferous grits and shales are 18,000 feet thick in Yorkshire and
Laneashire, but they thin out southwards, so that in Leicester-
shire they are only 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 denuda-
tion (which acts upon the surface of a country so as to produce
great irregularities of contour), but 1s a regular attenuation of
the layers of rock, due to a deficiency of sediment in certain
directions at the 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 supposed. When we see a geological
map showing successive formations following each other in long
irregular belts across the country (as is well 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
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CHAP. x11.] OCEANIC ISLANDS. 239

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 form a widely scattered group, nine in number,
situated between 37° and 39° 40° N. Lat. and stretching in
a south-east and north-west direction over a distance of nearly
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OUTLINE MAP OF THE AZORES.
Nore,—The light tint shows where the sea is less than 1,044 fathoms deep.

The dark tint .. e ] more than 1,000 mthoms desp.
The figures show depths in fatlhomns,

400 miles. The largest of the islands, San Miguel, is about forty
miles Jong, 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 2,500 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 direc-
fions. These great depths render it in the highest degree
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254 ISLAND LIFE. [PART 11

does not exceed 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-eight feet below the present high-water mark shows that
the islands have once been more extensive and probably ineluded

T ;‘ﬁ-‘BEHH LD

MAP OF BERMUDA AND THE AMERICAN COAST.
Mote.—The light tint indicates sen less than 1.000 fathoms deep.

The dark tint T o mora than 1,000 fathoms deep.
Tha figures show the depth in fathoms, .

the whole area now occupied by shoals and reefs.! Immediately
beyond these reefs, however, extends a very deep ocean, while
about 450 miles distant in a south-east direction, the deepest part

1 Nature, Vol. VL. p. 262, “Recent Observations in the Bermudas,” by
Mr. J. Matthew Jones.
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260 ISLAND LIFE. [PART 7.

—

irregular shape, while the four next in importance—Chatham,
Indefatigable, James, and Narborough Islands, are each about
twenty-five or thirty miles long, and of a rounded or elongate
form. The whole are entirely voleanie, and in the western
islands there are numerous active voleanoes. Unlike the other
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GALAPAGOS

% 2000
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MAP OF THE GALAPAGOS AND ADJACENT COASTE OF BOUTH AMERICA.

The Yight tint shows where the sea is less than 1,000 fathoms deep.
The figures show the depth in fathoms,

groups of islands we have been considering, these are situated
in a comparatively calm sea, where storms are of rare occurrence
and even strong winds almost unknown. They are traversed by
ocean currents which are strong and constant, flowing towards
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CHAP. XIIL.] THE GALAPAGOS ISLANDS, 267

the north-west from the coast of Peru; and these physical
conditions have had a powerful influence on the amimal 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
buecaneers and traders, who found an ample supply of food in

<000

MAT OF THE OGALAFAGOS,

The light tint shovs a depth of less than 1,000 fathoms.
The figures show the depth in fathoma,

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 the cattle,
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29} TSLAND LIFE. [rarT 11,

forty-six species have their only (remote) allies in a few insects
widely scattered in South Africa, New Zealand, Europe, and the
Atlantic Islands. In like manner, eleven species of Bembidium
form a group by themselves; and the Heteromera form two
groups, one consisting of three genera and species of Opatride
allied to a type found in Madeira, the other, Anthicodes, alto-
gether 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 gemeric and specific forms into
which some of them have diverged is an indication, and to
some extent a measure, of the remoteness of their origin. The
rich insect fauna of Miocene age found in Switzerland consists
mostly of genera which still inhabit Europe, with others which
now inhabit the Cape of Good Hope 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 is
good reason to believe periodically occurred, there would be
much migration from the temperate zones towards the equator,
and the reverse, If, therefore, the nearest ally of any insular
group now inhabits a particular country, we are not obliged to
suppose that it reached the island from that country, since we
know that most groups have ranged in past times over 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 inevitable, and these are, as we have
already proved, the two great agencies by which the trans-
mission of living things to oceanic islands has been brought
about. At the present time the south-east trade-winds blow
almost constantly at St. Helena, and the ocean-currents flow in
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294 ISLAND LIFE. [PanT 11,

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 (Bygialitis sancte-helene )—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 ofien 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 them 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 by 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 Mr. Melliss,
that large seeds which have floated from 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 difficulty in understanding how the
island was first stocked with vegetable forms. Wihen it was
so stocked (generally speaking), is equally clear. For as the
peculiar coleopterous fauna, of which an important 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 them-
selves. 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
















CHAP. XV.] THE SANDWICH ISLANDS, 209
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extensive, the entire archipelago is volcanic, and the largest island
is rendered 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 enormous. 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
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MAP OF THE BANDWICH ISLANDS.

The light tint shows where the seq is less than 1,000 fathoms deep.,
The figures show the depth in fathoms,

the North Pacific. We may be quite sure, therefure, that the
Sandwich Islands have, during their whole existence, been as
completely severed from the great continents as they are now ;
but on the west and south there is a possibility of more exten-
sive islands having existed, serving as stepping-stones to the
island groups of the Mid-Pacific. This is indicated by a few
widely-scattered coral islets, around which extend considerable
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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 voleanic origin, with no trace of any ancient strati-
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fied rocks (except, perhaps, in the Marquesas, where, according
to Jules Marcoun, 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
voleanie islands, similar to those which now exist, but which, after
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Horace Mann, and of Dr. Pickering, who accompanied the
United States Exploring Expedition.

Considering their extreme isolation, their uniform volcanic
soil, and the large proportion of the chief island which consists
of barren lava-fields, the flora of the Sandwich Islands is ex-
tremely rich, consisting, so far as at present known, of 554
species of flowering plants and 135 ferns. This is considerably
richer than the Azores (439 Phanerogams and 39 ferns), which
though less extensive are far better known, or than the Gala-
pagos (332 Phanerogams), which are more strictly comparable,
being equally volcanic, while their somewhat smaller 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 thoroughly
explored, has not double the number of flowering plants
(935 species), while in ferns it is barely equal.

Peeuliar Featwres of the Flora.—This rich insular flora is won-
derfully peculiar, for if we deduct sixty-nine species, which are
believed to have been introduced by man, there remain 620
species of which 377, or more than three-fifths, are quite peculiar
to the islands. There are no less than 39 peculiar genera out of
a total of 253, and these 39 genera comprise 153 species, so that
the most isolated 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. Such are Lobelia, the Hawaiian species
of which are woody shrubs from six to twenty feet high, one
even being a tree, reaching a height of forty feet. Shrubby
geraniums fifteen feet high grow as epiphytes on forest trees, as
do some Vacciniums and Epaerids. Violets, and plantains also
form tall shrubby plants, and there are many strange arborescent
composite, as in other oceanic islands.

The affinities of the flora generally are very wide. Although
there are many Polynesian groups, yet Australian, New Zealand,
and American forms are equally represented. Dr. Pickering
notes the fotal absence of a large number of families found in
Southern Polynesia, such as Dilleniaces, Anonaces, Olacaces,
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narrow ridge less than 500 fathoms below the surface joins the ex-
tensive bank under 300 fathoms, on which are situated the Farce
Islands and Iceland, and which stretches across to Greenland,
In the North Channel between Ireland and Scotland, and in the

MAP SHOWING THE SHALLOW DANK CONNECIING THE BRITISN I3LES WITH THE CONTINENT,
The light tint indfcates a depth of leas than 1000 fathoms.

The figures show the depth in fathoms,
The narrow channel between Norway and Denmark is 2,580 feet deep.

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
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peculiarity of the goil and water in the former island, have really led to
the production or preservation of a well-marked variety of insect,

Land and Fresh-water Shells—As regards the land and
fresh-water mollusca it seems difficult to obtain aceurate infor-
mation. Several species have been recorded as British only,
but I am informed by Mr. Gwyn Jeffries that most of these are
decidedly continental, while a few may be classed as varieties of
continental species. According to the late Mr. Lovell Reeve
the following species are peculiar to our islands; and although
the first two seem extremely doubtful, yet the last two, to which
alone we accord the dignity of capital type, may not improbably
be peculiar to Ireland, being only found in the remote south-
western mountain region, where the climate possesses in the
highest degree the insular characteristics of a mild and uniform
temperature with almost perpetual moisture, and where several
of the peculiar Irish plants alone occur.

L

1. Cyclas pisidioides.—A small bivalve shell found in canals. Perhaps
a variety of C. corneum or C. rivicola according to Mr Gwyn Jeffries,

2. Assiminia grayana.—A small univalve shell allied to the periwinkles,
found on the banks of the Thanes between Greenwich and Gravesend, on
the mud at the roots of aquatic plants.

3. GEOMALACUS MACULOSUS.—A beautiful slug, black, spotted with yellow
or white. 1t is found on rocks on the shores of Lake Curogh, south of
Castlemain Bay, in Kerry, It was discovered in 1842, and has never been
found in any other locality. An allied species iz found in Portugal and
France, which Mr. Gwyn Jeflries thinks may be identical.

4. LimyEA 189voLUTA.—A beauntiful pond-snail with a small polished
amber-coloured shell, found only in a small alpine lake and its inflowing
stream on Cromaghaun mountain near the lakes of Killarney. 1t appears
to be a very distinct species, most nearly allied to L. glutinosa which is
not found in Ireland. It was discovered in 1832, and has frequently been
obtained since in the same locality.

The facts—that these two last-named species have been known
for about forty or fifty years respectively, that they have never
been found in any other locality than the above named very
restricted stations, and that they have not yet been clearly iden-
tified with any continental species, all point to the conclusion
that they are the last remains of peculiar forms which have
everywhere else become extinet.

Peculiarities of the Beritish Flova.—Thinking it probable
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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
anthority on the distribution of British plants—Mr. H. C.
Watson, who has very kindly given me all the information I
required, and I cannot do better than quote his words. He
says: “It may be stated pretty confidently 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 deseribed 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 suc-
ceeding botanists, and placed or replaced as varieties of more
widely distributed species. In 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,” nor even as ‘sub-
species” in the Students’ Flora, where the brambles are
described 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.’”

But besides these obscure forms, about which there is so much
difference of opinion among botanists, there are a few flowering
plants which, as varietics or sub-species, are apparently peculiar
to our islands. These are:—(1) Helianthemum Breweri, an
annual rock-rose found only in Anglesea and Holyhead
Island (classed as a sub-species of H. guttatum by Hooker
and Babington); (2) Fosa hibernica, found only in North
Britain and Ireland (a species long thought peculiar to the
British Isles, but said to have been recently found in France);
(3) Wnanthe fuviatilis, a water-dropwort, found only in the
south of England and in one locality in Ireland (classed
as a sub-species of (. phellandrium by Hooker) ; (4) Hieracium
iricum, a hawk-weed found in North Britain and Treland (classed
by Hooker as a sub-species of H. Lawsoni, and said to be
“ confined to Great Britain).”
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Zosterops japonica. Allied to a migratory Chinese species,

Chelidon blakistoni., Allied to C. whiteleyi of N, China.

. Chlorospiza kawarahiba. Allied to C. sinica of China and Japan,

Emberiza ciopsis, A sub-species of the F. civides of N. China.

. Emberiza yessoensis. Allied to the Siberian E. passerina.

11, Fuspiza variabilis. A very distinct species.

12. Picus kisuli. Allied to P. pygmaus of Central Asia.

13. Greeinus awolera. Allied to @. canus (N, China), and G- viridis, Europe.

14. Mulleripicus rvichardsi. Allied to M, crawfurdi of Pegu. In Tzus
Sima Island ( P. Z. 8. 1879, p. 386).

15. Treron sieboldi, Allied to T\ sphenwra (Himalayas), and T. Lorthalsi,
Java.

16. Aceipiter gularis, A sub-species of the Malayan A, virgatus (also in
Formosa).

17. Buteo hemilasius. A distinct species.

18, Syrnium rufescens. A sub-species of S. wralense of E. Europe and

Siberia,

e
SowNs

Japan bivds recurring in distant areas.—The most interesting
feature in the ornithelogy of Japan is, undoubtedly, the pre-
sence of several species which indicate an alliance 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-pigeon of the genus Treron, entirely un-
known in China, but 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
close ally (6. glandarius) inhabits Europe only, at a distance of
3,700 miles, But even more extraordinary are the following
non-peculiar species :—Spizaetus orientalis, a crested eagle, in-
habiting the Himalayas, Formosa, and Japan, but unknown in
China ; Ceryle guftata, a spotted kingfisher, entirely confined to
the Himalayas and Japan ; and Halcyon 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 coro-
manda), 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,
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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 elevationsand subsidences occurred several
times over, though 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 immigrations 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 peculiarities in the greatest perfec-
tion, is Madagascar, and we shall therefore enter somewhat fully
into its biological and physieal history.

Physical features of Madagascar.—This great island is situated
about 250 miles from the east coast of Africa, and extends
from 12° to 253° 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 5,000 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 voleanic cones and craters. All round the
1sland, 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 continuous belt of dense forest, varying
from 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.

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
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392 ISLANKD LITE, [PART 11,

important a part of the fauna of Madagascar as well as of
Africa, were abundant in Europe throughout the whole Ter-
tiary 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. 62), that all extensive 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 fragments, which one after another disappear till the
group becomes extinct. 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 extinet 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 Distribution and how to explain them.—TIf 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 In-
sectivorous Centetidee 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 a land-connection across the Pacific to ac-
count for the camels of Asia having their nearest existing
allies in the llamas and alpacas of the Peruvian Andes, and
another between Sumatra and Brazil, in order that the ances-
tral tapir of one country might have passed over to the other.
In both these cases we have ample proof of the former wide
extension of the group. KExtinet 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 pos-
sible, that from the North American continent as a centre the
camel tribe spread westward, over now-submerged land at the
shallow Behring Straits and Kamschatka Sea, into Asia, and
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southward along the Andes into South America. Tapirs are
even more interesting and instructive. Their remotest known
ancestors appear in Western Europe in the early portion of the
Eocene period ; in the later 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 mueh later period found their way again to North, and thence
to South, America, where their remains are found in eaves 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 occupy a much larger area, and are repre-
sented by three or four distinct species. Who could possibly
have imagined such migrations, and extinetions, 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 disccver among such groups as reptiles, birds,
and insects, where we rarely have any direct evidence of their
past migrations through the discovery of fossil remains. When-
ever 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 in 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
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probably inhabited Europe, which at that 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 could have followed the same track as the
mammalia of Miocene Europe 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.
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MAPF OF THE INDIAN OCEAN.
Ehowing the position of banks less than 1.000 fathoms deep between Afriea and the Indian
Feninsula,

Submerged Tslands between Madogascar and Indin.~—Looking at
the accompanying map of the Indian Ocean, we see that between
Madagascar and India there are now exlensive shoals and coral-
reefs, such as are always held to indicate subsidence; and we
may therefore fairly postulate the former existence here of
several large islands, some of them not much inferior to Mada-
gascar itself, These reefs are all separated from each other by
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Among the most prominent characteristics of the Mada-
gascar flora is the possession of a peculiar and isolated family,
Chlenacesm, allied somewhat to the balsams, but presenting very
anomalous characters. 1t consists of four genera and a number
of species all entirely confined to the island. They are hand-
some trees or shrubs, mostly with showy red flowers. One of
them, Rhodolena altivola, is a semi-scandent shrub with magni-
ficent campanulate flowers the size of a camellia and of a
brilliant purple colour. The genus Chrysopia consists of large
forest trees with spreading crowns adorned with umbels or co-
rymbs of large purple flowers. It belongs to the Clusiaces, and
18 most nearly allied to the South American genus Moronobea.,
The Colvillea, a peculiar genus of Leguminose, is a tree with
splendid scarlet flowers; and there are a large number of
other peculiar genera more or less remarkable, Combretacem
with splendid flowers abound in Madagascar itself, though they
are rare in the Mascarene islands; while the Ravenala, or
“traveller’s tree;” the extraordinary lattice-leaved Ouvirandra ;
the Poinetana regia, one of the most gorgeous of flowering trees ;
and the long-spurred Angracum sesquipedale, one of the most
elegant and remarkable of orchids, are among its vegetable
wonders."

Of the flora of the smaller Madagascarian islands we possess
a much fuller aceount, owing to the recent publication of Mr.
Baker's Flora of the Mauritius and the Seyehelles, including also
Rodriguez. The total number of species in this flora is 1,058,
more than half of which (536) are exelusively 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 found in Africa but nct
in Asia, and eighty-six in Asia but not in Africa, showing a similar
Asiatic preponderance to what is said to oceur in Madagascar.
With the genera, however, the proportions 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

! This sketch of the Flora of Madagascar is taken chiefly from a series
of articles by M. Emile Blanchard in the Revue des Dewr Mondes. Vol,
CL, (1872).
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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

BORMNE®O
Eq,u.n.'run1

MAF OF CELEBEA AXND THE SURROUNDING TRLANDS,

The depth of sea is shown by three tints: the lightest indieating less than 100 Tathoms, 1l
medinm tint less than 1,000 fathons, and the dark tint more than 1,040 fthoins. The
figures show depths in Falhoms.

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
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The geological structure of these islands has a decidedly
continental character, Ancient sedimentary rocks, granite,
and modern voleanic formations abound ; gold, silver, copper,
tin, iron, and coal are plentiful; and there are also some con-
siderable 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,

AUCKLAND.LY
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MAPF SHOWING DEPTHE OF BEA AROUND AUSTRALIA AND KEW ZEALAXD.

The light tint indicales a depth of less than 1,000 fathoms.
The dark tint o " more than 1,000 fathoms.

The position of New Zealand, in the great Southern Ocean,
about 1,200 miles distant from the Australian continent, is very
isolated. It is surrounded by a moderately 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 pro-
ductions. The line of 200 fathoms encloses the two 1slands
and extends their area considerably; but the 1,000-fathom
line, which indicates the land-area that would be produced if
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of a rat in some deposit of an age decidedly anterior to the
first arrival of the Maori race in New Zealand.’

Much more interesting is the reported existence in the moun-
tains 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.” This account, 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. Hochstetter also states
that it has a native name—Waitoteke—a striking evidence
of its actual existence, while a gentleman who lived many years
in the district assures me that 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 fauna?

1 Sea Buller, * On the New Zealand Rat,” Trans. of the N, Z. Institule
(1870), Vol. IIL p. 1, and Vol. IX. p. 348 ; 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.

# The animal deseribed by Captain Cook as having been seen at Pick-
ersgill Harbourin Dusky Bay (Cook's 2nd Voyage, Vol. L. p. 98) may have
been the same creature. He says, “ A four-footed animal was seen by three
or four of our people, but as no two gave the same description of it, I can-
not say what kind it is, All, however, agreed that it was about the size of
a cat, with short legs, and of a mouse colour. One of the seamen, and he
who had the best view of it, said it had a bushy tail, and was the most like
a jackal of any animal he knew." It is suggestive that, so far as the
points on which ‘¢ all agreed "—the size and the dark colour—this description
would answer well to the animal so recently seen, while the * short legs"
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Wingless Birds, living and extinet,—Almost equally valuable
with mammalia in affording indications of geographical changes
are the wingless birds for which New Zealand is so 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 Island, but all are becoming scarce, and they will
no doubt gradually become extinct. These birds are generally
classed with the Struthiones or ostrich tribe, but they form a
distinet 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 extinct. These were
much larger birds than the kiwis, and some of them were even
larger than the ostrich, a specimen of Dinernis maximus
mounted in the British Museum in its natural attitude being
eleven feet high. They agreed, however, with the living
Apteryx in having four toes, and 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 distinct species of these birds have
now been discovered; and their remains exist in such

correspond to 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 heen
suggested that it was only one of the native dogs; but as none of those
who saw it took it for a dog, and the points on which they all agreed are
not dog-like, we can hardly accept this explanation ; while the actual exist-
ence of an unknown animal in New Zealand of corresponding size and
colour is confirmed by this account of a similar animal having been seen
about a century ago,

1 Owen, “ On the Genus Dinornis,” Trans. Zool. Soe. Vol. X, p. 184,
Mivart, “ On the Axial Skeleton of the Struthionidwm,” Trans. Zool. Soc.
Vol. X, p. 51,
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abundance—in recent fluviatile deposits, in old native cooking
places, and even scattered on the surface of the ground—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 digestion, 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 food, and that they
finally exterminated them only a short time before the arrival of
Europeans.! Bones of Apteryx are also found fossil, but appar-
ently of the same species as the living birds. How far back in
geological time these creatures or their ancestral types lived in
New Zealand we have as yet no evidence to show. Some
specimens have been found under a considerable depth of
fluviatile deposits which may be of Quaternary or even of
Pliocene age ; but this evidently affords us no approximation to
the time required for the origin and development of such highly
peculiar insular forms,

Past Changes of New Zealand deduced from its Wingless Birds.

1 The recent existence of the Moa and its having been exterminated by
the Maoris appears to be at length set at rest by the statement of Mr.
John White, a gentleman who has been collecting materials for a history of
the natives for thirty-five years, who has been initiated by their priests into
all their mysteries, and is said to * know more about the history, habits,
and customs of the Maoris than they do themselves.” Hisinformation on
this subject was obtained from old natives long before the controversy on
the subject arose. He says that the histories and songs of the Maoris
abound in allusions to the Moa, and that they were able to give full
accounts of *its habits, food, the season of the year it was killed, its
appearance, strength, and all the numerous ceremonies which were enacted
by the natives before they began the hunt, the mode of hunting, how cut
up, how cooked, and what wood was used in the cooking, with an account
of its nest, and how the nest was made, where it usunally lived, &e.” Two
pages are occupied by these details, but they are only given from memory,
and Mr. White promises a full account from his MSS. Many of the details
given correspond with facts ascertained from the discovery of native cook-
ing places with Moa’s bones; and it seems quite incredible that such an
elaborate and detailed account should be all invention. (See Transactions
af the New Zealand Institute, Vol, VIIL p. 79.)
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—It has been well observed by Captain Hutton, in his inter-
esting paper already referred to, that the occurrence of such a
number of species of Struthious birds living together in so
small a country as New Zealand is altogether unparalleled else-
where on the globe, This is even more remarkable when we
consider that the species are not 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
occur. The New Zealand Struthiones, in fact, very nearly equal
in number those of all the rest of the world, and nowhere else
ilo more than three species occur in any one continent or island,
while no more than two ever occur in the same district, Thus,
there appear to be two closely allied species of ostriches inhabiting
Afriea and South-western Asia respectively. South America
has three species of Rhea, eachin a separate district. Australia
has an eastern and a western variety of emu, and a cassowary
in the north ; while eight other cassowaries are known from the
islands north of Australia—one from Ceram, two from the Aru
Islands, one from Jobie, one from New Britain, and three from
New Guinea—but 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 areas
—which is found to apply more or less accurately to all classes
of animals—is so entirely opposed to the crowding together of
no less than fifteen species of wingless birds in the small area of
New Zealand, that the idea is at once suggested of great geogra-
phical changes. Captain Hutton points out that if the islands
from Ceram to New Britain were to become joined together, we
should have a large number of species of cassowary (perhaps
several more than are yet discovered) in one land area. If now
this land were gradually to be submerged, leaving a central
elevated region, the different 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

G @






CHAP. XXI.] NEW ZEALAND. 451

to all sound principles of reasoning in questions of geographical
distribution. For 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 connected 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 did 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 Central 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 only the rudiments of wing-
bones, but also the rudiments of wings, that is, an external
limb bearing rigid quills or largely-developed plumes. In the
cassowary these wing-feathers are 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 probable that the struthious
birds do not owe their imperfect wings to a direct evolution
from a reptilian type, but to a retrograde development from
some low form of winged birds, analogous to that which has pro-
duced the dodo and the solitaire from the more highly-developed
pigeon-type, Professor Marsh has proved, that so far back as

1 See fig. in Trane. of N. Z. Inslifule, Yo, 111, plate 125, fig. 2.
G G 2
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the Cretaceous period, the two great forms of birds—those with
a keeled sternum and fairly-developed wings, and those with a
convex keel-less sternum and rudimentary wings—already
existed side by side ; while in the still earlier Archmopteryx of
the Jurassic period we have a bird with well-developed wings,
and therefore probably with a keeled sternum. We are evidently,
therefore, very far from a knowledge of the earlier stages of
bird life, and our acquaintance with the various forms that have
existed is scanty in the extreme ; but we may be sure that birds
acquired wings, and feathers, and some power of flight, before
they developed a keeled sternum, sinee we see that bats with no
such keel fly very well. Since, therefore, the struthious birds
all have perfect feathers, and all have rudimentary wings, which
are anatomiecally those of true birds, not the rudimentary fore-
legs of reptiles, and since we know that in many higher groups
of birds—as the pigeons and the rails—the wings have become
more or less 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 cassowary, and the apteryx,
were true flying birds, although not perhaps provided with a
keeled sternum, or possessing very great powers of flight. But
in addition to the possible ancestral power of flight, we have
the undoubted fact 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 up fresh possibilities of
migration; while the immense antiquity thus given to the
group and their universal distribution in past time, renders
all suggestions of special modes of communication between the
parts of the globe in which their scattered remmants .now
happen to exist, altogether superfluous and misleading.

The bearing of this argument 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 Afrieca,
because the nearest allies of its moas and kiwis are the
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cassowaries and emus, and we have distinet 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 else-
where ' I need only here point out its bearing on the hypo-
thesis 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 not extend beyond
Australia are found in its northern districts. 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 starling family, to which four of
the most 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 is abundant in the Oriental region, with
which New Guinea and the Moluceas are in easy communication,
It is certainly a most suggestive fact that there are more than
sixty genera of birds peculiar to the Australian continent (with
Tasmania), many of them almost or quite confined to its tempe-
rate portions, and that no single one of these should be repre-
sented in temperate New Zealand.® The affinities of the living
and more highly organised, no less than those of the extinet and
wingless birds, strikingly accord with the line of communication
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

1 Geographical Distribution of Animals, Vol. L, p. 450.

? In my Geographical Distribution of Animals (I p. 541) I have given
two peculiar Australian genera (Orthonyz and Tribonyx) as oceurring in
New Zealand. DBut the former has been found in New Guinea, while .the
New Zealand bird is considered to form a distinet genus, Clitonyx; and

the latter inhabits Tasmania, and was recorded from New Zealand through
an error. (See Ibis, 1873, p. 427.)
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the birds. The lizards belong to three genmera,—Hinulia and
Mocoa, which have a wide range in the Kastern tropics and the
Pacific and Malayan regions, as well as Australia ; and Naultinus,
a genus peculiar to New Zealand, but belonging to a family—
Geckotide, spread over the whole of the warmer parts of the
world, Awustralia, on the other hand, has three small but
peculiar families, and no less than thirty-six peculiar genera of
lizards, many of which are confined to its temperate regions,
but no one of them extends to temperate New Zealand, The
extraordinary lizard-like Hatteria punctate of New Zealand
forms of itself a distinet order of reptiles, in some respects
intermediate between lizards and erocodiles, 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 (Ziopelma hochsteffers); but
it has no affinity for any of the Australian frogs, which are
numerous, and belong to eleven different families; while the
Liopelma belongs to a very distinct family (Bombinatoride),
confined to Europe and temperate South America.

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 exceptional 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 peculiarities 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 yet 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
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But this by no means exhausts the differences between New
Zealand and Australia. No less than seven important Australian
Natural Orders—Dilleniacess, Buettneriacea:, Polygales, Tre-
mandrese, Casuarinese, Hemodoraces, and Xyrides are entirely
wanting in New Zealand and several others which are excess-
ively abundant and highly characteristic of the former country
are very poorly represented in the latter. Thus, Leguminoss
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 represented, there being only five genera and
thirteen species; and only two of these genera, Swainsonie and
Clianthus, ave 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. Goodeniacem with twenty genera and
230 species Australian, has but two species in New Zealand—
and one of these is a salt-marsh plant found also in Tasmania
and in Chile; and four other large Australian orders—Rhamnes
Myoporines, Proteacese and Santalacea, have very few repre-
sentatives in New Zealand.

We find, then, that the great fact we have to explain and
account for is, the undoubted affinity of the New Zealand flora
to that of Australia, but an affinity almost exclusively 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
Huropean, 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 in 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
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temperate  South American, many being also Autarctic or
European ; while others again are especially tropical or Poly-
nesian ; 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 intermixture of northern and southern
temperate forms and others which hLave remote world-wide
affinities,
! General featurves of the Australian Flora and ts probable
Origin.—Before proceeding to point out how the peculiarities
of the New Zealand flora may be best accounted for, it is
necessary to consider briefly what are the main peculiarities
of Australian vegetation, from which so 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
into an eastern and a western portion. Everything that is
characteristic of the Australian flora belongs to the temperate
division (though these often overspread the whole continent),
in which are found almost all the remarkable Australian types
of vegetation and the numerous genera peculiar to this part of
the world. Contrary to what oceurs in most other countries, the
tropical is far less rich in species and genera than the temperate
region, and what is still more remarkable it contains com-
paratively few peculiar species, and very few peculiar 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 less than half as many species.!

1 Sir Joseph Hooker informs me that the number 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 enormous disproportion of the figures given in the “Introductory
Essay " in 1859 (2,200 tropical to 5,800 temperate species) it seems hardly
possible that a great difference should not still exist, at all events as
regards species, Sir Joseph Hooker also doubts the generally greater
richness of {ropical over temperate floras which I have taken as almost an
axiom. He says: “Taking similar areas to Australin in the Western
World, e.g., tropical Africa N, of 20° as against temperate Africa and
Europe up to 47°—I suspect that the latter would present more genera and
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typical Australian flora. Before proceeding further, however
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 Australio.—
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 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 exten-
sive flora, of which only the drier types could extend into South-
western Australia. But such is not the case ; for though the far
greater area 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 hundreds.”?

The fewer genera of South-western Australia are due almost
wholly to the absence of the numerous European, Antarctic,
and South-American types foundjin the south-eastern 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 peculiar to it ; and Sir Joseph Hooker states
that ¢ there are about 180 genera, out of GO0 in South-western
Australia, that are either not found at all in South-eastern, or

L Sir Joseph Hooker thinks that later discoveries in the Australian Alps
and other parts of East and South Australia may have greatly modified or
perhaps reversed the above estimate. But even if this should be the case
the emall area of South-west Australia will still be, proportionally, far the
richer of the two, It is much to be desired that the enormous mass of
facts contained in Mr, Bentham’s Flora Australiensis should be tabulated
and compared by some competent botanist, so as to exhibit the various
relations of its wonderful vegetation in the same manner as was done by
Sir Joseph Hooker with the materials available twenty-one years ago,
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that are represented there by a very few species only, and these
180 genera include nearly 1,100 species.”

Geological explunation of the differences of these two Floras.—
These facts again clearly point to the conclusion, that South-
western Australia is the remnant of the more extensive and

o

more isolated portion of the continent in which the peculiar

Australian flora was principally developed. The existence there
of a very large area of granite—800 miles in length by nearly
500 in maximum width, indicates such an extension; for this
granitic mass was certainly once buried under 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
oive a wide additional area south 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 what are now the deserts
of the interior, into a mountainous and well-watered region.

But while this rich and peculiar flora was in process of forma-
tion, the eastern portion of the continent must either have been
widely separated from the western or had perhaps not yet risen
from the ocean. The whole of this part of the country consists
of Palmozoic and Secondary formations with granite and meta-
morphic 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 period,
therefore, this side of Australia must 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
maximum extent and elevation, we shall have a sufficient ex-
planation of the great difference between the flora of Western
and Eastern Australia, since the latter would only have been
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possessed only the rudiments of its existing mixed flora, derived
from three distinet sources, Some important fragments of the
typical Australian vegetation had reached it across the marine
strait, and had spread widely owing to the soil, climate and
general conditions being exactly suited to it ; 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, accompanied, probably, as now, with
lofty mountains, favoured the immigration of south-temperate
forms from whatever Antarctic lands or islands then existed,
The marsupial fauna had not yet reached this eastern land,
which was, however, 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 Zealond Flora.
—We have now brought down the history of Australia, as
deduced from its geological structure and the strongly marked
features of its flora, to the period 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. 443). 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
sedimentary rocks; while the very small areas occupied by
Jurassic and Cretaceous deposits, imply that much of the present
land was then also above the sea-level. The country had pro-
bably at that time a scanty vegetation of mixed Antarctic and
Polynesian origin ;* but now, for the first time, it would be open

! In Dr. Hector's address as President of the Wellington Philosophical
Society, in 1872, he refers to the fluviatile deposits of early Tertiary or
Cretaceous age as containing valuable deposits of coal, and adds:—*% In
the associated sandstones and shales the flora of the period has been in
many cases well preserved, and shows that at a period anterior to the
deposit of the marine stratum the New Zealand area was clothed with a

HH?2
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to the free immicration of such Australian types as were suitable
to its climate, and which Lad already reached the tropical and sub-
tropical portions of the eastern Australian island. It is here that
we obtain the clue to those strange anomalies and contradictions
presented by the New Zealand flora in its relation to Australia,
which have been so clearly set forth by Sir Joseph Hooker, and
which have so puzzled botanists to account for, But these appa-
rent anomalies cease to present any difficulty when we see that the
Australian plantsin New Zealand were acquired, not directly, but,
as it were, at second hand, by union with an island which itself
had as yet only received a portion of the flora. And then, further
difficulties were placed in the way of New Zealand receiving
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 tem-
perate, but with the tropical and sub-tropical portions of that
island, so that only those groups could be acquired which were
less exclusively temperate, and had already established them-
selves in the warmer portion of their new home.

It is 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 Dilleniace Treman-
drez, Buettneriacse, Polygalem, Casuarines, and Hemodoracez ;
while others, such as Rutacem, Stackhousies, Rhamnes, Myr-
tacem, Proteaces, and Santalaces, are represented by only a few
species. Thus, too, we can explain the absence of @/l the pecu-
liar Australian Leguminose; for these were still mainly confined

mixed vegetation of dicotyledonous leaves and ferns, that in general char-
acter represent those which now constitute the flora of the country. It
would appear from the recent surveys of Dr, Haast that the large saurian
reptiles in the Amuri and Waipara beds, the collections of which have
been added to largely during the past year by the exertions of Mr. Henry
Travers, lived during the formation of these coal-seams, and coeval with
them was a species of the Kauri tree, the leaves of which have been found
imbedded with the reptilian bones.”” He goes on to suggest that “even
at this remote period, New Zealand formed part of an area that possessed
oan insular flora, the peculiar characters of which have been preserved to
the present time,” (Trans. N.Z. Inst, V. p. 423.)
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10. Logania (3 sp.). Small seeds, Alpine plants,

11. Hedycarya (1 sp.).

12. Chiloglottis (1 sp.). Minute seeds. In Auckland Islands ; alpine in
Australia,

13. Prasophyllum (1 sp.). Minute seeds. Identical with Australian
species.

14. Orthoceras (1 sp.) Minute seeds, Close to an Australian species,

15. Alepyrum (1 sp.). Alpine, moss-like. An Antarctic type.

16. Dichelachne (3 sp.). [Identical with Australian species, An awned
grass.

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
occurred in geologically recent times.

Species common to New Zealand and Australic mostly Tem-
perate forms—Let us now take the species which are com-
mon to New Zealand and Australia, but found nowhere else,
and which must therefore have passed from one country to
the other at a more recent period than the mass of genera with
which we have hitherto been dealing. These are ninety-six in
number, and they present a striking contrast to the similarly
1estricted genera in being wholly temperate in character, the
entire list presenting only a single species which is confined to
sub-tropical East Australia—a grass (Apera arundinacea) only
found in a 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 land con-
nection during the Tertiary period, as proved by the absence of
all the Australian mammalia, and almost all the most character-
istic Australian birds, insects, and plants. The form of the sea-
bed shows that the distance could not have been less than 600
miles, even during 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 astill greater distance
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and abundant seeds must be dispersed by the wind almost as
readily as the spores of ferns.

Another specialised group—the Scrophularines, abounds in
New Zealand, where there are sixty-two species; but though
almost all the genera are Australian only three species are so.
Here, too, the seeds are usually very small, and the powers of
dispersal great, as shown by several European genera— Vero-
nica, Fuphrasia, and Limosella, being found in the southern
hemisphere.

Looking at the whole series of these Australo-New Zealand
plants, we find the most highly specialised groups—Composita,
Scrophularinese, Orchidese—with a small proportion of identical
species (one-thirteenth to one-twentieth), the less highly special-
ised—Ranunculacez, Onagrarie and Ericeee—with a higher
proportion (one-ninth to one-sixth), and the least specialised—
Juncea, Cyperacesz and Graminese—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 corre-
spondence they show between high specialisation and want of
specific identity, while the generic identity is in all cases approx-
imately equal, points to 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
flora, as adaptability to varied conditions, great powers of multi-
plication, and inherent vigour of constitution. This 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.

Summary and Conclusion on the New Zealand Flora.—Confining
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 shown, that the union
between the two countries in the latter 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
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for all the main features of the New Zealand flora, It shows
why the basis of the flora is fundamentally Australian both as
regards orders and genera, for it was due to a direct land con-
nection between the two countries, It shows also why the great
mass of typical Australian forms are unrepresented, for the
Australian flora is typically western and femperate, and New
Zealand received its immigrants from the ensfern island which
had itself received only a fragment of this flora, and from the
trapical 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 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 com-
paratively 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 them-
selves in a country already stocked mainly by tropical forms
and their modified descendants. This hypothesis further fulfils
the eonditions implied in Sir Joseph Hooker's anticipation that
—“these great differences (of the floras) will present the least
difficulties to whatever theory may explain the whole case,”—
for it shows that these differences are directly due to the history
and development of the Australian flora itself, while the resem-
blances depend upon the most certain cause of all such broad
resemblances—actual land connection.

One objection will undoubtedly be made to the above theory,
—that it does not explain why some species of the prominent
Australian genera Acacia, Fuealyptus, Melaleuca, Greville, &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;
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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 representative species
in Southern America, Tasmania, and New Zealand, while others
occur only in one or two of these areas. Many north temperate
genera also occur in the mountains of South Africa, On the
other hand, few if any of the peculiar Australian or Antarctic
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 I take a comprehensive view of the vegetation of the
Old World, T 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 arc of the terrestrial sphere which
presents the greatest continuity of land. In the first place
Scandinavian genera, and even species, reappear everywhere from
Lapland and Iceland to the tops of the Tasmanian Alps, in
rapidly diminishing numbers it is true, but in vigorous develop-
ment throughout, They abound on the Alps and Pyrenees, pass
on to the Caucasus and Himalaya, thence they extend along the
Khasia Mountains, 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 South Wales, Victoria, and Tasmania, and beyond
these again on those of New Zealand and the Antarctic
Islands, many of the species remaining unchanged through-
out! It matters not what the vegetation of the bases and
flanks of these mountains may be; the northern species may
be associa‘ed with alpine forms of Germanic, Siberian, Oriental,
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Chinese, American, Malayan, and finally Australian and Ant-
arctic types; but whereas these are all, more or less, local
assemblages, the Scandinavian asserts his prerogative of
ubiquity 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 greater 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 Sir 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 impor-
tant 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 estab-
lished themselvesin 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-continued, the fact of the exist-
ence of this power remains, and we can see how important 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 exﬂept{ﬂna,l inersuf migration and dispers&l over seas and
oceans, This is especially well shown by the case of the Azores,
where no less than 400 out of a total of 478 flowering plants are

! Introductory Essay On the Flora of Australia, p.103,
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identical with European species. These islands are more than
800 miles from Europe, and, as we have already seen in Chapter
XII., there is no reason for supposing that they have ever been
more nearly connected with it than they are now, since an exten-
sion 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
oceur in the Australian flora occur also in the Azores, and in
several cases even the species are identical in both.! The im-
portance 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 them-
selves. 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 accounting 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
command leads us to believe have 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 from Novth to South.—
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, wherever mountain-chains
offer suitable stations at moderate intervals on which they might
temporarily establish themselves. The facilities afforded for
the transmission of plants by mountains has hardly received
sufficient attention. The numerous land-slips, the fresh sur-
faces of broken rock and precipice, the débris of torrents, and
the moraines deposited by glaciers, afford numerous unoceupied

! Hooker, On the Flora of Australia, p. 95.—H. C. Watson, in Godman’s
Asores, pp. 278-286.
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general conditions being more favourable, it was able to
establish itself as a permanent member of the flora. Such,
generally speaking, was probably the process by which the
Seandinavian flora has made its way to the southern hemi-
sphere; but it could hardly have done so to any important

railway from Yarmouth to Caistor in Norfolk, where it passes over exten-
give pandy Denes with a sparse vegetation. The first year after the
railway was made the banks produced abundance of (Enothera odorata
and Delphinium Ajacis (the latter only kndwn thirty miles off in corn-
fields in Cambridgeshire), with 4 triplex patule and A, deltoidea. Gradually
the native sand plants—Carices, Grasses, Galium verum, &e., established
themselves, and year by year covered more ground till the new introduoe-
tions almost completely disappeared. The same phenomenon was chserved
in Cambridgeshire between Chesterton and Newmarket, where, the soil
being different, Stellaria media and other annuals appeared in large patches ;

but these soon gave way to a permanent vegetation of grasses, cuuupamtas
&c., so that in the third year no Stellaria was to be seen,

5. Mr, T. Kirk (writing in 1878) states that—" in Auckland, whew a
dense sward of grass is soon formed, single specimens of the European Milk
Thistle ( Carduus marianus) have bBEl‘I known 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
rule occurred during the formation of the Onehunga railway, where a few
geeds fell on disturbed soil, grew up and flowered, The railway works
being suspended, the plant increased rapidly, and spread wherever it could
find disturbed soil,”

Again:—" The fiddle-dock (Rumezx pulcher) occurs in great abundance
on the formation of new streets, &e., but soon becomes cowparatively rare,
It seems probable that it was one of the earliest plants naturalised here,
but that it partially died out, its buried seeds retaining their vitality.”

Medicago sativa and Apium graveolens, are also noted as escapes from
_cultivation which maintain themselves for a time but soon die out.!

The preceding examples of the femporary establishment of plants on
newly exposed soil, often at considerab'e distances from the localities they
usually inhabit, might, no doubt, by further inquiry be greatly multiplied ;
but, unfurtunute]y, the phenomenon has received little attention, and is
not even referred to in the elaborate work of De Candolle (Géographie
ﬂﬂ!ﬂmgue Ii,"mmnﬁég} in which almost every other aspect of the dIHpEmlDII
and distribution of plant& is fully discussed, Hnough has been advanced,
however, to show that it is of constant ocenrrence, and from the point “f
view here advoeated it becomes of great importance in explaining the
almost world-wide distribution of many commaon plants of the nnrl]_:
temperate zone,

! Transactions of the New Zealand Institute, Vol, X, p. 367. .
112
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extent without the aid of those powerful causes explained
in our eighth chapter—causes which acted as a constantly
recurrent motive-power to produce that “continuous cur-
rent 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 of climate which, during all
veological time, appear to have occurred in both hemispheres,
culminating at rare intervals in glacial epochs, and which have
been shown to depend upon changes of 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 ageney of heat-bearing oceanie
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 Planis—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 in 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 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 vege-
tation, and, what is perhaps more important, the depression
would necessarily produce a great evfension of the area of these
zones on all high mountains, thus affording a number of new
stations suitable for such temperate plants as might first reach
them. But just above and below the snow-line is the area of
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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 occurrence of
land-slips, berg-falls, and floods, with their accompanying accu-
mulations of débris and of alluvial seil, affording innumerable
stations in which solitary wind-borne seeds might germinate
and temporarily establish themselves.

This lowering and rising of the snow-line each 10,500 years
during periods of high excentricity, would oceur in the nerthern
and southern hemispheres alternately ; and where there were high
mountains within the fropies 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 versd ; and even if the difference of
the height of perpetual snow at the two extremes did not average
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.

But the differences of temperature in the two hemispheres
caused by the sun being in perikelion in the winter of the one
while it was in aphelion during the same season 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 favourable to Migration—Tt is clear then,
that during periods when no glacial epochs were preduced 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 occur on all high mountains, and
with particular force on such as rise above the snow-line. Bub
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 would have been
increased by the depression of the ocean which must have
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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
how vastly the migratory powers of birds are increased by a
stormy atmosphere. ]

Migration from Norvth to South has been long going on.—Now,
if each phase of colder and warmer mountain-climate—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 hemis-
phere 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 character-
istic of the southern hemisphere appear to have been originally
derived from Europe. Thus Bucalyptus and Metrosideros have
been determined by Dr. Ettinghausen from their fruits in the
‘Eocene beds of Sheppey, while Pimelex, Leptomeria and four
genera of Proteaces 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
1! Belgium).! Then we have such peculiar genera as Pachychla-

L Bir 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
the opinions of these eminent botanists we must admit that Australian
genera have not yet been demonstrated to have existed in Europe during
the Tertiary period; but, on the other hand, the evidence that they did so
appears to have some weight, on account of the improbability that the
numerous resemblances to Australian plants which have been noticed by
different observers should all be illusory ; whilé the -well established fact
of the former wide distribution of many tropical or now restricted tvpes of
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don 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 genera which may date back
to any part of the Tertiary period, and which occur in every
south temperate land. Then we have closely allied repre-
sentative species of European or Arctic plants; and, 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 which it commenced and terminated, ren-
dered it an agent of sufficient power to have brought about this
result.

Here, then, we have that constant or constantly recurrent
process of dispersal acting throughout long periods 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 Africa,
Australia, and New Zealand, thus adds another to the long
geries of phenomena which are rendered intelligible by frequent
alternations of warmer and colder climates in either hemisphere,
enlminating, at long intervals and in favourable situations, in
actual glacial epochs.

Geological changes as aiding migration.—It will be well also to
notice here, that there is another aid to dispersion, dependent
upon the changes effected by denudation during the long periods
included in the duration of the species and genera of plants:
A considerable number of the plants of Europe of the Miocene

plants and animals, so frequently illustrated in the present volume, removes
the antecedent improbability which is supposed to attach to such idenl:iﬁ~
cations, I am myself the more inclined to accept them, becanse; according
to the views here advocated, such migrations must have taken place at
remote as well as at recent epochs; and the preservation of some of thece
types in Australia while they have become extinct in E':u:'upu, iﬂ. exactly
paralleled by numerons facts in the distribution of unm?ula. 'a._']uuh have
been already referred to in Chapter XIX., and elsewhere in this volume,

and also repeatedly in my larger work.
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Isthmus of Panama, where there is a distance of about 300
miles occupied by rugged forest-clad hills, between the lofty
peaks of Veragua and the northern extremity 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 this 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. Con-
sidering 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 connect 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 un-
doubtedly passed along the great American range of mountains,
although only 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 Antaretic continent
and islands, in New Zealand, in Tasmania, and even in Aus-
tralia itself, The route by which they may have reached these
countries is easily marked out. Immediately 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
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a group of large islands probably extends across or around the
south polar area to Victoria Land and thence to Adélie Land.
The outlying Young Island, 12,000 feet high, is about 750
miles south of the Maequarie Islands, which may be considered
a southern outlier of the New Zealand group; and the Mac-
quarie Islands are about the same distance from the 1,000-
fathom line, marking the probable southern extension of Tas-
mania. Other islands may have existed at intermediate points;
but, even as it is, these distances are not greater than we know
are traversed by plants both by flotation aud by aérial currents,
especially in such a stormy atmosphere as that of the Antarctic
regions. Now, we may further assume, that what we know
oceurred within the Aretie cirele also took place in the Ant-
arctic—that 1s, that there have been alternations of climate
during which some portion of what are now ice-clad lands
became able to support a considerable amount of vegetation.!

During such periods there would be a steady migration of plants

from all southern cirenmpolar countries to people the com-
paratively 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 of migration and colonisation, such plants would form
the bulk of the Antarectic vegetation, and during the continuance
of the milder southern climate would oceupy 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 trans-
mitting them in all directions from the central Antarctic land
may have been repeated several times during the Tertiary
period, we have no difficulty in understanding the general com-

! The recent discovery of a rich flora 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 wegetation, although its climate
and physical condition are far less favourable than those of the Arctic lands:
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munity between the Furopean and Antarctic plants found in
all south temperate lands. Kerguelen’s Land and The Crozets
are within about the same distance from the Antarctic con-
tinent as New Zealand and Tasmania, and we need not there-
fore 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
when we know so imperfectly the past changes of the earth’s
surface and the history of the particular plants concerned. Sir
Joseph Hooker notes, for example, the curious fact that several
Composite 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 common 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 Himaloyas and Southern
Asia—But although we may thus explain the presence of a
considerable portion of the European element in the floras of
New Zealand and Australia, we cannot account for the whole of
it by this means, because Australia’itself contains 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 distinet 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 second place a scries of European genera
usually of a somewhat more southern character, mostly re-
presented by very distinet species, and all absent from New
Zealand ; such as Clematis, Papaver, Cleome, Polygala, Lava-
tera, Ajuga, &c. Now of the first set—the North European
species—about three-fourths occur in some parts of America, and
about half in South Temperate America or New Zealand;
-whence we may conclude that most of these, as well as some
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others, have reached Australia by the route already indicated.
The second set of Australo-Kuropean genera, however, and
many others characteristic of the South European or the Hima-
layan flora, have probably reached Australia by way of the
mountains of Southern Asia, Borneo, the Molucecas, 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
and Paleozoic formations in East Australia from Tasmsania to
Cape York, continued by the lofty ranges of New Guinea,

indicates the route of this immigration, and sufficiently explains

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 fo
these two countries; but most of them are of later date, and
have thus remained in Australia only.

Proofs of Migration by way of the African Highlands—It
is owing to this twofold current of wvegetation flowing into
Australia by widely different routes that we have in this
distant land a better representation of the KEuropean 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. Tt further receives support from the case of
South Africa, which also contains a large and important repre-
sentation of the northern flora. But here we sce no indications
(or very sligcht ones) of that southern influx which has given
Australia such a community of vegetation with the Antarctie
lands. There are no less than sixty gemera of strictly north
temperate plants in South Africa, none of which occur in
Australia; while very few of the species, so characteristic of
Australia, New Zealand, and Fuegia, are found there. It is
clear, therefore, that South Africa has received its European
plants by the direct route through the Abyssinian highlands

L
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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 (what Sir Joseph Hooker 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 representation 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 mnorthern 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 Australia, 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 supposed to imply some former land-
connection of all the great southern lands, but it appears to
me that any such supposition is wholly unnecessary. TI}E dif-
ferences 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 mu‘ch
simpler one presents itself, and one more in accordance with
what we have learnt of the general permanence of deEPFUC*_?ME
and the radical changes that have taken place in the distribu-
tion of all forms of life. Just as we explain the PLEHRALS f:'F
marsupials in Australia and America and of Centetide in



404 L T TIEAND TR [eaRT 1T,

Madagascar and the Antilles, by the preservation in these
localities of remnants of once wide-spread types, so we should
prefer to consider the few genera common to Australia and
South Africa as remnants of an ancient vegetation, once spread
over the northern hemisphere, driven southward by the pressure
of more specialised types, and now finding a refuge in these
two widely separated southern lands. It is suggestive of such
an explanation that these genera are either of very ancient
groups—as Conifers and Cycads—or plants of low organisation
as the Restiacem—or of world-wide distribution, as Melan-
thacesm,

The Endemic Genera of Plants in New Zealand.—Returning
now to the New Zealand flora, with which we are more espe-
cially concerned, there only remains to be considered the pecu-
liar or endemic genera which characterise it. These are thirty-
two in number, and are mostly very isolated. A few have
aflinities 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
Leguminose, Saxifragew, Compositee, Orchide®, &e. We must
evidently trace bak these peculiar forms to the earliest immi-
grants, 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 extinct forms of life'—affords
ample time for the changes in the general distribution of plants,
and for those due to isolation and modification under the influ-
ence of changed conditions, which are manifested by the
extreme peculiarity of many of these interesting endemie forms.

! Dr, Hector notes the occurrence of the genus Dammara in Triassie
deposits, while in the Jurassic period New Zealand produced the genera
Palexozamia, Oleandrium, Alethopteris, Camplopleris, Cyeadites, Echino-
strobus, &e., all Indian forms of the same age. Neocomian beds contain
a true dicotyledonous leaf with Dammara and Araucaria. The Cretaceous
deposits have produced a rich flora of dicotyledonous plants, many of
which are of the same genera as the existing flora ; while the Miocene and
other Tertiary deposits produce plants apparently almost identical with
those now inhabiting the country. (Zrans. New Zealand Inst. Vol. XL

1879, p. 536.) These facts agree well with the origin D[ the New Zealand
flora developed in the last chapter.
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The absence of Southern Types from the Novthern Hemisphere.
—We have now only to notice the singular want of recipmcity
in the migrations of northern and southern types of vegetation.
In return for the vast number of European 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 Africa, The furthest northern outliers of the southern
flora are a few genera of Antarctic type on the Bornean Alps;
the genus Adewna which has a species in California; two re-
presentatives of the Australian flora— Casuaring and Stylidiwm,
in the peninsula of India; while China and the Philippines
have two strictly Australian genera of Orchidese—Microtis and
Thelymitra, as well as a Restiaceous genus. Several distinct
‘causes appear to bave combined to produce this curious inability
of the southern flora to make its way into the northern hemis-
phere. The primary cause is, no doubt, the totally different
distribution of land in the two hemispheres, so thatin the south
there is the minimum of land in the colder parts of the tempe-
rate 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 part of
Patagonia. Again the three most important south temperate
land-areas — South Temperate America, South Africa, and
Australia—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. It follows that,
instead of the enormous northern area, 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 r,levelcrped with special adaptations to soil,
climate, and organic environment, but comparatively impotent
and inferior beyond their own domain.

Another circumstance which makes the contest between the
northern and southern forms still more unequal, is the much
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greater hardiness of the former, from having been developed in
a colder region, and one where alpine and arctic conditions ex-
tensively 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 slight changes of this
nature, owing to the areas they oceupy 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 accus-
tomed, and are thus often able to grow and flourish even more
vizorously than in their native land, the southern plants would
find in almost every part of Europe, North America or
Northern Asia, a more severe and less equable climate, with
winters that usually prove fatal to them even under eultivation.
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.’

Concluding remarks on the last two chapters.—Our inquiry
into the external relations and probable origin of the fauna
and flora of New Zealand, has thus led us on to a general

1 The fact stated in the last edition of the Origin of Species (p. 340) on
the authority of Sir Joseph Hooker, that Australian plants are rapidly
sowing themselves and becoming naturalised on the Neilgherrie mountains
in the gouthern part of the Indian Peninsula, though an exception to the
rule of the inability of Australian plants to become naturalised in the
Northern Hemisphere, is yet quite in harmony with the hypothesis here
advocated, For not only is the climate of the Neilgherries more favour-
able to Australian plants than any part of the North Temperate zone, hut
the entire Indian Peninsula has existed for unknown ages as an island and
thus possesses the *insular” characteristic of a comparatively poor and
less developed flora and fauna as compared with the truly “continental”
Malayan and Himalayan regions. Australian plants are thus enabled to

compete with those of the Indiun Peninsula highlands with a fair chance
of success,
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theory as to the cause of the peculiar biological relations be-
tween the northern and the southern Lemispheres ; 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 geological
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 separation of East from West Australia
during the Cretaceous period, could never have heen gnessed
till it was established by the laborious explorations of the
Australian geologists ; while the hypothesis of a comparatively
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
our eighth Chapter ; 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 explanation based upon facts (as opposed to
mere unsupported conjecture) must take such general perma-
nence as a starting-point. The whole inquiry into 'b_h“ pheno-
mena presented by islands, which forms the main subject of the

present volume has, I think, shown that this theory does afford
K K
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kinds—firstly, the constant tendenecy of all organisms to in-
crease 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 extinetion 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 intermixture with adjacent faunas and floras
and it was here important to ascertain and define the exact
natnre and extent of these changes, and to determine the
question of the general 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 cli-
mate which have occurred in various parts of the earth,—
because such changes are among the most powerful agents in
caunsing the dispersal and extinetion 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 inguiries
led on to an investigation of the mode of formation of strati-
fied deposits, with a view to fix within some limits their pro-
bable age; and also to an estimate of the probable rate of
development of the organic world; and both these processes
are shown to involve, in all probability, periods of time less
vast than have generally been 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 group or classes, each of which are shown to
exhibit certain well-marked biological features.

Having thus shown that the work is a connected whole,
founded on the principle of tracing out the more recondite
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causes 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 out.

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 have 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 established 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, and decay of species and genera are traced,
and all the interesting phenomena of isolated groups and dis-
continuous generic and specific areas are shown to follow as
logical consequences,

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 erroneous views pre-
vail in regard to it, it is discussed at some length. Several
distinet classes of evidence are adduced to prove that the grand
features of our globe—the position of the great oceans and
the chief land-areas—have remained, on the whole, unchanged
throughout geological time, Our continents are shown t‘l‘.be
built up mainly of “ shore-deposits ; ” and even the cha,lkf wl}:n:h
is 50 often said to be the exact equivalent of the * globigerina-
ooze” mow forming in mid-Atlantic, is shown to be a com-
paratively shallow-water deposit formed in inland seas, or in
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the immediate vicinity of land. The general stability of con-
tinents has, however, been accompanied by constant changes of
form, and insular conditions have prevailed over every part in
succession ; and the effect of such changes on the distribution
of organisms is pointed out,

We then approach the consideration of another set of
changes—those of climate—which have probably been 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 re-
cent 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 investigation
of this question. I have first given such a sketch of the most
salient facts as to render the phenomena of the glacial epoch
clear and intelligible. I 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 generally Mr. Croll’s views as to the causes of the
““glacial epoch,” I have introduced certain limitations and modi-
fications. I have pointed out with more precision than has, T
believe, hitherto been done, the very different effects on climate
of water in the liquid and in the solid state ; and I have shown,
by a variety of evidence, that without high land there can be
no permanent snow and ice. From 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 each 10,500 years—would pro-
duce a complete change of climate only where a country was
partially snow-clad ; while, whenever a large area became
almost wholly buried in snow and ice—as was certainly the
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case with Northern Europe during the glacial epoch—then the
glacial conditions would be continued and perhaps even inten-
sified when the sun approached nearest to the earth in winter,
instead of there being at that time, as Mr. Chroll maintains,
an almost perpetual spring. This important result is sup]:;urted.
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 epoch ; and it
is shown to be in complete harmony with the geological evidence
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, uninterrupted 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 geogra-
phical condition of the northern hemisphere at these periods is
then investigated, and it is shown to have been such as to
admit the warm tropical waters freely to penetrate the land,
and to reach the Arctic seas by several channels; and, adopt-
ing Mr. Croll's views as to the enormous quantity of heat that
would 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 would have no other
effect than to cause greater differences of temperature between
summer and winter; but, wherever there was a considerable
extent of very loffy mountains the snow-line would be lowered,
and the snow-collecting area being thus largely increased a con-
siderable amount of local glaciation might result, Thus may be
explained the presence of enormous ice-borne vocks in Eocene
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 primary causes of great changes of climate,
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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 eurrents 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 pre-
vailed 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 any such geographical com-
binations as actually occur, without the concurrence of a high
excentricity.

A survey of the present condition of the earth supports this
view, 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 Pyre-
nees, in the British Isles and Scandinavia, in Spain and the
Atlas, in the Caucasus and the Himalayas, in Eastern North
America and west of the Rocky Mountains, in the Andes, in
the Mountains of Brazil, 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 all these mountains
about the same time—for the close similarity in the state of
preservation of the ice-marks and the known activity of denu-
dation as a destroying agent, forbid the idea that they belong
to widely separated epochs. It has, indeed, been suggested,
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that denudation alone has lowered these mountains so much
during the quarternary epoch, that they were previously of
sufficient height to account for the glaciation of all of them,
but this hardiy needs refutation ; for 1t 18 elear 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 glacial stri@, undisturbed and uneffaced on
the slopes and in the valleys of these same mountains.

The theory of geological climates set forth in this volume,
while founded on Mr. Croll’s researches, differs from all that
have yet been made public, in clearly tracing out the compara-
tive influence of geographical 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
Arctic 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 1t was often assumed that there was no occasion to limit
them. But the theory of development demands far more ; for
the earliest fossiliferous rocks 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 avail-
able, 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
life 5 while the friction of the tides is checking the earth’s rota-
tion, 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 allowed is not sufficient for the long processes of
gEUngil:’ﬂl change and ﬂl'gﬂ.-l]iﬂ T.lﬂ'-’ﬂ![)[)m[:[lt-. It is therefore
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important to inquire whether these processes are either of them
so excessively slow as has been supposed, and I devote a chapter
to the inquiry.

Geologists have measured with some accuracy 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 maximus thickness of the Fnown
sedimentary rocks is taken to represent the awerage thickness
of all the sedimentary rocks, and we also know the amount of
sediment carried to the sea or lakes, and the aren over which
that sediment is spread, we have a means of calculating the
time required for the building up of all the sedimentary rocks
of the geological system. I have 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 1s afforded by the date of the last glacial
epoch as coincident with the last period of high excentricity,
while the Alpine glaciation of the Miocene period is assumed to
have been caused by the next earlier phase of very high excen-
tricity. Taking these as data, the 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 order of their magnitudes.

It is then argued that the changes of climate every 10,500
years during the numerous periods of high excentricity 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 caused increased denudation; while the
same changes have caused much migration and disturbance in
the organic world, and have thus tended to the more rapid
modification of species. The present epoch being a period of
very low excentricity, the earth iz in a phase of erceptional
stalnlity 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.
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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 fossili-
ferous rocks several times longer than the time which has
elapsed since their deposit to the present day.

Having thus laid the foundation for a scientific interpretation
of the phenomena of distribution, we proceed to the Second Part
. of our work—the discussion of a series of typical 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 dis-
persive powers of certain groups of organisms, and thus serve as
a basis on which to found our explanations of many anomalies
of distribution. Passing on to the Galapagos we have a group less
distant from a continent and of larger area, yet, owing to special
conditions, of which the comparatively stormless equatorial at-
mosphere is the most important, exhibiting far more speciality
in its productions 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 geﬂgmph}',. of climate,
and in 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.

Cloming now to Continental Tslands we consider first those of
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most recent origin and offering the simplest phenomena; 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 com-
paratively poor in species and why this poverty is still greater
in Ireland. By a careful examination of its fauna and flora it
is then shown that the British Isles are not so completely
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 Island, and the Isle of Wight, all possess
certain species or varieties not found elsewhere.

Borneo and Java are next taken, as illustrations of tropieal
islands which may be not more ancient than Britain, but which,
owing to their much larger area, greater distance from the
continent, and the extreme richness of the equatorial fauna and
flora, possess a large proportion of peculiar species, though these
are in general very closely allied to those of the adjacent parts
of Asia. The preliminary 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 (7he
Geograplical Distribution of Animuals).

Japan and Formosa are next taken, as examples of islands
which are decidedly somewhat more ancient than those pre-
viously considered, and which present a number of very inter-
esting 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 Madagasear is the most typical example. It is sur-
rounded by a number of smaller islands which may be termed
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, Mauritius,
and Rodriguez—are decidedly oceanic. In order to understand
the peculiarities of the Madagascar fauna we have to consider
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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. Consider-
able evidence is further adduced to show that “ Lemuria” is a
myth, since not only is its existence unnecessary, but it can be
proved that it would not explain the actual facts of distribution.
The origin of the interesting Mascarene wingless birds is dis-
cussed, 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 permanence of the great oceans and
the comparatively slight fluctuations of the land area, and by
taking account of established pal®ontological facts.

There remain two other islands—Celebes and New Zealand,
which are classed as “ anomalous,” the one because it 15 almost
impossible to place it in any of the six zoological regions, or
determine whether it has ever been actually joined to a
continent—the other because it combines the characteristics
of continental and oceanic islands,

The peculiarities of the Celebesian fauna have already been
dwelt upon in several previous works, but they are so remark-
able and so unique that they cannot be omitted in a treatise
‘on “Insular Faunas;” and here, as in the case of Borneo and
Java, fuller consideration and the application of the general
principles laid down in our First 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
lost the greater portion of its animal inhabitants, and since then
has remained more or less completely isolated from every other
land. It has thus preserved a fragment of a very annient. fauna
along with a number of later types which have rjaach@(l it fl-m'n
surrounding islands by the ordinary means fff dlﬂP?rs‘ﬂ' .Thm
sufficiently explains all the peculiar afinities of its animals,
though the peculiar and distinctive characters of some of them

remain as mysterious as ever.
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New Zealand is shown to be so completely continental in
its 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-mammalia was hardly
to be expected. Some attention is therefore given to the curious
animal which has been seen but 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 obtained 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 to agree
well with many of the peculiarities of its fauna.

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, as to presant in Sir Joseph
Hooker's opinion an almost insoluble 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 I 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 con-
nected with Australia in its northern, 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 tem-
perate Australia was developed. This is 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 easfein island alone and with the tropical portion of
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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 last chapter is devoted to a wider, and if possible more
interesting subject—the origin of the European element in the
floras 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 maturally 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
I felt my work would be incomplete without a consideration
of 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 no where 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 coneclusions arrived at by that
discussion, and those equally important views as to the per-
manence of the 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.

In concluding a work dealing with subjects which have oc-
cupied 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. Not only does the marvellous
structure of each organised being involve the whole past history
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462

{ts sounth-castern and south - western
divisions, 468

gir Jogoph Hooker om, 468

gologienl explanation of, 404

ta presence in New Zealand, 467

natural orders of wanting in New Zea-
Innd, 400

Australian orchidem in Chinn, 405

T
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British mammals as indicating n zoological

Buried river-channels, 817

Buleo solitarivs, 001

Butterflles of Celebes, pecnlinr shapo of, 488
Butterfiies, peouliar British, 487

.

Caddis-fiies peculiar to Britain, 837

Cmcilin, species of, in the Seychelles, 404
wide distribution of, 404

Cmeilindm, 37

Callithea Leprienri, 18

Callithen sapphirag, 18

Camels ns destroyers of vegetntion, 285

Camels, former wide distribufion of, 5893

Camelas, 17, 26

Gﬂmpunnh vidalif, 252

Caniz, 17, 35

Carabus, 43

Carboniforons boulder-bads, 1604

Carboniferons warm Avotic climate, 195

Carnivorn in Madngascar,

ﬂnmn%ﬂr, Dr., on habitat of globigerinm,

Carpenter, Mr. Edward, on Mars and glacial
periods, 159
Carduis marianus in New Zealand, 483
' dacus purpureus and P, ealifornicus, G6
Castor, 17
Casuarina, 179
Casnarina in India, 405
Cangse of extinction, 61
Caves of Glamorganshire, 516
Cebibme, overlapping genera of, 28
Celebes, hj‘ﬂiﬂplﬂ features of, 493
islands around,

zoology of, 426
derivation of mammalg of, 427
birds of, 428

not a continental island, 451 :
insect pecularitics of, 453
Himalayan types in, 453
enlinrity of butterflies of, 435
ist of land-birds of, 436
Centetide, 26
Centetidoe, I'-:rmm'l{ inhabited Europe, 881
Cantral America,
Ceratodus, or mud-fish, 67

Cervus, 17, 25

Chalk & supposed oceanic lormation, 87
Chalk at u, anal of, B8

Chalk, analysls of,

Chalk mollusea indicative of shallow water,

80
Chalk sen; extent of; in Enrope, 01
Chalk-formation; land-plants fonnd in, 02
deposited in o shallow sea, 02
of Faxoe an ancient coral-reef, 92
modern formation of, 08
gupposed oceanic origin of erromcous;

“Challenger” soundings and shoro-deposits,

B
¥ Challenger " ridge in the Atlantic, 03
Gh:mf&mu very abundant in Madagascar,

Chamois, distribution of, 13
Uhanges of land and sea, B1
Chasmorhynchus, distribution of, 23
O, nudicollis, 24

O, tricarunculates, 34

O, variegalus, 24

Chilomenus Tunala, 250

Chinchillas, 26

Chrysochloridm, 23
Cleindeln, 17
Cielndelidee common to South Ameriea and
ndagnsear, 27
Climate affected by arrangemeont of the
great eontinents, 198
nstronomicnl canses of changes of, 123
i:imu-uu of mid.ql J:;]rcl.lu, 158
changas of, uring Tertia and
chﬂmonrln? Pnﬁu&hj 104 3
angoed of, as allcelin
S A g migration of
Climate, nature of changes of, caused Ly
]1Ighiu:nenlrl.cir,y. 298
exceptional stability of the present, 094
of Britain with winter in ﬂ}iktil’nn, 161
of Tertinry period , in Enrope and
. N. Americn, 171
U].imnlm}‘uf Tertinry and Sccondary periods,

105

Climate of the Secondary and Palwoze
epochs, 198, 196 7 2

Climate, pmparlfﬁs of snow and ice in re-
lation to, 197

Olimatal changes, 108

Climatal change, its cgsentinl prinelple re-
stated, 153 :

E:I.i.u::m‘%lI t:élégugea a3 modifving organisms,

¥
Clonds cuf off the sun’s heat, 140
Coal in Sumatra, 353
Coast line of [.:laim, extent of, 214
Cochon, distribution of, 25
Cold alone does not cause glaciation, 150
how it ean be stored up, 198
Culcuf:tem of the Azores, 345
of Bt Heleng, 236
of the Sandwich Tglands, 305
peculiar British species of, £33
Comoro Islands, 899
mammeals and birds of, 400
Compositm of the Galapagos, 277
of St. Helena, 205
of the Sandvich lslands, 803
of the Magcarene Islands, 416
species often have restricted ranges, 473
Cone isiuns on the New Zealand florn,
i -
Contemporancons formation of Lower
Greensand and Wenlden, 213
Continental conditions throughoul geo-
logical time, 8—07
changes and animal distribution, 99
extonsions will not explain anomalous
facts of distribution, 420
Continental Islands, 255
of recent origin, 813
general remarks on recent, 530
Continental period, date of, 818
Continents, movements of, 80
ermanenoce of,
general stability of, 89, 101
goologienl development of, 198
Continuity of land, 72
Continuity of now isolated groups, proof of,

Cook, Capialn, on a native quadruped in

Now ?-anium], 440
Cope, Professor, on the Bermuda lizard,

Coracias femminekii, 433

Coryus, 17
(‘:uawgldn:, in 5t. Helena, 2587
Cretacoors deposlts in North Australia, 402,

4
Cretacenns Aoea of Greenland, 178
Croll, Dr, Tames, on Ant aretlc iceborgs, 1858
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Ezcentricity, variations of during three mil-
lion years, 164

Excentricity a test of rival theorles of cli-
mate, 166

Excentrioity, high, ita affects on warm and
cold climates, 192

Explanation of peculinrities of the fauna of
Celebes, 431

&5,
Extinot animals showing changes of distri-
bution, 100
Extinot birds of the Mascarene Islands, 407
of New Zoaland, 447
Extinetion cansed by glacial epoch, 110

F.

Families, restricted areas of, 28
distribution and antiquity of, 66
Faung and flora, peeularitios of British, 245
Fauna of Borneo, affinities of, 355
of Java, 8566, 857
of Java and Asia compared, 358
Faunas of Hainan, Formosa, and Japan
ecomparad, 579
17, 26
Ferns, abundance of in Magcearene flora, 416
Fieus, 179
Fire-weed, the, of Tasmania, 491
F:‘shnrf Rev. 0., on temperature of gpace,

a6
Fishes, disperzal of, 78
peculiar British, 821
cauge of grent speciality in, 525
maode of migration of freshwater, 824
frashwater, of New Zealand, 454
Floating islands and the dispersal of ani-

mals, 72
Flora of the Azores, 248

of Bermuds, 261

of the Galapagos, 2706

of St. Helena, 24

of the Sandwich Islands, 805 ; peenliar
fentures of, 506

pecnlarities of the British, 850

of  AMadagascar and the Mascarene
Islands, 410

uidfﬁaﬂmuﬂmr and Sounth Africa allied,

Flora of New Zealand, 457
very poor, 468
its resemblance totha Aunstralian, 450
itiﬂdg-ﬂ'emcaa from the Australian, 450,

origin of Australian element in, 467
tropical character of explained, 46
snmmary and conclusion on, 474
Florag of New Zealand and Anstralia,
sunmmary of conclosion as to, 610
Florida and Canada, resemblances of, &
anid Bahamns, conirasts of, &
Fogs cut off the sun’s heat in glaciated
countries, 140
Forbes, Mr, D, analysis of chalk, 59
Former continuity of scattered groups, 68
Formosa, 871
Phgiﬂlﬂ features of, 872
animal lifa of, 473
list of mammalia of, 574
list of land-hirds peculine to, 876
Forests, submerged, 815
quilnlgﬂ water libarntos low-grade heat,

Frosh-wator deposits, extent of, 4, 85
lehmtor organisms nbsent in St. Helann,

gnail peenliar to Ireland, 538

Frosh-water fishos of the Soychelles 403
Frogs of the Safn:lmllos -mﬂw Tz
- :}:' :'-:Ew Zen nuﬂ.iuﬂl&-li o

nagin, Europenn plants in, 480
Fulicaalal, 801

[EH

Gulapagos, absence of mammalia an -
phibia from, 268 R
roptiles of, 245
birds of, 270
ingects of, 278
land-shells of, 274 i
flora of, 276
Gﬂlkpﬂ‘lgﬂ:zlilnnﬂa, 245
L orgs contrasted, 270
Gulbula eyaneicollis, 17
rufoviridis, 17
viridia, 17
Galeopithecus, 62
Gallinule sandeichensiz, 301
Gardner, Mr. J. 8., on Tertiary changes of
climate, 197
Garrnlos, distribution of species of, 20
Garrylus glandariug, 20, 22, 65
. ceretealis, 21
o krymieki, 91
. adricapillus, 21
. hyreanus, 21
. brandti, 21, 23
. lanceolotua, 21
. bispeeularis, 21
. Einensis, 21
. faivahus, 92
. japonicns, 23, 66
. Hadthi, 22
Gaikiﬂﬁla.'ir. James, on interglacial deposits,
on age of buried river-channels, 517
Frof. A., on stratified rocks being found
nenr shores, B4, 86
ung!ﬂrmutiun of chalk in shallow water,

g agaal o]

on permanence of continents, 101
on variation in rate of denndation,

- 167
on the rate of denndation, 207
uuﬁmuﬂ amount of marine denndation,

Genern, extent of, 17
origin of, 60
rige and decay of, 62
Goneric nreas, 1 :
Generie and Family distribution, 25
Genus, defined and illustrated, 16
chgrnzrhinin1$chnuga as o cange of glacia-
tion, 14:
l:huni;:au, influence of, on climate, 146,

147
changes, offect of on Arctie climntes,

changes of Java and Eorneo, 3550
changes ng modifying or!id;:liﬂn!u. 200
Geological change, probably quicker in

remote times, 216
changes as alding tho migration of

lnnts, 487 E
c]ipmu.tcg and geographical conditions,
1

clhﬂwa as affecting distribution, S
elimates, summary of causes of, Gk

time, 203
i,.I.mn: yilue of the estimate of, 317

{ime, measuremont of, 220
time, summary of views on, 605
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Insects of the Galapagos, 278
of the Sandwich Islands, 805
peculiar Britisl, 535
of Celebes, peouliaritios of, 452
Insular faunas. summary of conclusions as
to, 607, 610
Interglacial warm poriods on the continent
and in North America, 117
Interglacial pericds and their probabla
character, 147
Tuterglacinl periods will not occur during an
cpoch of extrome glacintion, 160
Interglacial climates never vory worm, 154
Treland, poverty of, in reptiles, 519
in plants, 82
Ireland, pecnlinr fishes of, 321, 033
lralan%, plants of not found in Greak

tain, H0
Islands, classification of, 234
importance of, in study of distribution,
253

Islands, remots, how stocked with plants
and a 2648

Islands submerged batween Madagasoar and
India, 506G -

Isle of AMlan, peculinrities of Lepidoptera of,

Isle of Wight, peculiar beetle of, 386
Teatis tinetorie, on railway bank, 481
Italinn sparrow, restricted range of, 15
Ithaginis, 26

b

J.

Japan birds in distant areas, 370
Japan, zoological features of, 865
mammalin of, 5035
_ birds of, 363
birds peculiar to, 869
Japen and Formoss, 363
Java, fauna of, 356
Asintic gpecies in, 853
past history of, 859
Java and Borneo, past changes of, 350
Joys, distribution of species of, 20
Javs of Enrope and Japan, 66
Jeﬂnﬁn, Dr. Gwyn, on shallow-water mol-
nseA in chll'k, i
on fossil shallow-water shells in deep
water, 518
Jonas, Mr., on red clay of Bermuda, 266
on migration of b fo Bermuda, 259
on vegotation of the Bermudas, aii1
Juan Fernandez, flora and fauna of, 276
Juidd, Prof, J. W’., on abgence of glaciation
in east Europe, 135
on glaciation of the Alps produced by
elevation, 178
Juniperus barbadensis, 202
Jura, travelled blocks on, 107
Jurassic warm Arctic climate, 195

K,

Keeling Tslands, animals of, 274

Kirk, l;nh-. T, on temporary introdoced
plants, 483 :

Enowledge of varions kinds required for
sludy of geographical disfribution,
T8

Ll

Lagopua seaticus, 820
Land as a barricr to ocenn-ourrents, 145

Land and sea, changes of, 51
how ehanges of affect climate, 148, 141°
Land and water, disproportion of renders
flulm habitable, 201
Land-hirds of Celebos, list of, 4356
Land-connection, how far necesgary to dis.
persal of mammals, 79
Land-shells, great antiguity of, 70
uuivnrsrul distribution of, 77
causes favonring the abundance of
Land.ghells of the Azores, 947 3t
of Bermudna, 26
of the Galapagos, 2474
of Bf. Helena, 292
of the Sandwich Islands, 503
of the Baycholles, 405
Laurus canarfensis, 261
Leguat on the Solitaice, 407
Legumisuunm:. abundance of in Anstralin,

* Lemurin,'" a sopposed submerged conti-
nent, §84-300
Lemurs in Madagascar, 338
Leopard, enormous rango of, 14
Lopidoptera, list of peculiar British, 527
Lopidoptera of the Isle of Man, 381
Liepidogiren, 62
Lepidosiren paradoze, and L. annsctens, 67
Lepidosternidse, 27
Limegtone ag indicating change of soa and
land, 83
Limnee involute, 538
Linaric purpurea, on rallway bank, 483
Laopelma hockatelteri, 454
Liotrichidee, 29
List of the land-birds of Celebes, 420
Liznards of the Galapagos, 209
local variation of colour of, 403
I.iunhpenuljn.r to the Mascarene Islands,
1]

Lizards of New Zoaland, 454
Lobelincesx, abundance of in the Sandwich
Islands, 308 .
Locality of a specics, imporiance of, 12
Loddigesic mirabilis, rurit.{] of, 16
Lord, Mr., on species of Urotrichus, 366
Low-grade and high-grade heat, 140
Lowlands nowhere covered with perpotuasl
gnow, 131
Lundy Island, peculisr beetlos of, 850
Lyell, 8ir Ehnrfcah on permanence of contis
nents, B3
on calcartous muod, B8
on the d.isl.r%ll;ui*iun of challk, 01 e
on graphical causee as m ying
elfn?:.l.n, A8 |
on estimate of geological timo, H03
o gﬁh“m‘:mm of sedimontary rocks,

Lynxes, ﬂll.
Ar, 5

MeLachlan, Mr,, on peculiar British oaddis-
i i aat f, 554
M gear, physical features of,
I"ﬁ?mur condition of, 886
biological features of, $&55
mammalin of, 5843
roptilos of, -‘JEf‘J
relation of to Africa, 880
early history of, Hl ;
birds of in relation to * Lemuria," A0%
conclusion on faunaand fora of, 417
great antiquity of, 417
Madagascar and Afriea, conlbrast of, 0
ru‘inl.iuus of, &N
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New apecies, origin of, 55 Origin of new genora, 60
Newton, Mr. E., on short wings of the Soy- H!u' tha ﬁnh‘fpugna'ﬂnrn,ﬂﬁ
: chelles dove, 408 of tho beetles of Bt Holona, 230
hawtu;iﬂ Professor, on recently extinet birds, of Australian  element in the New

Mewts, restricted range of, 30
Mew Zealand, recont glaciation of, 107
New Zealand, 442
E:»nlug_r,' of, 445
rm of sea-bottom around, 443
zoologioal eharictor of, 444
mammalin of,
wingless birds of, 447
Eunropean plants in, 447
past changes of, 448
win birds and lower vertobrates of,

dﬁ.lds[.iﬂmm from poculazities of fanna of,
period of its union with N, Australia,

4
the flora of, 457
route of Arctic plants to, 400
endemic ern of plants in, 44
¢ rﬁ.;emlql“ 3, Prol, on ab i tual
0 , Prol,, on absence of perpetun
snow in N, Asin, 151
nnlﬁmt milderclimate in Spitzbergen,

on former Polar climates, 151
on geology of Spitzbergen, 182
North America, glacial phenomena in, 112
interglacial warm periods in, 117
condition of in Tertiary period, 187
Northern genera of plants in 8. temperate
Americk, 489
hemisphere, absence of southern plants
from, 495
flora, hardiness of, 494

(iR

Ccennie islands 4 proof of the permanence
of oceans, 97
Oceanie and continantal islands, 234
Ocennie islands, 285, 208
—the Azores, X0
general remarks on, 310
Ocenn-carrents ns carriers of plants, 79
as affacting Interglneial peciods, 148
as determining climate, 140
effects of in Tertiary thnes, 190
Ocean, Darwin on permanence of, 97
Octodontidae, 26
{Eninghen, Miocene forn of, 177
iEnanthe fuviatilis, 839
{Ensthera odorada, on o railway bank, 458

Oliver, FProfessor, om pec r DBermudan
plants, 262

atn, soarcity of in the Bandwich
Islands, S04

ﬂphrympifrm. temporary appearance of,
ﬂ:‘nh.i:ignn]!. gpecies have restricted ranges,

Orchids, abnndance of, in Bourbon and
Manriting, 416
why almost nniversal in the tropics, 417
Orders, distribution of, 20
Organie change dependent on change of
conditions, 218
om, definition of, 43
mammals and birds of, 44
reptiles of, 45
inzsects of, 45
Origin of new specics, 55, 60

Zoealand fora, 467
Orkney, peculiar fishes of, B21; 808
Orthonyx not a New Zealand genns, 458
Oapray, wide ronga of, 16
Ostriches, 28
Otter-like mammal in New Zealand, 446
Overlapping and discontinnons areas, 23

P,

Pachyglossa aureolimbata, 488
Palmarctic Rogion, limits of, 80
characteristic features of, 40—42
Falmozoic formations, depth of,
London, 211
Palm confined to Round Island, 415
Pannx, 179
Fapilio, 17
Paraguay, nowild horses or cattle in, 219
Parnassius, 41
Parus ater, 19
P, borealis, 19, 64
P, britannicur, 131
P, camisehetkansis, 10
P, ginetus, )
P. cornleus, 10
. eyoneus, 19
E. cristatus, 20
P. ledouci, 19
P, lugubris, 20
P. major, 19
P, palustris, 19
P, palustris, discontinuous area of, 64
P, rosea, 521 :
E. leneriffie, 19
Passeres of the Sandwich Islands, 302
Past changes of Now Zealand, 448
Patula Reiniang, 260
Payer, Lient., on evaporation of ice during
the Arctic summer, 185
FPetroselinun aﬁctum on railway bank, 452
Parodicticus,
Ptrrml;m f{rﬂr&:mi[uﬂ, indications of ice-nction
m,
Permanence of continents, summary of
evidenca for, 101
Peanula milled, 301
Pengelly, Mr., on snbmerged forests, 815
Peguliar fauna of New Zealand, dednctions
from, 464
Philippine Islands, 861
recont additions to fauna of, $61
past history of, 301
Phryniscidme, 27
Phyllodaetylus palapagensis, 260
Phylloscapus borealis, range of, 16~
Physical couges which delermine distriliu-
tion,
fontures of Formosa, 873
Pinus abies in Grinnell Land, 178
Plea, 17
Pickering, Dr., on the flors of the Sandwich
Talands, S04 :
on familica absent from dhe Sandwich
Islands, 806
on temporate forms onmountaing of the
sandwich Islnnds, 307
Pithecie monaekis, 18
P. rigibarbata, 18
Pitta, distribution of, 26
Plants, digporsal of, 77
goeds of, ndapled for dispersal, 78
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Slnﬁtmmliartu Ireland, 388
sSnakes of the Galapagos, 209
of the Seychelles, 404
Snake peculiar to Round Tsland, 410
Snow and iece, properties of, in relation to
climnate, 127
Snow, effects of on climate, 123
quantity of heat requived to melt, 120
uft.;g of small amount in high latitudes,
1
never perpetnal on lowlands, 181
conditions determining perpetual, 1534
maintaing cold by reflecting the solar
%m, ﬁﬂ tions of
Snow-ling, alterptions of, cansing migration
of plants, 484
Sollas, Alr. J. W., on greater intensity of
telloric netion in past time, 216
Sonth Africa, recent glaciation of, 157
many northern genera of plants in, 492
itqﬁ;ppmd connection with Austealin,

Sonthern plants, whyabsent in the Horthern
Hemisphora, 495
South American piuntu in New Zealand, 494
South Temperate America, 62
climate of, 142
Euulhor;g flora, comparative tenderness of,
4

Bpace, temperature of, 125
Specinlisntion antagonistic to diffusion of
species, 474
Species, extinetion of, 61
rige and decay of, 62
epoch of exceptional stability of, 225
dying out and replacement of, 330
regervation of, in islands, 85l
Bpecifle arens, 14
Sniranthes ram:::tmul’m;:, !Hl]' ;
Spitzbergen, Miocene flora of, 177
- absence of boulder-beds in, 181
Siability of extreme glacinl conditions, 158
Stainton, Mr. H. T. on peculiny British
moths, $25-350
£tanivoi mountaing, why not loe-clad, 140
Etnﬂiullﬂ, genera of in New Zenland, 458,

S!eiim:jngg medin, temporary nppearance of,

Sternum, process of abortion of keel of, 408
Stow, Mr. . W., on glacial phenomenn in
Bouth Africea, 167
Etratified rocks formed near shores, 83, 85
deposits, how formed, 211
Eiriated rocks, 104
blocks in the Permian formation, 193
Sfriz fommen, 15
Struthiones, 81
Biruthious birds of New Zoaland ag indicat-
ing past changes, 448
Btvlidinm, 170
Snbmerged forests, 815
Hubgidence of isthmus of Panaoa, 146
Bumatra, geology of, 850
Bweden, two ﬂnpnails of “THi1" in, 117
Bwimming powers of mammalia, T1
Eﬁnh;lai Mr. Robert, researches in Fermosan,

H\rittqlrilanrl, interglaneinl warm periods in,

Bylvind, overlapping genera of, 28

.
Talpidee, 41
Tapira, distribntion of, 24
former wide range of, 503

Tarsing, §2
Tarsing spectrum, 427
‘l‘nsluut}iuﬁnnd North Australia, rezomblanes
ok,
ronte of Arectic plants to, 493
Texodinm distichum in Spitabergen, 177
Temperate climates in Avctic Reglons, 176
Australinn genern of plants in Now
Zoaland, 470
Aunstralinn spoeies of plants in New
Zenland, 471
Temperature, how dependent on sun's dis-
ance, 125,
of space, 145
‘l‘criiu{%:ﬂgluciul epochs, evidence agoingt,

warm climates, eontinnons, 182
Test of placiation ot any period, 160
Teatudo abingdonif, 268
T. microphyee, 303
Tetraogallus, distribution of, 24
Thais, 42
Thum%, Bir Willinm, on age of the earth,

Bir Wyville, on organisms o the
lobigerina-oo=e, B
Thrgothorus bewickii, discontinuity of, 60
il ™ of Beotland, 109
geveral distinet formations of, 114
Tits, distribution of species of, 19
Torreya, 179
Torteises of the Galapagos, 208
Trade-winds, how modified by a glacial
epoel, 157
Tragulide, 27
Travelled blocks, 106
Tremarctos, an isolated genus, 28
Trinsslc warm Arctic climate, 195
Tribonyx not & New Zealand genns, 453
Trichopters peculiar fo Britain, 337
Trogons, 27
Tropical afinities of New Zealand birds, 4568
charncter of the New Zealand florn, canso
af, 40
gonera common to New Zealand and
Australia, 469
Turdus, 17, 25
Turdus fuscescens, ¥arintion of, 57
Tylor, A, on evidence of floods daring do-
posit of g;mrnla, 116
on catimating the rate of denundation,

&
Tyrannide, 48

1.
Urania, 28
Urens, 25
Umlnnihlﬂm, o
Urotrichus, digtribation of, 25

B\

Varintion in animals, 50
amonnt of, in ¥. American birds, 57
Vogotation, loeal peculiaritios of, 180
effects of Polar night on, 161
Vesperugo seratinus, range of, 14
Yirconidm, 48
Vireosyleie gilpus and V. swainsonii, 60

W

Whallich, Dr., on hakitat of glob rm, 0
‘Ii‘.’l:lar, properties of in relation clil:n.ta.
147, 128






T T

BY THE SAME AUTHOR.

THE MALAY ARCHIPELAGO : the Land of the Orang-
Utan and the Bird of Paradise.

A Navrative of Travel, with Studies of Man and Nature.
With Maps and numerous Illustrations. Seventh Edition. Crown 8vo, s, d.

f“The result is a vivid picture of tropical life, which may be read with unflas-
ging interest, and a suflicient account of his scientific conelusions to stimulate
our apretite without wearying us by detail. 1In short, we may safely say that we
have never read a more agreeable book of its kind.”"—Saturdsy Revizw,

THE GEOGRAPHICAL DISTRIBUTION OF
ANIMALS.

With a study of the Relations of Living and Eatinct Faunas, as
Elucidating the Past Changes of the Earth's Surface.

With Coloured Maps and numerous Illustrations by Zwecker, 2 vaols,
8vo. 42s,

“Mr. Wallace has nlrenﬂ}' registered many claims on the gratitude of natural-
ists, present and future, In their interest he has explored the tropics of the
East and the wilderness of the West, and has brought home numberless novelties,
He has written one of the best and most instructive books of naturalists’ travels
ever yet issned. He was, as is well known, the joint-inventor with Mr. Darwin
of the theory of * Natural Selection.” But beyond all these scientific feats—and
they are no mean ones—he has accomplished a task that will extend his fame even
more widely amongst those who love science, as the author of the first sound

T,

treatise on zoological geography. "—Nature.

New Edition. Crown 8vo. 85 6

CONTRIBUTIONS TO THE THEORY OF
NATURAL SELECTION.

“ He has combined an abundance of fresh and original facts with a liveliness
and sagacity of reasoning which are not often displayed so effectively on so small
a scale."— Saturday Review.

TROPICAL NATURE : and other Essays. 8vo. 12s

‘* Nowhere among the many deseriptions of the trapies that have been gix'u'r_i ig
to be found a summary of the past history and actual phenomena ::uf the tropies,
which gives that which is distinetive of the phases of nature in them, more
clearly, shortly, and impressively. "—Suturday feview.

“ The seientific value is made doubly acceptable by ,t.h“ ::Thnmy of the narrative,
and the endless variety of the information it conveys.” —£Ezaniner.

MACMILLAN AND CO., LONDON,



BOOKS OF TRAVEL

BY SIR SAMUEL W. BAKER, F.R.S, F.R.G.S.

ISMAILIA : A Narrative of the Expedition to Central Africa
for the Suppression of the Slave Trade, organised by Ismail, Khedive of
Egypt. With Portraits, Maps, and numerous Illustrations. New and
Cheaper Edition. Crown 8vo, fs.

THE ALBERT N'YANZA, GREAT BASIN OF THE NILE,
and EXPLOBATION OF THE NILE S0OURCES., Fourth FEdition.
Maps and Illustrations. Crown 8vo. 6s.

THE NILE TRIBUTARIES OF ABYSSINIA, and the Sword
Hunters of the Hamran Arabs. With Maps and Illustrations. Fifth
Edition., Crown 8vo. 6s.

CYPRUS AS I SAW IT IN 1879, With Frontispiece.
8vo. 1ds,

NORDENSKIOLDS ARCTIC VOYAGES, 1858-79. 8vyo,
With Maps and numerous Illustrations. 16s.

* We trust that it will be read by all who are interested in geographical work, or in gallant
desds of hrave ||1nn,"—--A.'.'|:|:damnl.

WATERTON'S WANDERINGS IN SOUTH AMERICA.
Edited, with Biographical Introduction and Index, by the Rev. J. G. Woon.
New and Cheaper Edition. With 100 Illustrations. Crown 8vo. 6s.

 One of the most delightful books ever written.""—Satirday Review. k
“* Well known to form one of the most fascinating records of a naturalist's wanderings ever
writtan, *—Pall Mull Gazetts.

AT LAST: A Christmas in the West Indies. By CUHARLEs
Kixgsuey, Sixth Edition. With Maps and numerous Illustrations.
Crown 8vo. 6.

MAROCCO AND THE GREAT ATLAS: A Journal of a Tour
in. By Sir J. I). HookEeg, K.C.8.1., C.B., F.R.5., and Joux Baii, F.R.S.
With Appendices, including a Sketch of the Geology of Marocco, by G. Maw,
F.I.8., F.G.85. 'With Maps and Illustrations. 8vo. Cloth extra. 21s.

NOTES BY A NATURALIST ON THE ¢ CHALLENGER.”
Being an Aceount of warious Observations made during the Voyage of
H.M.8. Challenger Round the World in 1872-76, By H. N. MoseLET,
F.R.8., Member of the Secientific Stafl’ of the (hallenger. In 8vo. With
Maps, Coloured Plates, and Woodcuts, Price 21s.

LOG LETTERS FROM THE “ CHALLENGER.” By Lorp

GEORGE CAMPBELL. With Map., New and Cheaper Edition. Crown 8vo. 6s.

A RAMBLE ROUND THE WORLD, 1871. By M. L Banon

vE HUBxER, formerly Ambassador and Minister, Translated by Lady
Hereert, New and Cheaper Edition. With numerous Illustrations,
Crown 8vo. 6s.

OUR AUSTRALIAN COURINS. By James Ixcris (“ Maori''),
Author of * Sport and Work in Nepaul.” 8vo. 14s.

SPORT AND WORK ON THE NEPAUL FRONTIER; or,
Twelve Years' Sporting Reminiscences of an Indigo Planter. By *“ Maonr.”
With Ilustrations. 8vo. 1ds '

NORTHWARD HO! By Captain Arserr H. Markmam, R.N.,
Author of * The Great Frozen Sea,” &e. Including a Narrative of Captain
Phipps's Expedition, by a Midshipman, With Illustrations. Crown Svo,
10s. Gel.

MACMILLAN AND CO., LONDON.

' Ry orein
-= U T g ee——















