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BIOLOGY-GEOLOGY

“Wallace's Line”

“A Classic of Science"

Lombock Strait, Fifteen Miles Wide, Separates Regions
More Distinct Zoologically Than Any Others on Earth

ParT ONE

ON THE ZOOLOGICAL GE-
OGRAPHY OF THE MALAY AR-
CHIPELAGO. By Alfred R. Wallace.
Commaunicated by Charles Darwin. Read
Nov. 3rd, 1859. Published in the Jour-
nal of the Proceedings of the Linnean
Society (Zoology), Vol. IV. London:
Longman, Green, Longmans and Rob-
erts, and Williams and Norgate. 1860.
This is an exact reprint of the original
publication.

IN MR. SCLATER'’S paper on the Ge-
ographical Distribution of Birds, read
before the Linnean Society, and pub-
lished in the ‘“Proceedings” for Feb-
ruary 1858, he has pointed out that the
western islands of the Archipelago be-
long to the Indian, and the eastern to
the Australian region of Ornithology.
My researches in these countries lead me
to believe that the same division will
hold good in every branch of Zoology;
and the object of my present communi-
cation is to mark out the precise lim-
its of each region, and to call attention
to some inferences of great general im-
portance as regards the study of the
laws of organic distribution.

The Australian and Indian regions of
Zoology are very strongly contrasted. In
one the Marsupial order constitutes the
great mass of the mammalia,—in the
other not a solitary marsupial animal
exists. Marsupials of at least two
genera (Cuscus and Belideus) are found
all over the Moluccas and in Celebes;
but none have been detected in the ad-
jacent islands of Java and Borneo. Of
all the varied forms of Quadrumana,
Carnivora, Insectivora and Ruminantia
which abound in the western half of
the Archipelago, the only genera found
in the Moluccas are Paradoxurus and
Cervus. The Sciuridae, so numerous in
the western islands, are represented in
Celebes by only two or three species,
while not one is found further east.
Birds furnish equally remarkable illus-

trations. The Australian region is the
richest in the world in Parrots; the
Asiatic is (of tropical regions) the poor-
est. Three entire families of the Psit-
tacine order are peculiar to the former
region, and two of them, the Cockatoos
and the Lories, extend up to its extreme
limics, without a solitary species passing
into the Indian islands of the Archi-
pelago. The genus Palaeornis is, on the
other hand, confined with equal strict-
ness to the Indian region. In the Rasorial
order, the Phasianidae are Indian, the
Megapodiidae Australian; but in this
case one species of each family just
passes the limits into the adjacent re-
gion. The genus Tropidorbynchus, high-
ly characteristic of the Australian re-
gion, and everywhere abundant as well
in the Moluccas and New Guinea as in
Australia, is quite unknown in Java
and Borneo. On the other hand, the
entire families of Bucconidae, Trogoni-
dae and Phyllornithidae, and the genera
Pericrocotus, Picnonotus, Trichophorus,
Ixos, in fact, almost all the vast family
of Thrushes and a host of other genera,
cease abruptly at the eastern side of
Borneo, Java, and Bali. All these groups
are common birds in the great Indian is-
lands; they abound everywhere; they
are the characteristic features of the
ornithology; and it is most striking to
a naturalist, on passing the narrow
straits of Macassar and Lombock, sud-
denly to miss them entirely, together
with the Quadrumana and Felidae, the
Insectivora and Rodentia, whose varied
species people the forests of Sumatra,
Java, and Borneo.

To define exactly the limits of the two
regions where they are (geographical-
ly) most intimately connected, 1 may
mention that during a few days’ stay
in the island of Bali I found birds of
the genera Copsychus, Megalaima, Tiga,
Plocens, and Sturnopastor, all character-
istic of the Indian region and abundant
in Malacca, Java, and Borneo; while on
crossing over to Lombock, during three
months collecting there, not one of them

was ever seen; neither have they oc-
curred in Celebes nor in any of the
more eastern islands I have visited. Tak-
ing this in connexion with the fact of
Cacatua, Tropidorbynchus, and Mega-
podius having their western limit in
Lombock, we may consider it established
that the Strait of Lombock (only 15
miles wide) marks the limits and
abruptly separates two of the great Zo-
ological regions of the globe. The
Philippine Islands are in some respects
of doubtful location, resembling and
differing from both regions. They are
deficient in the varied Mammals of
Borneo, but they contain no Marsupials.
The Psittaci are scarce, as in the Indian
region; the Lories are altogether absent,
but there is one representative of the
Cockatoos. Woodpeckers, Trogons, and
the genera Ixos, Copsychus, and
Ploceus are highly characteristic of In-
dia. Tanysiptera and Megapodius, again,
are Australian forms, but these seem
represented by only solitary species.
The islands possess also a few peculiar
genera. We must on the whole place
the Philippine Islands in the Indian re-
gion, but with the remark that they are
deficient in some of its most striking
features. They possess several isolated
forms of the Australian region, but by
no means sufficient to constitute a real
transition thereto.

Leaving the Philippines out of the
question for the present, the western
and eastern islands of the Archipelago,
as here divided, belong to regions more
distinct and contrasted than any other
of the great zoological divisions of the
globe. South America and Africa, sep-
arated by the Atlantic, do not differ so
widely as Asia and Australia: Asia with
its abundance and variety of large
Mammals and no Marsupials, and Aus-
tralia with scarcely anything but
Marsupials; Asia with its gorgeous
Phasianidae, Australia with its dull-
coloured  Megapodiidae; Asia  the
poorest tropical region in Parrots, Aus-
tralia the richest: and all these striking
characteristics are almost unimpaired at
the very limits of their respective dis-
tricts; so that in a few hours we may ex-
perience an amount of zoological dif-

I8 ,f'\’g

ol Y
Science Service, Inc. is collaborating with JSTOR to digitize, preserve, and extend access to éﬁ%;%
The Science News-Letter. RINOIN

www.jstor.org



SCcIENCE NEws LETTER for July 15,

ference which only weeks or even
months of travel will give us in any
other part of the world!

Moreover there is nothing in the
aspect or physical character of the is-
lands to lead us to expect such a differ-
ence; their physical and geological dif-
ferences do not coincide with the zo-
ological differences. There is a striking
homogeneity in the two halves of the
Archipelago. The great volcanic chain
runs through both parts; Borneo is the
counterpart of New Guinea; the Philip-
pines closely resemble the equally fer-
tile and equally volcanic Moluccas;
while in eastern Java begins to be felt
the more arid climate of Timor and
Australia. But these resemblances are
accompanied by an extreme zoological
diversity, the Asiatic and Australian re-
gions finding in Borneo and New
Guinea respectively their highest devel-
opment.

But it may be said: “The separation
between these two regions is not so ab-
solute. There 75 some transition. There
are species and genera common to the
eastern and western islands.” This is
true, yet (in my opinion) proves no
transition in the proper sense of the
word; and the nature and amount of
the resemblance only shows more
strongly the absolute and original dis-
tinctness of the two divisions. The ex-
ception here clearly proves the rule.

Let us investigate these cases of sup-
posed transition. In the western is-
lands almost the only instance of a
group peculiar to Australia and the east-
ern islands is the Megapodius in North-
west Borneo. Not one of the Australian
forms of Mammalia passes the limits of
the region. On the other hand, Qua-
durmana occur in Celebes, Batchian,
Lombock, and perhaps Timor; Deer
have reached Celebes, Timor, Buru,
Ceram, and Gilolo, but not New
Guinea; Pigs have extended to New
Guinea, probably the true eastern limit
of the genus Sus; Squirrels are found in
Celebes, Lombock, and Sumbawa;
among birds, Gallus occurs in Celebes
and Sumbawa, Woodpeckers reach
Celebes, and Hornbills extend to the
North-west of New Guinea. These
cases of identity or resemblance in the
animals of the two regions we may
group into three classes; 1st, identical
species; 2nd, closely allied or represen-
tative species; and 3rd, species of pe-
culiar and isolated genera. The com-
mon Grey Monkey (Macacus cynomol-
gus) has reached Lombock, and perhaps
Timor, but not Celebes. The Deer of

the Moluccas seems to be a variety of
the Cervus rufus of Java and Borneo.
The Jungle Cock of Celebes and Lob-
bock is a Javanese species. Hirundo
javanica, Zosterops flavus, Halcyon
collaris, Eurystomus gularis, Macropy-
gia phasianella, Merops javanius, An-
threptes lepida, Ptilonopus, melanoce-
phala, and some other birds appear the
same in the adjacent islands of the east-
ern and western divisions, and some of
them range over the whole Archipelago.
But after reading Lyell on the various
modes of dispersion of animals, and
looking at the proximity of the islands,
we shall feel astonished, not at such
an amount of interchange of species
(most of which are birds of great pow-
ers of flight), but rather that in the
course of ages a much greater and al-
most complete fusion has not taken
place. Were the Atlantic gradually to
narrow till only a strait of twenty miles
separated Africa from South America,
can we help believing that many birds
and insects and some few mammals
would soon be interchanged? But such
interchange would be a fortuitous mix-
ture of faunas essentially and absolute-
ly dissimilar, not a natural and regular
transition from one to the other. In
like manner the cases of identical species
in the eastern and western islands of the
Archipelago are due to the gradual and
accidental commingling of originally
absolutely distinct faunas.

In our second class (representative
species) we must place the Wild Pigs,
which seem to be of distinct but closely
allied species in each island; the Squir-
rels also of Celebes are of peculiar spe-
cies, as are the Woodpeckers and Horn-
bills, and two Celebes birds of the
Asiatic genera Phaenicophaens and
Acridotheres. Now these and a few
more of like character are closely allied
to other species inhabiting Java, Borneo,
or the Philippines. We have only there-
fore to suppose that the species of the
western passed over to the eastern is-
lands at so remote a period as on one
side or the other to have become ex-
tinct, and to have been replaced by an
allied form and we shall have pro-
duced exactly the state of things now
existing. Such extinction and such re-
placement we know has been continually
going on. Such has been the regular
course of nature for countless ages in
every part of the earth of which we have
geological records; and unless we are
prepared to show that the Indo-Aus-
tralian Archipelago was an altogether
exceptional region, such must have been
the course of nature here also. If these
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QUITE DIFFERENT ANIMALS
live on the two sides of the line Wallace
drew through the cluster of islands be-
tween Asia and Australia. Those on one
side are similar to the Australian fauna.
Those on the other must look to the
mainland of Asia for their nearest rela-

tives.

islands have existed in their present
form only during one of the later di-
visions of the Tertiary period, and if in-
terchange of species at very rare and
distant intervals has occurred, then the
fact of some identical and other closely
allied species is a necessary result, even
if the two regions in question had been
originally peopled by absolutely dis-
tinct creations of organic beings, and
there had never been any closer con-
nexion between them than now exists.
The occurrence of a limited number of
representative species in the two divi-
sions of the Archipelago does not there-
fore prove any true transition from one
to the other.

The examples of our third class—of
peculiar genera having little or no af-
finity with those of the adjacent islands
—are almost entirely confined to Cele-
bes, and render that island a district
per se, in the highest degree interesting.
Cynopithecus, a genus of Baboons, the
extraordinary Babirusa and the singular
ruminant  Ansa  depressicornis  have
nothing in common with Asiatic mam-
mals, but seem more allied to those of
Africa. A quadrumanous animal of the
same genus (perhaps identical) occurs
in the little island of Batchian, which
forms the extreme eastern limit of the



44 SCIENCE NEws LETTER for July 15,

highest order of mammalia. An allied
species is also said to exist in the Philip-
pines. Now this occurrence of qua-
drumana in the Australian region proves
nothing whatever as regards a transi-
tion to the western islands, which,
among their numerous monkeys and
apes, have nothing at all resembling
them. The species of Celebes and
Batchian have the high superorbital
ridge, the long nasal bone, the dog-
like figure, the minute erect tail, the
predaceous habits and the fearless dis-
position of the true Baboons, and find
their allies nowhere nearer than in
tropical Africa. The Anoa seems also
to point towards the same region, so
rich in varied forms of Antelopes.

In the class of birds, Celebes pos-
sesses a peculiar genus of Parrots
(Prioniturus), said to occur also in the
Philippines; Meropogon, intermediate
between an Indian and an African form
of Bee-eaters; and the anomalous
Scissirostrum, which Prince Bonaparte
places next to a Madagascar bird, and
forms a distinct subfamily for the re-
ception of the two. Celebes also con-
tains a species of Coracias, which is
here quite out of its normal area, the
genus being otherwise confined to Afri-
ca and continental India, not occurring
in any other part of the Archipelago.
The Celebes bird is placed, in Bona-
parte’s “Conspectus,” between two Afri-
can species, to which therefore I pre-
sume it is more nearly allied than to
those of India. Having just received
Mr. Smith’s Catalogue of the Hymen-
optera collected during my first resi-
dence in Celebes, I find in it some facts
of an equally singular nature. Of 103
species, only 16 are known to inhabit
any of the western islands of the Arch-
ipelago, while 18 are identical with
species of continental India, China, and
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the Philippine Islands, two are stated to
be identical with insects hitherto known
only from tropical Africa, and another
is said to be most closely allied to one
from the Cape.

These phenomena of distribution are,
I believe, the most anomalous yet
known, and in fact altogether unique.
I am aware of no other spot upon the
earth which contains a number of
species, in several distinct classes of ani-
mals, the nearest allies to which do not
exist in any of the countries which on
every side surround it, but which are
to be found only in another primary
division of the globe, separated from
them all by a vast expanse of ocean. In
no other case are the species of a
genus or the genera of a family dis-
tributed in fwo distinct areas separated
by countries in which they do not exist;
so that it has come to be considered a
law in geographical distribution, “that
both species and groups inhabit con-
tinuous areas.”

ENGINEERING

1933

Facts such as these can only be ex-
plained by a bold acceptance of vast
changes in the surface of the earth.
They teach us that this island of Cele-
bes is more ancient than most of the
islands now surrounding it, and ob-
tained some part of its fauna before
they came into existence. They point
to the time when a great continent oc-
cupied a portion at least of what is
now the Indian Ocean, of which the
islands of Mauritius, Bourbon, &c., may
be fragments, while the Chagos Bank
and the Keeling Atolls indicate its for-
mer extension eastward to the vicinity
of what is now the Malayan Archiped-
ago. The Celebes group remains the
last eastern fragment of this now sub-
merged land, or of some of its adjacent
islands, indicating its peculiar origin by
its zoological isolation, and by still re-
taining a marked affinity with the Afri-
can fauna.
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30,000-Ton Rock Worried

Prehistoric Engineers

30,000-TON rock that worried

prehistoric Indians in Chaco Can-
yon 900 years ago has been examined
by modern engineers and pronounced
safe enough not to worry about. It is too
late to help the Indians, but modern
tourists who come to see the Indian
ruins can feel safe.

A towering rock 100 feet high stood
at the back wall of Pueblo Bonito, one
of the larger and more important
pueblos of about 1000 A. D, and the
people of the town evidently thought
it precariously unstable. Using primitive
engineering tactics, they tried to brace
it with a masonry wall along the foot.

Discussing the engineering problems
involved, in a report to the Engineering
News-Record, J. B. Hamilton and F. A.
Kittredge, engineers of the National
Park Service, say that the Indian tactics
would never have stopped the tall rock
from overturning, had it been really un-
stable. However, the wall they built
did ably protect the base of the rock
from eroding away by wind action.

The engineers of the Park Service
have surveyed the place and find that,
while the rock is extensively undercut,
it is so stable that only an earthquake

could be expected to dislodge it. The
problem, they concluded, is to protect
it against wind erosion and frost action.
Their tactics will be to build a masonry
wall, the same remedy that the Indian
engineers decided on, back in 1000
A.D.
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BOTANY

Warms Sap to Find
Its Rate of Flow

HOW fast sap rises in trees and
smaller plants has always been
one of the toughest of the botanists’
problems. And it is of great pracfical
importance, too, in all applications of
the science, from forestry to farming
under irrigation. All methods hitherto
in use have involved injuring the plant
in some way, by boring holes in it or
injecting foreign substances, and to that
extent introducing unnatural conditions
with the risk of falsifying the result.
But now Prof. Bruno Huber, of the
Darmstadt Technical University, has de-
vised a way to measure the speed of
the transpiration stream in plants with-
out injuring them. He wraps a wire



